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Chapter 1 Introduction

RK3188 is a low power, high performance processor for mobile phones, personal
mobile internet device and other digital multimedia applications, and integrates
quad-core Cortex-A9 with separately NEONand FPU coprocessor.

Many embedded powerful hardware engines provide optimized performance for
high-end application. RK3188 supports almost full-format video decoder by
1080p@60fps, also support H.264/MVC/VP8 encoder by 1080p@30fps,
high-quality JPEG encoder/decoder, special image preprocessor and
postprocessor.

Embedded 3D GPU makes RK3188 completely compatible with OpenGL ES2.0
and 1.1, OpenVG 1.1. Special 2D hardware engine with MMU will maximize
display performance and provide very smoothly operation.

RK3188 has high-performance external memory
interface(DDR3/LPDDR2/LVDDR3) capable of sustaining demanding memory
bandwidths, also provides a complete set of peripheral interface to support very
flexible applications as follows :
® 2 banks, 8bits/16bits Nor Flash/SRAM interface
® 4 banks, 8bits/16bits async Nand Flash,LBA Nand Flash and 8bits sync
ONFI Nand Flash, allup to 60bits hardware ECC
® Totally 2GB memory space for 2 ranks, 16bits/32bits DDR3-1066,
LPDDR2-1066, LVDDR3-1066
® Totally 3-channels SD/MMC interface to support MMC4.41, SD3.0,
SDIO3.0 or eMMC
® Dual-channels TFT LCD interface with 4-layers , 2048x1536 maximum
display size

® One-channels, 8bits BT656 interface, 16bits BT601 DDR interface and
10bits/12bits raw data interface with image preprocessor

® Audio interface: one 2ch I125/PCM interface and SPDIF tx interface

® One USB OTG 2.0 and one USB Host2.0 interface and HSIC interface

® 10M/100M RMII ethernet interface

® GPS interface

® High-speed ADC interface and TS stream interface

® Lots of low-speed peripheral interface : 512C, 4UART, 2SPI,4 PWM

This document will provide guideline on how to use RK3188 correctly and
efficiently. The chapter 1 and chapter 2 will introduce the features, block
diagram, signal descriptions and system usage of RK3188, the chapter 3
through chapter 45 will describe the full function of each module in detail.

1.1 Features

1.1.1 MicroProcessor

® Quad-core ARM Cortex-A9 MPCore processor, a high-performance,
low-power and cached application processor

® Full implementation of the ARM architecture v7-A instruction set, ARM Neon
Advanced SIMD (single instruction, multiple data) support for accelerated
media and signal processing computation

® Superscalar, variable length, out-of-order pipeline with dynamic branch
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prediction, 8-stage pipeline

Include VFPv3 hardware to support single and double-precision add,
subtract, divide, multiply and accumulate, and square root operations
SCU ensures memory coherency between the four CPUs

Integrated timer and watchdog timer per CPU

Integrated 32KB L1 instruction cache , 32KB L1 data cache with 4-way set
associative

512KB unified L2 Cache

Trustzone technology support

Full coresight debug solution

B Debug and trace visibility of whole systems

B ETM trace support

B Invasive and non-invasive debug

Six separate power domains for every core to support internal power switch
and externally turn on/off based on different application scenario

B PD_A9_0: 1* Cortex-A9 + Neon + FPU + L1 I/D Cache

PD_A9 1: 2" Cortex-A9 + Neon + FPU + L1 I/D Cache
PD_A9 2: 3™ Cortex-A9 + Neon + FPU + L1 I/D Cache

PD_A9 3: 4™ Cortex-A9 + Neon + FPU + L1 I/D Cache

PD_DBG: CoreSight-DK for Cortex-A9

PD_SCU: SCU + L2 Cache controller + L2 Dataram, and including
PD_A9 0, PD_A9_1, PD_A9_2, PD_A9_3, PD_DGB

One isolated voltage domain to support DVFS

Maximum frequency can be up to 1.1GHz@1.0V(Worst Case) or
1.4GHz@1.0V(Typical Case).

.2 Memory Organization

Internal on-chip memory

m 10KB BootRom

B 32KB internal SRAM for security and non-security access, detailed size
is programmable

External off-chip memory®

m DDR3-1066, 16/32bits data widths, 2 ranks, totally 2GB(max) address
space, maximum address space for one rank is also 2GB.

m | PDDR2-1066, 32bits data width, 2 ranks, totally 2GB(max) address
space, maximum address space for one rank is also 2GB.

m  Async SRAM/Nor Flash, 8/16bits data width,2banks

B Async Nand Flash(include LBA Nand), 8/16bits data width, 4 banks,
60bits ECC

B Sync ONFI Nand Flash , 8bits data width, 8 banks, 60bits ECC

.3 Internal Memory

Internal BootRom
B Size : 10KB
B Support system boot from the following device:
€ 8bits/16bits Async Nand Flash
¢ 8bits ONFI Nand Flash
€ SPIO interface
¢ eMMC interface
€ SDMMC interface
B Support system code download by the following interface:
€ USB OTG interface
¢ UART2Interface
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Internal SRAM

Size : 32KB

Support security and non-security access

Security or non-security space is software programmable

Security space can be 0KB,4KB,8KB,12KB,16KB,32KB continuous size

.4 External Memory or Storage device

Dynamlc Memory Interface (DDR3/LPDDR2)

Compatible with JEDEC standard DDR3/LPDDR2 SDRAM

Data rates up to 1066Mbps(533MHz) for DDR3/LPDDR2

Support up to 2 ranks (chip selects), totally 2GB(max) address space,
maximum address space for one rank is also 2GB, which is
software-configurable.

16bits/32bits data width is software programmable

7 host ports with 64bits AXI bus interface for system access, AXI bus
clock is asynchronous with DDR clock

Programmable timing parameters to support DDR3/LPDDR2 SDRAM
from various vendor

Advanced command reordering and scheduling to maximize bus
utilization

Low power modes, such as power-down and self-refresh for
DDR3/LPDDR2 SDRAM; clock stop and deep power-down forLPDDR2
SDRAM

Compensation for board delays and variable latencies through
programmable pipelines

Embedded dynamic drift detection in the PHY to get dynamic drift
compensation with the controller

Programmable output and ODT impedance with dynamic PVT
compensation

Support one low-power work mode: power down DDR PHY and most of
DDR IO except two cs and two cke output signals, make SDRAM still in
self-refresh state to prevent data missing.

Static Memory Interface (ASRAM/Nor Flash)

Compatible with standard async SRAM or Nor Flash

Support up to 2 banks (chip selects)

For bankO, 8bits/16bits data width is software programmable; For
bankl, 16bits data width is fixed

Support separately data and address bus, also support shared data and
address bus to save I0 numbers

Nand Flash Interface

Support 8bits/16bits async nand flash, up to 4 banks

Support 8bits sync DDR nand flash, up to 4 banks

Support LBA nand flash in async or sync mode

Up to 60bits hardware ECC

For DDR nand flash, support DLL bypass and 1/4 or 1/8 clock adjust,
maximum clock rate is 75MHz

For async nand flash, support configurable interface timing , maximum
data rate is 16bit/cycle

Embedded special DMA interface to do data transfer

Also support data transfer together with general DMAC1 in SoC system

eMMC Interface

High Performance and Low-power Processor for Digital Media Application 25



Rockeh? RK3188 Technical Reference Manual Rev 1.3

Compatible with standard iNAND interface

Support MMC4.41 protocol

Provide eMMC boot sequence to receive boot data from external eMMC
device

Support combined single FIFO(32x32bits) for both transmit and receive
operations

Support FIFO over-run and under-run prevention by stopping card clock
automatically

Support CRC generation and error detection

Embedded clock frequency division control to provide programmable
baud rate

Support block size from 1 to 65535Bytes

8bits data bus width

SD/MMC Interface

Compatible with SD3.0, MMC ver4.41

Support combined single FIFO(32x32bits) for both transmit and receive
operations

Support FIFO over-run and under-run prevention by stopping card clock
automatically

Support CRC generation and error detection

Embedded clock frequency division control to provide programmable
baud rate

Support block size from 1 to 65535Bytes

Data bus width is 4bits

.5 System Component

CRU (clock & reset unit)

Support clock gating control for individual components inside RK3188
One oscillator with 24MHz clock input and 4 embedded PLLs

Up to 2.2GHz clock output for all PLLs

Support global soft-reset control for whole SOC, also individual
soft-reset for every components

PMU(power management unit)

m 6 work modes(slow mode, normal mode, idle mode, stop mode, sleep
mode, power-off mode) to save power by different frequency or
automatic clock gating control or power domain on/off control

B Lots of wakeup sources in different mode

B 3 separate voltage domains

B 10 separate power domains, which can be power up/down by software
based on different application scenes

Timer

B 7 on-chip 64bits Timers in SoC with interrupt-based operation

B Provide two operation modes: free-running and user-defined count

B Support timer work state checkable

B Fixed 24MHz clock input

PWM

B Four on-chip PWMs with interrupt-based operation

B Programmable 4-bit pre-scalar from apb bus clock

B Embedded 32-bit timer/counter facility

B Support single-run or continuous-run PWM mode
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B Provides reference mode and output various duty-cycle waveform
® WatchDog
B 32 bits watchdog counter width
B Counter clock is from apb bus clock
B Counter counts down from a preset value to 0 to indicate the occurrence
of a timeout
B WDT can perform two types of operations when timeout occurs:
€ Generate a system reset
€ First generate an interrupt and if this is not cleared by the service
routine by the time a second timeout occurs then generate a system
reset
B Programmable reset pulse length
B Totally 16 defined-ranges of main timeout period
® Bus Architecture
B 64-bit multi-layer AXI/AHB/APB composite bus architecture
B 5 embedded AXI interconnect
€ CPU interconnect with three 64-bits AXI masters, two 64-bits AXI
slaves, one 32-bits AHB master and lots of 32-bits AHB/APB slaves
€ PERI interconnect with two 64-bits AXI masters, one 64-bits AXI
slave, one 32-bits AXI slave, four 32-bits AHB masters and lots of
32-bits AHB/APB slaves
€ Display interconnect with six 64-bits AXI masters and one 32-bits
AHB slave
€ GPU interconnect with one 128-bits AXI master and 64-bits AXI
slave ,they are point-to-point AXI-lite architecture
€ VCODEC interconnect also with one 64-bits AXI master and one
32-bits AHB slave ,they are point-to-point AXI-lite architecture
B For each interconnect with AXI/AHB/APB composite bus, clocks for
AXI/AHB/APB domains are always synchronous, and different integer
ratio is supported for them.
B Flexible different QoS solution to improve the utility of bus bandwidth
® Interrupt Controller
B Support 3 PPI interrupt source and 76 SPI interrupt sources input from
different components inside RK3188
B Support 16 software-triggered interrupts
B Inputinterrupt level is fixed , only high-level sensitive
B Two interrupt outputs (nFIQ and nIRQ) separately for each Cortex-A9,
both are low-level sensitive
B Support different interrupt priority for each interrupt source, and they
are always software-programmable
® DMAC
B Micro-code programming based DMA
B The specific instruction set provides flexibility for programming DMA
transfers
m Linked list DMA function is supported to complete scatter-gather
transfer
B Support internal instruction cache
B Embedded DMA manager thread
B Support data transfer types with memory-to-memory,

memory-to-peripheral, peripheral-to-memory
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Signals the occurrence of various DMA events using the interrupt output
signals

Mapping relationship between each channel and different interrupt
outputs is software-programmable

Two embedded DMA controller , DMACO is for cpu system, DMAC1 is for
peri system

DMACO features:

6 channels totally

11 hardware request from peripherals

2 interrupt output

Dual APB slave interface for register configure, designated as
secure and non-secure

Support Trustzone technology and programmable secure state for
each DMA channel

DMACI1 features:

€ 7 channels totally

€ 13 hardware request from peripherals

¢ 2 interrupt outputs

4 Not support trustzone technology

* G600

Security system

Support trustzone technology for the following components inside
RK3188

€ Cortex-A9, support security and non-security mode, switch by
software

DMACO, support some dedicated channels work only in security
mode

eFuse, only accessed by Cortex-A9 in security mode

Internal memory , part of space is addressed only in security mode,
detailed size is software-programmable together with
TZMA(trustzone memory adapter) and TZPC(trustzone protection
controller)

*e o

1.1.6 Video CODEC

Shared internal memory and bus interface for video decoder and encoder®
Video Decoder

Real-time video decoder of MPEG-1, MPEG-2, MPEG-4,H.263, H.264 ,
AVS , VC-1, RV, VP6/VP8 , Sorenson Spark, MVC

Error detection and concealment support for all video formats

Output data format is YUV420 semi-planar, and YUV400(monochrome)
is also supported for H.264

H.264 up to HP level 4.2  : 1080p@60fps (1920x1088)®
MPEG-4 up to ASP level 5 : 1080p@60fps (1920x1088)
MPEG-2 up to MP : 1080p@60fps (1920x1088)
MPEG-1 up to MP : 1080p@60fps (1920x1088)
H.263 : 576p@60fps(720x576)
Sorenson Spark : 1080p@60fps (1920x1088)
VC-1 up to AP level 3 : 1080p@30fps (1920x1088)
RV8/RV9/RV10 : 1080p@60fps (1920x1088)
VP6/VP8 : 1080p@60fps (1920x1088)
AVS : 1080p@60fps (1920x1088)
MVC : 1080p@60fps (1920x1088)

For AVS, 4:4:4 sampling not supported
For H.264, Image cropping not supported
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For MPEG-4,GMC(global motion compensation) not supported

For VC-1, upscaling and range mapping are supported in image
post-processor

For MPEG-4 SP/H.263/Sorenson spark, using a modified H.264 in-loop
filter to implement deblocking filter in post-processor unit

® \ideo Encoder

Support video encoder for H.264 (BP@Ilevel4.0, MP@level4.0,
HP@level4.0), MVC and VPS8

Only support I and P slices, not B slices

Support error resilience based on constrained intra prediction and slices
Input data format :

YCbCr 4:2:0 planar

YCbCr 4:2:0 semi-planar

YCbYCr 4:2:2

CbYCrY 4:2:2 interleaved

RGB444 and BGR444

RGB555 and BGR555

RGB565 and BGR565

RGB888 and BRG888

RGB101010 and BRG101010

Image size is from 96x96 to 1920x1088(Full HD)

Maximum frame rate is up to 30fps@1920x1080°

Bit rate supported is from 10Kbps to 20Mbps

00060000

.7 JPEG CODEC

JPEG decoder

Input JPEG file : YCbCr 4:0:0, 4:2:0, 4:2:2, 4:4:0, 4:1:1 and 4:4:4
sampling formats

Output raw image : YCbCr 4:0:0, 4:2:0, 4:2:2, 4:4:0, 4:1:1 and 4:4:4
semi-planar

Decoder size is from 48x48 to 8176x8176(66.8Mpixels)

Maximum data rate® is up to 76million pixels per second

JPEG encoder

Input raw image :

YCbCr 4:2:0 planar

YCbCr 4:2:0 semi-planar

YCbYCr 4:2:2

CbYCrY 4:2:2 interleaved

RGB444 and BGR444

RGB555 and BGR555

RGB565 and BGR565

RGB888 and BRG888

RGB101010 and BRG101010

Output JPEG file : JFIF file format 1.02 or Non-progressive JPEG
Encoder image size up to 8192x8192(64million pixels) from 96x32
Maximum data rate® up to 90million pixels per second

000600000

.8 Image Enhancement

Image pre-processor
B Only used together with HD video encoder inside RK3188, not support
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stand-alone mode

B Provides RGB to YCbCr 4:2:0 color space conversion, compatible with
BT601, BT709 or user defined coefficients

B Provides YCbCr4:2:2 to YCbCr4:2:0 color space conversion

B Support cropping operation from 8192x8192 to any supported encoding
size

B Support rotation with 90 or 270 degrees

® Video stabilization
B Work in combined mode with HD video encoder inside RK3188 and
stand-alone mode
B Adaptive motion compensation filter
B Support scene detection from video sequence, encodes key frame when
scene change noticed

® Image Post-Processor(embedded inside video decoder)
B Combined with HD video decoder and JPEG decoder, post-processor can
read input data directly from decoder output to reduce bus bandwidth
B Also work as a stand-alone mode, its input data is from a camera
interface or other image data stored in external memory
m Input data format :
Any format generated by video decoder in combined mode
YCbCr 4:2:0 semi-planar
YCbCr 4:2:0 planar
YCbYCr 4:2:2
YCrYCb 4:2:2
CbYCrY 4:2:2
CrYCbY 4:2:2
uput data format:
YCbCr 4:2:0 semi-planar
YCbYCr 4:2:2
YCrYCb 4:2:2
CbYCrY 4:2:2
CrYCbY 4:2:2
Fully configurable ARGB channel lengths and locations inside 32bits,
such as ARGB8888,RGB565,ARGB4444 etc.
B Input image size:
4 Combined mode : from 48x48 to 8176x8176 (66.8Mpixels)
4 Stand-alone mode : width from 48 to 8176,height from 48 to 8176,
and maximum size limited to 16.7Mpixels
€ Step size is 16 pixels
B Output image size: from 16x16 to 1920x1088 (horizontal step size
8,vertical step size 2)
B Support image up-scaling :
€ Bicubic polynomial interpolation with a four-tap horizontal kernel
and a two-tap vertical kernel
€ Arbitrary non-integer scaling ratio separately for both dimensions
¢ Maximum output width is 3x input width
4 Maximum output height is 3x input height
B Support image down-scaling:
€ Arbitrary non-integer scaling ratio separately for both dimensions
€4 Unlimited down-scaling ratio
B Support YUV to RGB color conversioin, compatible with BT.601-5,
BT.709 and user definable conversion coefficient
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Support dithering (2x2 ordered spatial dithering) for 4,5,6bit RGB
channel precision

Support programmable alpha channel and alpha blending operation
with the following overlay input formats:

¢ 8bit alpha +YUV444, big endian channel order with AYUV8888

¢ 8bit alpha +24bit RGB, big endian channel order with ARGB8888
Support deinterlacing with conditional spatial deinterlace filtering, only
compatible with YUV420 input format

Support RGB image contrast / brightness / color saturation adjustment
Support image cropping & digital zoom only for JPEG or stand-alone
mode

Support picture in picture

Support image rotation (horizontal flip, vertical flip, rotation 90,180 or
270 degrees)

Image Post-Processor (IPP) (standalone)

memory to memory mode

input data format and size

¢ RGB888 : 16x16 to 8191x8191

¢ RGB565 : 16x16 to 8191x8191

€ YUV422/YUV420 : 16x16 to 8190x8190

4 YUV444 : 16x16 to 8190x8190

pre scaler

4 integer down-scaling(ratio: 1/2,1/3,1/4,1/5,1/6,1/7,1/8) with
linear filter

€ deinterlace(up to 1080i) to support YUV422&YUV420 input format

post scaler

4 down-scaling with 1/2 ~ 1 arbitary non-integer ratio

€ up-scaling with 1~4 arbitary non-integer ratio

€ 4-tap vertical, 2-tap horizontal filter

4 The max output image width of post scaler is 4096

Support rotation with 90/180/270 degrees and x-mirror,y-mirror

.9 Graphics Engine

3D Graphics Engine :

High performance OpenGL ES1.1 and 2.0, OpenVG1.1 etc.
Embedded 4 shader cores with shared hierarchical tiler
Seperate vertex(geometry) and fragment(pixel) processing for
maximum parallel throughput

Provide MMU and L2 Cache with 128KB size

Triangle rate: 30M triangles/s

Pixel rate: 1.4G pixels/s @ 400MHz

Max frequency can up to 380MHz@0.9V (Worst Case) and
500MHz@1.0V (Typical Case)

2D Graphics Engine :

Max frequency : 400MHz@0.9V(Worst Case)
BitBlit with Stretch Blit, Simple Blit and Filter Blit
Color fill with gradient fill, and pattern fill

Line drawing with anti-aliasing and specified width
High-performance stretch and shrink
Monochrome expansion for text rendering
ROP2,ROP3,ROP4
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B Alpha blending modes including global alpha, per_pixel alpha,
porter-duff and fading

8K x 8K input and 2K x 2K output raster 2D coordinate system
Arbitrary degrees rotation with anti-aliasing on every 2D primitive
Blending, scaling and rotation are supported in one pass for Bitbilt
Source format:

ABGR8888, XBGR888, ARGB8888, XRGB888

RGB888, RGB565

RGBA5551, RGBA4444

YUV420 planar, YUV420 semi-planar

YUV422 planar, YUV422 semi-planar

BPP8, BPP4, BPP2, BPP1

estination formats:

ABGR8888, XBGR888, ARGB8888, XRGB888

RGB888, RGB565

RGBA5551, RGBA4444

YUV420 planar, YUV420 semi-planar only in filter and pre-scale
mode

YUV422 planar, YUV422 semi-planar only in filter and pre-scale
mode

EEEN
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1.1.10 Video IN/OUT

® Camera Interface

Support up to 5M pixels

8bits BT656(PAL/NTSC) interface

16bits BT601 DDR interface

8bits/10bits/12bits raw data interface

YUV422 data input format with adjustable YUV sequence
YUV422,YUV420 output format with separately Y and UV space
Support picture in picture (PIP)

Support simple image effects such as Arbitrary(sepia), Negative, Art
freeze, Embossing etc.

Support static histogram statistics and white balance statistics
Support image crop with arbitrary windows

Support scale up/down from 1/8 to 8 with arbitrary non-integer ratio

® Display Interface
B Two independent display controllers
B Support LCD or TFT interfaces up to 2048x1536
m Parallel RGB LCD Interface :
RGB888(24bits),RGB666(18bits),RGB565(15bits)
Serial RGB LCD Interface: 3x8bits with RGB delta support, 3x8bits
followed by dummy data, 16bits followed by 8bits
MCU LCD interface : i-8080 with up to 24bits RGB
Support DDR output mode with differential clocks output
Support DDR output mode with single clock output
Four display layers :
€ One background layer with programmable 24bits color
¢ One video layer (win0Q)
RGB888, ARGB888, RGB565, YUV422, YUV420
1/8 to 8 scaling up/down engine with arbitrary non-integer ratio
Support virtual display
256 level alpha blending
Support transparency color key

YVVVYVYY
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» Support 3D display
€4 One video layer (winl)
» RGB888, ARGB888, RGB565, 1/2/4/8BPP
> Support virtual display
» 256 level alpha blending
» Support transparency color key
€ Hardware cursor(hwc)
> 2BPP
» Maximum resolution 64x64
» 3-color and transparent mode
> 2-color + transparency + tran_invert mode
> 16 level alpha blending
B 3 x 256 x 8 bits display LUTs
Win0 and Win1l layer overlay exchangeable
Support color space conversion:
YUV2RGB(rec601-mpeg/rec601-jpeg/rec709) and RGB2YUV
Deflicker support for interlace output
24bits to 16bits/18bitsditheringoperation
Blank and black display
Standby mode

1.1.11 Audio Interface

® I2S/PCM with 2ch
B Up to 2 channels (2xTX, 2xRX)
Audio resolution from 16bits to 32bits
Sample rate up to 192KHz
Provides master and slave work mode, software configurable
Support 3 I12S formats (normal, left-justified, right-justified)
Support 4 PCM formats(early, latel, late2, late3)
I2S and PCM mode cannot be used at the same time
® SPDIF
B Audio resolution: 16bits/20bits/24bits
B Software configurable sample rates (48KHz, 44.1KHz, 32KHz)
B Stereo voice replay with 2 channels

1.1.12 Connectivity

® SDIO interface
®  Compatible with SDIO 3.0 protocol
B Support FIFO over-run and under-run prevention by stopping card clock
automatically
B 4bits data bus widths

® High-speed ADC stream interface
B Support single-channel 8bits/10bits interface

DMA-based and interrupt-based operation

Support 8bits TS stream interface

Support PID filter operation

¢ Combined with high-speed ADC interface to implement filter from
original TS data

€ Provide PID filter up to 64 channels PID simultaneously

€ Support sync-byte detection in transport packet head

€ Support packet lost mechanism in condition of limited bandwidth
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MAC 10/100MEthernet Controller

IEEE802.3u compliant Ethernet Media Access Controller(MAC)
Support only RMII(Reduced MII) mode

10Mbps and 100Mbps compatible

Automatic retry and automatic collision frame deletion

Full duplex support with flow-control

Address filtering(broadcast, multicast, logical, physical)

PS Interface
Single chip, integrate GPS bb with cpu.
32 DMA channels for ahb master access
Complete I1-band, C/A, and NMEA-0183 compatibility.
Support reference frequencies 16.368MHz.
High sensitivity for indoor fixes.
Low power consumption.
Low cost with smaller size.
Multi modes support both standalone GPS and A_GPS

EEEEEEENEBN(O

SPI Controller

B 2 on-chip SPI controller inside RK3188

B Support serial-master and serial-slave mode, software-configurable
B  DMA-based or interrupt-based operation

B Embedded two 32x16bits FIFO for TX and RX operation respectively
B Support 2 chip-selects output in serial-master mode

Uart Controller

B 4 on-chip uart controller inside RK3188

B  DMA-based or interrupt-based operation

B For UART1/UART2/UART3, Embedded two 32Bytes FIFO for TX and RX
operation respectively

®m For UARTO, two 64Bytes FIFOs are embedded for TX/RX operation

B Support 5bit,6bit, 7bit,8bit serial data transmit or receive

B Standard asynchronous communication bits such as start,stop and
parity

B Support different input clock for uart operation to get up to 4Mbps or
other special baud rate

B Support non-integer clock divides for baud clock generation

m  Auto flow control mode is only for UARTO, UART1, UART3

I12C controller

B 5 on-chip I2C controller in RK3188

Multi-master 12C operation

Support 7bits and 10bits address mode

Software programmable clock frequency and transfer rate up to
400Kbit/s in the fast mode

Serial 8bits oriented and bidirectional data transfers can be made at up
to 100Kbit/s in the standard mode

GPIO

B 4 groups of GPIO (GPIO0~GPIO3,) , 32 GPIOs per group, totally have
128 GPIOs

m All of GPIOs can be used to generate interrupt to Cortex-A9

GPIOO can be used to wakeup system from stop/sleep/power-off mode

m  All of pullup GPIOs are software-programmable for pullup resistor or not
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B All of pulldown GPIOs are software-programmable for pulldown resistor
or not

m All of GPIOs are always in input direction in default after power-on-reset

B The drive strength for all of GPIOs is software-programmable

USB Host2.0

B Compatible with USB Host2.0 specification

B Supports high-speed(480Mbps), full-speed(12Mbps) and
low-speed(1.5Mbps) mode

B Provides 16 host mode channels

B Support periodic out channel in host mode

USB OTG2.0

B Compatible with USB OTG2.0 specification

B Supports high-speed(480Mbps), full-speed(12Mbps) and
low-speed(1.5Mbps) mode

Support up to 9 device mode endpoints in addition to control endpoint 0
Support up to 6 device mode IN endpoints including control endpoint O
Endpoints 1/3/5/7 can be used only as data IN endpoint

Endpoints 2/4/6 can be used only as data OUT endpoint

Endpoints 8/9 can be used as data OUT and IN endpoint

Provides 9 host mode channels

Provides UART support to receive and transmit asynchronous, serial
data by reusing DP/DM ports

HSIC Interface

m  Compliant with the USB2.0 Specification and Enhanced Host Controller
Interface Specification 2.0

B 1 Port HSIC PHY Interface Operates in host mode

B Built-in one 840x35 bits FIFO

B Internal DMA with scatter/gather function

.13 Others

SAR-ADC(Successive Approximation Register)

3-channel single-ended 10-bit SAR analog-to-digital converter
Conversion speed range is up to 1 MSPS

SAR-ADC clock must be less than 1MHz

DNL is less than =1 LSB, INL is less than +=2.0 LSB

Power down current is about 0.5uA for analog and digital logic
Power supply is 1.8V (£=10%) for analog interface

eFuse

256bits (32x8) high-density electrical Fuse
Programming condition : VQPS must be 1.5(£10%)
Program time is about 10us(=*1us)

Read condition : VQPS must be 0V

Support standby mode

Operation Temperature Range
m -10°Cto +85°C

Operation Voltage Range
B Typical logic supply: 1.0V
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®m IO supply : 3.3V or 2.5V or 1.8V (£10%)

® Process
B GlobalFoundry28nmSLP

® Package Type
B TFBGA453LD (body: 19mm x 19mm ; ball size : 0.4mm ; ball pitch :

0.8mm)
® Power
H TBA

e Notes:® DDR3/LPDDR?2 are not used simultaneously as well as async and sync ddr nand
flash. DDR3/LPDD?2 could support 533/1066Hz under typical corner if chip operating
environment, such as the power supply in PCB board is well design.

e @ InRK31 88, Video decoder and encoder are not used simultaneously because of shared

internal buffer
e ® Actual maximum frame rate will depend on the clock frequency and system bus

performance
o  ® Actual maximum data rate will depend on the clock frequency and JPEG compression

rate

1.2 Block Diagram
The following diagram shows the basic block diagram for RK3188.
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i Clock & Reset USB 0TG 2.0
USB HOST 2.0
Cortex-A9 Quad-Core

I L 32KB 1/D Cache I I 32KB 1/D Cache HSIC
—
: 512KB L2 Cache
| ' UARTx4
WatchDog
I ;l SPI(M/S) x2
SAR-ADC : | Mali400 MP4

Interrupt Controller

[ | JPEG Decoder JPEG Encoder
! I DMACx2  (13ch) I
! 12C x5
- = Tmage post processor

HSADC TS I/F
1080p Video decoder (10bit)

1080p Yideo encoder
(H. 264) GPIOx128

12bits CCIR/
Camera T/F

Dual LCD Controller

Nor Flash /Async
eMMC 1/F SRAM
(2048x1536 output SDR/DDR/LBA Nand
e s o o

SRAM (32KB)

5-layer window

Scale up/Down) DDR3/LVDDR3 LPDDR2 eFuse
(1066Mbps,32bit) (1066Mbps, 32bit) (32 x 8bits )

Fig. 1-1 RK3188 Block Diagram

1.3 Pin Description

In this chapter, the pin description will be divided into two parts, one is all
power/ground descriptions in Table 1-1, include analog power/ground, another
is all the function signals descriptions in Table 1-2, also include analog
power/ground.

1.3.1 RK3188 power/ground IO descriptions

Table 1-1 RK3188 PoweriGround 10 informations

C2, D4, D7, D10, D13, D16, D19,
C21, E21, G9, G14, H8, H9, H10,
H11, H12, H13, H14, H15, H16,
GND Jg, J9, J10, J11, J12, J13, J14, N/A N/A N/A
J15, J16, K8, K9, K10, K11, K12,
K13, K14, K15, K16, L8, L9, L10,
L11, 112, L13, L14, L15, L16,

Internal Core Ground

and Digital 10 Ground
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M8, M9, M10, M11, M12, M13,
M14, M15, M16, N8, N9, N10,
N11, N12, N13, N14, N15, N16,
N17, P7, P8, P9, P10, P11, P12,
P13, P14, P15, P16, P17, RS,
R9, R10, R11, R12, R13, R14,
R15, R16, T7, T8, T9, T11, T12,
T13, T14, T15, T16, V3, AAS,
AAl4, AA16, AA18, R7, T10

Internal CPU Power

0.9 1.0 1.05
N5, N6, P5, P6, T5, T6, U5, U6, (@ cpu frequency <= 1GHz)
AVDD V5, V7, U8, U9, U10, V8, V10 Internal CPU Power
0.9 1.0 1.25
(@ cpu frequency <= 1.5GHz)
G8, G10, G16, G18, H17, J17,
CvDD H7, N7, L17, L18, M17, P18, 0.9 1.0 1.2 Internal Core Logic Power
R17, T17
PVDD w14 0.9 1.0 11 Internal PMU Domain Logic Power
3 3.3 3.6
PvCC W13 2.25 25 2.75 PMU Domain Digital 10 Power
1.62 1.8 1.98
3 3.3 3.6
VCCIOO0 K17 2.25 2.5 2.75
1.62 1.8 1.98
Digital GP1O Power
3 3.3 3.6
VCCIO1 H18 2.25 2.5 2.75
1.62 1.8 1.98
3 3.3 3.6
LCDO_VCCO K7 2.25 2.5 2.75
1.62 1.8 1.98
LCDCO Digital 10 Power
3 3.3 3.6
LCDO_VCC1 J7 2.25 2.5 2.75
1.62 1.8 1.98
3 3.3 3.6
LCD1_VCC L7 2.25 2.5 2.75 LCDCL1 Digital 10 Power
1.62 1.8 1.98
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3 3.3 3.6
CIF_vCC M7 2.25 2.5 2.75 Camera Digital 10 Power
1.62 1.8 1.98
3 3.3 3.6
FLASH_VCC N18 2.25 2.5 2.75 Nand Flash Digital IO Power
1.62 1.8 1.98
3 3.3 3.6
UARTO/SDIO/MAC for Mobile phone
APQO_VCC V17 2.25 25 2.75
Digital IO Power
1.62 18 1.98
3 3.3 3.6
UART1/SPI10/12S/12C4 for Mobile
AP1_VCC u18 2.25 25 2.75 phone Digital 10 Power
1.62 1.8 1.98
1.425 15 1.575 DDR3 Digital IO Power
F7, F8, F10, F11, F13, F14, F16,
MVDD 1.283 1.35 1.45 LVDDR3 Digital IO Power
F17
1.14 1.2 1.30 LPDDR?2 Digital IO Power
APLL_AVSS Uil N/A N/A N/A ARM PLL Analog Ground
APLL_AVDD V11 0.9 1.0 1.1 ARM PLL Analog Power
DPLL_AVSS V13 N/A N/A N/A DDR PLL Analog Ground
DPLL_AVDD V13 0.9 1.0 11 DDR PLL Analog Power
CODEC/GENERAL
CGPLL_AVSS u13 N/A N/A N/A
PLL Analog Ground
CODEC/GENERAL
CGPLL_1VO V14 0.9 1.0 11
PLL Analog Power
SAR-ADC Analog Power
ADCVDD_1V8 K18 1.62 1.8 1.98
USBDVDD_1V0 ui14 0.9 1.0 11 USB OTG2.0/Host2.0 Digital Power
USBVDD_1Vv8 V16 1.62 1.8 1.98 USB OTG2.0/Host2.0 Analog Power
USBVDD_3V3 uis 3.069 3.3 3.63 USB OTG2.0/Host2.0 Analog Power
EFUSE_VDDQ Y10 1.35 15 1.65 eFuse |10 Digital Power
HSIC u16 1.08 1.2 1.32 ‘ HSIC 1.2V Transmitter Power Supply
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1.3.2 RK3188 function 10 descriptions
Table 1-2RK3188 10 descriptions

Reset Power
Pad# Ball# funcO funcl func2 func3 Pad typem current® Pull

state® Supply@
LCDCO_DATA[7] F4 LCDCO_DATA[7] lle} 8 N/A o
LCDCO_DATA[8] F3 LCDCO_DATA[8] lle} 8 N/A o
LCDCO_DATA[9] F2 LCDCO_DATA[9] 10 8 N/A o
LCDCO_DATA[10] G5 LCDCO_DATA[10] 10 8 N/A o
LCDCO_DATA[11] G4 LCDCO_DATA[11] 10 8 N/A o
LCDCO_DATA[12] G3 LCDCO_DATA[12] 10 8 N/A o
LCDCO_DATA[13] G2 LCDCO_DATA[13] 10 8 N/A o
LCDCO_DATA[14] G1 LCDCO_DATA[14] 10 8 N/A o

LCDCO_VC
LCDCO_DATA[15] H6 LCDCO_DATA[15] 110 8 N/A o
LCDCO_DATA[16] H5 LCDCO_DATA[16] 110 8 N/A o ¢
LCDCO_DATA[17] H4 LCDCO_DATA[17] 110 8 N/A o
LCDCO_DATA[18] H3 LCDCO_DATA[18] 110 8 N/A o
LCDCO_DATA[19] H2 LCDCO_DATA[19] lle} 8 N/A o
LCDCO_DATA[20] H1 LCDCO_DATA[20] 110 8 N/A o
LCDCO_DATA[21] K1 LCDCO_DATA[21] lle} 8 N/A o
LCDCO_DATA[22] J3 LCDCO_DATA[22] 10 8 N/A o
LCDCO_DATA[23] J2 LCDCO_DATA[23] 10 8 N/A o
GPIO2_A[0] K6 GPIO2_A[0] Icdcl_dataO smc_data0 trace_data0 110 8 Down |
GPIO2_A[1] K5 GPIO2_A[1] lcdcl_datal smc_datal trace_datal 110 8 Down |
GPIO2_A[2] L4 GPIO2_A[2] lcdcl_data2 smc_data2 trace_data2 110 8 Down |
GPIO2_A[3] K4 GPIO2_A[3] lcdcl_data3 smc_data3 trace_data3 110 8 Down |
GPIO2_A[4] K3 GPIO2_A[4] lcdcl_data4 smc_data4 trace_data4 110 8 Down |
GPIO2_A[5] K2 GPIO2_A[5] lcdcl_data5 smc_data5 trace_data5 110 8 Down |
GPIO2_A[6] L6 GPIO2_A[6] lcdcl_data6 smc_data6 trace_data6 110 8 Down |
GPIO2_A[7] L5 GPIO2_A[7] lcdcl_data7 smc_data7 trace_data7 110 8 Down | Lebe ve
GPIO2_B[0] M3 GPI102_B[0] lcdcl_data8 smc_data8 trace_data8 110 8 Down | ¢
GPIO2_BJ[1] L3 GPIO2_B[1] lcdcl_data9 smc_data9 trace_data9 110 8 Down |
GPIO2_B[2] L2 GPI02_B[2] lcdcl_datalO smc_datal0 trace_datal0 110 8 Down |
GPIO2_B[3] L1 GPIO2_B[3] lcdcl_datall smc_datall trace_datall 110 8 Down |
GPIO2_B[4] M2 GPIO2_B[4] lcdcl_datal2 smc_datal2 trace_datal2 110 8 Down |
GPIO2_B[5] N4 GPI02_B[5] lcdcl_datal3 smc_datal3 trace_datal3 110 8 Down |
GPIO2_B[6] P4 GPI02_B[6] lcdcl_datal4d smc_datal4 trace_datal4d 110 8 Down |
GPI102_BJ[7] N3 GPI102_B[7] lcdc1_datals smc_datal5 trace_datal5 110 8 Down |
GP102_C[0] N2 GP102_C[0] lcdcl_datal6 smc_addr0 trace_clk 110 8 Down |
GPI102_C[1] N1 GPI102_C[1] lcdcl_datal7 smc_addrl trace_ctl 110 8 Down |
GPIO2_C[2] P1 GPIO2_C[2] lcdcl_datal8 smc_addr2 110 8 Down |
GPIO2_C[3] P2 GPIO2_C[3] lcdcl_datal9 smc_addr3 10 8 Down |
GPIO2_C[4] P3 GPIO2_C[4] lcdcl_data20 smc_addr4 10 8 Down |
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GP102_C[5] R3 GPI102_C[5] lcdcl_data21 smc_addr5 110 8 Down |
GP102_C[6] R2 GPI102_C[6] lcdc1_data22 smc_addré 110 8 Down |
GP102_C[7] T4 GPI102_C[7] lcdc1_data23 smc_addr7 110 8 Down |
GP102_D[0] T1 GP102_D[0] lede1_dclk smc_csn0 110 12 Down |
GPIO2_D[1] T2 GPI02_DI[1] lcdcl_den smc_we_n 110 8 Down |
GPIO2_DJ[2] T3 GPI02_DJ[2] lecdcl_hsync smc_oe_n 110 8 Down |
GPIO2_DJ[3] Ul GPI02_DI[3] lcdcl_vsync smc_adv_n 110 8 Down |
GPI102_D[4] u2 GPI02_D[4] smc_bls_n0 110 4 Up |
GP102_D[5] u3 GPI02_D[5] smc_bls_nl 110 4 Up |
GP102_D[6] U4 GPI02_D[6] smc_csnl 110 4 Up |
CIF_CLKIN V2 CIF_CLKIN hsadc_clkout gps_clk 110 2 down |
CIF_DATA[3] w1 CIF_DATA[3] hsadc_datal | 2 down |
CIF_DATA[4] w2 CIF_DATA[4] hsadc_data2 | 2 down |
CIF_DATA[5] w3 CIF_DATA[5] hsadc_data3 | 2 down |
CIF_DATA[6] V4 CIF_DATA[6] hsadc_data4 | 2 down |
CIF_DATA[7] Y3 CIF_DATA[7] hsadc_data5 | 2 down |
CIF_DATA[8] Y4 CIF_DATA[8] hsadc_data6 | 2 down |
CIF_DATA[9] w4 CIF_DATA[9] hsadc_data7 | 2 down |
CIF_DATA_15_12[12] Y1 CIF_DATA_15_12[12] | 2 down |
CIF_DATA_15_12[13] Y2 CIF_DATA_15_12[13] | 2 down |
CIF_DATA_15_12[14] AA2 CIF_DATA_15_12[14] | 2 down |
CIF_vCC
CIF_DATA_15_12[15] AB1 CIF_DATA_15_12[15] | 2 down |
CIF_VSYNC AA3 CIF_VSYNC ts_sync | 2 down |
CIF_HREF AB2 CIF_HREF | 2 down |
CIF_DATA[2] AB3 CIF_DATA[2] hsadc_data0 I 2 down |
GPIO3_B[3] Y5 GPIO3_BI[3] cif_clkout 110 4 Down |
GPIO3_B[4] AC2 GPIO3_B[4] cif_data0 hsadc_data8 lfe} 2 Down |
GPIO3_B[5] AC1 GPIO3_BJ5] cif_datal hsadc_data9 110 2 Down |
GPIO3_BJ[6] AA4 GPIO3_B[6] cif_datal0 i2c3_sda lfe} 2 Up |
GPIO3_BJ[7] AB4 GPIO3_B[7] cif_datall i2c3_scl 110 2 Up |
GPIO0_A[0] AC4 GPIO0_A[0] lfe} 2 Down |
PVCC_3Vv3
GPIO0_A[1] Y6 GPIOO0_A[1] lfe} 2 Down |
GPIO0_A[2] AA5 GPIOO0_A[2] lfe} 2 Down |
GPIO0_A[3] w7 GPIOO0_A[3] lfe} 2 Down |
GPIO0_A[4] AAB GPIO0_A[4] 110 2 Up |
GPIOO_A[5] W6 | GPIOO_A[5] o 2 up® |
GPIO0_A[6] Wil GPIO0_A[6] 110 2 Up |
GPIO0_A[7] AC7 GPIOO0_A[7] 110 2 Up |
CLK32K AB5 CLK32K | 2 Down |
NPOR AC5 NPOR | 2 N/A |
GPI00_BJ[0] w8 GPIO0_BJ[0] 110 2 Up |
GPIO0_BJ[1] AA7 GPIOO0_BJ[1] 110 2 Up |
GPIO0_BJ[2] AB6 GPIO0_BJ[2] 110 2 Up |
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GPIO0_B[3] Y8 GPIOO0_B[3] 110 Up |
CORE_PWROFF AB9 CORE_PWROFF o Down |
CPU_PWROFF AB7 CPU_PWROFF o Down |
XIN24M ABS8 XIN24M I N/A |
XOUT24M AC8 XOUT24M o N/A |
APLL_1VO0 V11 1.0V AP N/A NA
PLL Domain
APLL_AVSS U1l Analog Ground AG N/A NA
DPLL_1VO V13 1.0V AP N/A NA
DPLL_AVSS u12 Analog Ground AG N/A NA
C/GPLL_1V0 V14 1.0V AP N/A NA
C/GPLL_AVSS u13 Analog Ground AG N/A NA
OTG_ID Y17 OTG_ID A N/A NA
USBDVDD_1V0 u14 1.0V DP N/A NA
OTG_VBUS AA17 OTG_VBUS A N/A NA
USBVDD_3V3 u15 3.3V AP N/A NA
OTG_DP ACl14 | OTG_DP A N/A NA
OTG_DM AB14 OTG_DM A N/A NA
OTG_RKELVIN AB15 OTG_RKELVIN A N/A NA
USBVDD_1V8 V16 1.8v AP N/A NA
HOST_DP AC16 HOST_DP A N/A NA
HOST_DM AB16 | HOST_DM A N/A NA USB_OTG
HOST_RKELVIN AC17 HOST_RKELVIN A N/A NA
HSIC_DATA AB18 HSIC_DATA N/A
HSIC_vDD12 U16 HSIC_VDD12 AP N/A NA
HSIC_STROBE AB17 HSIC_STROBE N/A
EFUSE_VQPS Y10 EFUSE_VQPS AP N/A NA EFUSE
GPIO0_B[4] AC10 | GPIOO_B[4] 110 Up |
GPIO0_B[5] AB10 GPIOO0_B[5] 110 Up |
GPIO0_B[6] Y11 GPIOO0_B[6] 110 Up |
GPIO0_B[7] AA11l GPIOO0_B[7] 110 Up |
GPIO1_A[4] AA12 GPIO1_A[4] uartl_sin spi0_rxd 110 Up |
GPIO1_A[5] Y16 GPIO1_A[5] uartl_sout spi0_txd 110 Down |
GPIO1_A[6] AA13 GPIO1_A[6] vartl_cts_n spi0_clk 110 Up |
GPIO1_A[7] AB12 GPIO1_A[7] uartl_rts_n spi0_csn0 110 Up |
GPIO1_B[7] AB11 GPIO1_B[7] spi0_csnl 110 Up |
GPIO1_DI6] AC11 GPIO1_DI[6] i2s4_sda 110 Up |
AP1_VCC
GPIO1_DI[7] AA15 GPIO1_D[7] i2s4_scl 110 Up |
GPI101_CI[0] Y13 GPIO1_CJ[0] i2s_clk 110 Down |
GPIO1_C[1] w16 GPIO1_C[1] i2s_sclk 110 Down |
GPI01_C[2] AC19 GPIO1_C[2] i2s_Irck_rx 110 Down |
GPIO1_CI[3] Y14 GPIO1_C[3] i2s_Irck_tx 110 Down |
GPIO1_C[4] AB13 GPIO1_C[4] i2s_sdi 110 Down |
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GPIO1_C[5] AC13 | GPIO1_C[5] i2s_sdo 10 Down
FLASH_RDY w17 FLASH_RDY 110 Up
FLASH_WP Y18 FLASH_WP emmc_pwr_en (0] Down
FLASH_RDN AB19 FLASH_RDN (0] Up
FLASH_ALE u19 FLASH_ALE 9] Down
FLASH_CLE wis FLASH_CLE o Down
FLASH_WRN AAL9 FLASH_WRN o Up
FLASH_CSN Y19 FLASH_CSN o Up
GPIO0_DI[1] Y20 GPIO0_D[1] flash_csn1 110 Up
GPIOO0_DJ[2] AA22 GPIO0_DJ[2] flash_csn2 emmc_cmd 110 Up
GPI100_D[3] AA20 GPIO0_D[3] flash_csn3 emmc_rstn_out 110 Up
GPI100_D[0] AB20 GPI00_D[0] flash_dgs emmc_clkout 110 Down
FLASH_DATA[0] AC20 | FLASH_DATA[0] emmc_data0 10 Down
FLASH_DATA[1] AB21 FLASH_DATA[1] emmc_datal lle} Down
FLASH_DATA[2] AA21 FLASH_DATA[2] emmc_data2 lle} Down
FLASH_DATA[3] Y22 FLASH_DATA[3] emmc_data3 110 Down
FLASH_DATA[4] AC22 | FLASH_DATA[4] emmc_data4 110 Down
FLASH_DATA[5] Y21 FLASH_DATA[5] emmc_datas 110 Down
FLASH_DATA[6] AC23 | FLASH_DATA[6] emmc_data6 110 Down
FLASH_DATA[7] AB22 FLASH_DATA[7] emmc_data? 110 Down
GPI00_C[0] w22 GPI00_C[0] flash_data8 110 Down
GPIO0_C[1] W20 GPIO0_C[1] flash_data9 110 Down
GPIO0_C[2] w21 | GPIOO_C[2] flash_data10 10 Down (F:LASH_VC
GPIO0_C[3] Y23 GPIO0_C[3] flash_data1l 10 Down
GPIOO_C[4] AB23 | GPIOO_C[4] flash_data12 10 Down
GPIOO_C[5] v21 GPIO0_C[5] flash_data13 10 Down
GPIOO_C[6] V19 GPIOO_C[6] flash_datal4 10 Down
GPIOO_C[7] w23 GPIOO_C[7] flash_datal5 10 Down
GPIO3_A[2] T19 GPIO3_A[2] sdmmcO0_clkout lfe} Down
GPIO3_A[3] T18 GPI03_A[3] sdmmc0_cmd 110 Up
GPIO3_A[4] V20 GPI03_A[4] sdmmc0_data0 110 Up
GPIO3_A[5] u22 GPIO3_A[5] sdmmc0_datal 110 Up
GPIO3_A[6] V22 GPIO3_A[6] sdmmc0_data2 110 Up
VCCIO0

GPIO3_A[7] U20 GPIO3_A[7] sdmmc0_data3 110 Up
GPIO0_D[4] u23 GPIO0_D[4] spil_rxd 110 Down
GPIO0_DJ[5] R21 GPIO0_D[5] spil_txd 110 Down
GPIO0_DI6] T21 GPIOO0_DI[6] spil_clk 110 Down
GPIO0_DI[7] T20 GPIOO0_D[7] spil_csn0 110 Down
GPIO1_B[2] u21 GPIO1_B[2] uart3_sin gps_map 110 Up
GPIO1_B[3] T22 GPIO1_B[3] uart3_sout gps_sig 110 Down
GPIO1_B[4] T23 GPIO1_B[4] uart3_cts_n gps_rfclk 110 Up
GPIO1_BI[5] P21 GPIO1_B[5] vart3_rts_n 110 Up
GPIO1_B[0] P20 GPIO1_B[0] jtag_tdi jtag_tdi 10 Up
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GPIO1_B[1] P19 GPIO1_B[1] jtag_tdo jtag_tdo 110 Down |
GPI03_D[4] R22 GPIO3_D[4] pwm1 jtag_trstn 110 Down |
GPI03_D[5] P22 GPI03_D[5] pwm2 jtag_tck otg_drv_vbus 110 Up |
GPI103_D[6] P23 GPI03_D[6] pwm3 jtag_tms host_drv_vbus 110 Up |
GPIO3_DI[7] N22 GPIO3_D[7] 110 Down |
GPIO3_D[3] N23 GPIO3_D[3] pwmoO 110 Down |
GPIO1_B[6] N20 GPIO1_B[6] spdif_tx spil_csnl 110 Down |
GPIO3_A[0] N19 GPIO3_A[0] 110 Up |
GPIO3_A[1] N21 GPIO3_A[1] 110 Down |
GPIO3_B[0] M21 GPIO3_B[0] 110 Up |
GPI0O3_B[1] M22 GPIO3_B[1] 110 Down |
.
GPIO1_A[0] L20 GPIO1_A[0] uarto_sin 110 Up |
GPIO1_A[1] L19 GPIO1_A[1] uarto_sout 110 Down |
GPIO1_A[2] L21 GPIO1_A[2] uart_cts_n 110 Up |
GPIO1_A[3] L23 GPIO1_A[3] uart0_rts_n 110 Up |
GPI103_C[0] L22 GPIO3_C[0] sdmmcl_cmd rmiitx_en 110 Up |
GPIO3_C[1] K22 GPIO3_C[1] sdmmc1_data0 rmii_txd1 110 Up |
GPIO3_CJ[2] K23 GPIO3_CJ[2] sdmmcl_datal rmii_rxdO 110 Up |
GPIO3_C[4] K20 GPIO3_C[4] sdmmcl_data3 rmii_rxd1 110 Up |
GPIO3_CI[5] K21 GPIO3_CI[5] sdmmc1_clkout rmii_clkout rmii_clkin 110 Down |
GPIO3_CI6] J21 GPIO3_CJ6] sdmmcl_detect_n | rmii_rx_err 110 Down |
GPI03_C[7. J22 GPIO3_CI7 sdmmcl1_write_prt | rmii_crs_dvalid lfe} |
_C[7] _C[7] _write_pi _Crs_t Down APO_VCC
GPI103_D[0] G23 GPIO3_D[0] sdmmcl_pwr_en mii_md 110 Down |
sdmmc1_backend
GPIO3_D[1] H22 GPIO3_D[1] _pwr mii_mdclk 10 Down |
GPIO3_D[2] H23 GPIO3_D[2] sdmmcl_int_n 10 Down |
GPIO3_C[3] K19 GPIO3_C[3] 110 Up |
ADCVDD_1V8 K18 1.8V P N/A NA
ADCVDD_1
SARADC_AIN[2] H19 SARADC_AIN[2] sdmmc0_cmd A N/A NA v8
SARADC_AIN[1] H20 SARADC_AIN[1] A N/A NA
SARADC_AIN[0] H21 SARADC_AIN[0] A N/A NA
GPIO1_DI[0] G22 GPIO1_DI[0] 12c0_sda 110 Up |
GPIO1_D[1] G21 GPIO1_D[1] 12c0_scl 110 Up |
GPIO1_D[2] G20 GPIO1_D[2] 12c1_sda 110 Up |
GPIO1_D[3] G19 GPIO1_D[3] 12c1_scl 110 Up |
GPIO1_D[4] F21 GPIO1_D[4] 12c2_sda 10 Up | vcelol
GPIO1_DI[5] E20 GPIO1_D[5] 12c2_scl 110 Up |
GPIO2_DI[7] F22 GPI02_D[7] test_clock_out 110 Down |
GPI03_B[2] F20 GPIO3_B[2] 110 Down |
JTAGSEL F19 JTAGSEL 110 down |
DDR_DQ[7] E23 DDR_DQJ[7] 110 N/A | MVDD
DDR_DQI6] D23 DDR_DQI[6] 110 N/A |
DDR_DQI5] B23 DDR_DQJ[5] 110 N/A |
High Performance and Low-power Processor for Digital Media Application 44




Raocksl? RK3188 Technical Reference Manual Rev 1.3
DDR_DQ[4] A23 DDR_DQJ[4] lle} N/A |
DDR_DQS[0] B22 DDR_DQS[0] lle} N/A |
DDR_DQS_B[0] A22 DDR_DQS_B[0] lle} N/A |
DDR_DQJ3] D22 DDR_DQJ[3] lle} N/A |
DDR_DQJ2] Cc22 DDR_DQJ[2] lle} N/A |
DDR_DQ[1] D21 DDR_DQI1] lle} N/A |
DDR_DQI0] E22 DDR_DQI0] lle} N/A |
DDR_DMI[0] D20 DDR_DMI[0] lle} N/A |
DDR_VREF G13 DDR_VREF P N/A NA
DDR_DQJ[23] B21 DDR_DQ[23] lle} N/A |
DDR_DQJ[22] B20 DDR_DQ[22] lle} N/A |
DDR_DQJ[21] B18 DDR_DQ[21] lle} N/A |
DDR_DQJ[20] c19 DDR_DQ[20] lle} N/A |
DDR_DQS[2] B19 DDR_DQS[2] lle} N/A |
DDR_DQS_B[2] A19 DDR_DQS_B[2] lle} N/A |
DDR_DQJ19] A20 DDR_DQJ[19] lle} N/A I
DDR_DQJ[18] Al7 DDR_DQJ[18] lle} N/A I
DDR_DQJ17] B17 DDR_DQJ[17] lle} N/A I
DDR_DQJ[16] c18 DDR_DQJ[16] lle} N/A I
DDR_DM[2] C20 DDR_DM[2] lle} N/A I
DDR_PZQ G15 DDR_PZQ lle} N/A I
DDR_ODTI[1] c17 DDR_ODT[1] o N/A o
DDR_ODTI[0] D17 DDR_ODTI[0] o N/A o
DDR_ADDR(15] Al6 DDR_ADDR[15] o N/A o
DDR_ADDR[14] B16 DDR_ADDR[14] o N/A o
DDR_ADDR[13] C16 DDR_ADDR[13] o N/A o
DDR_ADDR[12] D18 DDR_ADDR[12] o N/A o
DDR_ADDR[11] B15 DDR_ADDRJ[11] o N/A o
DDR_ADDR[10] c15 DDR_ADDRJ[10] o N/A o
DDR_ADDRI9] El4 DDR_ADDRI[9] o N/A o
DDR_ADDR[8] D14 DDR_ADDRI8] o N/A o
DDR_ADDR[7] C14 DDR_ADDR([7] o N/A o
DDR_ADDR[6] Bl14 DDR_ADDRI[6] o N/A o
DDR_ADDR[5] Al4 DDR_ADDR([5] o N/A o
DDR_CK B13 DDR_CK ¢} N/A o
DDR_CK_N Al3 DDR_CK_N ¢} N/A o
DDR_ADDR[4] c13 DDR_ADDRI[4] o N/A o
DDR_ADDR[3] E13 DDR_ADDR([3] o N/A o
DDR_ADDR[2] B12 DDR_ADDR([2] o N/A o
DDR_ADDR[1] c12 DDR_ADDR[1] o N/A o
DDR_ADDR(0] All DDR_ADDR([0] o N/A o
DDR_BA[2] B11 DDR_BA[2] o N/A o
DDR_BA[1] c11 DDR_BA[1] o N/A o
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DDR_BA[0] D11 DDR_BA[0] o N/A o
DDR_RASN A10 DDR_RASN o N/A o
DDR_CASN B10 DDR_CASN o N/A o
DDR_WEN c10 DDR_WEN o N/A o
DDR_CSN[1] B9 DDR_CSNI[1] o N/A o
DDR_CSNI0] A8 DDR_CSNI[0] o N/A o
DDR_CKE1 B8 DDR_CKE1 o N/A o
DDR_CKEO c9 DDR_CKEO o N/A o
DDR_RESET E1l DDR_RESET o N/A o
DDR_ISO_VREF G12 DDR_ISO_VREF P N/A NA
DDR_DQJ[15] c8 DDR_DQJ[15] lle} N/A |
DDR_DQJ[14] D8 DDR_DQ[14] lle} N/A |
DDR_DQJ[13] E8 DDR_DQ[13] lle} N/A |
DDR_DQJ[12] c7 DDR_DQ[12] lle} N/A |
DDR_DQSI[1] B7 DDR_DQS[1] lle} N/A |
DDR_DQS_B[1] A7 DDR_DQS_B[1] lle} N/A I
DDR_DQJ11] E7 DDR_DQJ[11] lle} N/A I
DDR_DQJ10] B6 DDR_DQJ[10] lle} N/A I
DDR_DQI9] C6 DDR_DQI9] lle} N/A I
DDR_DQI8] D6 DDR_DQI8] lle} N/A I
DDR_DM[1] E6 DDR_DM[1] lle} N/A I
DDR_DQJ[31] A5 DDR_DQ[31] lle} N/A |
DDR_DQJ[30] B5 DDR_DQ[30] 110 N/A |
DDR_DQJ[29] C5 DDR_DQ[29] 110 N/A |
DDR_DQJ[28] D5 DDR_DQ[28] lle} N/A |
DDR_DQS[3] B4 DDR_DQS[3] 110 N/A |
DDR_DQS_B[3] A4 DDR_DQS_B[3] 110 N/A |
DDR_DQJ[27] c4 DDR_DQ[27] lle} N/A |
DDR_DQJ[26] c3 DDR_DQJ[26] lle} N/A |
DDR_DQJ[25] B3 DDR_DQJ[25] lle} N/A |
DDR_DQJ[24] B2 DDR_DQ[24] lle} N/A |
DDR_DM[3] A2 DDR_DM[3] lle} N/A |
LCDCO_HSYNC Al LCDCO_HSYNC o 8 N/A o
LCDCO_VSYNC B1 LCDCO_VSYNC o 8 N/A o
LCDCO_DCLK D2 LCDCO_DCLK o 12 N/A o
LCDCO_DEN D3 LCDCO_DEN ¢} 8 N/A o
LCDCO_DATA[0] D1 LCDCO_DATA[0] o 8 N/A o
LCDCO_DATA[1] E1l LCDCO_DATA[1] o 8 N/A o
LCDCO_VC
LCDCO_DATA[2] E2 LCDCO_DATA[2] o 8 N/A o o
LCDCO_DATA[3] E3 LCDCO_DATA[3] o 8 N/A o
LCDCO_DATA[4] E4 LCDCO_DATA[4] o 8 N/A o
LCDCO_DATA[5] G6 LCDCO_DATA[5] o 8 N/A o
LCDCO_DATA[6] F5 LCDCO_DATA[6] o 8 N/A o
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Notes :
o Pad types : | = input, O = output, I/0 = input/output (bidirectional),
AP = Analog Power , AG = Analog Ground

DP = Digital Power , DG = Digital Ground
A = Analog

@ Output Drive strength is configurable, it’s the suggested value in this table. Unit is mA , only Digital 10 have
drive value

®:Reset state: | = input without any pull resistor O = output
®:It is die location. For examples, “Left side” means that all the related 10s are always in left side of die

®:Power supply means that all the related 10s are in this 10 power domain. If multiple powers are included,
they are connected together in one 10 power ring

The pull up/pull down is configurable.

1.3.3 IO pin name descriptions

This sub-chapter will focus on the detailed function description of every pins
based on different interface.

Table 1-3 RK3188 10 function description list

Interface Pin Name Direction Description
XIN24M I Clock input of 24MHz crystal
X0oUT24M 0 Clock output of 24MHz crystal
CLK32K I Clock input of 32.768KHz
Misc Request signal to external PMIC for power down
CPU_PWROFF 0

CPU subsystem with dual-core Cortex-A9

Request signal to external PMIC for SoC Core

CORE_PWROFF ]
logic w/o Cortex-A9 subsystem and PMU logic
NPOR I Power on reset for chip
Interface Pin Name Direction Description
JTAG_SEL I JTAG function select input
TRST_N I JTAG interface reset input
JTAG interface clock input/SWD interface clock
TCK I )
Debug input
TDI I JTAG interface TDI input
T™MS 1/0 JTAG interface TMS input/SWD interface data out
TDO ] JTAG interface TDO output
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Interface Pin Name Direction Description
trace_clk 0 Cortex-A9 ETM trace port clk
ETM Trace | trace_ctl ) Cortex-A9 ETM trace port control
trace_datai(i=0~15) 0 Cortex-A9 ETM trace port data
Interface Pin Name Direction Description
sdmmc_clkout ) sdmmc card clock.
sdmmc_cmd 1/0 sdmmc card command output and reponse input.
sdmmc_datai
1/0 sdmmc card data input and output.
(i=0~3)
SD/MMC
sdmmc card detect signal, a O represents
Host sdmmc_detect_n I
presence of card.
Controller
sdmmc card write protect signal, a 1 represents
sdmmc_write_prt I
write is protected.
sdmmc_rstn_out ) sdmmc card reset signal
sdmmc_pwr_en ] sdmmc card power-enable control signal
Interface Pin Name Direction Description
sdio_clkout ) sdio card clock.
sdio_cmd 1/0 sdio card command output and reponse input.
sdio_datai
1/0 sdio card data input and output.
(i=0~3)
sdio card detect signal, a O represents presence
sdio_detect_n I
SDIO Host Of Card.
Controller sdio card write protect signal, a 1 represents
sdio_write_prt I
write is protected.
sdio_pwr_en ] sdio card power-enable control signal
sdio_int_n (0] sdio card interrupt indication
sdio_backend ] the back-end power supply for embedded device
Interface Pin Name Direction Description
emmc_clkout ) emmc card clock.
emmc_cmd 1/0 emmc card command output and reponse input.
eMMC emmc_datai
1/0 emmc card data input and output.
Interface (i=0~7)
emmc_pwr_en 0 emmc card power-enable control signal
emmc_rstn_out (0] emmc card reset signal
Interface Pin Name Direction Description
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CK ) Active-high clock signal to the memory device.
CK_B 0 Active-low clock signal to the memory device.
Active-high clock enable signal to the memory
CKEi (i=0,1) 0]
device for two chip select.
Active-low chip select signal to the memory
CS_Bi (i=0,1) 0]
device. AThere are two chip select.
Active-low row address strobe to the memory
RAS_B 0
device.
Active-low column address strobe to the memory
CAS_B )
device.
Active-low write enable strobe to the memory
WE_B 0
device.
BA[2:0] 0 Bank address signal to the memory device.
A[15:0] ] Address signal to the memory device.
DMC DQ[31:0] 1/0 Bidirectional data line to the memory device.
Active-high bidirectional data strobes to the
DQS[3:0] 1/0
memory device.
Active-low bidirectional data strobes to the
DQS_B[3:0] 1/0
memory device.
Active-low data mask signal to the memory
DM[3:0] ]
device.
On-Die Termination output signal for two chip
ODTi (i=0,1) ]
select.
RET_EN I Active-low retention latch enable input
RESET 0 DDR3 reset signal to the memory device
Reference Voltage input for three regions of DDR
VREF/ (i=0,1,2,3) 1/0
10
ZQ calibration pad which connects 2400hm+1%
ZQ_PIN 1/0
resistor
Interface Pin Name Direction Description
smc_oe_n 0 SMC output enable signal.
smc_bls_ni (i=0,1) SMC byte lane strobe signal for two bytes.
smc_we_n ) SMC write enable signal.
SMC smc_csni (i=0,1) ) SMC chip enable signal.
smc_adv_n (0] SMC address valid signal in shared mode
smc_addri (i=0~7) 0] SMC address signal.
smc_datai (i=0~15) 1/0 SMC directional data line to memory device.
Interface Pin Name Direction Description
FLASH_WP (0] Flash write-protected signal
NandC
FLASH_ALE (0] Flash address latch enable signal
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FLASH_CLE o} Flash command latch enable signal
FLASH_WRN o Flash write enable and clock signal
FLASH_RDN (0] Flash read enable and write/read signal
FLASH_DATA[/](i=0~7) 1/0 Low 8bits of flash data inputs/outputs signal
flash_datai(i=8~15) 1/0 High 8bits of flash data inputs/outputs signal
flash_dgs 1/0 Flash data strobe signal
FLASH_RDY I Flash ready/busy signal
FLASHO_CSN (0] Flash chip enable signal for chip 0
flash_csni(i=1~3) o Flash chip enable signal for chip i, i=1~3
Interface Pin Name Direction Description
hsadc_clkout 0 hsadc/tsi/gps reference clock
HSADC hsadc_datai
I hsadc(i=0~9)/tsi(i=0~7)/gps data(i=0,1)
Interface (i=0~9)
ts_sync I ts synchronizer signal
Interface Pin Name Direction Description
i2s_clk 0] 12S/PCM1 clock source
i2s_sclk 1/0 12S/PCM1 serial clock
12S/PCM1 left & right channel signal for receiving
. serial data, synchronous left & right channel in
12S/PCM i2s_lrek_rx /0 12S mode and the beginning of a group of left &
Controller right channels in PCM mode
i2s_sdi I 12S/PCM1 serial data input
(2 channel) -
i2s_sdo (0] 12S/PCM1 serial data ouput
12S/PCM1 left & right channel signal for
. transmitting serial data, synchronous left & right
i2s_lrck_tx /0 channel in I2S mode and the beginning of a
group of left & right channels in PCM mode
Interface Pin Name Direction Description
SPDIF
spdif_tx ] spdif biphase data ouput
transmitter
Interface Pin Name Direction Description
spix_clk(x=0,1) 1/0 spi serial clock
spix_csny
SPI 1/0 spi chip select signal,low active
(x=0,1)(y=0,1)
Controller
spix_txd(x=0,1) 0] spi serial data output
spix_rxd(x=0,1) I spi serial data input
Interface Pin Name Direction Description
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LCDCO RGB interface display clock out, MCU i80

LCDCO_DCLK )
interface RS signal
LCDCO RGB interface vertival sync pulse, MCU
LCDCO_VSYNC 0]
i80 interface CSN signal
LCDCO LCDCO RGB interface horizontial sync pulse, MCU
LCDCO_HSYNC 0]
i80 interface WEN signal
LCDCO RGB interface data enable, MCU i80
LCDCO_DEN 0]
interface REN signal
LCDCO_DATA[23:0] 1/0 LCDCO data output/input
Interface Pin Name Direction Description
LCDC1 RGB interface display clock out, MCU i80
ledc1_dclk (0]
interface RS signal
LCDC1 RGB interface vertival sync pulse, MCU
lcdcl_vsync (0]
i80 interface CSN signal
LCDC1 LCDC1 RGB interface horizontial sync pulse, MCU
lcdcl_hsync (0]
i80 interface WEN signal
LCDC1 RGB interface data enable, MCU i80
lcdcl_den (0]
interface REN signal
lcdcl_data[23:0] 1/0 LCDC1 data output/input
Interface Pin Name Direction Description
CIF_CLKIN I Camera0 interface input pixel clock
cif_clkout 0 Camera0 interface output work clock
CIF_VSYNC I Camera0 interface vertical sync signal
CIF_HREF I Camera0 interface horizontial sync signal
Camera IF | cif_data[1:0] I Camera0 interface low 2-bit input pixel data
Camera0 interface middle low 8-bit input pixel
CIF_DATAIN[9:2] I data
Camera0 interface middle high 2-bit input pixel
cif_data[11:10] I data
CIF_DATA_15_12
[15:12] I Camera0 interface high 4-bit input pixel data
Interface Pin Name Direction Description
rmii_clkout (0] RMII REC_CLK output
rmii_clkin I RMII REF_CLK input
rmii_tx_en 0 rmii transfer enable
RMII
rmii_txd1 (0] rmii transfer data
rmii_txd0 (0] rmii transfer data
rmii_rx_err I rmii receive error
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rmii_crs_dvalid

rmii carrier sense / receive data valid input

rmii_rxd1 I rmii receive data
rmii_rxd0 I rmii receive data
mii_md 1/0 mii management interface data
mii_mdclk (0] mii management interface clock
Interface Pin Name Direction Description
pwm3 ) Pulse Width Modulation output
pwm2 ) Pulse Width Modulation output
PWM pwm1l ) Pulse Width Modulation output
pwmO ) Pulse Width Modulation output
Interface Pin Name Direction Description
gps_rfclk I GPS reference clock
GPS gps_sig I GPS SIG input
gps_mag I GPS MAG input
Interface Pin Name Direction Description
i2c0_sda 1/0 12C0 data
i2c0_scl 1/0 12CO0 clock
i2cl_sda 1/0 12C1 data
i2c1_scl 1/0 12C1 clock
i2c2_sda 1/0 12C2 data
12C
i2c2_scl 1/0 12C2 clock
i2c3_sda 1/0 12C3 data
i2c3_scl 1/0 12C3 clock
i2c4_sda 1/0 12C4 data
i2c4_scl 1/0 12C4 clock
Interface Pin Name Direction Description
uart0_sin I UARTO searial data input
uartO_sout 0 UARTO searial data output
uartO_cts_n I UARTO clear to send
uartO_rts_n (0] UARTO request to send
uartl_sin I UART]1 searial data input
UART
uartl_sout (0] UART1 searial data output
uartl_cts_n (0] UART1 clear to send
uartl_rts_n I UART1 request to send
uart2_sin I UART2 searial data input
uart2_sout (0] UART2 searial data output
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uart3_sin I UART3 searial data input
uart3_sout ) UART3 searial data output
uart3_cts_n I UART3 clear to send
uart3_rts_n O UART3 request to send

Interface Pin Name Direction Description
OTG_DM N/A USB OTG 2.0 Data signal DM
OTG._RKELVIN N/A USB OTG 2.0 Transmitter Kelvin Connection to

USB OTG Resistor Tune Pin

2.0 OTG_DP N/A USB OTG 2.0 Data signal DP

OTG_VBUS N/A USB OTG 2.0 5-V power supply pin
otg_drv_vbus ) USB OTG 2.0 drive VBUS

Interface Pin Name Direction Description
HOST_DM N/A USB HOST 2.0 Data signal DM
HOST_RKELVIN N/A USB HOST 2.0 Transmitter Kelvin Connection to

USB Host Resistor Tune Pin

2.0 HOST_DP N/A USB HOST 2.0 Data signal DP

HOST_VBUS N/A USB HOST 2.0 5-V power supply pin
host_drv_vbus 0] USB HOST 2.0 drive VBUS

Interface Pin Name Direction Description
HSIC_DATA N/A HSIC DATA signal

HSIC

HSIC_STROBE N/A HSIC STROBE signal

Interface Pin Name Direction Description
SARADC_AIN[i]

SAR-ADC (i=0~2) N/A SAR-ADC input signal for 3 channel

Interface Pin Name Direction Description

eFuse EFUSE_VDDQ N/A eFuse program and sense power

1.3.4 RK3188 IO Type
The following list shows 10 type except DDR IO and all of Power/Ground IO .

Table 1-4 RK3188 10 Type List

| Type ‘ Diagram Description ‘ Pin Name
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A | Analog 10 Cell with 10 voltage EFUSE_VQPS
B Dedicated Power supply to SARADC_AIN[2:0]
—<-. Internal Macro with 10 voltage - '
c ] Crystal Oscillator with high XIN2AMIXOUT24M
enable
EN m
sR [
|
- a Lg £ | Tri-state output pad with input,
—_—— i which pullup/pulldown, slew rate .
D ¢ O P ) i Part of digital GPIO
v CH— 1 ’—1 | and drive strength is
i) CH— x‘ configurable
e

1.4 Package information

RK3188 package is TFBGA453LD
(body: 19mm x 19mm ; ball size : 0.4mm ; ball pitch : 0.8mm)

1.4.1 Dimension

Pir pLE\fI

= |ooafC

2K

Fig. 1-2RK3188 TFBGA453 Package Top View
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Sembol Dimension in mm Dimension in inch
ROl MINT NOM | MAX | MIN | NOM | MAX
A | ——=| —== | 140 | -=-= | —== | 0.055

Al 0.25 | 0.30 0.35 0,010 | 0.2 | 0.014
A2 0.81 ] 0496 1.0 0036 | 0038 | 0.040
b 035 | 040 0.45 0014 | 06 | 0.M8
5 0.22 | 0.6 0.30 0.008 | 0.010 | 012
D 18.90) 18.00 13.10 0.744 | 0.748 | 0.752
E 18.90) 1%.00 19,10 0.744 | 0748 | 0.752
D1 === | 17.60 — ——— 0.693 ———

E1 -— | 17.60 —_— — 0693 -———

a -—— | 080 - - 0.031 -———
aaa 0.15 0.006
bbb 0.20 0.008
ddd 015 0.006
eae 0.15 0.006
i (.08 0.003
MO /ME 2323 23/23

Fig. 1-5RK3188 TFBGA453 Package Dimension

1.4.2 Ball Map
A A
B B
C Cc
D D
E E
F F
G G
H H
D20]| D19| Dig] Di17| D16] DI5 o1 IN2 IN1 INO 13 D1/13 D2/]
3 LCDO | LCDO GPIO | GPIO 3
D231 D22 3 C6/13 C7/
K LCDO | GPIO | GPIO | GPIO | GPIO | GPIO ADC | GPIO [ GPIO | GPIO | GPIO | GPIO K
D21 12 AS/|2 A4/]12 A3/|2 A1/12 AO/ VDD |3 C3/13 C4/I3 C5/]13 C1/{3 C2/
L GPIO [ GPIO | GPIO | GPIO | GPIO | GPIO CVDD| GPIO [ GPIO | GPIO | GPIO | GPIO L
2 B3/12 B2/|2 B1/12 A2/{2 AT7/12 A6/ 1vol1 A1/11 A0/l A2/I3 CO/l1 A3/
M GPIO | GPIO GPIO | GPIO M
2 B4/12 BO/ 3 BO/|3 B1/
N GPIO | GPIO | GPIO | GPIO | AVD | AVD GPIO [ GPIO | GPIO | GPIO | GPIO N
2 Cl/12 Co/|2 B7/12 BS/| D D 3 AQ/|1 B6/{3 A1/13 D713 D3/|
p GPIO | GPIO | GPIO | GPIO | AVD | AVD GPIO | GPIO | GPIO | GPIO | GPIO p
2 C2/12 C3/12 C4/12 B6/| D D 1 B1/11 BO/{1 BS/13 D5/13 D6/|
R GPIO | GPIO GPIO | GPIO R
2 C6/|2 C5/ 0 D5/13 D4/
T GPIO | GPIO | GPIO | GPIO | AVD | AVD GPIO [ GPIO | GPIO | GPIO | GPIO | GPIO T
2 DO/2 DI/|2 Dp2/12 C7/| D D 3 A3/13 A2/{0 D7/]0 D6/{1 B3/11 B4/
U GPIO | GPIO | GPIO | GPIO | AVD | AVD > | AP1_|[FLAS| GPIO | GPIO | GPIO | GPIO u
12 D3/ 2 D6/l D D D D D DD 3{VDDI VCC IH ALI3 A7/]1 B2/13 AS/]0 D4/
v é%éﬁch_D AVD AVD [ AVD AVD (APLL USBV|APO_ GPIO | GPIO | GPIO | GPIO v
LKIT 6/1S D D D D V0 DD 11 VCC 0 C6/|3 A4/]0 C5/13 A6/
w CIF_D|CIF_D|CIF_D|CIF_D GPIO | GPIO | GPIO AVD | GPIO GPIO | FLAS|FLAS GPIO | GPIO | GPIO | GPIO w
3TS |4/TS |S/TS |9/TS 0 A510 A310 BO D COl0 A6 1 Cl/IH RDIH CL 0 C1/10 C2/10 CO/10 C7/
v CIF_D|CIF_D|CIF_D|CIF_D|CIF_C EFUS | GPIO GPIO |OTG_| FLAS|FLAS | GPIO | FLAS|FLAS | GPIO v
12 13 17/TS [8/TS |LKO/ E 10B6 D P H D5/{H D3/10 C3/
AA CcF_D|cF_v|cF_b[GPio DDRI [ GPIO | GPIO FLAS| GPO AA
14 |SYNC|10/2 10 A2 O REJIQ B711 A4/, |H D2/{0 D2/
AB CIF_D|CIF_H|CIF_D|CIF_D|CLK3 GPIO | GPIO | GPIO FLAS|FLAS | GPIO AB
15 REF [2/TS |11/ [2K IN 0 B5|1 B7/11 A7/ H D1/{H D7/]10 CA/
AC CIF_D|CIF_D GPIO NPOR GPIO | GPIO FLAS|FLAS AC
1/1s 10/TS 0 AQ 0 A7 0 Ba4l1 D6/ H D4/IH D6/]

Fig. 1-6RK3188 Ball Mapping Diagram

1.4.3 Ball Pin Number Order

Table 1-5RK3188 Ball Pin Number Order Information
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A1 LCDO_HSYNC B1 LCDO_VSYNC
A2 MDM3 B2 MDQ24
A3 NC B3 MDQ25
A4 MDQS_B3 B4 MDQS_3
A5 MDQ31 B5 MDQ30
A6 NC B6 MDQ10
A7 MDQS_B1 B7 MDQS_1
A8 MCSNO B8 MCKE1
A9 NC B9 MCSN1
A10 MRASN B10 MCASN
Al1 MAO B11 MBA2
A12 NC B12 MA2
A13 MCK_N B13 MCK
A14 MAS B14 MAG
A15 NC B15 MA11
A16 MA15 B16 MA14
A17 MDQ18 B17 MDQ17
A18 NC B18 MDQ21
A19 MDQS_B2 B19 MDQS_2
A20 MDQ19 B20 MDQ22
A21 NC B21 MDQ23
A22 MDQS_BO B22 MDQS_0
A23 MDQ4 B23 MDQ5
C1 NC D1 LCDO_DO
c2 VSS D2 LCDO_DCLK
c3 MDQ26 D3 LCDO_DEN
c4 MDQ27 D4 VSS
c5 MDQ29 D5 MDQ28
C6 MDQ9 D6 MDQ8
c7 MDQ12 D7 VSS
(of:] MDQ15 D8 MDQ14
Cc9 MCKEOQ D9 NC
Cc10 MWEN D10 VSS
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c11 MBA1 D11 MBAO
c12 MA1 D12 NC
c13 MA4 D13 VSS
C14 MA7 D14 MAS8
c15 MA10 D15 NC
c16 MA13 D16 VSS
Cc17 MODT1 D17 MODTO
c18 MDQ16 D18 MA12
c19 MDQ20 D19 VSS
©20 MDM2 D20 MDMO
Cc21 VSS D21 MDQ1
c22 MDQ2 D22 MDQ3
c23 NC D23 MDQ6
E1 LCDO_D1 = NC
E2 LCDO_D2 F2 LCDO_D9
E3 LCDO_D3 F3 LCDO_D8
E4 LCDO_D4 F4 LCDO_D7
E5 NC F5 LCDO0_D6
E6 MDM1 F6 NC
E7 MDQ11 F7 MVDD
E8 MDQ13 F8 MVDD
E9 NC F9 NC
E10 MRETEN F10 MVDD
E11 MRESET F11 MVDD
E12 NC F12 NC
E13 MA3 F13 MVDD
E14 MA9 F14 MVDD
E15 NC F15 NC
E16 MT_ATO F16 MVDD
E17 MT_DTO1 F17 MVDD
E18 MT_DTOO F18 NC
E19 NC F19 JTAG_SEL
E20 GPIO1_D5/12C2_SCL F20 GPIO3_B2

High Performance and Low-power Processor for Digital Media Application 58




Rackchip

wennr RIK3188 Technical Reference Manual Rev 1.3
E21 VSS F21 GPIO1_D4/12C2_SDA
E22 MDQO F22 GPI02 D7
E23 mMDQ7 F23 NC
G LCDO_D14 H1 LCDO_D20
G2 LCDO0_D13 H2 LCDO0_D19
G3 LCDO_D12 H3 LCDO_D18
G4 LCDO_D11 H4 LCDO_D17
G5 LCDO_D10 H5 LCDO_D16
G6 LCDO0_D5 H6 LCDO0_D15
c7 NC H7 CVDD_1V0
G8 CcvDD_1V0 Hs VSS
G9 VSS H9 VSS
G10 CvDD_1V0 H10 VSS
G11 MVDDAO H11 VSS
G12 MVREFAO H12 Vss
G13 MVREF H13 VSs
G14 VsS H14 VSS
G15 MPZQ H15 Vss
G16 CVDD_1V0 H16 Vss
G17 NC H17 CVDD_1V0
G18 CVDD_1V0 H18 VCCIO1
G19 GPIO1_D3/12C1_SCL H19 ADC_IN2
G20 GPIO1_D2/12C1_SDA H20 ADC_IN1
G21 GPIO1_D1/12C0_SCL H21 ADC_INO
G2 GPIO1_D0/12C0_SDA Ho22 GPIO3_D1/SDMMC1_BACKEND/MII_MDCLK
G23 GPIO3_D0/SDMMC1_PWR/MII_MD H23 GPIO3_D2/SDMMC1_INT
1 NC KA1 LCDO_D21
2 LCDO_D23 K2 GPI02_A5/LCD1_D5/SMC_D5
J3 LCDO0_D22 K3 GPIO2_A4/LCD1_D4/SMC_D4
J4 NC K4 GPIO2_A3/LCD1_D3/SMC_D3
5 NC K5 GPIO2_A1/LCD1_D1/SMC_D1
6 NC K6 GPIO2_A0/LCD1_D0/SMC_DO
97 LCDO_VCC1 K7 LCDO_VCCO
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J8 VSS K8 VSS
J9 VSS K9 VSS
J10 VSS K10 VSS
J11 VSS K11 VSS
J12 VSS K12 VSS
J13 VSS K13 VSS
J14 VSS K14 VsS
J15 VsS K15 VSS
J16 VSS K16 VsS
17 CVDD_1V0 K17 VCCIOO0
18 NC K18 ADCVDD_1V8
J19 NC K19 GPIO3_C3/SDMMC1_D2/RMII_RX_DO
20 NC K20 GPIO3_C4/SDMMC1_D3/RMII_RX_D1
121 GPIO3_C6/SDMMC1_DET/RMI_LRX_ERR | k21 GPIO3_C5/SDMMC1_CLKO/RMII_CLKO
122 GPIO3_C7/SDMMC1_WP/RMII_CSR_VALID | k22 GPI03_C1/SDMMC1_DO/RMII_TX_D1
123 NC K23 GPIO3_C2/SDMMC1_D1/RMII_TX_DO
L1 GPI02_B3/LCD1_D11/SMC_D11 M1 NC
L2 GPIO2_B2/LCD1_D10/SMC_D10 M2 GPIO2_B4/LCD1_D12/SMC_D12
L3 GPI02_B1/LCD1_D9/SMC_D9 M3 GPI02_B0/LCD1_D8/SMC_D8
L4 GPIO2_A2/LCD1_D2/SMC_D2 M4 NC
L5 GPIO2_A7/LCD1_D7/SMC_D7 M5 NC
L6 GPIO2_A6/LCD1_D6/SMC_D6 M6 NC
L7 LCD1_vVCcC M7 CIF_vCC
L8 VSS M8 VSS
L9 A MO A
L10 VSS M10 VSS
L11 Vss M11 vss
L12 VsS M12 VSS
L13 VSS M13 VSS
L14 VsS M14 VSS
L15 VSS M15 VSS
L16 VsS M16 VSS
L17 CVDD_1V0 MA17 CVDD_1V0
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L18 CvDD_1V0 M18 NC

L19 GPIO1_A1/UARTO_TX M19 NC

120 GPIO1_AO/UARTO_RX M20 NC

L21 GPIO1_A2/UARTO_CTSN M21 GPIO3_B0/SDMMCO_DET
L22 GPIO3_C0/SDMMC1_CMD/RMII_TX_EN M22 GPIO3_B1/SDMMCO_WP

123 GPIO1_A3/UARTO_RTSN M23 NC

N1 GPI02_C1/LCD1_D17/SMC_A1 P1 GPIO2_C2/LCD1_D18/SMC_A2
N2 GPIO2_CO/LCD1_D16/SMC_A0 P2 GPIO2_C3/LCD1_D19/SMC_A3
N3 GPIO2_B7/LCD1_D15/SMC_D15 P3 GPIO2_C4/LCD1_D20/SMC_A4
N4 GPIO2_B5/LCD1_D13/SMC_D13 P4 GPIO2_B6/LCD1_D14/SMC_D14
N5 AVDD P5 AVDD

NG AVDD P6 AVDD

N7 CVDD_1V0 p7 VSS

N8 VSS P8 VSS

NO VSS PO VSS

N10 VSS P10 VSS

N11 VSS P11 vss

N12 Vss P12 VSS

N13 Vss P13 Vss

N14 VSS P14 Vss

N15 VSs P15 Vss

N16 VSS P16 VSS

N17 e P17 Vss

N18 FLASH_VCC P18 CVDD_1V0

N19 GPIO3_A0/SDMMCO_RSTN P19 GPIO1_B1/UART2_TX/JTAG_TDO
N20 GPIO1_B6/SPDIF_TX/SPI1_CSN1 P20 GPIO1_BO/UART2_RX/JTAG_TDI
N21 GPIO3_A1/SDMMCO_PWR P21 GPIO1_B5/UART3_RTSN
N22 GPIO3_D7 P22 GPIO3_D5/PWM2/JTAG_TCK
N23 GPIO3_D3/PWMO P23 GPIO3_D6/PWM3/JTAG_TMS
R1 NC T GPI02_DO/LCD1_DCLK/SMC_CSNO
R2 GPI02_C6/LCD1_D22/SMC_A6 T GPIO2_D1/LCD1_DEN/SMC_WEN
R3 GPI0O2_C5/LCD1_D21/SMC_A5 T3 GPI02_D2/LCD1_HSYNC/SMC_OEN
R4 NC T4 GPIO2_C7/LCD1_D23/SMC_A7
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R5 NC T5 AVDD
R6 NC T6 AVDD
R7 VSS T7 VSS
R8 VSS T8 VSS
R9 VSS T9 VSS
R10 e T10 VSS
R11 VSS T11 VSss
R12 VsS T12 VSS
R13 VSS T13 VSS
R14 VsS T14 VSS
R15 VSS T15 VSss
R16 VSS T16 VSS
R17 CVDD_1V0 17 CVDD_1V0
R18 NC T18 GPIO3_A3/SDMMCO0_CMD
R19 NC T19 GPI03_A2/SDMMCO_CLKO
R20 NC T20 GPIO0_D7/SPI1_CSNO
R21 GPIO0_D5/SPI1_TX T21 GPIO0_D6/SPI1_CLK
R22 GPIO3_D4/PWM1/JTAG_TRSTN 22 GPIO1_B3/UART3_TX/GPS_SIG
R23 NC T23 GPIO1_B4/UART3_CTSN/GPS_CLK
U1 GPI02_D3/LCD1_VSYNC/SMC_ADVN VA NC
u2 GPI02_D4/SMC_BLS_NO V2 CIF_CLKITS_CLKO
U3 GPI02_D5/SMC_BLS_N1 V3 VSS
U4 GPI02_D6/SMC_CSN1 V4 CIF_D6/TS_D4
us AVDD V5 AVDD
ue AVDD V6 NC
u7 NC V7 AVDD
us AVDD V8 AVDD
U9 AVDD Vo NC
u10 AVDD V10 AVDD
U11 APLL_AVSS VA1 APLL_1V0
U12 DPLL_AVSS V12 NC
U13 C/GPLL_AVSS V13 DPLL_1V0
U14 USBDVDD_1V0 V14 C/GPLL_1V0
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U15 USBVDD_3V3 V15 NC
U16 HSIC_VDD12 V16 USBVDD_1V8
u17 NC V17 APO_VCC
u18 AP1_VCC V18 NC
U19 FLASH_ALE V19 GPIO0_C6/FLASH_D14
U20 GPIO3_A7/SDMMCO_D3 V20 GPIO3_A4/SDMMCO_DO
u21 GPIO1_B2/UART3_RX/GPS_MAG V21 GPIO0_C5/FLASH_D13
u22 GPIO3_A5/SDMMCO_D1 V22 GPIO3_A6/SDMMCO_D2
U23 GPIO0_D4/SPI1_RX V23 NC
W1 CIF_D3/TS_D1 Y1 CIF_D12
W2 CIF_D4/TS_D2 Y2 CIF_D13
W3 CIF_D5/TS_D3 Y3 CIF_D7/TS_D5
Wa CIF_D9/TS_D7 va CIF_D8/TS_D6
W5 NC Y5 CIF_CLKO/GPIO3_B3
W6 GPIO0_A5 Y6 GPIO0_A1
W7 GPIO0_A3 v7 TEST
w8 GPI00_B0 v8 GPI00_B3
W9 NC Y9 NC
W10 AVDD_COM Y10 EFUSE
W11 GPIO0_A6 Y11 GPI00_B6
W12 NC Y12 NC
W13 PVCC_3V3 Y13 GPIO1_C0/12S_CLK
W14 PVDD_1V0 Y14 GPIO1_C3/12S_LRCK_TX
W15 NC Y15 NC
W16 GPIO1_C1/12S_SCLK Y16 GPIO1_A5/UART1_TX/SPIO_TXD
W17 FLASH_RDY Y17 OTG_ID
W18 FLASH_CLE Y18 FLASH_WP/EMMC_PWR
W19 NC Y19 FLASH_CSNO
W20 GPIO0_C1/FLASH_D9 Y20 GPIO0_D1/FLASH_CSN1
W21 GPIO0_C2/FLASH_D10 Y21 FLASH_D5/EMMC_D5
W22 GPIOO0_CO/FLASH_D8 Y22 FLASH_D3/EMMC_D3
W23 GPIO0_C7/FLASH_D15 Y23 GPIO0_C3/FLASH_D11
AA1 NC AB1 CIF_D15
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AA2 CIF_D14 AB2 CIF_HREF
AA3 CIF_VSYNC/TS_SYNC AB3 CIF_D2/TS_DO
AA4 CIF_D10/12C3_SDA/GPIO3_B6 AB4 CIF_D11/12C3_SCL/GPIO3_B7
AA5 GPIO0_A2 AB5 CLK32K_IN
AAG GPIO0_A4 AB6 GPIO0_B2
AA7 GPIO0_B1 AB7 CPU_PWROFF
AA8 VSS AB8 XIN24M
AA9 DDRIO_PWROFF AB9 CORE_PWROFF
AA10 DDRIO_RET_EN AB10 GPIO0_B5
AAT1 GPIO0_B7 AB11 GPIO1_B7/SPI0_CSN1
AA12 GPIO1_A4/UART1_RX/SPI0_RXD AB12 GPIO1_A7/UART1_RTSN/SPIO_CSNO
AA13 GPIO1_A6/UART1_CTSN/SPIO_CLK AB13 GPIO1_C4/12S_SDI
AA14 VSS AB14 OTG_DM
AA15 GPIO1_D7/12C4_SCL AB15 OTG_RKELVIN
AA16 VSS AB16 HOST_DM
AA1T7 OTG_VBUS AB17 HSIC_STROBE
AA18 VSS AB18 HSIC_DATA
AA19 FLASH_WRN AB19 FLASH_RDN
AA20 GPIO0_D3/FLASH_CSN3/EMMC_RSTN AB20 GPIO0_DO/FALSH_DQS/EMMC_CLKO
AA21 FLASH_D2/EMMC_D2 AB21 FLASH_D1/EMMC_D1
AA22 GPIO0_D2/FLASH_CSN2/EMMC_CMD AB22 FLASH_D7/EMMC_D7
AA23 NC AB23 GPIO0_C4/FLASH_D12
ACA CIF_D1/TS_D9/GPIO3_B5 AC13 GPIO_C5/12S_SDO
AC2 CIF_DO/TS_D8/GPIO3_B4 AC14 OTG_DP
AC3 NC AC15 NC
AC4 GPIO0_AO AC16 HOST_DP
AC5 NPOR AC17 HOST_RKELVIN
AC6 NC AC18 NC
AC7 GPIO0_A7 AC19 GPIO1_C2/12S_LRCK_RX
ACS XOUT24M AC20 FLASH_DO/EMMC_DO
AC9 NC AC21 NC
AC10 GPI00_B4 AC22 FLASH_D4/EMMC_D4
AC11 GPIO1_D6/I2C4_SDA AC23 FLASH_D6/EMMC_D6
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‘ AC12 ‘ NC ‘ ‘

1.5 Electrical Specification

1.5.1 Absolute Maximum Ratings

Table 1-6 RK3188 absolute maximum ratings

Paramerters Related Power Group Max Unit
AVDD,
CvDD,
PVDD,
DC supply voltage for Internal digital logic USBDVDD 1.1 Vv
LCDO_VCCO,LCDO_VCC1,
LCD1_VCC,
CIF_vCC
PVCC_3V3,
APO_VCC,AP1_VCC,
DC supply voltage for Digital GPI1O FLASH_VCC,
(except for SAR-ADC, PLL, USB, DDR 10) VCCIOO,VCCIO1 3.6 \Y
DC supply voltage for DDR 10 MVDD 1.95
DC supply voltage for Analog part of SAR-ADC ADCVDD_1V8 1.98
APLL_1VO
CGPLL_1VO
DC supply voltage for Analog part of PLL DPLL_1VO 1.1 Vv
USBVDD_1V8 1.98
DC supply voltage for Analog part of USB OTG/Host2.0 USBVDD_3V3 3.63 Vv
Analog Input voltage for SAR-ADC ADCVDD_1V8 1.98 Vv
Analog Input voltage for DP/DM/VBUS of USB
OTG/Host2.0 5 \Y
Digital input voltage for input buffer of GPIO 3.6 Vv
Digital output voltage for output buffer of GPIO 3.6 Vv
Storage Temperature 125 C

Absolute maximum ratings specify the values beyond which the device may be
damaged permanently. Long-term exposure to absolute maximum ratings
conditions may affect device reliability.

1.5.2 Recommended Operating Conditions

Table 1-7 describes the recommended operating condition for every clock
domain.

Table 1-7 RK3188 recommended operating conditions

Parameters Symbol Min ‘ Typ Max ‘ Units ‘
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AVDD,
Internal digital logic Power
CVDD, 0.9 1.0 TBD \
(except USB OTG)
PVDD
3 3.3 3.6
Digital GPIO Power(3.3V/2.5V/1.8V) VCCIOO0,VCCIO1, 2.25 25 2.75 \Y,
1.62 1.8 1.98
LCDO_VCCOo, LCD0_VCC1,
LCD1_VCC,
3 3.3 3.6
CIF_VCC,
Digital GP1O Power(3.3V/2.5V/1.8V) 2.25 2.5 2.75 \
PVCC,
1.62 1.8 1.98
FLASH_VCC,
APO_VCC, AP1_VCC
DDR 10 (DDR3 mode) Power MVDD 1.425 1.5 1.575 \
DDR 10 (LVDDR3 mode) Power MVDD 1.283 1.35 1.45 \%
DDR 10 (LPDDR2 mode) Power MVDD 1.14 1.2 1.3 \
DDR reference supply (VREF) Input VREF 0.49*MVDD | 0.5*MVDD | 0.51*MVDD Y,
VREF- VREFi+
DDR External termination voltage VREF Y,
40mv 40mvV
APLL_1VO
PLL Analog Power CGPLL_1VO 0.9 1.0 11 \
DPLL_1VO
SAR-ADC Analog Power ADCVDD_1Vv8 1.62 1.8 1.98 \%
USB OTG/Host2.0 Digital Power USBDVDD_1V0 0.9 1.0 11 Y,
USB OTG/Host2.0 Analog Power(1.8V) | USBVDD_1V8 1.62 1.8 1.98 Y,
USB OTG/Host2.0 Analog Power(3.3V) | USBVDD_3V3 3.069 3.3 3.63 Y,
USB OTG/Host2.0 external resistor REXT NA 200 NA Ohm
HSIC Analog Power USBDVDD_1V0 1.1 1 0.9
PLL input clock frequency N/A 24 N/A MHz
Operating Temperature -40 25 125 C
1.5.3 DC Characteristics
Table 1-8 RK3188 DC Characteristics
Parameters Symbol Min Typ Max Units
Input Low Voltage Vil -0.3 0 3.3x0.3 \%
Input High Voltage Vih 3.3x0.7 3.3 3.3+0.3 \%
Output Low Voltage Vol -0.3 NA NA \%
Digital GPIO | Output High Voltage Voh NA NA 3.6 \%
@3.3V Vir+ 1.53 1.46 143 Y,
Threshold Point
Vir- 1.19 1.12 1.05 \%
Pullup Resistor Rpu 33.7 58 101.5 Kohm
Pulldown Resistor Rpd 34.2 60.1 109.3 Kohm
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Input Low Voltage Vil -0.3 0 1.8x0.3 \

Input High Voltage Vih 1.8x0.7 1.8 1.8+0.3 \

Output Low Voltage Vol -0.3 NA NA \
Digital GPIO | Output High Voltage Voh NA NA 1.8+0.3 \
@1.8v Vir+ 1.23 1.12 1.03 \

Threshold Point

Vir- 0.91 0.82 0.73 \

Pullup Resistor Rpu 35 62.9 120 Kohm

Pulldown Resistor Rpd 35.1 61 113.9 Kohm

Input High Voltage Vih_ddr VREF + 0.09 NA MVDD

Input Low Voltage Vil_ddr -0.3 0 VREF - 0.09 \Y,
DDR 10 Output High Voltage Voh_ddr 0.8xMVDD NA N/A \
@DDR3 Output Low Voltage Vol_ddr N/A NA 0.2*MVDD \
mode Input termination 100 120 140

resistance(ODT) to Ritt 54 60 66 Ohm

VDDIO_DDRI/2 (i=0~6) 36 40 44

Input High Voltage Vih_ddr VREF +0.13 NA MVDD \
DDR IO ;

Input Low Voltage Vil_ddr -0.3 NA VREF - 0.13 \
@LPDDR2

Output High Voltage Voh_ddr 0.9*VREF NA NA \Y
mode

Output Low Voltage Vol_ddr NA NA 0.1*VREF Y,

1.5.4 Recommended Operating Frequency

Table 1-9 Recommended operating frequency for PD_ALIVE domain
Parameter Condition Symbol MIN TYP MAX Unit
1.0v,25°C 24 24 24
XIN Oscillator 1.1V, -40°C I0_XIN24M 24 24 24 MHz
0.9V, 125°C 24 24 24
1.0v,25°C N/A N/A 1238
DDR PLL 1.1V, -40°C ddr_pll_clk N/A N/A 1346 MHz
0.9V, 125°C N/A N/A 1118
1.0v,25°C N/A N/A 1598
ARM PLL 1.1V, -40°C arm_pll_clk N/A N/A 2161 MHz
0.9V, 125°C N/A N/A 1165
1.0V, 25°C N/A N/A 1170
CODEC PLL 1.1V, -40°C cocec_pll_clk N/A N/A 1647 MHz
0.9V, 125°C N/A N/A 831
1.0V, 25°C N/A N/A 1341
GENERAL PLL 1.1V, -40°C general_pll_clk N/A N/A 1784 MHz
0.9V, 125°C N/A N/A 963
1.0V, 25°C N/A N/A 50
UART1CLK 1.1V, -40 °C clk_uart1 N/A N/A 50 MHz
0.9V, 125°C N/A N/A 50
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1.0v,25°C N/A N/A 24
TIMER3 CLK 1.1V, -40°C clk_timer3 N/A N/A 24 MHz
0.9v,125°C N/A N/A 24

Table 1-10 Recommended operating frequency for A9 core

Parameter Condition Symbol MIN TYP MAX Unit
1.0V, 25°C N/A N/A 1390
1.1V, -40 °C clk_core_pre N/A N/A 1762 MHz
0.9V, 125°C N/A N/A 1000

Cortex-A9
1.0V, 25°C N/A N/A 272
1.1V, -40 °C clk_core_peri N/A N/A 484 MHz
0.9V, 125°C N/A N/A 254

Table 1-11 Recommended operating frequency for PD_CPU domain

Parameter Condition Symbol MIN TYP MAX Unit
1.0v,25°C N/A N/A 514
1.1V, -40°C aclk_cpu N/A N/A 574 MHz
0.9V, 125°C N/A N/A 366
1.0v,25°C N/A N/A 176
CPU AXI
1.1V, -40°C helk_cpu N/A N/A 300 MHz
interconnect
0.9V, 125°C N/A N/A 162
1.0V, 25°C N/A N/A 87
1.1V, -40°C pclk_cpu N/A N/A 150 MHz
0.9V, 125°C N/A N/A 78
1.0V, 25°C N/A N/A 647
DMC 1.1V, -40°C clk_ddr N/A N/A 743 MHz
0.9V, 125°C N/A N/A 465
1.0V, 25°C N/A N/A 514
Embedded SRAM 1.1V, -40°C aclk_intmem N/A N/A 574 MHz
0.9V, 125°C N/A N/A 366
1.0V, 25°C N/A N/A 50
SPDIF 1.1V, -40°C clk_spdif N/A N/A 50 MHz
0.9V, 125°C N/A N/A 50
1.0V, 25°C N/A N/A 24
clk_timer0/
Timer0/1 1.1V, -40°C N/A N/A 24 MHz
clk_timer1
0.9V, 125°C N/A N/A 24
1.0V, 25°C N/A N/A 50
UARTO 1.1V, -40°C clk_uart0 N/A N/A 50 MHz
0.9V, 125°C N/A N/A 50
1.0V, 25°C N/A N/A 50
1281 clk_i2s0 MHz
1.1V, -40°C N/A N/A 50
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‘ 0.9V, 125°C ‘ ‘ N/A ‘ N/A ‘ 50 ‘
Table 1-12 Recommended operating frequency for PD_PERI domain
Parameter Condition Symbol MIN TYP MAX Unit
1.0V, 25°C N/A N/A 449
1.1V, -40 °C aclk_periph N/A N/A 502 MHz
0.9V, 125°C N/A N/A 317
1.0V, 25°C N/A N/A 184
PERI AXI
1.1V, -40°C hclk_periph N/A N/A 208 MHz
interconnect
0.9V, 125°C N/A N/A 158
1.0V, 25°C N/A N/A 84
1.1V, -40°C pclk_periph N/A N/A 89 MHz
0.9V, 125°C N/A N/A 79
1.0V, 25°C N/A N/A 181
SMC 1.1V, -40 °C clk_smc N/A N/A 192 MHz
0.9V, 125°C N/A N/A 163
1.0V, 25°C N/A N/A 180
NANDC 1.1V, -40°C hclk_nandc N/A N/A 204 MHz
0.9V, 125°C N/A N/A 155
1.0V, 25°C N/A N/A 480
USB Host 1.1V, -40°C clk_otgphy1 N/A N/A 480 MHz
0.9V, 125°C N/A N/A 480
1.0V, 25°C N/A N/A 480
USB OTG 1.1V, -40°C clk_otgphy0 N/A N/A 480 MHz
0.9V, 125°C N/A N/A 480
1.0V, 25 C N/A N/A 50
clk_uart2/
UART2/3 1.1V, -40 C N/A N/A 50 MHz
clk_uart3
0.9V,125 C N/A N/A 50
1.0V, 25°C N/A N/A 100
clk_sdmmc0/
SDMMC/SDIO 1.1V, -40°C N/A N/A 100 MHz
clk_sdio
0.9V, 125°C N/A N/A 95
1.0V, 25°C N/A N/A 100
EMMC 1.1V, -40°C clk_emmc N/A N/A 100 MHz
0.9V, 125°C N/A N/A 98
1.0V, 25°C N/A N/A 50
MAC 1.1V, -40°C clk_mac_ref N/A N/A 50 MHz
0.9V, 125°C N/A N/A 50
1.0V, 25°C N/A N/A 100
clk_spi0/
SPI0/1 1.1V, -40°C N/A N/A 100 MHz
clk_spi1
0.9V, 125°C N/A N/A 72
1.0V, 25°C N/A N/A 12
SAR-ADC clk_saradc MHz
1.1V, -40°C N/A N/A 12
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0.9V, 125°C N/A N/A 12
1.0V, 25°C N/A N/A 76
GPS 1.1V, -40°C gps_rfclk N/A N/A 80 MHz
0.9V, 125°C N/A N/A 69
Table 1-13 Recommended operating frequency for PD_VIO domain
Parameter Condition Symbol MIN TYP MAX Unit
1.0V, 25°C N/A N/A 572
1.1V, -40°C aclk_lcdcO N/A N/A 676 MHz
0.9V, 125°C N/A N/A 415
1.0V, 25°C N/A N/A 564
Display AXI
1.1V, -40 °C aclk_lcdc1 N/A N/A 654 MHz
interconnection
0.9V, 125°C N/A N/A 408
1.0V, 25°C N/A N/A 194
1.1V, -40°C vio_hclk N/A N/A 218 MHz
0.9V, 125°C N/A N/A 167
1.0V, 25°C N/A N/A 648
dclk_lcdc0/
LCDCO0/1 1.1V, -40°C N/A N/A 938 MHz
dclk_lcde
0.9V, 125°C N/A N/A 340
1.0V, 25°C N/A N/A 100
pclkin_cif0/
CIF0/M1 1.1V, -40°C N/A N/A 100 MHz
pclkin_cif1
0.9V, 125°C N/A N/A 100
Table 1-14 Recommended operating frequency PD_GPU domain
arameter Condition Symbol MIN TYP MAX Unit
1.0V, 25°C N/A N/A 529
GPU 1.1V, -40°C aclk_gpu N/A N/A 596 MHz
0.9V, 125°C N/A N/A 389
Table 1-15 Recommended operating frequency for PD_VIDEO domain
Parameter Condition Symbol MIN TYP MAX Unit
1.0V, 25°C N/A N/A 548
1.1V, -40°C aclk_vepu N/A N/A 699 MHz
0.9V, 125°C N/A N/A 408
1.0V, 25°C N/A N/A 259
VIDEO
1.1V, -40°C hclk_vepu N/A N/A 295 MHz
0.9V, 125°C N/A N/A 218
1.0V, 25°C N/A N/A 510
aclk_vdpu MHz
1.1V, -40°C N/A N/A 680
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0.9V, 125°C N/A N/A 374
1.0v,25°C N/A N/A 224
1.1V, -40°C hclk_vdpu N/A N/A 255 MHz
0.9V, 125°C N/A N/A 189
1.5.5 Electrical Characteristics for General 10
Table 1-16RK3188 Electrical Characteristics for Digital General 10
Symbol Test condition Min | Typ | Max | Units
Parameters
Input leakage current li Vin = 3.3V or OV NA NA 10 uA
Tri-state output leakage
loz Vout = 3.3V or OV NA NA 10 UA
current
Vin = 3.3V, pulldown
_ NA | NA | 10 uA
Digital GPIO disabled
High level input current lih
@3.3V Vin = 3.3V, pulldown 106.
NA NA UuA
enabled 4
Vin = 0V, pullup disabled NA NA 10 UA
Low level input current lil 107.
Vin = 0V, pullup enabled NA NA UA
8
Input leakage current li Vin = 1.8V or OV NA NA 10 UA
Tri-state output leakage
loz Vout = 1.8V or OV NA NA 10 UA
current
Vin = 1.8V, pulldown
L NA NA 10 UA
Digital GP1O disabled
1.8V High level input current lih
@ Vin = 1.8V, pulldown
NA NA 61.3 UuA
enabled
Vin = 0V, pullup disabled NA NA 10 uA
Low level input current lil
Vin = 0V, pullup enabled NA NA 61.4 UA
1.5.6 Electrical Characteristics for PLL
Table 1-17 RK3188 Electrical Characteristics for PLL
Parameters Symbol Test condition Min Typ Max Units
Input clock frequency Fin Fin = Fref * NR@® @1.0V 0.032 NA 2200 MHz
Comparison frequency Fref Fref = Fin/lNR@1.0V 0.032 N/A 50 MHz
VCO operating range Fvco Fvco = Fref * NFO @1.0V 1100 N/A 2200 MHz
Output clock frequency Fout Fout = Fvco/NO®D @1.0V 30 N/A 2200 MHz
PLL
Cycles of
divided
Lock time TIt N/A 350 500
reference
clock
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Power consumption
N/A N/A 4 N/A mw
(normal mode)
Power consumption
N/A N/A 100 N/A uw
(standby mode)
No clock input to PLL
Power consumption
N/A power down signal high, N/A 10 N/A uw
(power-down mode)
80C temperature
Notes : ®Nris the input divider value;
NF is the feedback divider value;
NO is the output divider value
1.5.7 Electrical Characteristics for SAR-ADC
Table 1-18 RK3188 Electrical Characteristics for SAR-ADC
Parameters Symbol Test condition Min Typ Max Units
ADC resolution N/A 10 N/A bits
The duty cycle should be
Conversion speed NA N/A 1 MSPS
between 40%~60%
Differential Non Linearity DNL N/A +1 N/A LSB
Integral Nn Linearity INL N/A +2 N/A LSB
Gain Error Egain -8 N/A 8 LSB
Offset Error Eoffset -8 N/A 8 mV
Analog Supply
N/A 200 N/A UuA
Current(VDDA_SARADC)
Digital Supply Current N/A 50 N/A uA
Power Down Current from AVDD NA 0.5 NA UA
Power Down Current from DVDD N/A 1 N/A uA
Power up time N/A 7 N/A 1/Fs

1.5.8 Electrical Characteristics for USB OTG/Host2.0 Interface
Table 1-19 RK3188 Electrical Characteristics for USB OTG/Host2.0 Interface

Parameters Symbol Test condition Min Typ | Max | Units
HS transmit, maximum | Current From OTG_DVDD N/A | 6.151 | N/A mA
transition density Current From OTG_VDD33 N/A | 497 | N/A mA
55C ,
(all O's data in DP/DM) | Current From OTG_VDD18 N/A 185 N/A mA
USBDVDD_1V0 =
HS transmit, minimum Current From OTG_DVDD N/A | 5.521 | N/A mA
1.0v
transition density Current From OTG_VDD33 N/A | 3.63 | N/A mA
USBVDD_1Vv8=1.0V
(all 1's data in DP/DM) | Current From OTG_VDD18 N/A 155 N/A mA
USBVDD_3V3=3.3V,
Current From OTG_DVDD N/A | 5.841 | N/A mA
15-cm USB cable
HS idle mode Current From OTG_VDD33 N/A 3.19 N/A mA
attached to DP/DM
Current From OTG_VDD18 N/A 6.58 N/A mA
FS transmit, maximum | Current From OTG_DVDD N/A | 4.251 | N/A mA
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transition density Current From OTG_VDD33 N/A | 11.81 | N/A mA
(all O's data in DP/DM)
Current From OTG_VDD18 N/A 6.56 N/A mA
LS transmit, maximum | Current From OTG_DVDD N/A | 5.171 | N/A mA
transition density Current From OTG_VDD33 N/A | 12.81 | N/A mA
(all 0's data in DP/DM) | Current From OTG_VDD18 N/A 6.61 | N/A mA
Current From OTG_DVDD N/A 53.4 | N/A UuA
Suspend mode Current From OTG_VDD33 N/A 1.1 N/A UuA
Current From OTG_VDD18 N/A 6.6 N/A UA
Current From OTG_DVDD N/A | 0.113 | N/A mA
Sleep mode Current From OTG_VDD33 N/A 0.1 N/A UA
Current From OTG_VDD18 N/A | 0.004 | N/A mA
1.5.9 Electrical Characteristics for HSIC Interface
Table 1-20 RK3188 Electrical Characteristics for HSIC Interface
Parameters Symbol Test condition Min Typ Max | Units
HS transmit, maximum | Current From DVDD N/A 3.26 N/A mA
transition density Current From VDD12 N/A 10.20 N/A mA
HS transmit, minimum | Current From DVDD N/A 3.05 N/A mA
transition density Current From VDD12 N/A 8.28 N/A mA
55C ,
Current From DVDD N/A 2.71 N/A mA
HS idle mode VDD12 =1.2V,
Current From VDD12 N/A 0.001 N/A mA
DVDD = 1.0V,
Current From DVDD N/A 3.07 N/A mA
HS Receive 12MHz reference clock
Current From VDD12 N/A 1.58 N/A mA
10pF load on STROBE
Current From DVDD N/A 0.012 N/A mA
Suspend mode
Current From VDD12 N/A 0.3 N/A UA
Current From DVDD N/A 0.049 N/A mA
Sleep mode
Current From VDD12 N/A 0.6 N/A UA
1.5.10 Electrical Characteristics for DDR IO
Table 1-21 RK3188 Electrical Characteristics for DDR 10
Parameters Symbol Test condition Min | Typ | Max | Units
VDDIO_DDR standby current,
@ 1.5V, 125C NA 0.01 2.11 UuA
DDR IO ODT OFF
@DDR3 mode Input leakage current, SSTL
@ 1.5V, 125C NA 0 0.53 UuA
mode, unterminated
DDR IO Input leakage current @ 1.2v,125C NA 0 0.49 nA
@LPDDR2 mode VDD(1.2V) quiescent current @ 1.2V, 125C NA 0 1.89 UA

1.5.11 Electrical Characteristics for eFuse
Table 1-22 RK3188 Electrical Characteristics for eFuse
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Parameters Symbol Test condition Min Typ | Max | Units
VDD current in Read mode Iread_vdd nomal read NA NA 8 mA
Active mode VDD current in PGM mode Ipgm_vdd STROBE high NA NA 0.2 mA
VQPS current in PGM mode Ipgm_vqgps STROBE high NA NA 14 mA
standby mode | VDD current in standby mode Istandby_vdd Standby NA NA 60 UA

1.6 Hardware Guideline

1.6.1 Reference design for RK3188 oscillator PCB connection
RK3188only use one oscillator, and its typical clock frequency is 24MHz. The
oscillator will provide input clock to four on-chip PLLs.

® External reference circuit for oscillators with 24MHz input

In the following diagram , the value for Rf,Rd,C1,C2 must be adjusted a little to
improve performance of oscillator based on real crystal model . Especially C1
and C2 value is advised to meet formula (C1 * C2)/(C1+C2) = ~8pF

|
: E o . X¢ :
:Oscillator 10 :
1 1
1 1
1 XIN24M XOUT24M &
1 1
Rf = 1M Ohm
Rd = 0~200 Ohm
| D |
1l
Cl —— Crystal —_ C2
8~12pF 8~12pF

Fig. 1-7 External Reference Circuit for 24MHzOscillators

1.6.2 Reference design for PLL PCB connection
The following reference design is suitable for PLL in RK3188.

The PLL's two analog supplies should be filtered with two series ferritebeads and
two shunt 0.1uF and 0.01uF capacitors. The ferrite on VSS ispreferred but
optional. Adding the ferrite on VSS converts supply noiseto substrate noise as
seen by the PLL. The PLLs are designed to berelatively insensitive to supply and
substrate noise, so the presenceof this ferrite is a second order issue.

The VDD/VSS is mapped to VDD_APLL/VSS_APLL, VDD_DPLL/VSS_DPLL and
VDD_CGPLL/VSS_CGPLL.

The AVDD/AVSS is mapped to AVDD_APLL/AVSS_APLL, AVDD_DPLL/
AVSS_DPLL and AVDD_CGPLL/AVSS_CGPLL.
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ferrite

vbD — 0000 J_ J_ AVDD

0.01uF

O.1UFT T
vss — 0000 AVSS

ferrite

Fig. 1-8 External reference circuit for PLL

The ferrite beads should be similar one of the following from Murata:
Table 1-23 Ferrite Bead Selection

Part number R@DC Z@10MHz | Z@100MHz size
BLM18EG601SN1 0.35 200 600 0603
BLM18PG471SN1 0.2 130 470 0603
BLM18KG601SN1 0.15 160 600 0603
BLM18AG601SN1 0.38 180 600 0603
BLM18AG102SN1 0.5 280 1000 0603
BLM18TG601TN1 0.45 190 600 0603
BLM15AG601SN1 0.6 200 600 0402
BLM15AX601SN1 0.34 190 600 0402
BLM15AX102SN1 0.49 250 1000 0402
BLMO3AX601SN1 0.85 120 600 0201

Similar ferrite beads are also available from Panasonic. The keycharacteristics
to select are:

® DC resistance less than 0.40 ohms

® impedance at 10MHz equal to or greater 180 ohms

® impedance at 100MHz equal to or greater than 600 ohms
The capacitors should be mounted as close to the package balls aspossible.

1.6.3 Reference design for USB OTG/Host2.0 connection

In RK3188 there are USB OTG and USB Host2.0 interface, in fact, same
interface is for them.The following diagram shows external reference design. Of
course, for USB Host2.0some signals can be removed based on different
application.
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Fig. 1-9 RK3188 USB OTG/Host2.0 interface reference connection

1.6.4 RK3188 Power up/down sequence requirement

For all of the power supply in RK3188, there is no any specific requirement of
power up/down sequence except power supply between core logic and
DDR3/LPDDR2 IO , between USB OTG/Host2.0 power supply .

® Power supply sequence for core logic(CVDD/AVDD/PVDD) and
DDR3/LPDDR2 IO (MVDD)

It is generally recommended that the core logic and DDR IO be powered-up
together, and it is also acceptable for core logic supply to power-up a very short
time before the DDR IO supply. If DDR IO supply must power-up before the core
logic supply, it is advised to keep the time between these two events less than
100ms to limit excessive DDR IO current draws.

® Power supply sequence for core logic(CVDD/AVDD/PVDD) and digital GPIO
power

There is no requirement on the power-up sequence for two above groups.It is
generally recommended that “turn on the higher GPIO voltage first and then the
lower core voltage” so that the crowbar current would not occur on the
power-up stage.
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There is no requirement on the power-down sequence for two above groups.
Customers can decide which voltage to be down first based on the application
need.

® Power supply sequence for USB OTG/Host2.0

Please follow the following sequence for power up and recommended
ramp-up time is more than 10us

USBDVDD_1V0 (1.0V)->USBVDD_1V8 (1.8V)->USBVDD_3V3 (3.3V)

There is no requirement on the power-down sequence for the USB groups.
Customers can decide which voltage to be down first based on the application,
it is recommended to keep the time between collapsing of power supplies as
short as possible

Notes :®digital GPIO power include LCDO_VCCj, LCD1_VCC, CIF_VCC, PVDD, APj_VCC,
FLASH_VCC, VCCIOj.

1.6.5 RK3188 Power on reset descriptions

The following figure shows power-on-reset sequence. External power-on-reset
input signal NPOR is released after stabilization of oscillator input clock XIN24M.
Internal signal sysrstn is generated after NPOR is filtered glitch , which can filter
out 5 clock cycles(24MHz) for low pulse of NPOR, so 208ns low pulse of NPOR
will not be recognized as valid power-on-reset signal for RK3188.

To make PLLs work normally, the internal power down signal(pllpd) for PLLs
must be high after power-on-reset, and maintains high level for more than 1lus
after sysrstn is deasserted, and PLLs start to lock when pllpd deassert,
andconsume about50us to lock.

The system will wait about 4096 cycles(170us) from sysrstn is de-asserted,
then deactive internal reset signal chiprstn, which is used to control generation
logic of all the clock inside CRU.

After 256 cycles or about 10.7us, rstn_pre for reset signal of all internal IPs will
be deasserted , in other words, about 10.7us of clock has been generated before
reset of every internal module is released.

npor
sysrstn

pllpd
1.3us
chiprstn
< 170us >
rstn_pre
- 10.7us
(IP reset) < >

Fig. 1-10 RK3188 reset signals sequence
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Chapter 2 System Overview

2.1 Address Mapping

RK3188 support to boot from internal bootrom, which support remap function

by software programming. remap is controlledby GRF_SOC_CONO bit[12] .
B remap function is disabled (default state)

1014_0000
Reserved
(10K)
1013_E000
Core Interrupt Distributor
(K)
1013_D000 R
Timer/Watchdog
1013_C600 250
Core Global Timer
(K)
1013_C200
GIC
(256B)
1013_C100 14000000 Reserved
Core SCU (16M)
(256B)
1013_C000 1300.0000 SMC Bankl F000_0000 DDR Rkl
L2C Controller (16M) (1GB)
(16K) A000_0000
10138000 1200.0000 SMC Bank) X DDR Rank(
1 (1GB)
Rggeliiv;d 1100_0000 = 2004_4000 )
1013_0000 - - DDR_PUBL
CPU AXI Interconnect Reserved (16K)
(32K) 1050_4000 2004_0000
10128000 - NandC - GPIO2
UARTI (16K) — (8K)
(8K) ]
1012_6000 1050.0000 GPS GPIOL 20040000
UARTO am [E3) R‘E—j;%ed
1012_4000 (8K) 1040_0000 20030000 2009 4000
0000_3FFF/1012_3FFF Peri AXI Interconnect Reserved -
ROM (IM) (8K) Reserved
(16K) 1030_0000 2003_A000 - 208 CO00 (32K)
0000_0000/1012_0000 Reserved oA -
SPDIF 6126 6K Reseried
8K 1028 0000 20038000 (160
1011_E000 - USB HSIC Reserved 2008 8000
Reserved (256K (16K) Reserved
©K) 10240000 2003_4000 (16K)
1011_C000 - Reserved PWMO/1 20084000
I2S/PCM Controller(2ch) K (16K GPIO3
GK) 1023.0000 2003_0000 (16K)
1011_A000 — - Reserved I?§C1 20080000 Ry
everve 1 ®K) e
@8K) 46 2002_E000 (16K)
1011_8000 1022.Co00 Reserved e 20070000
Reserved (16K) 8K) DMAC1
@K) 2002_C000 (16K)
10116000 1022, 8000 Reserved Reserved 20078000
RGA (16K) (32K) SPI Controller 1
(8K) (16K)
10224000 2002_4000
10114000 - PID_FILTER DDR_PCTL 20074000
P (16K) (16K) SPI Controller 0
(60 1022_0000 2002.0000 aso
1011_0000 MMC DMACO 20070000
1LCDC1 16K (16K) SAR-ADC
&o 1021_C000 2001_C000 as0
1010_E000 = SO0 Securlty DMACD 2006_C000 —
LCDCO
@ (16K) o 5000 (16K) (16K)
10218000 =
1010_C000 SOMC p— 2006_8000 p——
Ri?f;;“ (16K) (16K) (16K)
2001_4000
1010.4000 1021400 HSADC/TSI ) cFuse 206,100
Camera Interface Reseryed
€K (16K) (16K) 16K
10210000 2001_0000 y 2006_0000
1010_8000 oo Reserved Timer3 - 2C4
CODEC 6K 63 (16K)
(16K) 2000_E000 2005_C000
1010_4000 — 10200000 Reserved - Reserved 03
‘E’fg% (16K) (3] 205,500 (16K
20000000 ¢
10100000 ” 10208000 | \1AC Ethernet Controller GPIOO C2
Reser (16K) G (16K)
(334K) 2005_4000
1020_4000 2000_A000 ¥
1004_0000 - Reserved GRF PWM2/3
1020_0000 2000_8000 2005_0000
1009_0000 USB HOST20 PMU WatchDog
Rgs%voed (256K) 6K) (16K)
101€_0000 2000_4000 2004_C000
1008_8000 USB 0TG2.0 CRU - Reserved
Embe‘g;gw [25) 16K (16K)
1008.0000 1018_0000 - 2000_0000 2004_8000
eserved System Debug Reserved
Reserved (56K) (128K) (16K)
(256K) 1014_0000 1FFE_0000 2004_4000
1004_0000
Reserved
(256K)
1000_0000
Fig. 2-1RK3188 Address Mapping before remap
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B remap function is enable

1014_0000
1013_E000
1013_D000
1013_C600
1013_C200
1013_C100
1013_C000
1013_8000
1013_0000
1012_8000
1012_6000
1012_4000
1012_0000
1011_E000
1011_C000
1011_A000
1011_8000
1011_6000
1011_4000

1011_0000

1010_E000
1010_C000
1010_A000
1010_8000
1010_4000
1010_0000
100A_0000

1009_0000

1008_8000
(0000_7FFF/1008_8000
0000_0000/1008_0000

1004_0000

1000_0000

Reserved
(10K)

Core Interrupt Distributor
(2K)

Core Private
‘Timer/Watchdog
(2.5K)

Core Global Timer
(IK)

GIC
(256B)

Core SCU
(256B)

L2C Controller
(16K)

Reserved
(32K)

CPU AXI Interconnect
(32K)

UART1
@K)

UARTO
(8K)

ROM
(16K)

SPDIF
(8K)

Reserved
@K)

128/PCM Controller(2ch)
8K

Reverved
(BK)

Reserved
@K)

RGA
(8K)

IPP
(16K)

LCDC1
(K)

LCDCO
@K)

Reserved
@K)

Camera Interface
@K)

VCODEC
(16K)

Reserved
(16K)

Reserved
(384K)

GPU
64K)

Reserved
(32K)

Embedded SRAM
Q2K

Reserved
(256K)

Reserved
(256K)

Fig. 2-2RK3188 Address Mapping after remap
2.2 System Boot

1400_0000

1300_0000

1200_0000

1100_0000

1050_4000

1050_0000

1040_0000

1030_0000

1028_0000

1024_0000

1023_0000

1022_C000

1022_8000

1022_4000

1022_0000

1021_C000

1021_8000

1021_4000

1021_0000

1020_C000

1020_8000

1020_4000

1020_0000

101C_0000

1018_0000

1014_0000

Reserved
e

SMC Bank1
@16M)

SMC Bank0
aem)

Reserved

NandC
(16K)

GPS
am

Peri AXI Interconnect
am

Reserved
(512K)

USB HSIC
(256K)

Reserved
(64K)

Reserved
(16K)

Reserved
(16K)

Reserved
(16K)

PID_FILTER
(16K)

eMMC
(16K)

SDIO
(16K)

SDMMC
(16K)

HSADC/TSI
(16K)

Reserved
(16K)

Reserved
(16K)

MAC Ethernet Controller
(16K)

Reserved
(16K)

USB HOST2.0
(256K)

USB 0TG2.0
(256K)

Reserved
(256K)

2004_4000

2004_0000

2003_E000

2003_C000

2003_A000

2003_8000

2003_4000

2003_0000

2002_E000

2002_C000

2002_4000

2002_0000
2001_C000

2001_8000

2001_4000

2001_0000

2000_E000

2000_C000

2000_A000

2000_8000

2000_4000

2000_0000

1FFE_0000

DDR_PUBL
(16K)

GPIO2
@K)

GPIOL
(8K)

Reserved
8K)

‘Timer
0/112/41516
(8K)

Reserved
(16K)

PWMO/L
(16K)

C1
(8K)

@K)

Reserved
(32K)

DDR_PCTL
(16K)

DMACO
(16K)

Security DMACO
(16K)

TZPC
(16K)

eFuse
(16K)

Timer3
@K)

Reserved
8K)

GPIOO
®K)

GRF
@K)

(16K)

CRU
(16K)

System Debug
(128K)

E000_0000

/A000_0000

6000_0000

200A_0000

2009_4000

2008_C000

2008_8000

2008_4000

2008_0000

2007_C000

2007_8000

2007_4000

2007_0000

2006_C000

2006_8000

2006_4000

2006_0000

2005_C000

2005_8000

2005_4000

2005_0000

2004_C000

2004_8000

2004_4000

DDR Rankl
(1GB)

DDR Rank0
(1GB)

Reserved
(48K)

Reserved
(32K)

Reserved
(16K)

Reserved
(16K)

GPIO3
(16K)

APB SMC Reg
(16K)

DMACL
(16K)

SPI Controller 1
(16K)

SPI Controller 0
(16K)

SAR-ADC
(16K)

UART3
(16K)

UART2
(16K)

Reserved
(16K)

nc4
(16K

C3
(16K)

nc2
(16K

PWM23
(16K)

WatchDog
(16K

Reserved
(16K)

Reserved
(16K)

RK3188 provides system boot from off-chip devices such as 8bits/16bits async
nand flash, SPI and eMMC memory. When boot code is not ready in these

devices, also provide system code download into them by USB OTG and Uart0
interface. All of the boot code will be stored in internal bootrom. The following is
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the whole boot procedure for boot code , which will be stored in bootromin
advance.

Cortex-A9 get first
instruction from zero address,
romcode start to run

v

Check ID BLOCK from
external Nand Flash

Yes

D BLOCK correct? l

No

1.Read 2K SDRAM initialization image code to internal SRAM
2.Run image code to do SDRAM initialization

— |3.Transfer boot image code to SDRAM

4.Run boot image code

Check ID BLOCK from
external SPI nor Flash

A
Yes
ID BLOCK correct?
l No
Check ID BLOCK from
external eMMC device
Yes

Initialize download port

Any request on the
UART interface?

No

. Download SDRAM image code to internal SRAM
. Run SDRAM image code

. Wait request for download loader image code

. Download loader image code to SDRAM

. Run loader image

UubhwWNE

Initialize USB port

4

1.Wait request for download SDRAM image code \ 4
2.Download SDRAM image code to internal SRAM
3.Run SDRAM image code o os, P

4.Wait request for download loader image code Boot or download end

5.Download loader image code to SDRAM
6.Run loader image

Fig. 2-3 RK3188 boot procedure flow

2.3 System Interrupt connection

RK3188 provides an general interrupt controller(GIC) for Cortex-A9 MPCore
processor, which has 76 SPI interrupt sources and 3 PPI interrupt source and
separately generates one nIRQ and one nFIQ to CPU. The triggered type for
each interrupts is high level sensitive, not programmable. The detailed interrupt
sources connection is in the following table. For detailed GIC setting, please

refer to Chapter 12 .
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Table 2-1 RK3188 Interrupt connection list

IRQ Type IRQ ID Source(spi) Polarity
27 Golbal Timer High level
PPI 29 Private Timer High level
30 WDT High level
32 DMACO(0) High level
33 DMACO(1) High level
34 DMAC1(0) High level
35 DMAC1(1) High level
36 DDR_PCTL High level
37 HSIC High level
38 OTGPHY_BVALID High level
39 gpu_irgpp High level
40 gpu_irgmmu High level
41 Video encoder High level
42 Video decoder High level
43 CIF High level
44 gpu_irqgp High level
45 LCDCO High level
46 LCDC1 High level
47 IPP High level
48 USB OTG High level
49 USB Host2.0 High level
SPI 50 GPS High level
51 MAC High level
52 Gps_timer_irg High level
53 N/A High level
54 HS-ADC/TSI High level
55 SD/MMCO High level
56 SDIO High level
57 eMMC High level
58 SAR-ADC High level
59 NandC High level
60 N/A High level
61 SMC High level
62 PID_FILTER High level
63 N/A High level
64 12S/PCM High level
65 SPDIF High level
66 UARTO High level
67 UART1 High level
68 UART2 High level
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69 UART3 High level
70 SPIO High level
71 SPI1 High level
72 12C0 High level
73 12C1 High level
74 12C2 High level
75 12C3 High level
76 Timer0 High level
77 Timerl High level
78 Timer3 High level
79 PWMO_IRQ High level
80 PWM1_IRQ High level
81 PWM2_IRQ High level
82 PWM3_IRQ High level
83 WDT High level
84 12C4 High level
85 PMU(0) High level
86 GPIOO High level
87 GPIO1 High level
88 GPI1IO2 High level
89 GPIO3 High level
90 Timer2 High level
91 Timer4 High level
92 Timer5 High level
93 peri_ahb_usb arbiter High level
94 peri_ahb_emem arbiter | High level
95 RGA High level
96 Timer6 High level
97 N/A High level
98 SD/MMC detect High level
99 SDIO detect High level
100 noc_6(gpu) High level
101 PMU(1) High level
102 Noc_0 High level
103 Noc_1(vpu) High level
104 Noc_2(peri) High level
105 Noc_3(viol) High level
106 Noc_4(vio0) High level
107 Noc_5(dmac) High level

2.4 System DMA hardware request connection

RK3188 provides 2 DMA controllers: DMACO inside cpu system and DMAC1
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inside peri system. As for DMACO, there are 11 hardware request ports. Another,
14 hardware request ports are used in DMACI1, the trigger type for each of them
is high level, not programmable. For detailed descriptions of DMACO and DMAC1,
please refer to Chapter 10 and Chapter 11.

Table 2-2 RK3188 DMACO Hardware request connection list

Req Number Source Polarity
0 Uart0 tx High level
1 UartO rx High level
2 Uartl tx High level
3 Uartl rx High level
4 NA High level
5 NA High level
6 12S/PCM(2ch) tx High level
7 12S/PCM(2ch) rx High level
8 SPDIF tx High level
9 NA High level
10 NA High level

Table 2-3 RK3188 DMAC1 Hardware request connection list

Req Number Source Polarity
0 HS-ADC/TSI High level
1 SD/MMC(0) High level
2 N/A High level
3 SDIO High level
4 eMMC High level
5 PID_FILTER High level
6 Uart2 tx High level
7 Uart2 rx High level
8 Uart3 tx High level
9 Uart3 rx High level
10 SPIO tx High level
11 SPIO rx High level
12 SPI1 tx High level
13 SPI1 rx High level
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Chapter 3 CRU (Clock & Reset Unit)

3.1 Overview

The CRU is an APB slave module that is designed for generating all of the
internal and system clocks, resets of chip. CRU generates system clock from PLL
output clock or external clock source, and generate system reset from external
power-on-reset, watchdog timer reset or software reset.

CRU supports the following features:
Compliance to the AMBA APB interface
Embedded four PLL
Support only one crystals
Flexible selection of clock source
Supports the respectivegating of all clocks
Supports the respective software reset of all modules

For detailed information about CRU, please refer to RK3188 CRU.pdf.

High Performance and Low-power Processor for Digital Media Application 84



Rockeh? RK3188 Technical Reference Manual Rev 1.3

Chapter 4 PMU (Power Management Unit)

4.1 Overview

The PMU focuses on the power on/off switch for different power domain, which
support the different system power saved mode to meet the chip high
performance and lower power application requirement.

4.1.1 Features

® Support 3 voltage domains

® Support 10 separate power domains, which can be power up/down by
software based on different application scenes

® Support seven work modes(normal mode, slow mode, idle mode, deep idle
mode, stop mode, sleep mode and power off mode) to save power

® Support idle mode which only Cortex-A9 core clock gated, and wakeup by
any interrupt from every on-chip component

® Support deep idle mode which only Cortex-A9 core power off, and wakeup
by any interrupt from every on-chip component

® Support stop mode which almost modules clock gated, and wakeup by some
periphrals or 32 different GPIOs

® Support sleep mode which the internal power is power off, and wakeup by
some periphrals or 32 different GPIOs

® Support PD_SCU domain is externally turned off in sleep mode

® Support power off mode which the internal power is externally turned off,

and wakeup by 12 different GPIOs

Support clock of PD_ALIVE and PD_RTC switch to 32.768kHz optionally in

some low power modes

Support PLLs off in some low power modes

Support OSC disable optionally in some low power modes

Support hardware DDR self-refresh optionally in some low power modes

Support select to boot from SRAM or ROM after wakeup in deep idle mode

and sleep mode

For detailed information about PMU, please refer to RK3188 PMU.pdf.
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Chapter 5 System Security

5.1 Overview

The RK3188 use the TrustZone access control scheme to support the system
security application requirement.

For detailed information about System Security, please refer to RK3188
System Security.pdf.
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Chapter 6 System Debug

6.1 Overview

The RK3188 use the CoreSight Technology to support real-time debug access
and trace for the multi-core. A standard infrastructure is implemented for the
capture and transmission of trace data, combination of multiple data streams by
funneling together, and then output of data to a trace port.

6.1.1 Features

® Invasive debug with core halted

® cross-triggering, the ECT provide a standard interconnect mechanism to
pass debug or profiling events around the SOC

® Trace, capture and transmission trace data using PTM and TPIU

® Real-time access system memory and peripheral register without halting
the CPU, using DAP AHB master

6.1.2 Debug components address map

The following table shows the debug components address in memory map:

Module Base Address
DAP_ROM 0x1ffe0000
CTI4 Ox1ffe1000
TPIU 0x1ffe2000
Trace Funnel 0x1ffe3000
CPU_ROM 0x1ffe4000
CPUDBGO 0x1fff0000
CPUPMUO 0x1fff1000
CPUDBG1 0x1fff2000
CPUPMU1 0x1fff3000
CPUDBG?2 0x1fff4000
CPUPMU2 0x1fff5000
CPUDBG3 0x1fff6000
CPUPMU3 0x1fff7000
CTIO 0x1fff8000
CTI1 0x1fff9000
CTI2 0x1fffa000
CTI3 0x1fffb000
PTMO 0x1fffc000
PTM1 0x1fffd000
PTM2 0x1fffe000
PTM3 0x1ffff000
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6.2 Block Diagram

PD_Core_Wrapper

R
L

v
CPU1 || CPU2 || CPU3

CPUO

AXI IF

—» CTIl4

A 4

ATB TRACE_DATA

Trace [—» TPIU >
_>-_> Funnel
A

APB_Bus AXI_Bus JTAG/SW

DAP «

NOC_ATB SYS_APB DAP_AHB
A4

Fig. 6-1RK3188 Debug system structure

6.3 Function description
6.3.1 DAP

The Debug Access Port (DAP) is an implementation of an ARM Debug Interface
version 5.1 (ADIv5.1) comprising a number of components supplied in a single
configuration. All the supplied components fit into the various architectural
components for Debug Ports (DPs), which are used to access the DAP from an
external debugger and Access Ports (APs), to access on-chip system resources.
The RK3188 DAP has following components:

Serial Wire JTAG Debug Port(SWJ-DP)

APB Access Port(APB-AP)

APB-Mux

AHB Access Port(AHB-AP)

ROM table

The debug port is the host tools interface to access the DAP-Lit. This interface
controls any access ports provided within the DAP-Lite. The DAP-Lite support a
combined debug port which includes both JTAG and Serial Wire Debug(SWD),
with a mechanism that supports switching between them.

The APB-AP acts as a bridge between SWJ]-DP and APB bus which translate the
Debug request to APB bus.

The APB-Mux enables external tools and system access to the debug APB. The
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APB-Mux encapsulates the multiple interface into a single deliverable
component, enable multi-master access to the Debug APB.

The AHB-AP implements the MEM-AP architecture to directly connect to an
AHB based memory system. Connection to other memory systems is possible
through suitable bridging local.

The DAP provides an internal ROM table connected to the master Debug APB
port of the APB-Mux. The Debug ROM table is loaded at address 0x00000000
and 0x80000000 of this bus and is accessible from both APB-AP and the system
APB input. Bit [31] of the address bus is not connected to the ROM Table,
ensuring that both views read the same value. The ROM table stores the
locations of the components on the Debug APB.

6.3.2 PTM

The PTM is a module that performs real-time instruction flow tracing based on
the Program Flow Trace (PFT) architecture. The PTM generates information that
trace tools use to reconstruct the execution of all or part of a program.

The PFT architecture assumes that the trace tools can access a copy of the
codebeing traced. For this reason, the PTM generates trace only at certain points
in program execution, called waypoints. This reduces the amount of trace data
generated by the PTM compared to the ETM protocol. Waypoints are changes in
the program flow or events, such as an exception. The trace tools use waypoints
to follow the flow of program execution.

6.3.3 Trace funnel

The CSTF is used when there is more than one trace source. The CSTF
combines multiple trace streams onto a single ATB bus.

L]
Multiple ATB
inputs

n

Input
selection

. ATB
" output

T

Arbiter Configuration

f )

APB programming
interface

6.3.4 TPIU

The TPIU acts as a bridge between the on-chip trace data, with separate IDs,
to a data stream, encapsulating IDs where required, that is then captured by a
Trace Port Analyzer (TPA). Figure 8-1 shows the main blocks of the TPIU and the
clock domains.

The TPIU contains the following components:

® Formatter
Inserts source ID signals into the data packet stream so that trace data can
be re-associated with its trace source. See TPIU formatter and FIFO.

® Asynchronous FIFO

Enables trace data to be driven out at a speed that is not dependent on
theon-chip bus clock.

® Register bank

Contains the management, control and status registers for triggers, flushing
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behavior and external control.

® Trace out

The trace out block serializes formatted data before it goes off-chip.

® Pattern Generator

The pattern generator unit provides a simple set of defined bit sequences or
patterns that can be output over the Trace Port and be detected by the TPA
or other associated Trace Capture Device (TCD). The TCD can use these
patterns to indicate if it is possible to increase or to decrease the trace port
clock speed.

® ATB interface
The TPIU accepts trace data from a trace source, either direct from a trace
source or using a Trace Funnel.

® APB interface
The APB interface is the programming interface for the TPIU.

6.3.5 ECT (CTI & CTM)

The ECT for CoreSight consists of a number of CTIs and CTMs connected
together. This enables ARM/ETM subsystems to interact. That is cross trigger,
with each other. The debug system enables debug support for multiple cores,
together with cross triggering between the cores and their respective ETMs.

The main function of the ECT (CTI and CTM) is to pass debug events from
onecore to another. For example, the ECT can communicate debug state
information from one core to another, so that program execution on both
processors can be stopped at the same time if required.
® CTI (Cross Trigger Interface)

The CTI combines and maps the trigger requests, and broadcasts them to
all other interfaces on the ECT as channel events. When the CTI receives a
channel event it maps this onto a trigger output. This enables subsystems to
cross trigger with each other. The receiving and transmitting of triggers is
performed through the trigger interface.
® CTM (Cross Trigger Matrix)
This block controls the distribution of channel events. It provides Channel
Interfaces (Cls) for connection to either CTIs or CTMs. This enables multiple
CTlIs to be linked together.

6.4 Register description
6.4.1 DAP APB-AP register summary

Name Offset Size Reset Description
Value

DAP_CSW 0x000 W 0x00000002 | Control/Status Word, CSW
DAP_TAR 0x004 W 0x00000000 | Transfer Address, TAR
Reserved 0x008 w NA Reserved
DAP_DRW 0x00c W NA Data Read/Write, DRW
DAP_BDO 0x010 W NA Bank Data 0, BDO
DAP_BD1 0x014 W NA Bank Data 1, BD1
DAP_BD?2 0x018 W NA Bank Data 2, BD2
DAP_BD3 0Ox01c W NA Bank Data 3, BD3
Reserved 0x20-0xf4 w NA Reserved
DAP_ROM_ADDR | Oxf8 W NA Debug ROM Address, ROM
DAP_IDR 0Oxfc W 0x14770002 | Identification Register, IDR
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6.4.2 DAP APB-AP Detailed Register Description

DAP_CSW
Address: APBAP_BASE + offset(0x000)
Control/Status Word

Bits Attr | Reset Value Description

Software access enable.
Drives DBGSWENABLE to enable or disable
software access to the Debug APBbus in the APB
multiplexor.

31 RW 0x0 bl = Enable software access
b0 = Disable software access.
Reset value = b0. On exit from reset, defaults to b1
to enable software access.

31:12 RW 0x0 Reserved
Specifies the mode of operation.

. b0000 = Normal download/upload model

11:8 IR 0x0 b0001-b1111 = Reserved
Reset value = b0000.
Transfer in progress. This field indicates if a

7 R 0x0 transfer is currently in progress on theAPB master
port.
Transfer in progress. This field indicates if a
transfer is currently in progress on the
APB master port.
Indicates the status of the DEVICEEN input.
o If APB-AP is connected to the Debug APB, that is,
a bus connected only todebug and trace
components, it must be permanently enabled by

6 R 0x0 tyingDEVICEEN HIGH. This ensures that trace
components can still beprogrammed when DBGEN
is LOW. In practice, it is expected that theAPB-AP is
almost always used in this way.
o If APB-AP is connected to a system APB dedicated
to the non-secure world,DEVICEEN must be
connected to DBGEN.
o If APB-AP is connected to a system APB dedicated
to the secure world,DEVICEEN must be connected
to SPIDEN.
Auto address increment and packing mode on Read
or Write data access. Does not
increment if the transaction completes with an
error response or the transaction isaborted.Auto
address incrementing is not performed on access

5.4 RW 0x0 to bank_ed_da_lta regi;tersOxlO-OxlC.The status of
these bits is ignored in these cases.
b1l = Reserved
b10 = Reserved
b01 = Increment
b00 = Auto increment OFF.
Increment occurs in word steps.
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Reset value = b00.

3 R 0x0 Reserved
Size of the access to perform.

2:0 R 0x2 Fixed at b010 = 32 bits.
Reset value = b010.

DAP_TAR

Address: APBAP_BASE + offset(0x004)

Transfer Address

Bits

Attr

Reset Value

Description

31:2

RW

0x0

Address[31:2] of the current transfer
PADDR[31:2]=TAR[31:2] for accesses from Data
Read/Write Register at 0x0C.
PADDR[31:2]=TAR[31:4]+DAPADDR[3:2]
accesses from Banked Data

Registers at 0x10-0x1C and 0x0C.

for

1:0

R

0x0

Reserved

DAP_DRW
Address: APBAP_BASE + offset(0x00c)

Data Read/Write

Bits Attr | Reset Value Description
Write mode: Data value to write for the current
. transfer.
31:0 RW 0x0 Read mode: Data value read from the current
transfer.

DAP_BDO-DAP_BD3
Address: APBAP_BASE + offset(0x010) - APBAP_BASE + offset(0x01c)

Bank Data 0-3
Bits Attr | Reset Value Description
If DAPADDR[7:4] = 0x0001, so accessing APB-AP
registers in the range 0x10-0x1C, then thederived
PADDR[31:0] is:
o Write mode: Data value to write for the current
transfer to external address TAR[31:4]+
31:0 RW 0x0 DAPADDR[3:2] + 2'b00.

e Read mode: Data value read from the current
transfer from external address TAR[31:4]+
DAPADDR[3:2] + 2'b00.

Auto address incrementing is not performed on
DAP accesses to BD0-BD3.

Reset value = 0x00000000

DAP_ROM_ADDR
Address: 0xf8
ROM address

Bits Attr | Reset Value | Description
Base address of the ROM Table The ROM provides a
) look-up table of allCoreSight Debug APB
31:12 R 0x800000 components. Read only. Set to OXFFFFF if no ROM
ispresent. In the initial CoreSight release this must
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be set to 0x80000.

11:0 R

0x000

Set to 0x000 if ROM is present. Set to OxFFF if ROM
table is not present. Inthe initial CoreSight release
this must be set to 0x000.

DAP_IDR

Address: APBAP_BASE + offset(0x0fc)

Bits Attr | Reset Value | Description

31:28 R 0x1 Revision. Reset value is 0x1 for APB-AP.

27:24 R 0x4 JEDEC bank. 0x4 indicates ARM Limited.

23:17 R 0x3b JEDEC code. 0x3B indicates ARM Limited.

16 R Ox1 !Vlemory AP. Ox1 indicates a standard register map
is used.

15:8 R 0x00 Reserved

7:0 R 0x02 Identity value. Reset value is 0x02 for APB-AP.

6.4.3 DAP AHB-AP register summary

Name Offset Size Reset Description
Value

DAP_AHB_CSW 0x000 W 0x00000002 | Control/Status Word, CSW
DAP_AHB_TAR 0x004 W 0x00000000 | Transfer Address, TAR
Reserved 0x008 w NA Reserved
DAP_AHB_DRW 0x00c W NA Data Read/Write, DRW
DAP_AHB_BDO 0x010 W NA Bank Data 0, BDO
DAP_AHB BD1 0x014 W NA Bank Data 1, BD1
DAP_AHB_BD?2 0x018 W NA Bank Data 2, BD2
DAP_AHB_BD3 0x01c W NA Bank Data 3, BD3
Reserved 0x20-0xf7 W NA Reserved
IE)4AP_DEBUG_RO Oxf8 w NA Debug ROM table
DAP_AHB_IDR Oxfc W 0x14770002 | Identification Register, IDR

6.4.4 DAP AHB-AP Detailed Register Description

DAP_AHB_CSW

Address: AHBAP_BASE + offset(0x000)
Control/Status Word

Bits Attr

Reset Value

Description

31 -

Reserved

30 RW

0x0

Specifies that a secure transfer is requested.
SProt HIGH indicates a non-secure transfer. SProt
LOW indicates a secure transfer.

+ If this bitis LOW, and SPIDEN is HIGH, HPROT[ 6]
is asserted LOW on an AHB transfer.

* If this bit is LOW, and SPIDEN is LOW, HPROT[6]
is asserted HIGH and the AHB transfer is not
initiated.

» If this bit is HIGH, the state of SPIDEN is ignored.
HPROTI[6] is HIGH.
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Reset value = bl. Non-secure
29 - - Reserved
] Specifies the protection signal encoding to be
28:24 | RW 1 0x0 output on HPROT[4:0].
Indicates the status of the SPIDEN port. If
23 RO 0x0 SPIStatus is LOW, no secure AHB transfers are
carried out.
22:12 - - Reserved
Specifies the mode of operation.
11:8 RW 0x0 b0000 = Normal download/upload model
b0001-b1111 = Reserved
Transfer in progress. This field indicates if a
7 RO 0x0 transfer is currently in progress on the AHB master
port
Indicates the status of the DBGEN port. If
DbgStatus is LOW, no AHB transfers are carried
6 RO 0x0 out.
1 = AHB transfers permitted.
0 = AHB transfers not permitted.
Auto address increment and packing mode on Read
or Write data access. Only increments if the current
transaction completes without an Error response
and the transaction is not aborted.
Auto address incrementing and packed transfers
are not performed on access to Banked Data
registers 0x10-0x1C. The status of these bits is
ignored in these cases.
Increments and wraps within a 1KB address
boundary, for example, for word incrementing
from 0x1400-0x17FC. If the start is at 0x14A0,
5.4 RW 0x0 then the counter increments to 0x17FC, wraps to
' 0x1400, then continues incrementing to 0x149C.
b00 = Auto increment OFF.
b01 = Increment, single.
Single transfer from corresponding byte lane.
b10 = Increment, packed
Word = Same effect as single increment.
Byte/Halfword: Packs four 8-bit transfers or two
16-bit transfers into a 32-bit DAP transfer. Multiple
transactions are carried out on the AHB interface.
b1l = Reserved SBZ, no transfer.
Size of address increment is defined by the Size
field, bits [2:0].
3 - - Reserved
Size of the data access to perform:
b000 = 8 bits
2:0 RW 0x2 b001 = 16 bits
b010 = 32 bits
b011-b111 = Reserved

DAP_AHB_TAR

Address: AHBAP_BASE + offset(0x004)
Control/Status Word
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Bits Attr | Reset Value Description
31:0 RwW 0x0 Address of the current transfer.

DAP_AHB_DRW

Address: AHBAP_BASE + offset(0x00c¢)
Control/Status Word

Bits Attr | Reset Value Description
Write mode: Data value to write for the current
] transfer.
31:0 A 0x0 Read mode: Data value read from the current
transfer.

DAP_AHB_BDO- DAP_AHB_BD3
Address: APBAP_BASE + offset(0x010) - APBAP_BASE + offset(0x01c)

Bank Data 0-3

Bits Attr

Reset Value

Description

31:0 RW

0x0

If DAPADDR[7:4] = 0x0001, so accessing AHB-AP
registers in the range 0x10-0x1C, then thederived
HADDR[31:0] is:

o Write mode: Data value to write for the current
transfer to external address TAR[31:4]+
DAPADDR[3:2] + 2'b00.

e Read mode: Data value read from the current
transfer from external address TAR[31:4]+
DAPADDR[3:2] + 2'b00.

Auto address incrementing is not performed on
DAP accesses to BD0-BD3.

Banked transfers are only supported for word
transfers. Non-word banked transfers are reserved
and unpredictable. Transfer size is currently
ignored for banked transfers

DAP_DEBUG_ROM

Address: 0xf8
ROM address

Bits Attr | Reset Value Description
Base address of a ROM table. The ROM provides a
31:0 RO ) look-up table for system components. Set to
) OxFFFFFFFF in the AHB-AP in the initial
release

DAP_AHB_IDR

Address: APBAP_BASE + offset(0x0fc)

Bits Attr | Reset Value Description
31:28 R 0x4 Revision. Reset value is 0x4 for AHB-AP.
27:24 R 0x4 JEDEC bank. 0x4 indicates ARM Limited.
23:17 R 0x3b JEDEC code. 0x3B indicates ARM Limited.
16 R Ox1 !Vlemory AP. Ox1 indicates a standard register map
is used.
15:8 R 0x00 Reserved
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7:0 |R  |oxo1

‘ Identity value. Reset value is 0x01 for AHB-AP.

6.4.5 DAP-ROM register summary

Name Offset | Size Reset Description
Value

DAP_ROMENTRYO 0x0000 | W 0x00001003 | CTI4 entry register
DAP_ROMENTRY1 0x0004 | W 0x00002003 | TPIU entry register
DAP_ROMENTRY2 0x0008 | W 0x00003003 | Trace Funnel register
DAP_ROMENTRY3 0x000c |W | 0x00004003 fé’;set’é'rAg ROM entry
DAP_ROM_PERIPHID4 0x0fd0 W 0x00000004 | Peripheral ID4
DAP_ROM_PERIPHID5 0x0fd4 W 0x00000000 | Peripheral ID5
DAP_ROM_PERIPHID6 0x0fd8 W 0x00000000 | Peripheral ID6
DAP_ROM_PERIPHID7 0x0fdc W 0x00000000 | Peripheral ID7
DAP_ROM_PERIPHIDO 0x0fe0 W 0x000000c4 | Peripheral IDO
DAP_ROM_PERIPHID1 0x0fe4 W 0x000000b4 | Peripheral ID1
DAP_ROM_PERIPHID2 0x0fe8 W 0x0000006b | Peripheral ID2
DAP_ROM_PERIPHID3 0xO0fec W 0x00000020 | Peripheral ID3
DAP_ROM_COMPONIDO | 0x0ff0 W 0x0000000d | Component IDO
DAP_ROM_COMPONID1 | Ox0Off4 W 0x00000010 | Component ID1
DAP_ROM_COMPONID2 | OxOff8 W 0x00000005 | Component ID2
DAP_ROM_COMPONID3 | OxOffc w 0x000000b1 | Component ID3

6.4.6 DAP-ROM Detailed Register Description

DAP_ROMENTRYO
Address: DAPROM_BASE + offset(0x0000)
TPIU entry register

Bits Attr | Reset Value Description

31:0 R 0x00001003 | TPIU entry register

DAP_ROMENTRY1
Address: DAPROM_BASE + offset(0x0004)
Cortex-A9 Debug entry register

Bits Attr | Reset Value Description

31:0 R 0x00002003

Cortex-A9 Debug entry register

DAP_ROMENTRY2
Address: DAPROM_BASE + offset(0x0008)
Cortex-A9 ETM entry register

Bits Attr | Reset Value Description

31:0 R 0x00003003 | Cortex-A9 ETM entry register

DAP_ROMENTRY3
Address: DAPROM_BASE + offset(0x000c)
Cortex-A9 CTI entry register

Bits Attr | Reset Value Description

31:0 R 0x00004003 | Cortex-A9 CTI entry register
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DAP_ROM_PERIPHID4
Address: DAPROM_BASE + offset(0x0fd0)

Description

Peripheral ID4

Bits

Attr | Reset Value

R 0x00000004 Peripheral ID4

31:0

DAP_ROM_PERIPHID5
Address: DAPROM_BASE + offset(0x0fd4)

Peripheral ID5

Bits Attr | Reset Value

Description

Peripheral ID5

31:0 R 0x00000000

DAP_ROM_PERIPHID6
Address: DAPROM_BASE + offset(0x0fd8)

Description

Peripheral ID6

Reset Value

Bits

Attr

0x00000000 | Peripheral ID6

31:0

R

DAP_ROM_PERIPHID?
Address: DAPROM_BASE + offset(0x0fdc)

Peripheral ID7

Description

Reset Value

Bits Attr
31:0 R

0x00000000 | Peripheral ID7

DAP_ROM_PERIPHIDO
Address: DAPROM_BASE + offset(0x0fe0)

Peripheral ID0

Bits Attr | Reset Value

Description

0x000000c4 Peripheral ID0O

31:0 R

DAP_ROM_PERIPHID1
Address: DAPROM_BASE + offset(0x0fe4)

Description

Peripheral ID1
Reset Value

Bits Attr

0x000000b4 | Peripheral ID1

31:0 R

DAP_ROM_PERIPHID2
Address: DAPROM_BASE + offset(0x0fe8)

Peripheral ID2

Bits Attr | Reset Value

Description

31:0 R 0x0000006b

Peripheral ID2

DAP_ROM_PERIPHID3
Address: DAPROM_BASE + offset(0x0fec)

Description

Peripheral ID3

Bits Attr | Reset Value

0x00000020

Peripheral ID3

31:0 R
DAP_ROM_COMPONIDO
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Address: DAPROM_BASE + offset(0x0ff0)

Component IDO

Bits Attr

Reset Value

Description

31:0 R 0x0000000d

Component IDO

DAP_ROM_COMPONID1

Address: DAPROM_BASE + offset(0x0ff4)

Component IDO

Bits Attr

Reset Value

Description

31:0 R

0x00000010

Component ID1

DAP_ROM_COMPONID2

Address: DAPROM_BASE + offset(0x0ff8)

Component IDO

Bits Attr

Reset Value

Description

31:0 R

0x00000005

Component ID2

DAP_ROM_COMPONID3

Address: DAPROM_BASE + offset(0x0ffc)

Component ID0O

Bits Attr

Reset Value

Description

31:0 R 0x000000b1

Component ID3

6.4.7 PTM register summary

Reset
Name Offset | Size Description
Value
PTM_ETMCR 0x0 W 0x401 Main control
PTM_ETMCCR 0x4 W 0x8d294004 | Configuration code
PTM_ETMTE 0x8 W 0x0 Trigger event
PTM_ETMSR 0x10 W 0x0 Status
PTM_ETMSCR 0x14 W 0x0 System configuration
PTM_ETMTSSCR | 0x18 |w |o0x0 TraceEnable Start/Stop
control
PTM_ETMTEE 0x20 W 0x0 TraceEnable event
PTM_ETMTECR1 0x24 W 0x0 TraceEnable Control
PTM_ETMACVR1-8 3;30_0 w 0x0 Address comparator value
PTM._ETMACTR1-8 0x80-0 |\, 0x0 Address comparator access
x9¢ type
PTM_ETMCNTRLDV | 0x140-
R1-2 oxiaa | W 0x0 Counter load value
PTM_ETMCNTENR1 | 0x150-
> oxisa | W 0x0 Counter enable
PTM_ETMCNTRLDE | 0x160-
VR1-2 oxiga | W 0x0 Counter reload event
PTM_ETMCNTVR1- | 0x170-
> Ox174 W 0x0 Counter value
PTM_SSTE1-SSTE6 0x180- | |\ 0x0 Sequencer status transition
0x194 event

PTM_CSS 0x19¢c | W 0x0 Current sequencer state
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gu:ggg' 8?122' w 0x0 External output event
PTM_CICV1 Ox1b0 | W 0x0 Context ID comparator value
PTM_CICM Oxlbc | W 0x0 Context ID comparator mask
PTM_ETMSYNCFR Oxle0 | W 0x0 Synchronization frequency
PTM_ETMIDR Oxled4 | W 0x411cf301 | ID register

PTM_ETMCCER Ox1le8 | W 0x00c019a2 | Configuration code extension
PTM_ETMEXTINSEL oxlec |W 0x0 Extengled external input
R selection

PTM_TE 0x1f8 W 0x0 Timestamp Event
PTM_ETMAUXCR Ox1fc W 0x0 Auxiliary control register
PTM-ETMIRACEID 1 0x200 |w | 0x0 CoreSight trace ID
PTM_OSLSR 0x304 | W 0x0 OS lock status
PTM_ETMPDSR 0x314 | W 0x1 Device power-down status
PTM_ITMISCOUT Oxedc | W 0x0 Miscellaneous outputs
PTM_ITMISCIN Oxee0 | W 0x0 Miscellaneous inputs
PTM_ITTRIGGER Oxee8 | W 0x0 Trigger register
PTM_ITATBDATAO Oxeec | W 0x0 ATB data 0

PTM_ITATBCTR2 0xef0 W 0x0 ATB control 2

PTM_ITATBID Oxef4 w 0x0 ATB identification
PTM_ITATBCTRO Oxef8 w 0x0 ATB control 0
PTM_ETMITCTRL 0xf00 W 0x0 Integration mode control
PTM_AS Oxfb8 W 0x0 Authentication status
PTM_DC 0xfc8 W 0x0 Device configuration
PTM_DT Oxfcc W 0x0 Device type

PTM_PID4 0xfd0 W 0x4 Peripheral 1D4

PTM_PID5 0xfd4 W 0x0 Peripheral ID5

PTM_PID6 0xfd8 W 0x0 Peripheral ID6

PTM_PID7 Oxfdc W 0x0 Peripheral ID7

PTM_PIDO OxfeO W 0x50 Peripheral ID0

PTM_PID1 Oxfe4 W 0xb9 Peripheral ID1

PTM_PID2 Oxfe8 W Ox1b Peripheral ID2

PTM_PID3 Oxfec W 0x0 Peripheral ID3

PTM_CIDO 0xff0 W Oxd Component ID0O

PTM_CID1 0xff4 W 0x90 Component ID1

PTM_CID2 0xff8 W 0x5 Component ID2

PTM_CID3 Oxffc W Oxb1 Component ID3

6.4.8 PTM Detailed Register Description

PTM_ETMCR

Address: PTM_BASE + offset(0x000)

Main Control Register

Bits Attr | Reset Value

Description

31:30 - - Reserved

Return stack enable
29 RW 0x0 b0 = disabled

bl = enabled
28 RW 0x0 Timestamp enable

b0 = disabled
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bl = enabled
27:25 RW 0x0 Processor select
24 R 0x0 Reserved
23:16 - - Reserved
ContextIDSize
b00 = no context ID tracing
b01 = context ID bits [7:0] traced
15:14 RW 0x0 b10 = context ID bits [15:0] traced
b1l = context ID bits [31:0] traced.
On reset, this bit is set to b00, no context ID
tracing
13 - - Reserved
CycleAccurate
12 RW 0x0 b0 = cycle counting disabled
bl = cycle counting enabled
On reset this bit is set to b0, no cycle counting.
11 - - Reserved
Programming Bit
This bit must be set to bl when the PTM is being
10 RW Ox1 programmed, see Modes of operation on page
2-3.
On a PTM reset this bit is set to b1l.
Debug request control
When set to bl and the trigger event occurs, the
PTMDBGRQ output is asserted until
9 RW 0x0 PTMDBGACK is observed. This enables a
debugger to force the processor into Debug
state.
On PTM reset this bit is set to b0
Branch Output
When this bit is set to b1, addresses are output
8 RW 0x0 for all executed branches, both direct and
indirect.
On PTM reset this bit is set to b0.
7 R 0x0 Stall processor
6:1 - - Reserved
PowerDown
This bit enables external control of the PTM. This
bit must be cleared by the trace software tools
at the beginning of a debug session.
0 RW Ox1 When this bit is set to b0, both the PTM and the
trace interface in the processor are enabled.
To avoid corruption of trace data, this bit must
not be set before the Programming Status bit in
the PTM Status Register has been read as 1.
On PTM reset this bit is set to bl.
PTM_ETMCCR

Address: PTM_BASE + offset(0x004)

Configuration Code Register

Bits | Attr | Reset Value |

Description
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ID Register present
31 RO Ox1 Indicates that the ID Register is present.
30:28 - - Reserved
Software access
27 RO Ox1 Indicates that software access is supported
Trace stop/start block
26 RO 0x1 Indicates that the trace start/stop block is
present.
Number of Context ID comparators
25:24 RO 0x1 Specifies the number of Context ID
comparators, one.
FIFOFULL logic
23 RO 0x0 Indicates that it is not possible to stall the
processor to prevent FIFO overflow
] Number of external outputs
22:20 RO 0x2 Specifies the number of external outputs, two.
. Number of external inputs
19:17 RO Ox4 Specifies the number of external inputs, four.
Sequencer
16 RO Ox1 Indicates that the sequencer is present
] Number of counters
15:13 RO 0x2 Specifies the number of counters, two.
12:4 - - Reserved
Number of pairs of address comparators
3:0 RO 0x4 Specifies the number of address comparator
pairs, four.
PTM_ETMSCR

Address: PTM_BASE + offset(0x014)
System Configuration Register

Bits Attr | Reset Value Description
31:15 - - Reserved
Number of supported processors minus 1.The
14:12 RO - value of this field is set by the MAXCORES[2:0]
input to the PTM
11:9 - o Reserved
8 RO - Read Only, as b0 - FIFOFULL is not supported.
7:0 - - Reserved

PTM_ETMTSSCR

Address: PTM_BASE + offset(0x018)
TraceEnable Start/Stop Control Register

Bits Attr | Reset Value Description

31:24 - - Reserved
When a bit is set to 1, it selects a single address
comparator (8-1) as a stop address for the

] TraceEnable

23:16 RW 0x0 Start/Stop block. For example, if you set bit [16]
to 1 it selects single address comparator 1 as a
stop address.

15:8 - - Reserved
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7:0

RW

0x0

When a bit is set to 1, it selects a single address
comparator (8-1) as a start address for the
TraceEnable

Start/Stop block. For example, if you set bit [0]
to 1 it selects single address comparator 1 as a
start address.

PTM_ETMTECR1

Address: PTM_BASE + offset(0x024)
TraceEnable Control Registerl

Bits

Attr

Reset Value

Description

31:26

Reserved

25

RW

0x0

Trace start/stop control enable. The possible
values of this bit are:

0 Tracing is unaffected by the trace start/stop
logic.

1 Tracing is controlled by the trace on and off
addresses configured for the trace start/stop
logic.

The trace start/stop resource is not affected by
the value of this bit.

24

RW

0x0

Exclude/include flag. The possible values of this
bit are:

0 Include. The specified address range
comparators indicate the regions where tracing
can occur. No tracing occurs outside this region.
1 Exclude. The specified address range
comparators indicate regions to be excluded
from the trace. When outside an exclude region,
tracing can occur

23:4

Reserved

3:0

RW

0x0

When a bitis set to 1, it selects an address range
comparator, 4-1, for include/exclude control.
For example, bit [0] set to 1 selects address
range comparator 1

PTM_ETMACVR1-8
Address: PTM_BASE + offset(0x040-0x05c)

ETMACVR1-8
Bits Attr | Reset Value Description
31:0 RW 0x0 Address comparator value register

PTM_ETMACTR1-8
Address: PTM_BASE + offset(0x080-0x09c¢)

ETMACTR1-8
Bits Attr | Reset Value Description
31:0 RW 0x0 Address comparator access type register

PTM_ETMCNTRLDVR1-2
Address: PTM_BASE + offset(0x140-0x144)

ETMCNTRLDVR1-2
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Bits Attr | Reset Value Description
31:0 RW 0x0 Reload value

PTM_ETMCNTENR1-2
Address: PTM_BASE + offset(0x150-0x154)
ETMCNTENR1-2

Bits

Attr

Reset Value

Description

31:0

RW

0x0

Enable Event

PTM_ETMCNTRLDEVR1-2
Address: PTM_BASE + offset(0x160-0x164)
ETMCNTRLDEVR1-2

Bits

Attr

Reset Value

Description

31:0

RW

0x0

Reload Event

PTM_ETMCNTVR1-2
Address: PTM_BASE + offset(0x160-0x164)
ETMCNTVR1-2

Bits

Attr

Reset Value

Description

31:0

RW

0x0

Value

PTM_ETMSYNCFR
Address: PTM_BASE + offset(0x1e0)

Bits Attr | Reset Value Description
The ETMSYNCFR holds the trace synchronization
31:0 RW 0x0 frequency value.Bits [2:0] of this register are
not implemented and read as zero (RAZ).
PTM_ETMIDR

Address: PTM_BASE + offset(0Ox1e4)

Bits Attr | Reset Value Description
] Implementor code. This field reads as 0x41,
31:24 RO 0N ASCII code for A, indicating ARM Limited.
23:20 - - Reserved
Support for Security Extensions. The value of
this bit is 1, indicating that the processor
19 RY Ox1 implements the ARM architecture Security
Extensions.
Support for 32-bit Thumb instructions. The
18 RO Ox1 value of _thls blt_ is 1,_ indicating that a 3_2-b|t
Thumb instruction is traced as a single
instruction.
17:12 - - Reserved
11:8 RO 0x3 Major architecture version number.
7:4 RO 0x0 Major architecture version number.
3:0 RO - Implementation revision

PTM_ETMCCER

Address: PTM_BASE + offset(0x1e8)
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Bits Attr | Reset Value Description

31:26 RO 0x0 Reserved

25 RO 0x0 Timestamps not generated for DMB/DSB.

24 RO 0x0 MB/DSB instructions are not treated as
waypoints.

23 RO 0x1 Return stack implemented.

22 RO 0x1 Timestamping implemented.

21:16 - - Reserved

15:13 RO 0x0 Specifies the number of instrumentation
resources.

12 - - Reserved

11 RO Ox1 bl - Indicates that all registers, except some
Integration Test Registers, are readable.

10:3 RO Ox34 EESCI;IZeS the size of the extended external input

2:0 RO 0x2 Specifies the number of extended external input
selectors, 2.

PTM_ETMEXTINSELR
Address: PTM_BASE + offset(0x1lec)

Bits Attr | Reset Value Description
31:14 - - Reserved
13:8 RW 0x0 Second extended external input selector
7:6 - - Reserved
5:0 RW 0x0 First extended external input selector

PTM_ETMAUXCR

Address: PTM_BASE + offset(0x1fc)

Bits

Attr

Reset Value

Description

31:4

Reserved

RW

0x0

Force insertion of synchronization packets,
regardless of current trace activity.

Possible values for this bit are:

b0 = Synchronization packets delayed when
trace activity is high. This is the reset value.

bl = Synchronization packets inserted
regardless of trace activity.

This bit might be set if synchronization packets
occur too far apart. Setting this bit might cause
the trace FIFO to overflow more frequently when
trace activity is high.

RW

0x0

Specifies whether the PTM issues waypoint
update packets if there are more than 4096
bytes between waypoints. Possible values for
this bit are:

b0 = PTM always issues update packets if there
are more than 4096 bytes between waypoints.
This is the reset value.

bl = PTM does not issue waypoint update
packets unless required to do so as the result of
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an exception or debug entry.

RW

0x0

Specifies whether the PTM issues a timestamp
on a barrier instruction. Possible values for this
bit are:

b0 = PTM issues timestamps on barrier
instructions. This is the reset value.

b1l = PTM does not issue timestamps on barriers

RW

0x0

Specifies whether the PTM enters overflow state
when synchronization is requested, and the
previous synchronization sequence has not yet
completed. This does not affect entry to
overflow state when the FIFO becomes full.
Possible values for this bit are:

b0 = Forced overflow enabled. This is the reset
value.

b1l = Forced overflow disabled

PTM_ETMTRACEIDR
Address: PTM_BASE + offset(0x200)

Bits

Attr

Reset Value

Description

31:7

Reserved

6:0

RW

0x0

Before trace is generated, you must program
this register with a non-reserved value.
Reserved values are 0x00 and any value in the
range 0x70-0x7F. The reset value of this register
is 0x00

PTM_ETMPDSR

Address: PTM_BASE + offset(0x314)

Bits Attr | Reset Value Description
This register always reads as 0x00000001,
31:0 RO 0x1 indicating that the PTM Trace Registers can be
accessed.
PTM_OSLSR

Address: PTM_BASE + offset(0x304)

Bits Attr | Reset Value Description
. For the PTM, the OSLSR Reads As Zero (RAZ) to
3140 R 0x0 show that OS Locking is not implemented.

PTM_ITMISCOUT
Address: PTM_BASE + offset(Oxedc)

Bits Attr | Reset Value Description
31:10 - - Reserved
9:8 WO 0x0 Drives the PTMEXTOUT[1:0] outputs
7:6 - - Reserved
5 wO 0x0 Drives the PTMIDLENACK output
4 wO 0x0 Drives the PTMDBGREQ output
3:0 WO 0x0 Reserved
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PTM_ITMISCIN

Address: PTM_BASE + offset(0xee0)

Bits Attr | Reset Value Description
31:7 - - Reserved
6 RO 0x0 Returns the value of the STANDBYWFI input
5 - - Reserved
4 RO 0x0 Returns the value of the PTMDBGACK input
3:0 RO 0x0 Returns the value of the EXTIN[3:0] inputs

PTM_ITTRIGGER
Address: PTM_BASE + offset(0xee8)

Bits

Attr

Reset Value

Description

31:1

Reserved

0

WO

0x0

Drives the PTMTRIGGER output

PTM_ITATBDATAO
Address: PTM_BASE + offset(0Oxeec)

Bits Attr | Reset Value Description
31:5 - - Reserved
4 WO - Drives the ATDATAM[31] output
3 WO - Drives the ATDATAM[23] output
2 WO - Drives the ATDATAM[15] output
1 WO - Drives the ATDATAM[7] output
0 WO - Drives the ATDATAM[0] output

PTM_ITATBCTR2
Address: PTM_BASE + offset(0xef0)

Bits Attr | Reset Value Description
31:2 - - Reserved
1 RO - Returns the value of the AFVALIDM input
0 RO = Returns the value of the ATREADYM input

PTM_ITATBID
Address: PTM_BASE + offset(0xef4)

Bits

Attr

Reset Value

Description

31:7

Reserved

6:0

WO

Drives the ATIDM[6:0] outputs

PTM_ITATBCTRO
Address: PTM_BASE + offset(0xef8)

Bits Attr | Reset Value Description
31:10 - - Reserved
9:8 WO - Drives the ATBYTESM outputs
7:2 - - Reserved
1 WO - Drives the AFREADYM output
0 wO - Drives the ATVALIDM output
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PTM_ETMITCTRL
Address: PTM_BASE + offset(0xff0)

Bits Attr | Reset Value Description
31:1 - - Reserved
When bit [0] is set to 1, the PTM enters an
integration mode. On reset this bit is cleared to
0.
Before entering integration mode, the PTM must
0 RW 0x0 be powered up and in programming mode. This
means bit [0] of the Main Control Register is set
to 0, and bit [10] of the Main Control Register is
set to 1.
After leaving integration mode, the PTM must be
reset before attempting to perform tracing.
PTM_PID4
Address: PTM_BASE + offset(0xfd0)
Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x04 standard information required for all CoreSight
components.
3:0 - - Reserved
PTM_PID5S
Address: PTM_BASE + offset(0xfd4)
Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x00 standard information required for all CoreSight
components.
3:0 - - Reserved
PTM_PID6
Address: PTM_BASE + offset(0xfd8)
Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x00 standard information required for all CoreSight
components.
3:0 - - Reserved
PTM_PID?7

Address: PTM_BASE + offset(0xfdc)

Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x00 standard information required for all CoreSight
components.
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3:0 - ‘ Reserved |

PTM_PIDO
Address: PTM_BASE + offset(0xfe0)

Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x50 standard information required for all CoreSight
components.
3:0 - - Reserved
PTM_PID1

Address: PTM_BASE + offset(0xfe4)

Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0xb9 standard information required for all CoreSight
components.
3:0 - - Reserved
PTM_PID2

Address: PTM_BASE + offset(0xfe8)

Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO Ox1b standard information required for all CoreSight
components.
3:0 - - Reserved
PTM_PID3
Address: PTM_BASE + offset(Oxfec)
Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x00 standard information required for all CoreSight
components.
3:0 - - Reserved
PTM_CIDO
Address: PTM_BASE + offset(0xff0)
Bits Attr | Reset Value Description
) The component identification registers identify
31:0 RO 0x0d the PTM as a CoreSight component
PTM_CID1

Address: PTM_BASE + offset(0xff4)

Bits

Attr

Reset Value

Description

31:0

RO

0x90

The component identification registers identify
the PTM as a CoreSight component
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PTM_CID2

Address: PTM_BASE + offset(0xff8)

Bits Attr | Reset Value Description
] The component identification registers identify
31:0 RO 0x05 the PTM as a CoreSight component
PTM_CID3
Address: PTM_BASE + offset(0xffc)
Bits Attr | Reset Value Description
) The component identification registers identify
31:0 RO Oxb1 the PTM as a CoreSight component

6.4.9 Funnel register summary

Name Offset | Size Reset Description
Value
FUNNEL_FCR 0x0 W 0x300 CSTF Control Register
FUNNEL_PCR ox4 |W |oOxfacesg |C>TF  Priority  Control
Register
FUNNEL_ITATBDATA Oxeec W 0x0 CST_F Integration Test
0 Registers
FUNNEL_ITATBCTR2 | Oxefo | W 0x0 CSTF  Integration  Test
Registers
FUNNEL_ITATBCTR1 | Oxef4 | W 0x0 CSTF  Integration  Test
Registers
FUNNEL_ITATBCTRO | Oxef8 | W 0X0 CSTF  Integration  Test
Registers
FUNNEL_IMCR OXFfO W 0x0 Inte_gration Mode Control
Register
FUNNEL_CTSR Oxfa0 W Oxf Claim Tag Set Register
FUNNEL_CTCR Oxfa4 W 0x0 Claim Tag Clear Register
FUNNEL_LA 0xfb0 W - Lock Access
FUNNEL LS 0xfb4 W 0x0 Lock Status
FUNNEL_AS 0xfb8 W 0x0 Authentication status
FUNNEL_DI 0xfc8 W 0x28 Device ID
FUNNEL_DTI Oxfcc W 0x12 Device Type Identifier
FUNNEL_PID4 0xfd0 W 0x04 Peripheral ID4
FUNNEL_PIDO Oxfe0 w 0x08 Peripheral ID0O
FUNNEL_PID1 Oxfe4 W 0xb9 Peripheral ID1
FUNNEL_PID2 Oxfe8 W Ox1b Peripheral ID2
FUNNEL_PID3 Oxfec w 0x00 Peripheral ID3
FUNNEL_CIDO 0xffO W 0x0d Component ID0O
FUNNEL_CID1 0xff4 W 0x90 Component ID1
FUNNEL_CID2 Oxff8 W 0x05 Component ID2
FUNNEL_CID3 0xffc W Oxb1 Component ID3

6.4.10 Funnel register details
FUNNEL_CR

Address: FUNNEL_BASE + offset(0x000)
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Bits

Attr

Reset Value

Description

31:12

Reserved

11:8

RW

0x3

Minimum hold time[3:0]

The formatting scheme can easily become
inefficient if fast switching occurs, so, where
possible, this must be minimized. If a source has
nothing to transmit, then another source is
selected irrespective of the minimum number of
cycles. Reset is 0x3. The CSTF holds for the
minimum hold time and one additional cycle.
The maximum value that can be entered is OxE
and this equates to 15 cycles.

OXF is reserved.

RW

0x0

Enable Slave port 7

Setting this bit enables this input, or slave, port.
If the bit is not set then this has the effect of
excluding the port from the priority selection
scheme. The reset value is all clear, that is, all
ports disabled.

RW

0x0

Enable Slave port 6

Setting this bit enables this input, or slave, port.
If the bit is not set then this has the effect of
excluding the port from the priority selection
scheme. The reset value is all clear, that is, all
ports disabled.

RW

0x0

Enable Slave port 5

Setting this bit enables this input, or slave, port.
If the bit is not set then this has the effect of
excluding the port from the priority selection
scheme. The reset value is all clear, that is, all
ports disabled.

RW

0x0

Enable Slave port 4

Setting this bit enables this input, or slave, port.
If the bit is not set then this has the effect of
excluding the port from the priority selection
scheme. The reset value is all clear, that is, all
ports disabled.

RW

0x0

Enable Slave port 3

Setting this bit enables this input, or slave, port.
If the bit is not set then this has the effect of
excluding the port from the priority selection
scheme. The reset value is all clear, that is, all
ports disabled.

RW

0x0

Enable Slave port 2

Setting this bit enables this input, or slave, port.
If the bit is not set then this has the effect of
excluding the port from the priority selection
scheme. The reset value is all clear, that is, all
ports disabled.

RW

0x0

Enable Slave port 1

Setting this bit enables this input, or slave, port.
If the bit is not set then this has the effect of
excluding the port from the priority selection
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scheme. The reset value is all clear, that is, all
ports disabled.

Enable Slave port 0
Setting this bit enables this input, or slave, port.
If the bit is not set then this has the effect of

0 RW 0x0 excluding the port from the priority selection
scheme. The reset value is all clear, that is, all
ports disabled.

FUNNEL_PCR

Address: FUNNEL_BASE + offset(0x004)

Bits

Attr

Reset Value

Description

31:24

Reserved

23:21

RW

0x0

PriPort 7

Priority value of the eighth port. The value written
into this location is the value that you want to
assign the eighth slave port.

20:18

RW

0x0

PriPort 6
7th port priority value.

17:15

RW

0x0

PriPort 5
6th port priority value.

14:12

RW

0x0

PriPort 4
5th port priority value.

11:9

RW

0x0

PriPort 3
4th port priority value.

8:6

RW

0x0

PriPort 2
3th port priority value.

5:3

RW

0x0

PriPort 1
2th port priority value.

2:0

RW

0x0

PriPort O

Priority value of the first slave port. The value
written into this location is the value that you
want to assign the first slave port

FUNNEL_ITATBDATAO
Address: FUNNEL_BASE + offset(0Oxeec)

Bits Attr | Reset Value Description
31:5 - - Reserved
4 RW 0x0 the value of ATDATAS<31>
3 RW 0x0 the value of ATDATAS<23>
2 RW 0x0 the value of ATDATAS<15>
1 RW 0x0 the value of ATDATAS<7>
0 RW 0x0 the value of ATDATAS<0>

FUNNEL_ITATBCTR2
Address: FUNNEL_BASE + offset(0xef0)

Bits Attr | Reset Value Description
31:2 - - Reserved
1 RW 0x0 the value of AFVALIDM
0 RW 0x0 the value of ATREADYM
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FUNNEL_ITATBCTR1
Address: FUNNEL_BASE + offset(0xef4)

Bits Attr

Reset Value

Description

31:7 -

Reserved

6:0 RW

0x0

the value of ATIDS

FUNNEL_ITATBCTRO
Address: FUNNEL_BASE + offset(0xef4)

Bits Attr | Reset Value Description
31:10 - - Reserved
9:8 RW 0x0 the value of ATBYTESS<n>
7:2 - - Reserved
1 RW 0x0 the value of AFREADYS<n>
0 RW 0x0 Read the value of ATVALIDS<n>

FUNNEL_CTS- FUNNEL_CTC
Address: FUNNEL_BASE + offset(0Oxfa0-0xfa4)

Bits Attr | Reset Value Description
31:4 - - Reserved

. The CSTF implements a four-bit claim tag. The
3:0 RW 0x0 use of bits [3:0] is software defined.

FUNNEL_LA- FUNNEL_LS
Address: FUNNEL_BASE + offset(0xfb0-0xfb4)

Bits Attr

Reset Value

Description

31:3 -

Reserved

2:0 RW

0x3

The CSTF implements two memory maps
controlled through PADDRDBG31. When
PADDRDBG31 is HIGH, the Lock Status Register
reads as 0x0 indicating that no lock exists.
WhenPADDRDBG31 is LOW, the Lock Status
Register reads as 0x3 from reset. This indicates
a 32-bit lock access mechanism is present and is
locked.

FUNNEL_AS

Address: FUNNEL_BASE + offset(0xfb8)

Bits Attr | Reset Value Description
31:8 - - Reserved
] Reports the required security level. This is set to
7:0 RW 0x0 0x00 for functionality not implemented.
FUNNEL_DID

Address: FUNNEL_BASE + offset(0xfc8)

Bits Attr | Reset Value Description
31:8 - - Reserved
7:4 RW 0x0 The CSTF implements a static priority scheme.
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3:0

RW

0x8

This is the value of the Verilog define
PORTCOUNT and represents the number of input
ports connected. By default all 8 ports are
connected. 0x0 and Ox1 are illegal values.

FUNNEL_DTID

Address: FUNNEL_BASE + offset(0xfcc)

Bits Attr | Reset Value Description
31:8 - - Reserved
A value of 0x12 identifies this device as a trace
7:0 RW 0x12 link (0x2) and specifically as a funnel/router
(0x1)

FUNNEL_PID4

Address: FUNNEL_BASE + offset(0xfd0)

Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x04 standard information required for all CoreSight
components.
3:0 - - Reserved

FUNNEL_PID5
Address: FUNNEL_BASE + offset(0xfd4)

Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x00 standard information required for all CoreSight
components.
3:0 - - Reserved

FUNNEL_PID6

Address: FUNNEL_BASE + offset(0xfd8)

Bits Attr Reset Value Description
31:8 - ” Reserved
The peripheral identification registers provide
7:4 RO 0x00 standard information required for all CoreSight
components.
3:0 - - Reserved

FUNNEL_PID7?
Address: FUNNEL_BASE + offset(0xfdc)

Bits Attr Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x00 standard information required for all CoreSight
components.
3:0 - - Reserved

FUNNEL_PIDO
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Address: FUNNEL_BASE + offset(0xfe0)

Bits Attr Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x50 standard information required for all CoreSight
components.
3:0 - - Reserved

FUNNEL_PID1
Address: FUNNEL_BASE + offset(0Oxfe4)

Bits Attr Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0xb9 standard information required for all CoreSight
components.
3:0 - - Reserved

FUNNEL_PID2

Address: FUNNEL_BASE + offset(0xfe8)

Bits Attr Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO Ox1b standard information required for all CoreSight
components.
3:0 - - Reserved

FUNNEL_PID3
Address: FUNNEL_BASE + offset(0xfec)

Bits Attr Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x00 standard information required for all CoreSight
components.
3:0 - - Reserved

FUNNEL_CIDO
Address: FUNNEL_BASE + offset(0xff0)

Bits Attr Reset Value Description
. The component identification registers identify
31:0 RO 0x0d the PTM as a CoreSight component

FUNNEL_CID1
Address: FUNNEL_BASE + offset(0xff4)

Bits Attr Reset Value Description
] The component identification registers identify
31:0 RO 0x30 the PTM as a CoreSight component
FUNNEL_CID2

Address: FUNNEL_BASE + offset(0xff8)
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Bits Attr Reset Value Description
] The component identification registers identify
31:0 RO 0x05 the PTM as a CoreSight component

FUNNEL_CID3

Address: FUNNEL_BASE + offset(0xffc)

Bits Attr Reset Value Description
] The component identification registers identify
31:0 RO Oxb1 the PTM as a CoreSight component

6.4.11 CTI register summary

Reset
Name Offset | Size Description
Value
CTI_CTICONTROL 0x000 wW 0x0 CTI Control Register
CTI_CTIINTACK 0x010 |W |- CTl Interrupt
Acknowledge Register
CTI_CTIAPPSET 0x014 | W 0x0 CTL Application Trigger
Set Register
CTI_CTIAPPCLEAR | 0x018 | W 0x0 CTI  Application  Trigger
Clear Register
CTI_CTIAPPPULSE ox0lc | W 0X0 CTI  Application  Pulse
Register
) CTI Trigger to Channel
CTI_CTIINEN gggio 0 W 0x0 Enable Registers,
CTIINENO-7
0x0a0-0 CTI Channel to T_rlgger
CTI_CTIOUTEN xObc w 0x0 Enable Registers,
CTIOUTENO-7
CTI Trigger In Status
(S:TI_CTITRIGINSTATU 0x130 W 0x0 Register,
CTITRIGINSTATUS
CTI Channel In Status
CTI_CTICHINSTATUS | 0x138 w - Register, CTICHINSTATUS
CTI_CTICHOUTSTATU Ox13c W 0x0 CTI_ChanneI Out Status
S Register
CTI_CTIGATE 0x140 |W | oOxf Enable CTI Channel Gate
Register
CTI_ASICCTL ox144 | W 0X0 External ~  Multiplexor
Control Register
CTI_ITCHINACK Oxedc W 0x0 ITCHINACK Register
CTI_ITTRIGINACK Oxeel W 0x0 ITTRIGINACK Register
CTL_ITCHOUT Oxee4 wW 0x0 ITCHOUT Register
CTL_ITTRIGOUT Oxee8 wW 0x0 ITTRIGOUT Register
CTI_ITCHOUTACK Oxeec W 0x0 ITCHOUTACK Register
CTIL_ITTRIGOUTACK Oxef0 wW 0x0 ITTRIGOUTACK Register
CTI_ITCHIN Oxef4 wW 0x0 ITCHIN Register
CTI_ITTRIGIN 0Oxef8 W 0x0 ITTRIGIN Register
CTI_ITCTRL 0xf00 W 0x0 ITCTRL Register
CTI_CTSR Oxfa0 w Oxf Claim Tag Set Register
CTI_CTCR Oxfa4 w 0x0 Claim Tag Clear Register
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CTI_LA 0xfb0 W - Lock Access
CTI_LS Oxfb4 W 0x0 Lock Status
CTI_AS Oxfb8 w 0x0 Authentication status
CTI DI 0xfc8 W 0x28 Device ID
CTI_DTI Oxfcc W 0x12 Device Type Identifier
CTI_PID4 0xfd0 W 0x04 Peripheral ID4
CTI_PID5 0Oxfd4 W 0x00 Peripheral ID5
CTI_PID6 0xfd8 W 0x00 Peripheral ID6
CTI_PID7 Oxfdc W 0x00 Peripheral ID7
CTI_PIDO OxfeO w 0x08 Peripheral ID0O
CTI_PID1 Oxfe4 W 0xb9 Peripheral ID1
CTI_PID2 Oxfe8 W Ox1b Peripheral ID2
CTI_PID3 Oxfec w 0x00 Peripheral ID3
CTI_CIDO 0xff0 W 0x0d Component ID0
CTI_CID1 0xff4 W 0x90 Component ID1
CTI_CID2 0xff8 w 0x05 Component ID2
CTI_CID3 Oxffc W Oxb1 Component ID3
6.4.12 CTI register details
CTI_CTICONTROL
Address: CTI_BASE + offset(0x000)
Bits Attr | Reset Value Description
31:1 - - Reserved
GLBEN
Enables or disables the ECT:
0 RW 0x0 0 i disabled (reset)
1 = enabled.
When disabled, all cross triggering mapping logic
functionality is disabled for this processor

CTI_CTIINTACK

Address: CTI_BASE + offset(0x010)

Bits Attr | Reset Value Description
31:8 - - Reserved
INTACK
Acknowledges the corresponding CTITRIGOUT
output:
20 WO ) 1 = CTITRIGOUT is acknowledged and is cleared
' when MAPTRIGOUT is LOW.
0 = no effect.
There is one bit of the register for each
CTITRIGOUT output

CTI_CTIAPPSET

Address: CTI_BASE + offset(0x014)

Bits Attr | Reset Value Description
31:4 - - Reserved
APPSET
3:0 RW 0x0 Setting a bit HIGH generates a channel event for
the selected channel.
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Read:

0 = application trigger inactive (reset)

1 = application trigger active.

Write:

0 = no effect

1 = generate channel event.

There is one bit of the register for each channel

CTI_CTIAPPCLEAR
Address: CTI_BASE + offset(0x018)

Bits Attr | Reset Value Description
31:4 - - Reserved
Clears corresponding bits in the CTIAPPSET
register.
3.0 WO ) 1 = application trigger disabled in the CTIAPPSET
register

0 = no effect.
There is one bit of the register for each channel.

CTI_CTIAPPPULSE
Address: CTI_BASE + offset(0x01c)

Bits Attr | Reset Value Description
31:4 - - Reserved
APPULSE
Setting a bit HIGH generates a channel event
pulse for the selected channel.
. _ Write:
3:0 WO 1 = channel event pulse generated for one
CTICLK period
0 = no effect.
There is one bit of the register for each channel.

CTI_CTIINENO-7
Address: CTI_BASE + offset(0x020-0x03c)

Bits Attr | Reset Value Description

31:4 - - Reserved
TRIGINEN
Enables a «cross trigger event to the
corresponding channel when an CTITRIGIN is
activated.
1 = enables the CTITRIGIN signal to generate an
event on the respective channel of the CTM.

3:0 RW 0x0 There is one bit of the register for each of the four

channels. For example in register CTIINENO,
TRIGINEN[O] set to 1 enables CTITRIGIN onto
channel 0.

0 = disables the CTITRIGIN signal from
generating an event on the respective channel of
the CTM

CTI_CTIOUTENO-7
Address: CTI_BASE + offset(0x0a0-0x0bc)
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Bits Attr | Reset Value Description

31:4 - - Reserved
TRIGOUTEN Changing the value of this bit from a
0 to a 1 enables a channel event for the
corresponding
channel to generate an CTITRIGOUT output:
0 = the channel input (CTICHIN) from the CTM is

3.0 RW 0x0 not routed to the CTITRIGOUT output

1 = the channel input (CTICHIN) from the CTM is
routed to the CTITRIGOUT output.

There is one bit for each of the four channels. For
example in register CTIOUTENO, enabling bit 0
enables CTICHIN[O] to cause a trigger event on
the CTITRIGOUT[O0] output.

CTI_CTITRIGINSTATUS
Address: CTI_BASE + offset(0x130)

Bits Attr | Reset Value Description
31:8 - - Reserved
TRIGINSTATUS Shows the status of the
CTITRIGIN inputs:
1 = CTITRIGIN is active
20 RW 0x0 0 = CTITRIGIN is inactive.

Because the register provides a view of the raw
CTITRIGIN inputs, the reset value is unknown.
There is one bit of the register for each trigger
input.

CTI_CTITRIGOUTSTATUS
Address: CTI_BASE + offset(0x134)

Bits Attr | Reset Value Description
31:8 - - Reserved
TRIGOUTSTATUS Shows the status of the
CTITRIGOUT outputs.
70 RW 0x0 1 = CTITRIGOUT is active

0 = CTITRIGOUT is inactive (reset).
There is one bit of the register for each trigger
output.

CTI_CTICHINSTATUS
Address: CTI_BASE + offset(0x138)

Bits Attr | Reset Value Description

31:4 - - Reserved
CTICHINSTATUS Shows the status of the
CTICHIN inputs:

1 = CTICHIN is active
. 0 = CTICHIN is inactive.

3:0 RW 0x0 Because the register provides a view of the raw
CTICHIN inputs from the CTM, the reset value is
unknown. There is one bit of the register for each
channel input.
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CTI_CTICHOUTSTATUS
Address: CTI_BASE + offset(0x13c)

Bits Attr | Reset Value Description

31:4 - - Reserved

CTICHOUTSTATUS Shows the status of the
CTICHOUT outputs.

1 = CTICHOUT is active

0 = CTICHOUT is inactive (reset).

There is one bit of the register for each channel
output.

3:0 RW 0x0

CTI_CTIGATE
Address: CTI_BASE + offset(0x140)

Bits Attr | Reset Value description

31:4 - - Reserved

CTIGATEEN3
3 RW 0x0 Enable CTICHOUT3. Set to 0 to disable channel
propagation.

CTIGATEENZ2
2 RW 0x0 Enable CTICHOUT?2. Set to 0 to disable channel
propagation.

CTIGATEEN1
1 RW 0x0 Enable CTICHOUT1. Set to O to disable channel
propagation.

CTIGATEENO
0 RW 0x0 Enable CTICHOUTO. Set to 0 to disable channel
propagation

CTI_ASICCTL
Address: CTI_BASE + offset(0x144)

Bits Attr | Reset Value Description

31:8 - - Reserved

ASICCTL Implementation-defined ASIC control,
value written to the register is output on
ASICCTL[7:0].

If external multiplexing of trigger signals is
implemented then the

number of multiplexed signals on each trigger
must be reflected within the Device ID Register.
This is done within a Verilog define EXTMUXNUM.

7.0 RW 0x0

CTI_ITCHINACK
Address: CTI_BASE + offset(0Oxedc)

Bits Attr | Reset Value Description
31:4 - - Reserved
3.0 WO ) CTCHINACK
' Set the value of the CTCHINACK outputs

CTI_ITTRIGINACK
Address: CTI_BASE + offset(0Oxee0)

Bits | Attr | Reset Value | Description
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31:8 - - Reserved
7:0 WO ) CTTRIGINACK
' Set the value of the CTTRIGINACK outputs

CTI_ITCHOUT
Address: CTI_BASE + offset(0Oxee4)

Bits Attr | Reset Value Description
31:4 - - Reserved
) ) CTCHOUT
3:0 WO Set the value of the CTCHOUT outputs

CTI_ITTRIGOUT

Address: CTI_BASE + offset(0Oxee8)

Bits Attr | Reset Value Description
31:8 - - Reserved
20 WO ) CTTRIGOUT
) Set the value of the CTTRIGOUT outputs

CTI_ITCHOUTACK
Address: CTI_BASE + offset(0Oxeec)

Bits Attr | Reset Value Description
31:4 - - Reserved
) CTCHOUTACK
3:0 RO 0x0 Read the values of the CTCHOUTACK inputs

CTI_ITTRIGOUTACK
Address: CTI_BASE + offset(0xef0)

Bits Attr | Reset Value Description
31:8 - - Reserved
) CTTRIGOUTACK
7:0 RO 0x0 Read the values of the CTTRIGOUTACK inputs
CTI_ITCHIN
Address: CTI_BASE + offset(0xef4)
Bits Attr | Reset Value Description
31:4 = - Reserved
. CTCHIN
R RO 0x0 Read the values of the CTCHIN inputs

CTI_ITTRIGIN

Address: CTI_BASE + offset(0xef8)

Bits

Attr

Reset Value

Description

31:8

Reserved

7:0

RO

0x0

CTTRIGIN
Read the values of the CTTRIGIN inputs

CTI_CTS- CTI_CTC
Address: CTI_BASE + offset(0Oxfa0-0xfa4)

Bits | Attr | Reset Value |

Description
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31:4 - - Reserved

. The CTI implements a four-bit claim tag. The
3:0 RW 0x0 use of bits [3:0] is software defined

CTI_LA-CTI_LS

Address: CTI_BASE + offset(0xfb0-0xfb4)

Bits Attr | Reset Value Description
31:3 - - Reserved
The CTI implements two memory maps
controlled through PADDRDBG31. When
PADDRDBG31 is HIGH, the Lock Status Register
. reads as O0x0 indicating that no lock exists.
2:0 RW 0x3 WhenPADDRDBG31 is LOW, the Lock Status
Register reads as 0x3 from reset. This indicates
a 32-bit lock access mechanism is present and is
locked.
CTI_AS
Address: CTI_BASE + offset(0xfb8)
Bits Attr | Reset Value Description
31:4 - - Reserved
3 RW 0x0 C_urrent value of noninvasive debug enable
signals
2 RW 0x0 Non-invasive debug controlled
1 RW 0x0 Current value of invasive debug enable signals
0 RW 0x0 Invasive debug controlled
CTI_DID
Address: CTI_BASE + offset(0xfc8)
Bits Attr | Reset Value Description
31:20 - - Reserved
19:16 RO 0x0 Number of ECT channels available.
15:8 RO 0x0 Number of ECT triggers available.
7:5 - - Reserved
Indicates the number of multiplexing available
on Trigger Inputs and Trigger Outputs using
4:0 RO 0x0 ASICCTL. Default value of 5'b00000 indicating
' no multiplexing present. Reflects the value of
the Verilog " define EXTMUXNUM that you must
alter accordingly.
CTI_DTID
Address: CTI_BASE + offset(0xfcc)
Bits Attr | Reset Value Description
31:8 - - Reserved
0x14 indicates this device has a major type of
7:0 RW 0x14 debug control logic component (0x4) and
sub-type corresponding to cross trigger (0x1).
CTI_PID4
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Address: CTI_BASE + offset(0xfd0)

Bits Attr | Reset Value Description
31:8 - - Reserved
The CTI is identified as an ARM component with
3:0 RO 0x3 a JEP106 identity at Ox3B and a JEP106
continuation code at 0x4 (fifth bank).
CTI_PIDO

Address: CTI_BASE + offset(0xfe0)

Bits Attr | Reset Value Description
31:8 - - Reserved
7:4 RO 0x0 Middle BCD value of Device number.
3:0 RO 0x6 Lower BCD value of Device number.
CTI_PID1
Address: CTI_BASE + offset(0xfe4)
Bits Attr | Reset Value Description
31:8 - - Reserved
The CTI is identified as an ARM component with
7:4 RO Oxb a JEP106 identity at Ox3B and a JEP106
continuation code at 0x4 (fifth bank).
3:0 RO 0x9 Upper BCD value of Device number.
CTI_PID2
Address: CTI_BASE + offset(0xfe8)
Bits Attr | Reset Value Description
31:3 - - Reserved
The CTI is identified as an ARM component with
2:0 RO 0x4 a JEP106 identity at Ox3B and a JEP106
continuation code at 0x4 (fifth bank).
3:0 - - Reserved
CTI_PID3
Address: CTI_BASE + offset(0xfec)
Bits Attr | Reset Value Description
31:8 - - Reserved
The peripheral identification registers provide
7:4 RO 0x00 standard information required for all
CoreSight components.
3:0 - - Reserved
CTI_CIDO
Address: CTI_BASE + offset(0xff0)
Bits Attr | Reset Value Description
. The component identification registers
31:0 RO 0x0d identify the PTM as a CoreSight component
CTI_CID1

Address: CTI_BASE + offset(0xff4)
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Bits

Attr

Reset Value

Description

31:0

RO

0x90

The component identification registers
identify the PTM as a CoreSight component

CTI_CID2

Address: CTI_BASE + offset(0xff8)

Bits Attr | Reset Value Description
] The component identification registers
31:0 RO 0x05 identify the PTM as a CoreSight component
CTI_CID3

Address: CTI_BASE + offset(0xffc)

Bits Attr | Reset Value Description
] The component identification registers
31:0 RO Oxb1 identify the PTM as a CoreSight component

6.4.13 TPIU register summary

Reset
Name Offset Size ese Description
Value

TPIU_SPSR 0x000 W 0x0000008a | Supported port size
TPIU_CPSR 0x004 wW 0x00000001 | Current port size
TPIU_STMR 0x100 W Ox11f Supported trigger modes
TPIU_TCR 0x104 W 0x00 Trigger counter value
TPIU_TMR 0x108 wW 0x00 Trigger multiplier
TPIU_STPMR | 0x200 | W 0x3000f Supported test

pattern/modes
TPIU_CTPMR 0x204 w 0x00000 Current test pattern/mode
TPIU_TTPRCR | 0x208 | W 0x00 TPIU Test pattern repeat

counter
TPIU_FFSR 0x300 W 0x00000006 | Formatter and flush status
TPIU_FFCR 0x304 W 0x00000100 | Formatter and flush control
TPIU_FSCR 0x308 | w 0x00000000 | Formatter synchronization

counter
}-NP IU_EXCTLER 0x400 W N/A EXTCTL In Port
op TR Toxaoa | w [ ox00 EXTCTL Out Port
XEIIB SLJRFLIN Oxee4 w N/A Integration Register
TPIU_ITTRFLIN [ Oxee8 W N/A Integration Register
;EBU—ITATBDA Oxeec w N/A Integration Register
E;IU—ITATBCT Oxef0 w N/A Integration Register
IR_BIU—ITATBCT Oxef8 W N/A Integration Register
TPIU_ITAMCTL |0xf00 |W | 0x00000000 ig;?gt':rtion Mode  control
TPIU_CTS 0Oxfa0 W 0x0000000f | Claim tag set
TPIU_CTC Oxfa4 W 0x00000000 | Claim tag clear
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TPIU_LA 0xfb0 W N/A Lock access
TPIU_LS Oxfb4 W N/A Local status
TPIU_AS Oxfb8 w 0x00000000 | Authentication status
TPIU_DID 0xfc8 W 0x00000000 | Device ID
TPIU_DTID Oxfcc W 0x00000011 | Device type identifier
TPIU_PID4 0xfdO0 W 0x00000004 | Peripheral ID4
TPIU_PIDO 0xfe0 W 0x00000041 | Peripheral ID0O
TPIU_PID1 Oxfe4 W 0x000000b9 | Peripheral ID1
TPIU_PID?2 Oxfe8 W 0x0000000b | Peripheral ID2
TPIU_PID3 Oxfec w 0x00000000 | Peripheral ID3
TPIU_CIDO 0xffO W 0x0000000d | Component IDO
TPIU_CID1 Oxff4 W 0x00000090 | Component ID1

6.4.14 TPIU detailed register description

TPIU_SPSR

Address: TPIU_BASE + offset(0x000)

Bits Attr

Reset Value

Description

31:0 RW

0x0000008a

This register is read/write. Each bit location
represents a single port size that is supported
on the device, that is, 32-1 in bit locations
[31:0]. If the bit is set then that port size is
allowed. By default the RTL is desighed to
support all port sizes, set to OXFFFFFFFF. This
register reflects the value of the
CSTPIU_SUPPORTSIZE_VAL Verilog " define
value, currently not user modifiable, and is
further constrained by the input tie-off
TPMAXDATASIZE.

The external tie-off, TPMAXDATASIZE, must
be set during finalization of the ASIC to
reflect the actual number of TRACEDATA
signals being wired to physical pins. This is to
ensure that tools do not attempt to select a
port width that cannot be captured by an
attached TPA. The value on TPMAXDATASIZE
causes bits within the Supported Port Size
register that represent wider widths to be
clear, that is, unsupported

TPIU_CPSR

Address: TPIU_BASE + offset(0x004)

Bits Attr

Reset Value

Description

31:0 RW

0x00000001

This register is read/write. The Current Port
Size Register has the same format as the
Supported Port Sizes register but only one bit
is set, and all others must be zero. Writing
values with more than one bit set or setting a
bit that is not indicated as supported is not
supported and causes unpredictable
behavior.

On reset this defaults to the smallest possible
port size, 1 bit, and so reads as 0x00000001
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TPIU_STMR
Address: TPIU_BASE + offset(0x100)
Bits Attr Reset Value Description
31:18 - - Reserved
17 RO 0x0 Trigger Counter running. A trigger has
occurred but the counter is not at zero.
16 RO Ox1 Triggered. A trigger has occurred and the
counter has reached zero
15:9 - - Reserved
8 RO 0x0 8-bit wide counter register implemented.
7:5 - - Reserved
4 RO Ox1 Multiply the Trigger Counter by 65536
supported.
3 RO Ox1 Multiply the Trigger Counter by 256
supported.
2 RO 0x1 Multiply the Trigger Counter by 16 supported.
1 RO 0x1 Multiply the Trigger Counter by 4 supported
0 RO Ox1 Multiply the Trigger Counter by 2 supported
TPIU_TCR

Address: TPIU_BASE + offset(0x104)

Bits Attr Reset Value Description
31:8 - - Reserved
8-bit counter value for the number of words
7:0 RW 0x0 to be output from the formatter before a
trigger is inserted. Reset value is 0x00.
TPIU_TMR
Address: TPIU_BASE + offset(0x108)
Bits Attr Reset Value Description
31:5 - r Reserved
4 RO 0x0 Multiply the Trigger Counter by 65536
supported.
3 RO 0x0 Multiply the Trigger Counter by 256
supported.
2 RO 0x0 Multiply the Trigger Counter by 16 supported.
1 RO 0x0 Multiply the Trigger Counter by 4 supported
0 RO 0x0 Multiply the Trigger Counter by 2 supported
TPIU_STPMR

Address: TPIU_BASE + offset(0x200)

Bits Attr Reset Value Description
31:18 - - Reserved
17 RO 0x1 Continuous mode
16 RO 0x1 Timed mode
15:4 - - Reserved
3 RO 0x1 FF/00 Pattern
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2 RO Ox1 AA/55 Pattern

1 RO 0x1 Walking Os Pattern

0 RO Ox1 Walking 1s Pattern
TPIU_CTPMR
Address: TPIU_BASE + offset(0x204)

Bits Attr Reset Value Description

31:18 - - Reserved

17:16 RW 0x0 Mode select

15:4 - - Reserved

3:0 RW 0x0 Number of cycles

TPIU_TTPRCR
Address: TPIU_BASE + offset(0x208)

Bits Attr Reset Value Description
31:8 - - Reserved
8-bit counter value to indicate the number of
] TRACECLKIN cycles that a pattern runs for
7:0 RW 0x0 before switching to the next pattern. Default
value is 0
TPIU_FFSR

Address: TPIU_BASE + offset(0x300)

Bits

Attr

Reset Value

Description

31:3

Reserved

RO

Ox1

If this bit is set then TRACECTL is present. If
no TRACECTL pin is available, that is, this bit
is zero, then the data formatter must be used
and only in continuous mode.

This is constrained the
CSTPIU_TRACECTL_VAL Verilog "define,
which is not user modifiable, and the external
tie-off TPCTL. If either constraint reports
zero/LOW then no TRACECTL is present and
this inability to use the pin is reflected in this
register.

by

RO

Ox1

Formatter stopped. The formatter has
received a stop request signal and all trace
data and post-amble has been output. Any
more trace data on the ATB interface is
ignored and ATREADYS goes HIGH.

RO

0x0

Flush In Progress. This is an indication of the
current state of AFVALIDS

TPIU_FFCR
Address: TPIU_BASE + offset(0x304)

Bits Attr Reset Value Description
31:14 - - Reserved
Stop the formatter after a Trigger Eventa is
13 RW 0x0 observed. Reset to disabled, or zero.
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12

RW

0x0

Stop the formatter after a flush completes
(return of AFREADYS). This forces the FIFO to
drain off any part-completed packets. Setting
this bit enables this function but this is clear
on reset, or disabled.

11

Reserved

10

RW

0x0

Indicates a trigger on Flush completion on
AFREADYS being returned.

RW

0x0

Indicate a trigger on a Trigger Event

o0

RW

Ox1

Indicate a trigger on TRIGIN being asserted.

Reserved

RW

0x0

Manually generate a flush of the system.
Setting this bit causes a flush to be
generated. This is cleared when this flush has
been serviced. This bit is clear on reset.

RW

0x0

Generate flush using Trigger event. Set this
bit to cause a flush of data in the system
when a Trigger Eventa occurs. Reset value is
this bit clear.

RW

0x0

Generate flush using the FLUSHIN interface.
Set this bit to enable use of the FLUSHIN
connection. This is clear on reset.

Reserved

RW

0x0

Continuous Formatting, no TRACECTL.
Embed in trigger packets and indicate null
cycles using Sync packets. Reset value is this
bit clear. Can only be changed when
FtStopped is HIGH.

RW

0x0

Enable Formatting. Do not embed Triggers
into the formatted stream. Trace disable
cycles and triggers are indicated by
TRACECTL, where fitted. Reset value is this
bit clear. Can only be changed when
FtStopped is HIGH.

TPIU_FSCR
Address: TPIU_BASE + offset(0x308)

Bits

Attr

Reset Value

Description

31:12

Reserved

11:0

RW

0x0

12-bit counter value to indicate the number
of complete frames between full
synchronization packets. Default value is 64
(0x40).

TPIU_ITTRFLINACK
Address: TPIU_BASE + offset(Oxee4)

Bits Attr Reset Value Description
31:2 - - Reserved
1 WO - Set the value of FLUSHINACK
0 WO - Set the value of TRIGINACK
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TPIU_ITTRFLIN

Address: TPIU_BASE + offset(0Oxee8)

Bits | Attr | Reset Value | Description
31:2 - - Reserved
1 RO 0x0 Read the value of FLUSHIN
0 RO 0x0 Read the value of TRIGIN

TPIU_ITATBDATAO
Address: TPIU_BASE + offset(0xeec)

Bits Attr Reset Value Description
31:5 - - Reserved
4 RO 0x0 Read the value of ATDATAS[31]
3 RO 0x0 Read the value of ATDATAS[23]
2 RO 0x0 Read the value of ATDATAS[15]
1 RO 0x0 Read the value of ATDATAS[7]
0 RO 0x0 Read the value of ATDATAS[O0]

TPIU_ITATBCTR2
Address: TPIU_BASE + offset(0xef0)

Bits Attr Reset Value Description
31:2 - - Reserved
1 WO 0x0 Set the value of AFVALIDS
0 WO 0x0 Set the value of ATREADYS

TPIU_ITATBCTR1
Address: TPIU_BASE + offset(0xef4)

Bits

Attr

Reset Value

Description

31:7

Reserved

6:0

RO

0x0

Read the value of ATIDS

TPIU_ITATBCTRO
Address: TPIU_BASE + offset(0xef8)

Bits Attr Reset Value Description
31:10 - - Reserved
9:8 RO 0x0 Read the value of ATBYTESS
7:2 - - Reserved
1 RO 0x0 Read the value of AFREADYS
0 RO 0x0 Read the value of ATVALIDS

TPIU_CTS-TPIU_CTC
Address: TPIU_BASE + offset(0xfa0-0xfa4)

Bits Attr Reset Value Description
31:4 - - Reserved

. The TPIU implements a four-bit claim tag.
3:0 RW 0x0 The use of bits [3:0] is software defined

TPIU_LA-TPIU_LS
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Address: TPIU_BASE + offset(0xfb0-0xfb4)

Bits Attr Reset Value Description
31:3 - Oxb1l Reserved
The TPIU implements two memory maps
controlled through PADDRDBG31. When
PADDRDBG31 is HIGH, the Lock Status
) Register reads as 0x0 indicating that no lock
2:0 RW- | 0x3 exists. WhenPADDRDBG31 is LOW, the Lock
Status Register reads as 0x3 from reset. This
indicates a 32-bit lock access mechanism is
present and is locked.
TPIU_AS
Address: TPIU_BASE + offset(0xfb8)
Bits Attr Reset Value Description
Reports the required security level. The TPIU
31:0 RO 0x0 has a default value of 0x00 to indicate that
this functionality is not implemented.
TPIU_DID

Address: TPIU_BASE + offset(0xfc8)

Bits Attr Reset Value Description
31:12 - - Reserved
11 RO 0x0 Indicates Serial Wire Output (UART/NRZ) is
not supported.
10 RO 0x0 Indicates Serial Wire Output (Manchester) is
not supported.
9 RO 0x0 Indicates trace clock + data is supported.
. FIFO size in powers of 2. A value of 2 gives a
8:6 RO 0x0 FIFO size of 4 entries, 16 bytes.
5 RO 0x0 Indicates the relationship between ATCLK and
TRACECLKIN. 0x1 indicates asynchronous.
Hidden Level of Input multiplexing.When
nonzero this value indicates the type/number
of ATB multiplexing present on the input to
4:0 RO 0x0 the ATB. Currently only 0x00 is supported,
that is, no multiplexing present.
This value is used to assist topology detection
of the ATB structure
TPIU_DTID

Address: TPIU_BASE + offset(0xfcc)

Bits Attr Reset Value Description
31:8 - - Reserved
] Ox11 indicates this device is a trace sink
7:0 RW— | Ox11 (0x1) and specifically a TPIU (0x1).
TPIU_PID4
Address: TPIU_BASE + offset(0xfd0)
Bits Attr Reset Value Description
31:8 - - Reserved
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The TPIU is identified as an ARM component

3:0 RO 0x3 with a JEP106 identity at O0x3B and a JEP106
continuation code at 0x4 (fifth bank).
TPIU_PIDO
Address: TPIU_BASE + offset(0xfe0)
Bits Attr Reset Value Description

31:8 - - Reserved

7:4 RO 0x1 Middle BCD value of Device number.

3:0 RO 0x2 Lower BCD value of Device number.
TPIU_PID1

Address: TPIU_BASE + offset(0xfe4)

Bits Attr Reset Value Description
31:8 - - Reserved
The TPIU is identified as an ARM component
7:4 RO Oxb with a JEP106 identity at O0x3B and a JEP106
continuation code at 0x4 (fifth bank).
3:0 RO 0x9 Upper BCD value of Device nhumber.
TPIU_PID2

Address: TPIU_BASE + offset(0xfe8)

Bits Attr Reset Value Description
31:3 - - Reserved
The TPIU is identified as an ARM component
2:0 RO 0x4 with a JEP106 identity at Ox3B and a JEP106
continuation code at 0x4 (fifth bank).
3:0 - - Reserved
TPIU_PID3

Address: TPIU_BASE + offset(0xfec)

Bits Attr Reset Value Description
31:8 - - Reserved
The peripheral identification registers
7:4 RO 0x00 provide standard information required for all
CoreSight components.
3:0 - - Reserved
TPIU_CID1
Address: TPIU_BASE + offset(0xff4)
Bits Attr Reset Value Description
31:8 RO 0x0 Reserved
7.4 RO 0x9 The TPIU complies Fo the queS|ght class of
components and this value is set to 0x9.
3:0 - 0x0 Reserved
Notes: Attr: RW- Read/writable, RO- read only, WO- write only, RWTC-Readable and write

"1” to clear the asserted bit from "1” to "0”.
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6.5 Interface description
6.5.1 DAP SWJ-DP interface

The following figure is the DAP SWJ]-DP

interface, the SWJ-DP is a combined

JTAG-DP and SW-DP that enable you connect either a Serial Write Debug(SW3J)
to JTAG probe to a target.

SWJ-DP
TDO TDO
» TDO
DI o »TDI
TRST-N R nTRST JTAG-DP
TCK
—D ™S nPOTRST
SWDI/JTAG |+ I
select
SWDITMS L DBGRESETn
— oo D—oaenl
»DBGDO
SW-DP
SWDOEN + DBGDOEN
TCK SWCLKTCK » DBGCLK
Fig. 6-2 DAP SW] interface
Table 6-1SW] interface
Module Pin Direction | PAD Name IOMUX Setting
TRST_N I TRST_N Dedicated IO
TCK I TCK Dedicated IO
TDI I TDI Dedicated IO
TMS IO TMS Dedicated IO
TDO 0] TDO Dedicated IO

6.5.2 TPIU trace port interface
Table 6-2TPIU interface

Module Pin Direction | PAD Name IOMUX Setting

trace_data[0] 0] GPIO2_A[0] GRF_GPIO4C_IOMUX[1:0]=0x3
trace_data[1] 0] GPIO2_A[1] GRF_GPIO4C_IOMUX[3:2]=0x3
trace_data[2] 0] GPIO2_A[2] GRF_GPIO4C_IOMUX[5:4]=0x3
trace_data[3] 0] GPIO2_A[3] GRF_GPIO4C_IOMUX[7:6]=0x3
trace_data[4] 0] GPIO2_A[4] GRF_GPIO4C_IOMUX[9:8]=0x3
trace_data[5] 0] GPIO2_A[5] GRF_GPIO4C_IOMUX[11:10]=0x3
trace_data[6] 0] GPIO2_A[6] GRF_GPIO4C_IOMUX[13:12]=0x3
trace_data[7] 0] GPIO2_A[7] GRF_GPIO4C_IOMUX[15:14]1=0x3
trace_data[8] 0] GPIO2_B[0] GRF_GPIO4D_IOMUX[1:0]=0x3
trace_data[9] 0] GPIO2_BJ[1] GRF_GPIO4D_IOMUX[3:2]=0x3
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trace_data[10] o GPIO2_B[2] GRF_GPIO4D_IOMUX[5:4]=0x3
trace_data[11] 0 GPIO2_B[3] GRF_GPIO4D_IOMUX[7:6]=0x3
trace_data[12] o) GPIO2_B[4] GRF_GPIO4D_IOMUX[9:8]=0x3
trace_data[13] 0 GPIO2_BI[5] GRF_GPIO4D_IOMUX[11:10]=0x3
trace_data[14] 0 GPIO2_BI[6] GRF_GPIO4D_IOMUX[13:12]=0x3
trace_data[15] o) GPIO2_B[7] GRF_GPIO4D_IOMUX[15:14]=0x3
trace_clk 0 GPIO2_C[0] | GRF_GPIOOC_IOMUX[1:0]=0x3
trace_ctl o) GPIO2_C[1] GRF_GPIOOC_IOMUX[3:2]=0x3

High Performance and Low-power Processor for Digital Media Application 132




Rockeh? RK3188 Technical Reference Manual Rev 1.3

Chapter 7 GRF (General Register Files)

7.1 Overview

The general register file will be used to do static set by software, which is
composed of many registers for system control.

7.2 Function Description

The function of general register file is :

IOMUX control

Control the state of gpio in power-down mode
GPIO PAD pulldown and pullup control

Used for common system control

Used to record the system state

L X X X X4
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7.3 Register description

7.3.1 System Registe

R
Name Offset |Size eset Description
Value
PIOOA PIO0OB
GRF_GPIOOL_DIR 0x0000|W  |0x00000000|C " O0A / GPTOOB output
enable control
tput
GRF_GPIOOH_DIR 0x0004lw  10x00000000 GPIOOC / GPIOOD outpu
enable control
tput
GRF_GPIO1L_DIR 0x0008lw  |ox00000000|GPTOTA / GPIOOB outpu
enable control
GPIO1C / GPIO1D output
GRF_GPIO1H_DIR 0x000c|W  |0x00000000
enable control
GPIO2A / GPIO2B output
GRF_GPIO2L_DIR 0x0010(W |0x00000000
enable control
PIO2D
GRF_GPIO2H_DIR 0x0014|W  |0x00000000|5" 02C / GPIOZD output
enable control
PIO3A / GPIO3B
GRF_GPIO3L_DIR 0x0018|W  |0x00000000(C" O34 / GPIO3B output
enable control
PI PIO3D
GRF_GPIO3H_DIR 0x001c|w  [0x00000000|CFTO3C / GPIO3D output
enable control
PIOOA / GPIOOB
GRF_GPIOOL_DO 0x0020|W  |0x00000000|CFTOCA / GPIOOB output
control
GRF_GPIOOH_DO 0x0024|W  |0x00000000 GPIOOC / GPIOOD output
control
GRF_GPIO1L_DO 0x0028!W  |0x00000000 GPIO1A / GPIO1B output
control
GRF_GPIO1H_DO 0x002¢lw  l0x00000000 GPIO1C / GPIO1D output
control
t
GRF_GPIO2L DO 0x0030|W  |0x00000000|C"TO%A / GPIO2B outpu
control
PIO2 PIO2D t
GRF_GPIO2H_DO 0x0034|w |0x00000000|°" 02 / GPIO2D outpu
control
PIO3A / GPIO3B
GRF_GPIO3L_DO 0x0038{W  |0x00000000|C7O3A / GPIO3B output
control
PI PIO3D output
GRF_GPIO3H_DO 0x003c|w  |0x00000000| 03¢/ € outpu
control
PIOOA / GPIOOB output
GRF_GPIOOL_EN 0x0040|w  |0x00000000| " OA/ G outpu
enable
PI PIOOD output
GRF_GPIOOH_EN 0x0044|w  |0x00000000|CF1O0C / GPIOOD outpu

enable
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Name Offset [Size Reset Description
Value
GRF_GPIO1L_EN 0x0048|w  |0x00000000|CPTO1A / GPIOLB output
enable
GRF_GPIO1H_EN 0x004c|W  |0x00000000|CF1O1C / GPIOLD output
enable
GRF_GPIO2L_EN 0x0050|W  |0x00000000|CF1O2A / GPIO2B output
enable
GRF_GPIO2H_EN 0x0054/W  |0x00000000|CF1O2C / GPIO2D output
enable
GRF_GPIO3L_EN 0x0058|W  |0x00000000| P O34/ GPIO3B output
enable
GRF_GPIO3H_EN 0x005¢|W  |0x00000000|CT1O3C / GPIO3D output
enable
GRF_GPIOO0OC_IOMUX 0x0068(W  [0x00000000|GPIOOC iomux control
GRF_GPIOOD_IOMUX 0x006c (W [0x00000000|GPIOOD iomux control
GRF_GPIO1A_IOMUX 0x0070|{W |0x00000000|{GPIO1A iomux control
GRF_GPIO1B_IOMUX 0x0074(W [0x00000000|GPIO1B iomux control
GRF_GPIO1C_IOMUX 0x0078(W  [0x00000000|GPIO1C iomux control
GRF_GPIO1D_IOMUX 0x007c(W [0x00000000|GPIO1D iomux control
GRF_GPIO2A_IOMUX 0x0080(W  [0x00000000|GPIO2A iomux control
GRF_GPIO2B_IOMUX 0x0084|W |0x00000000|GPIO2B iomux control
GRF_GPIO2C_IOMUX 0x0088(W  [0x00000000|GPIO2C iomux control
GRF_GPIO2D_IOMUX 0x008c|W |0x00000000|{GPIO2D iomux control
GRF_GPIO3A_IOMUX 0x0090(W  [0x00000000|GPIO3A iomux control
GRF_GPIO3B_IOMUX 0x0094|W [0x00000000|GPIO3B iomux control
GRF_GPIO3C_IOMUX 0x0098(W [0x00000000|GPIO3C iomux control
GRF_GPIO3D_IOMUX 0x009c (W [0x00000000|GPIO3D iomux control
GRF_SOC_CONO 0x00a0|W 0x0000000a(soc control register
GRF_SOC_CON1 0x00a4|W |0x00000006(soc control register
GRF_SOC CON2 0x00a8|W 0x00000900|soc control register
GRF_SOC_STATUSO 0Ox00ac |W 0x00206000|soc status register
GRF_DMACO_CONO 0x00b0O|W  |0x00000002|DMACO control register
GRF_DMACO_CON1 0x00b4|W |0x00000000|DMAC1 control register
GRF_DMACO_CON2 0x00b8(W [0x00000000|DMACO control register
GRF_DMAC1_CONO 0x00bc|W |0x0000fffe |DMAC1 control register
GRF_DMAC1_CON1 0x00cO|W |0x00000000|DMAC1 control register
GRF_DMAC1_CON2 0x00c4|W |0x000003d0|DMAC1 control register
GRF_DMAC1_CON3 0x00c8|W |0x0000ffff |DMAC1 control register
GRF_CPU_CONO 0x00cc [W  |0x00008417|CPY O Sub-system
configuration control
GRF_CPU_CON1 0x00d0|w  |[0x00000000| P! COTe Sub-system

configuration constrol
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R
Name Offset [Size eset Description
Value
GRF_CPU_CON2 0x00d4(W [0x00004000 chu _core s_ub—system
configuration control
GRF_CPU_CON3 0x00d8|W  |0x00000000|CPY €O Sub-system
configuration control
GRF_CPU_CON4 0x00dc|W  |0x00000600|CPY €O Sub-system
configuration control
b-syst
GRF_CPU_CONS5 0x00e0|W  |0x00000e00| P SOT€ SUb-system
configuration control
GRF_DDRC_CONO 0x00ec |W 0x00000000({DDRC control register
GRF_DDRC_STAT 0x00f0 |W  |0x00000000|DDRC status
I i h
GRF_IO_CONO 0x00f4 (W [0x00000018 0 d_rlve s’Frengt
configuration
I i h
GRF_IO_CON1 0x00f8 (W  [0x0000c001 0 d_rlve s’Frengt
configuration
I i h
GRF_IO_CONZ2 0x00fc (W [0x00001046 g d_rlve s’Frengt
configuration
IO dri t th
GRF_IO_CON3 0x0100|W  |0x0000c904| ~ o 'Ve Strend
configuration
IO dri t th
GRF_IO_CON4 0x0104|W  |{0x00000012| ~ o 'Ve Strend
configuration
GRF_SOC_STATUS1 0x0108|W 0x00000000|soc status register
GRF_UOCO_CONO 0x010c|W 0x0000c889 |otg control register
GRF_UOCO_CON1 0x0110|W |0x00007333|otg control register
GRF_UOCO_CON2 0x0114|wW |0x00000da8|otg control register
GRF_UOCO_CON3 0x0118|W |0x00000001|otg control register
GRF_UOC1_CONO 0x011c|W |0x0000c889 |usb host control register
GRF_UOC1_CON1 0x0120|W |0x00007333|usb host control register
GRF_UOC1_CONZ2 0x0124|W |0x00000da8|otg control register
GRF_UOC1_CON3 0x0128|W |0x00000001|usb host control register
GRF_UOC2_CONO 0x012c(W [0x000030eb|hsic phy control register
GRF_UOC2_CON1 0x0130|W |0x00000003|hsic phy control register
hsi Il I
GRF_UOC3_CONO 0x0138|W |0x00000080 s_|c_contro er contro
reigister
hsi troll trol
GRF_UOC3_CON1 0x013c|W  |0x00000820| ¢ CONTOTEr coNtro
reigister
GRF_HSIC_STAT 0x0140|W |0x00000000|hsic status register
GRF_OS_REGO 0x0144|W |0x00000000|0S register
GRF_OS_REG1 0x0148|W |0x00000000|0S register
GRF_OS_REG2 0x014c|W |0x00000000|0S register
GRF_OS_REG3 0x0150|W |0x00000000|0S register
GRF_OS_REG4 0x0154|W |0x00000000|OS register
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Name Offset [Size Reset Description
Value
GRF_OS_REG5 0x0158(W [0x00000000|OS register
GRF_OS_REG6 0x015c|(W [0x00000000|OS register
GRF_OS_REG7 0x0160(W [0x00000000|OS register
GRF_GPIO0OB_PULL 0x0164|W |0x00000055|GPIOO0B pull configuration
GRF_GPIOOC_PULL 0x0168|W |0x0000aaaa |GPIOOC pull configuration
GRF_GPIOOD_PULL 0x016c|(W [0x000055aa|GPIOOD pull configuration
GRF_GPIO1A_PULL 0x0170(W  [0x00006565|GPIO1A pull configuration
GRF_GPIO1B_PULL 0x0174|W [0x00006659|GPIO1B pull configuration
GRF_GPIO1C_PULL 0x0178|W |0x0000aaa5|GPIO1C pull configuration
GRF_GPIO1D_PULL 0x017c|W |0x00005555|GPIO1D pull configuration
GRF_GPIO2A_PULL 0x0180|W |0x0000aaaa |GPIO2A pull configuration
GRF_GPIO2B_PULL 0x0184|W |0x0000aaaa |GPIO2B pull configuration
GRF_GPIO2C_PULL 0x0188|W |0x0000aaaa |GPIO2C pull configuration
GRF_GPIO2D_PULL 0x018c|W |0x0000aa56|GPIO2D pull configuration
GRF_GPIO3A_PULL 0x0190(W  [0x00006955|GPIO3A pull configuration
GRF_GPIO3B_PULL 0x0194|W |0x00006aa5|GPIO3B pull configuration
GRF_GPIO3C_PULL 0x0198(W  [0x0000556a|GPIO3C pull configuration
GRF_GPIO3D_PULL 0x019¢c|W |0x0000aa96|GPIO3D pull configuration
GRF_FLASH_DATA_PULL|0x01a0{W |0x00005555 FLAS.H DATA 10 pull
configuration
GRF_FLASH_CMD_PULL |0x01a4|{W |0x0000195a FLASH CMD 10 pull

configuration

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD

(32 bits) access

7.3.2 Detail Register Description

GRF_GPIOOL_DIR

Address: Operational Base + offset (0x0000)
GPIOOA / GPIOOB output enable control

Bit Attr

Reset Value |

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpioOb_dir

GPIOOB output enable control

When system is forced into power down mode,
158 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

gpioOa_dir

GPIOOA output enable control

When system is forced into power down mode,
2:0 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

GRF_GPIOOH_DIR
Address: Operational Base + offset (0x0004)
GPIOOC / GPIOOD output enable control

| Bit | Attr | Reset Value|

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpioOd_dir

GPIOOD output enable control

When system is forced into power down mode,
158 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

gpioOc_dir

GPIOOC output enable control

When system is forced into power down mode,
2.0 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

GRF_GPIO1L_DIR
Address: Operational Base + offset (0x0008)
GPIO1A / GPIOOB output enable control

Bit

Attr

Reset Value |

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpiolb_dir

GPIO1B output enable control

When system is forced into power down mode,
158 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

gpiola_dir

GPIO1A output enable control

When system is forced into power down mode,
2.0 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

GRF_GPIO1H_DIR
Address: Operational Base + offset (0x000c)
GPIO1C / GPIO1D output enable control

| Bit | Attr | Reset Value|

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpiold_dir

GPIO1D output enable control

When system is forced into power down mode,
158 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

gpiolc_dir

GPIO1C output enable control

When system is forced into power down mode,
2.0 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

GRF_GPIO2L_DIR
Address: Operational Base + offset (0x0010)
GPIO2A / GPIO2B output enable control

Bit

Attr

Reset Value |

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpio2b_dir

GPIO2B output enable control

When system is forced into power down mode,
158 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

gpio2a_dir

GPIO2A output enable control

When system is forced into power down mode,
2.0 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

GRF_GPIO2H_DIR
Address: Operational Base + offset (0x0014)
GPIO2C / GPIO2D output enable control

| Bit | Attr | Reset Value|

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpio2d_dir

GPIO2D output enable control

When system is forced into power down mode,
158 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

gpio2c_dir

GPIO2C output enable control

When system is forced into power down mode,
2.0 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

GRF_GPIO3L_DIR
Address: Operational Base + offset (0x0018)
GPIO3A / GPIO3B output enable control

Bit

Attr

Reset Value |

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpio3b_dir

GPIO3B output enable control

When system is forced into power down mode,
158 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

gpio3a_dir

GPIO3A output enable control

When system is forced into power down mode,
2.0 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

GRF_GPIO3H_DIR
Address: Operational Base + offset (0x001c)
GPIO3C / GPIO3D output enable control

| Bit | Attr | Reset Value|

Description
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Bit Attr | Reset Value Description

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpio3d_dir

GPIO3D output enable control

When system is forced into power down mode,
158 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

gpio3c_dir

GPIO3C output enable control

When system is forced into power down mode,
2.0 RW 0x00 Values written to this register independently

control the direction of the corresponding data

bit in GPIO bits .

0: Input (default)

1:Output

GRF_GPIOOL_DO
Address: Operational Base + offset (0x0020)
GPIOOA / GPIOOB output control

Bit

Attr

Reset Value |

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpioOb_do

GPIOOB output control

When system is forced into power down mode,
15:8 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

gpio0a_do

GPIOOA output control

When system is forced into power down mode,
7:0 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

GRF_GPIOOH_DO
Address: Operational Base + offset (0x0024)
GPIOOC / GPIOOD output control

| Bit | Attr | Reset Value|

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpio0d_do

GPIOOD output control

When system is forced into power down mode,
15:8 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

gpioOc_do

GPIOOC output control

When system is forced into power down mode,
7:0 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

GRF_GPIO1L_DO
Address: Operational Base + offset (0x0028)
GPIO1A / GPIO1B output control

Bit

Attr

Reset Value |

Description
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Bit Attr | Reset Value Description

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpiolb_do

GPIO1B output control

When system is forced into power down mode,
15:8 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

gpiola_do

GPIO1A output control

When system is forced into power down mode,
7:0 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

GRF_GPIO1H_DO
Address: Operational Base + offset (0x002c)
GPIO1C / GPIO1D output control

| Bit | Attr | Reset Value|

Description
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write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpiold_do

GPIO1D output control

When system is forced into power down mode,
15:8 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

gpiolc_do

GPIO1C output control

When system is forced into power down mode,
7:0 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

GRF_GPIO2L_DO
Address: Operational Base + offset (0x0030)
GPIO2A / GPIO2B output control

Bit

Attr

Reset Value |

Description
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Bit Attr | Reset Value Description

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpio2b_do

GPIO2B output control

When system is forced into power down mode,
15:8 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

gpio2a_do

GPIO2A output control

When system is forced into power down mode,
7:0 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

GRF_GPIO2H_DO
Address: Operational Base + offset (0x0034)
GPIO2C / GPIO2D output control

| Bit | Attr | Reset Value|

Description
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Bit Attr | Reset Value Description

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpio2d_do

GPIO2D output control

When system is forced into power down mode,
15:8 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

gpio2c_do

GPIO2C output control

When system is forced into power down mode,
7:0 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

GRF_GPIO3L_DO
Address: Operational Base + offset (0x0038)
GPIO3A / GPIO3B output control

Bit

Attr

Reset Value |

Description
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write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpio3b_do

GPIO3B output control

When system is forced into power down mode,
15:8 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

gpio3a_do

GPIO3A output control

When system is forced into power down mode,
7:0 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

GRF_GPIO3H_DO
Address: Operational Base + offset (0x003c)
GPIO3C / GPIO3D output control

| Bit | Attr | Reset Value|

Description
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write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

gpio3d_do

GPIO3D output control

When system is forced into power down mode,
15:8 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

gpio3c_do

GPIO3C output control

When system is forced into power down mode,
7:0 RW 0x00 Values written to this register are output on

the I/0 signals for GPIO if the corresponding

data direction bits for GPIO are set to output

mode.

GRF_GPIOOL_EN
Address: Operational Base + offset (0x0040)
GPIOOA / GPIOOB output enable

Bit

Attr

Reset Value |

Description
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Bit Attr | Reset Value Description
write_enable
bitO~15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
gpioOb_en
GPIOOB output enable
158 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register
gpioOa_en
GPIOOA output enable
2.0 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register

GRF_GPIOOH_EN
Address: Operational Base + offset (0x0044)
GPIOOC / GPIOOD output enable

| Bit

| Attr

| Reset Value |

Description
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Bit Attr | Reset Value Description
write_enable
bitO~15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
gpioOd_en
GPIOOD output enable
158 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register
gpioOc_en
GPIOOC output enable
2.0 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register

GRF_GPIO1L_EN
Address: Operational Base + offset (0x0048)
GPIO1A / GPIO1B output enable

Bit

Attr

| Reset Value |

Description
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Bit Attr | Reset Value Description
write_enable
bitO~15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
gpiolb_en
GPIO1B output enable
158 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register
gpiola_en
GPIO1A output enable
2.0 RW 0x00 When system is forced intq powgr dowr1
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register

GRF_GPIO1H_EN
Address: Operational Base + offset (0x004c)
GPIO1C / GPIO1D output enable

| Bit | Attr | Reset Value|

Description

High Performance and Low-power Processor for Digital Media Application 156




Raocksl? RK3188 Technical Reference Manual Rev 1.3
Bit Attr | Reset Value Description
write_enable
bitO~15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
gpiold_en
GPIO1D output enable
158 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register
gpiolc_en
GPIO1C output enable
2.0 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register

GRF_GPIO2L_EN
Address: Operational Base + offset (0x0050)
GPIO2A / GPIO2B output enable

Bit

Attr

| Reset Value |

Description
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Bit Attr | Reset Value Description
write_enable
bitO~15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
gpio2b_en
GPIO2B output enable
158 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register
gpio2a_en
GPIO2A output enable
2.0 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register

GRF_GPIO2H_EN
Address: Operational Base + offset (0x0054)
GPIO2C / GPIO2D output enable

| Bit | Attr | Reset Value|

Description

High Performance and Low-power Processor for Digital Media Application 158




Raocksl? RK3188 Technical Reference Manual Rev 1.3
Bit Attr | Reset Value Description
write_enable
bitO~15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
gpio2d_en
GPIO2D output enable
158 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register
gpio2c_en
GPIO2C output enable
2.0 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register

GRF_GPIO3L_EN
Address: Operational Base + offset (0x0058)
GPIO3A / GPIO3B output enable

Bit

Attr

| Reset Value |

Description
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Bit Attr | Reset Value Description
write_enable
bitO~15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
gpio3b_en
GPIO3B output enable
158 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register
gpio3a_en
GPIO3A output enable
2.0 RW 0x00 When system is forced intq powgr dowr1
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register

GRF_GPIO3H_EN
Address: Operational Base + offset (0x005c)
GPIO3C / GPIO3D output enable

| Bit | Attr | Reset Value|

Description
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Bit Attr | Reset Value Description
write_enable
bitO~15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
gpio3d_en
GPIO3D output enable
158 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register
gpio3c_en
GPIO3C output enable
2.0 RW 0x00 When system is forced intq pow.er dOWI.']
mode, Values written to this register will
enable whether GPIO status will be controlled
by GRF register

GRF_GPIOO0OC_IOMUX
Address: Operational Base + offset (0x0068)
GPIOOC iomux control

| Bit | Attr | Reset Value|

Description
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Bit

Attr

Reset Value

Description

31

116

WO

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15

RO

0x0

reserved

14

RW

0x0

gpioOc7_sel
GPIOOC[7] iomux select
1: flash data 15

0: gpio

13

RO

0x0

reserved

12

RW

0x0

gpio0c6_sel
GPIOO0C[6] iomux select
1: flash data 14

0: gpio

11

RO

0x0

reserved

10

RW

0x0

gpio0c5_sel

GPIOOC[5] iomux select
1: flash data 13

0: gpio

RO

0x0

reserved

RW

0x0

gpio0c4_sel

GPIOO0C[4] iomux select
1: fash data 12

0: gpio

RO

0x0

reserved

RW

0x0

gpio0c3_sel

GPIOO0C[3] iomux select
1: flash data 11

0: gpio

RO

0x0

reserved
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Bit Attr | Reset Value Description
gpio0c2_sel
GPIOO0OC[2] iomux select
4 RW 0x0
X 1: flash data 10
0: gpio
3 RO 0x0 reserved
gpioOcl_sel
GPIOOC[1] iomux select
2 RW
0x0 1: flash data9
0: gpio
1 RO 0x0 reserved
gpio0cO_sel
GPIOOC[0] iomux select
RW
0 0x0 1: flash data8
0: gpio

GRF_GPIOOD_IOMUX
Address: Operational Base + offset (0x006c¢)
GPIOOD iomux control

Bit Attr | Reset Value Description

write_enable
bitO~15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by

31:16 (WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;

15 RO 0x0 reserved
gpio0d7_sel

14 RW 0x0 GPIOQD[S] iomux select
1: spil_csnO
0: gpio

13 RO 0x0 reserved
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gpio0d6_sel
12 RW 0x0 GPIOQD[S] iomux select
1: spil_clk
0: gpio
11 RO 0x0 reserved
gpio0d5_sel
10 RW 0x0 GPIOFJD[S] iomux select
1: spil_txd
0: gpio
9 RO 0x0 reserved
gpio0d4_sel
3 RW 0x0 GPIOFJD[4] iomux select
1: spil_rxd
0: gpio
gpio0d3_sel
GPIOOD[3] iomux select
7:6 RW 0x0 01: flash_csn3
10: emmc_rstn_out
00: gpio
gpio0d2_sel
GPIOOD[2] iomux select
5:4 RW 0x0 01: flash_csn2
10: emmc_cmd
00: gpio
3 RO 0x0 reserved
gpio0d1_sel
5 RW 0x0 GPIOOD[1] iomux select
1: flash_csnl
0: gpio
gpio0d0_sel
GPIOOD[0] iomux select
1:0 RW 0x0 01: flash_dgs
10: emmc_clkout
00: gpio
GRF_GPIO1A_IOMUX
Address: Operational Base + offset (0x0070)
GPIO1A iomux control
| Bit | Attr | Reset Value | Description
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Bit Attr | Reset Value Description

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

gpiola7_sel

GPIO1A[7] iomux select
15:14 |RW 0x0 01: uvartl_rts n

10: spi0_csn0

00: gpio

gpiola6_sel

GPIO1A[6] iomux select
13:12 |RW 0x0 01: uvartl_cts n

10: spi0O_clk

00: gpio

gpiola5_sel

GPIO1A[5] iomux select
11:10 |RW 0x0 01: uartl_sout

10: spi0_txd

00: gpio

gpiola4_sel

GPIO1A[4] iomux select
9:8 RW 0x0 01: uartl_sin

10: spi0O_rxd

00: gpio

7 RO 0x0 reserved

gpiola3_sel

GPIO1A[3] iomux select
1: uartO_rts_n

0: gpio

6 RW 0x0

5 RO 0x0 reserved
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Bit Attr | Reset Value

Description

gpiola2_sel
4 RW 0x0

0: gpio

GPIO1A[2] iomux select
1: uartO_cts_n

3 RO 0x0 reserved

gpiolal_sel

2 RW
0x0 1: uartO sout

0: gpio

GPIO1A[1] iomux select

1 RO 0x0 reserved

gpiola0_sel

RW
0 0x0 1: uartO_sin

0: gpio

GPIO1A[0] iomux select

GRF_GPIO1B_IOMUX
Address: Operational Base + offset (0x0074)
GPIO1B iomux control

Bit Attr | Reset Value

Description

write_enable

software .

software;

31:16 (WO 0x0000 software .

software;

software .

software;

bitO~15 write enable
When bit 16=1, bit 0 can be written by

When bit 16=0, bit 0 cannot be written by

When bit 17=1, bit 1 can be written by

When bit 17=0, bit 1 cannot be written by

When bit 31=1, bit 15 can be written by

When bit 31=0, bit 15 cannot be written by

15 RO 0x0 reserved

gpiolb7_sel

14 RW 0x0
X 1: spi0_csnl

0: gpio

GPIO1B[7] iomux select
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Bit Attr | Reset Value Description

gpiolb6_sel

GPIO1B[6] iomux select
13:12 |RW 0x0 01: spdif_tx

10: spil_csnl

00: gpio

gpiolb5_sel

GPIO1B[5] iomux select
11:10 |RW 0x0 01: uvart3_rts_n

10: Reserved

00: gpio

gpiolb4_sel

GPIO1B[4] iomux select
9:8 RW 0x0 01: uvart3_cts_n

10: gps_rfclk

00: gpio

gpiolb3_sel

GPIO1B[3] iomux select
7:6 RW 0x0 01: uart3_sout

10: gps_sig

00: gpio

gpiolb2_sel

GPIO1B[2] iomux select
5:4 RW 0x0 01: uart3_sin

10: gps_mag

00: gpio

gpiolbl_sel

GPIO1B[1] iomux select

3:2 RW 0x0 01: uart2_sout

10: jtag_tdo (or jtag_sel=1)
00: gpio

gpiolb0_sel

GPIO1B[0] iomux select

1:0 RW 0x0 01: uart2_sin

10: jtag_tdi (or jtag_sel =1)
00: gpio

GRF_GPIO1C_IOMUX
Address: Operational Base + offset (0x0078)
GPIO1C iomux control

| Bit | Attr | Reset Value| Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:11

RO

0x0

reserved

10

RW

0x0

gpiolc5_sel

GPIO1C[5] iomux select
1:i2s_sdo

0: gpio

RO

0x0

reserved

RW

0x0

gpiolc4_sel

GPIO1C[4] iomux select
1: i2s_sdi

0: gpio

RO

0x0

reserved

RW

0x0

gpiolc3_sel

GPIO1C[3] iomux select
1:i2s_Irck_tx

0: gpio

RO

0x0

reserved

RW

0x0

gpiolc2_sel

GPIOO0OC[2] iomux select
1:i2s_Irclk_rx

0: gpio

RO

0x0

reserved

RW

0x0

gpiolcl_sel

GPIO1C[1] iomux select
1: i2s_sclk

0: gpio

RO

0x0

reserved
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gpiolcO_sel
0 RW 0x0 GPIO1C[0] iomux select
1:i2s_clk
0: gpio

GRF_GPIO1D_IOMUX
Address: Operational Base + offset (0x007¢)
GPIO1D iomux control

Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bit0O~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15

RO

0x0

reserved

14

RW

0x0

gpiold7_sel

GPIO1D[7] iomux select
1:i2c4_scl

0: gpio

13

RO

0x0

reserved

12

RW

0x0

gpiold6_sel

GPIO1D[6] iomux select
1:i2c4_sda

0: gpio

11

RO

0x0

reserved

10

RW

0x0

gpiold5_sel

GPIO1D[5] iomux select
1:i2c2_scl

0: gpio

RO

0x0

reserved
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gpiold4_sel

GPIO1D[4] iomux select
1:i2c2_sda

0: gpio

8 RW 0x0

7 RO 0x0 reserved

gpiold3_sel

GPIO1D[3] iomux select
1:i2cl1_scl

0: gpio

6 RW 0x0

5 RO 0x0 reserved

gpiold2_sel

GPIO1D[2] iomux select
1:i2cl_sda

0: gpio

4 RW 0x0

3 RO 0x0 reserved

gpioldl_sel

GPIO1D[1] iomux select
1:i2c0_scl

0: gpio

2 RW 0x0

1 RO 0x0 reserved

gpioldO_sel

GPIO1D[0] iomux select
1:i2c0_sda

0: gpio

0 RW 0x0

GRF_GPIO2A_IOMUX
Address: Operational Base + offset (0x0080)
GPIO2A iomux control

| Bit | Attr | Reset Value| Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x0

gpio2a7_sel

GPIO2A[7] iomux select
01: lcdcl_data?

10: smc_data?

11: trace data?

00: gpio

13:12

RW

0x0

gpio2a6_sel

GPIO2A[6] iomux select
01: lcdcl_datab

10: smc_data6

11: trace_data6

00: gpio

11:10

RW

0x0

gpio2a5_sel

GPIO2A[5] iomux select
01: lcdcl_datas

10: smc_datab

11: trace_data5

00: gpio

9:8

RW

0x0

gpio2a4_sel

GPIO2A[4] iomux select
01: lcdcl_datad

10: smc_datad

11: trace_datad

00: gpio
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gpio2a3_sel

GPIO2A[3] iomux select
01: lcdc_data3

10: smc_data3

11: trace_data3

00: gpio

7:6 RW 0x0

gpio2a2_sel

GPIO2A[2] iomux select
01: lcdc_data2

10: smc_data2

11: trace_data2

00: gpio

5:4 RW 0x0

gpio2al_sel

GPIO2A[1] iomux select
01: lcdcl_datal

10: smc_datal

11: trace_datal

00: gpio

3:2 RW 0x0

gpio2a0_sel

GPIO2A[0] iomux select
01: lcdcl_dataO

10: smc_data0

11: trace_dataO

00: gpio

1:0 RW 0x0

GRF_GPIO2B_IOMUX
Address: Operational Base + offset (0x0084)
GPIO2B iomux control

| Bit | Attr | Reset Value| Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x0

gpio2b7_sel

GPIO2B[7] iomux select
01: lcdcl_datals

10: smc_datal5

11: trace datal5s

00: gpio

13:12

RW

0x0

gpio2b6_sel

GPIO2B[6] iomux select
01: lcdcl_datail4d

10: smc_datal4

11: trace_datal4

00: gpio

11:10

RW

0x0

gpio2b5_sel

GPIO2B[5] iomux select
01: lcdcl_datal3

10: smc_datal3

11: trace_datal3

00: gpio

9:8

RW

0x0

gpio2b4_sel

GPIO2B[4] iomux select
01: lcdcl_datal2

10: smc_datal2

11: trace_datal?2

00: gpio
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gpio2b3_sel

GPIO2B[3] iomux select
01: lcdcl_datal1l

10: smc_datall

11: trace_datall

00: gpio

7:6 RW 0x0

gpio2b2_sel

GPIO2B[2] iomux select
01: lcdcl_dataloO

10: smc_datal0

11: trace_datalo0

00: gpio

5:4 RW 0x0

gpio2b1l_sel

GPIO2B[1] iomux select
01: lcdcl_data9

10: smc_data9

11: trace_data9

00: gpio

3:2 RW 0x0

gpio2b0_sel

GPIO2B[0] iomux select
01: lcdcl_data8

10: smc_data8

11: trace_data8

00: gpio

1:0 RW 0x0

GRF_GPIO2C_IOMUX
Address: Operational Base + offset (0x0088)
GPIO2C iomux control

| Bit | Attr | Reset Value| Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x0

gpio2c7_sel

GPIO2C[7] iomux select
01: lcdcl_data23

10: smc_addr?7

00: gpio

13:12

RW

0x0

gpio2c6_sel

GPIO2C[6] iomux select
01: lcdcl_data22

10: smc_addr6

00: gpio

11:10

RW

0x0

gpio2c5_sel

GPIO2C[5] iomux select
01: lcdcl_data21

10: smc_addr5

00: gpio

9:8

RW

0x0

gpio2c4_sel

GPIO2C[4] iomux select
01: lcdcl_data20

10: smc_addr4

00: gpio

7:6

RW

0x0

gpio2c3_sel

GPIO2C[3] iomux select
01: lcdcl_datal9

10: smc_addr3

0: gpio
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Bit Attr | Reset Value Description

gpio2c2_sel

GPIO2C[2] iomux select
5:4 RW 0x0 01: lcdcl_datal8

10: smc_addr2

00: gpio

gpio2cl_sel

GPIO2C[1] iomux select
01: lcdcl_datal?

10: smc_addril

11: trace_ctl

00: gpio

3:2 RW 0x0

gpio2c0_sel

GPIO2C[0] iomux select
01: lcdc_datal6

10: smc_addr0

11: trace_clk

00: gpio

1:0 RW 0x0

GRF_GPIO2D_IOMUX
Address: Operational Base + offset (0x008c)
GPIO2D iomux control

Bit Attr | Reset Value Description

write_enable

bit0O~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15 RO 0x0 reserved

gpio2d7_sel
GPIO2D[7] iomux select

14 RW
0x0 1: test_clock_out
0: gpio
13 RO 0x0 reserved
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Bit Attr | Reset Value Description

gpio2d6_sel

GPIO2D[6] iomux select
1: smc_csnl

0: gpio

12 RW 0x0

11 RO 0x0 reserved

gpio2d5_sel

GPIO2D[5] iomux select
1: smc_bls_n1

0: gpio

10 RW 0x0

9 RO 0x0 reserved

gpio2d4_sel
GPIO2D[4] iomux select
1: smc_bls_n0O

0: gpio

8 RW 0x0

gpio2d3_sel

GPIO2D[3] iomux select
7:6 RW 0x0 01: lcdcl_vsync

10: smc_adv_n

00: gpio

gpio2d2_sel

GPIO2D[2] iomux select
5:4 RW 0x0 01: lcdcl_hsync

10: smc_oe_n

00: gpio

gpio2d1_sel

GPIO2D[1] iomux select
3:2 RW 0x0 01: Icdcl_den

10: smc_we_n

00: gpio

gpio2d0_sel

GPIO2D[0] iomux select
1:0 RW 0x0 01: lcdcl_dclk

10: smc_csnO

00: gpio

GRF_GPIO3A_IOMUX
Address: Operational Base + offset (0x0090)
GPIO3A iomux control

| Bit | Attr | Reset Value| Description
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Bit

Attr

Reset Value

Description

31

116

WO

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15

RO

0x0

reserved

14

RW

0x0

gpio3a7_sel
GPIO3A[7] iomux select
1: sdmmc0_data3

0: gpio

13

RO

0x0

reserved

12

RW

0x0

gpio3a6_sel
GPIO3A[6] iomux select
1:sdmmc0_data2

0: gpio

11

RO

0x0

reserved

10

RW

0x0

gpio4a5_sel

GPIO4A[5] iomux select
1: sdmmc0_datal

0: gpio

RO

0x0

reserved

RW

0x0

gpio3a4_sel

GPIO3A[4] iomux select
1: sdmmc0_data0

0: gpio

RO

0x0

reserved

RW

0x0

gpio3a3_sel

GPIO3A[3] iomux select
1: sdmmc0_cmd

0: gpio

RO

0x0

reserved
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gpio3a2_sel

4 RW 0x0 GPIO3A[2] iomux select
1: sdmmcO_clkout
0: gpio

3 RO 0x0 reserved
gpio3al_sel

5 RW 0x0 GPIO3A[1] iomux select
1: sdmmcO_pwr_en
0: gpio

1 RO 0x0 reserved
gpio3a0_sel

0 RW 0x0 GPIO3A[0] iomux select
1: sdmmcO_rstn_out
0: gpio

GRF_GPIO3B_IOMUX
Address: Operational Base + offset (0x0094)
GPIO3B iomux control

Bit

Attr | Reset Value

Description

31:16

WO 0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW 0x0

gpio3b7_sel

GPIO3B[7] iomux select
01: cif _datall

10: i2c3_scl

00: gpio
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Bit Attr | Reset Value Description

gpio3b6_sel

GPIO3B[6] iomux select
13:12 |RW 0x0 01: cif_datal0

10: i2c3_sda

00: gpio

gpio3b5_sel

GPIO3B[5] iomux select
11:10 |RW 0x0 01: cif_datal

10: hsadc_data9

00: gpio

gpio3b4_sel

GPIO3B[4] iomux select
9:8 RW 0x0 01: cif _dataO

10: hsadc_data8

00: gpio

7 RO 0x0 reserved

gpio3b3_sel
GPIO3B[3] iomux select
1: cif_clkout

0: gpio

6 RW 0x0

5:3 RO 0x0 reserved

gpio3b1l_sel

GPIO3B[1] iomux select
1: sdmmcO_write_prt
0: gpio

2 RW 0x0

1 RO 0x0 reserved

gpio3b0_sel

GPIO3B[0] iomux select
1: sdmmcO_detect_n

0: gpio

0 RW 0x0

GRF_GPIO3C_IOMUX
Address: Operational Base + offset (0x0098)
GPIO3C iomux control

| Bit | Attr | Reset Value| Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable
bit0~15 write enable

When bit 16=1, bit 0 can be written by

software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by

software .

When bit 17=0, bit 1 cannot be written by

software;

When bit 31=1, bit 15 can be written by

software .

When bit 31=0, bit 15 cannot be written by

software;

15:14

RW

0x0

gpio3c7_sel

GPIO3C[7] iomux select
01: sdmmcl_write_prt
10: rmii_crs_dvalid

00: gpio

13:12

RW

0x0

gpio3c6_sel

GPIO3C[6] iomux select
01: sdmmcl_detect n
10: rmii_rx_err

00: gpio

11:10

RW

0x0

gpio3c5_sel

GPIO3C[5] iomux select
01: sdmmcl_clkout

10: rmii_clkout

11: rmii_clkin

00: gpio

9:8

RW

0x0

gpio3c4_sel

GPIO3C[4] iomux select
01: sdmmcl_data3

10: rmii_rxd1

00: gpio

7:6

RW

0x0

gpio3c3_sel

GPIO3C[3] iomux select
01: sdmmcl_data2

10: rxii_rxdO

00: gpio
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Bit

Attr

Reset Value

Description

5:4

RW

0x0

gpio3c2_sel

GPIO3C[2] iomux select
01: sdmmcl_datal

10: rmii_txdO

00: gpio

3:2

RW

0x0

gpio3cl_sel

GPIO3(C[1] iomux select
01: sdmmcl_dataO

10: rmii_txd1

00: gpio

1:0

RW

0x0

gpio3c0_sel

GPIO3C[0] iomux select
01: smmcl_cmd

10: rmii_tx_en

00: gpio

GRF_GPIO3D_IOMUX
Address: Operational Base + offset (0x009c¢)
GPIO3D iomux control

Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RO

0x0

reserved

13:12

RW

0x0

gpio3d6_sel

GPIO3D[6] iomux select

01: pwm3

10: jtag_tms(or jtag_sel=1)
11: host_drv_vbus

00: gpio
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Bit Attr | Reset Value Description

gpio3d5_sel

GPIO3D[5] iomux select

01l: pwm2

10: jtag_tck (or jtag_sel=1)
11: otg_drv_vbus

00: gpio

11:10 |RW 0x0

gpio3d4_sel

GPIO3D[4] iomux select

9:8 RW 0x0 01: pwm1l

10: jtag_trstn (or jtag_sel=1)
00: gpio

7 RO 0x0 reserved

gpio3d3_sel

GPIO3D[3] iomux select
1: pwmO

0: gpio

6 RW 0x0

5 RO 0x0 reserved

gpio3d2_sel

GPIO3D[2] iomux select
1: sdmmcl_int_n

0: gpio

4 RW 0x0

gpio3d1_sel

GPIO3D[1] iomux select
3:2 RW 0x0 01: sdmmcl_backend_pwr
10: mii_mdclk

00: gpio

gpio3d0_sel

GPIO3D[0] iomux select
1:0 RW 0x0 01: sdmmcl_pwr_en
10: mii_md

00: gpio

GRF_SOC_CONO
Address: Operational Base + offset (0x00a0)
soc control register

| Bit | Attr |Reset Value| Description
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Bit

Attr

Reset Value

Description

31

116

RW

0x0000

write_enable

bit 0~bit 15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15

RW

0x0

hsadc_clk_dir

hsadc clock direction control
0: clock out

1: clock in

14

RW

0x0

hsadc_sel

hsadc iomux select contorl

1: select hsadc function

0: don't select hsadc function

13

RO

0x0

reserved

12

RW

0x0

noc_remap
noc remap signal

When soc_remap = 1, the bootrom is mapped
to address 0x10100000 and internal memory
is mapped to address 0xO0.

11

RW

0x0

emmc_flash_sel

emmc flash select used for iomux
IO_FLASH_DATA[7:0] , IO_FLASH_WP are
selected for emmc instead of flash

10:

7

RW

0x0

tzpc_revision

6:5

RW

0x0

|2cache_acc

L2 Cache access control

L2 Cache access control

00: accessed by CPU

10: low half accessed by CPU , high half
accessed by AXI

11/01: accessed by AXI
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12rd_wait
L2 Cache read wait cycle
00: the rdata of L2 cache will be captured at
the next cycle after read command valid
when used as internal memory.
01: the rdata of L2 cache will be captured one

4:3 RW Ox1 cycle later after read command valid when
used as internal memory.
10: the rdata of L2 cache will be captured two
cycle later after read command valid when
used as internal memory.
11: the rdata of L2 cache will be captured three
cycle later after read command valid when
used as internal memory.
imemrd_wait
IMEM read wait cycle
00: the rdata of internal memory will be
captured at the next cycle after read command
valid
01: the rdata of internal memory will be

5:1 RW Ox1 \c/zﬁ’(cjured one cycle later after read command
10: the rdata of internal memory will be
captured two cycle later after read command
valid
11: the rdata of internal memory will be
captured three cycle later after read command
valid

0 RO 0x0 reserved

GRF_SOC_CON1
Address: Operational Base + offset (0x00a4)
soc control register

| Bit | Attr |Reset Value|

Description
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Bit Attr | Reset Value Description

write_enable

bit O~bit 15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 |RW 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

rki2c_sel

rki2c select

0: use old i2c

1: rki2c is used instead of old i2c

15:11 |[RW 0x00

vcodec_sel
vdpu vepu clock select

10 RW 0x0 0: select vepu aclk as vcodec main clock
1: select vdpu aclk as vcodec main clock
peri_emem_pause

? RW 0x0 PERI AHB bus arbiter pause control
peri_usb_pause

8 RW 0x0 peri usb ahb bus arbiter pause control
USB AHB bus arbiter pause control

7 RO 0x0 reserved
smc_mux_mode_0

6 RW 0x0 When high, the smc memory interface
operates in multiplexed address/data mode.
smc_sram_mw_0O
Sets the memory width for smc chip selectO, on
memory interface 0, when
remap_0(grf_soc_con[14]) is high, the

5:4 RW 0x0 encoding is :
00: 8 bit
01: 16 bit
10: 32bit

11: reserved
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Bit

Attr | Reset Value

Description

RW 0x0

smc_remap_0
If high, remap smc controller chip select 0, on
memory interface 0 , to address 0x0

RW Ox1

smc_a_gt_m0_sync

Indicate that if aclk is faster than and
synchronous to mclk0O in smc controller

1: aclk is faster than and synochrounous to
mclkO

RW Ox1

emac_speed
0: 10MHz
1:100MHz

RW 0x0

emac_mode
0: rmii
1: mii

GRF_SOC_CON2
Address: Operational Base + offset (0x00a8)
soc control register

Bit

Attr | Reset Value

Description

31:16

RW 0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15

RW 0x0

sdio_clk_out_sr

sdio clock out pin slew rate
0: slow

1: fast

14

RO 0x0

reserved

13:11

RW Ox1

mem_ema_l2c
L2C memory EMA control

10:8

RW Ox1

mem_ema_a9
A9 memory EMA control
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msch4_mainddr3

7 RW 0x0 When DDR3 is used , software should
configure this bit to 1.
emac_newrcv_en
the selection of RMII receive selection

6 RW 0x0 0: don't support the data package without
header
1: support the data package without header
sw_addrl5_en

5 RW 0x0 1 : The axiaddr[15] of L2C axibus 1l is
switched with axiaddr[12] of L2C axi bus 1
sw_addrl6_en

4 RW 0x0 1 : The axiaddr[16] of L2C axi bus'1 is
switched with axiaddr[13] of L2C axi bus 1
sw_addrl7_en

3 RW 0x0 1 : The axiaddr[17] of L2C axibus 1 s
switched with axiaddr[14] of L2C axi bus 1
bank2_to_rank_en

2 RW 0x0 1: bank[2] connect to rank
rank_to_row15_en

1 RW 0x0 1: ddr rank bit connect to row[15]
upctl_c_active_in
ddr clock active in. External signal from
system that flags if a hardware low power

0 RW 0x0 request can be accepted or should always be
denied.
0: may be accepted
1: will be denied

GRF_SOC_STATUSO
Address: Operational Base + offset (0x00ac)
soc status register

Bit Attr | Reset Value Description

31:27 |RO 0x0 reserved

timer_en_status6t3
26:23 |RW 0x0 -

X TIMER6~3 enable status

22 RW 0x0 uhost_adpprb .

uhost otg_adpprb signal status
21 RW Ox1 uhost_adpsns

otg_phy adpsns status

h : .

20 RW 0x0 u ost_utmlotg__lddlg_] o

uhost phy utmiotg_iddig signal status
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Bit Attr | Reset Value Description

19:18 |rRw 0x0 uhost_utmi_linestate
otg phy otg_utmi_linstate singal status

17 RW 0x0 uhost_utmisrp_bvalid
the otg_phy otg_utmisrp_bvalid status signal
uhost_utmiotg_vbusvalid

16 RW 0x0 the uhost phy otg_utmiotg_vbusvalid signal
status

15 RW  |0xO0 otg_adpprb
otg_phy otg_adpprb signal status

14 RW  |ox1 otg_adpsns
otg_phy adpsns status

13 RW Ox1 otg_utmiotg_iddig
otg_phy utmiotg_iddig signal status

12:11 |rRw 0x0 otg_utmi_linestate
otg phy otg_utmi_linstate singal status

10 RW 0x0 otg_utmisrp_bvalid
the otg_phy otg_utmisrp_bvalid status signal
otg_utmiotg_vbusvalid

9 RW 0x0 the otg phy otg_utmiotg_vbusvalid signal
status
general_pll_lock_status

8 RW.|0x0 GENERAL PLL lock status
codec_pll_lock_status

/ RW 0x0 CODEC PLL lock status
arm_pll_lock_status

° RW.|0x0 ARM PLL lock status
ddr_pll_lock_status

> RW |20 DDR PLL lock status

4:3 RO 0x0 reserved
timer_en_status2t0

2:0|RO. |0x0 TIMER2~0 enable status

GRF_DMACO_CONO
Address: Operational Base + offset (0x00bO0)
DMACO control register

| Bit

| Attr

| Reset Value | Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:7

RO

0x0

reserved

6:4

RW

0x0

dmacO0_boot_addr

DMACO boot_addr[18:16] input control
Configures the address location that contains
the first instruction the DMAC executes, when
it exits from reset.

RO

0x0

reserved

2:1

RW

Ox1

dmacO0_drtype

DMACO type of acknowledgement or request
for peripheral signals:

00: single level request

01: burst level request

10: acknowledging a flush request

11: reserved

RW

0x0

dmac0_boot_from_pc

dmac0_boot_from_pc

DMACO boot_from_pc input control

Controls the location in which the DMACO
executes its initial instruction, after it exits
from reset :

0= DMACO waits for an instruction from APB
interface

1= DMAC manager thread executes the
instruction that is located at the address that
boot_addr[31:0] provided.

GRF_DMACO_CON1
Address: Operational Base + offset (0x00b4)
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DMACI1 control register

Bit Attr | Reset Value Description

write_enable

bitO~bitl5 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 (WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

dmacO_boot_addr

DMACO boot_addr[15:0] input control

15:0 RW 0x0000 Configures the address location that contains
the first instruction the DMAC executes, when
it exits from reset.

GRF_DMACO0_CON2
Address: Operational Base + offset (0x00b8)
DMACO control register

Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;
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Bit

Attr

Reset Value

Description

15:8

RW

0x00

dmacO0_boot_irg_ns

DMAC1 boot_irg_ns[11:4] input control
Controls the security state of an
event-interrupt resource , when the DMAC1
exits from reset.

Note : DMACI1 don't support secure feature,
these bits don't need to be configured.

7:0

RW

0x00

dmac0_boot_periph_ns

DMAC1 boot_peri_ns[11:4] input control
Controls the security state of a peripheral
request interface, when the DMAC1 exits from
reset.

Note: DMAC1 don't support secure feature,
these bits don't need to be configured.

GRF_DMAC1_CONO
Address: Operational Base + offset (0x00bc)
DMACI1 control register

Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bit0O~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:2

RW

Ox 3fff

dmacl_boot_irg_ns

DMACI1 boot_irg_ns input control

Controls the security state of an
event-interrupt resource , when the DMAC1
exits from reset.

Note: DMAC1 don't support secure feature ,
these bits don't need to be configured.
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Bit

Attr

Reset Value

Description

RW

Ox1

dmacl_boot_manager_ns

DMAC1 boot_manager_ns input control

When the DMAC1 exits from reset , this signal
controls the security state of the DMA manager
thread:

0 = assigns DMA manager to the secure state
1 = assigns DMA manager to the Non-secure
state

RW

0x0

dmacl_boot_from_pc

dmacl_boot_from_pc

DMAC1 boot_from_pc input control

Controls the location in which the DMAC1
executes its initial instruction, after it exits
from reset :

0= DMACI1 waits for an instruction from APB
interface

1= DMAC manager thread executes the
instruction that is located at the address that
boot_addr[31:0] provided.

GRF_DMAC1_CON1
Address: Operational Base + offset (0x00c0)
DMACI1 control register

Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bit0~bitl5 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;
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Bit Attr | Reset Value Description
dmacl_boot_addr
dmacl_boot_addr[27:12]
15:0 RW 0x0000 DMAC1 boot_addr[27:12] input control

Configures the address location that contains
the first instruction the DMAC executes, when
it exits from reset.

GRF_DMAC1_CON2
Address: Operational Base + offset (0x00c4)
DMACI1 control register

Bit Attr | Reset Value Description
write_enable
bitO~bit15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
15:10 (RO 0x0 reserved
dmacl_boot_periph_ns
DMAC1 boot_peri_ns[19:16] input control
Controls the security state of a peripheral
9:6 RW Oxf request interface , when the DMAC1 exits from
reset.
Note: DMAC1 don't support secure feature,
these bits don't need to be configured.
dmacl_drtype
DMACI1 type of acknowledgement or request
for peripheral signals:
5:4 RW Ox1 00: single level request

01: burst level request
10: acknowledging a flush request
11: reserved
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Bit Attr | Reset Value Description
dmacl_boot_addr
dmacl_boot_addr[31:28]
3:0 RW 0x0 DMAC1 boot_addr[31:28] input control

Configures the address location that contains
the first instruction the DMAC executes, when
it exits from reset.

GRF_DMAC1_CON3
Address: Operational Base + offset (0x00c8)
DMACI1 control register

Bit Attr | Reset Value Description

write_enable
bitO~bit15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by

31:16 (WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
dmacl_boot_perph_ns
DMAC1 boot_peri_ns[19:16] input control
Controls the security state of a peripheral

15:0 RW Oxffff request interface , when the DMAC1 exits from
reset.
Note: DMAC1 don't support secure feature,
these bits don't need to be configured.

GRF_CPU_CONO
Address: Operational Base + offset (0x00cc)
Ccpu core sub-system configuration control

| Bit

| Attr

| Reset Value |

Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 (WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by

software .
When bit 31=0, bit 15 cannot be written by
software;
I2c_cfgaddrfilteren
15 RW Ox1 -
X I2c cfgaddrfilteren bit control
I2c_cfgbigend
14 RW 0x0 -
X I2c cfgbigned bit control
a9_filteren
1 RW -
3 0x0 Cortex-A9 filteren bit contol
a9_teinit_3
12 RW N -
0x0 Cortex-A9 teinit bit control bit3
12 [
11:9  |RW  |ox2 c-waysizeé
I2c waysize bit control
a9_pwrctlil
8:7 RW 0x0 -
X Cortex-A9 corel pwrctli bit control
a9_pwrctlio

6:5 RW 0x0
& Cortex-A9 core0 pwrctli bit control

I2¢c_associativity

4 RW Ox1
L2C associativity bit control

a9 _eventi

RW
3 0x0 Cortex-A9 eventi bit control

a9_maxclklatency
2:0 RW 0x7 Cortex-A9 max clock latency control
Cortex-A9 maxclklatency bit control

GRF_CPU_CON1
Address: Operational Base + offset (0x00d0)
cpu core sub-system configuration constrol

| Bit | Attr | Reset Value| Description
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Bit Attr | Reset Value Description

write_enable
bitO~bit15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by

31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;

15 RW 0x0 a9 _scuevabort
Cortex-A9 scuevabort bit control

14:12 |RW 0x0 ad_teinit
Cortex-A9 teinit bit control bit2~0
a9_vinithi

11:8 RW 0x0 Cortex-A9 vinithi bit control

) a9_cfgnmfi

74 RW 0x0 Cortex-A9 cfgnmfi bit control
a9_cfgend

3:0 RW 0x0 Cortex-A9 cfgend bit control

GRF_CPU_CON2
Address: Operational Base + offset (0x00d4)
Ccpu core sub-system configuration control

| Bit

| Attr | Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15

RO

0x0

reserved

14

RW

Ox1

dap_deviceen
Cortex-A9 debug DAP deviceen bit control

13:12

RO

0x0

reserved

11:0

RW

0x000

a9 _filterstart
Cortex-A9 filter start address

GRF_CPU_CON3
Address: Operational Base + offset (0x00d8)
cpu core sub-system configuration control

Bit Attr | Reset Value Description

write_enable
bitO~bit1l5 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by

31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
a9_pwrctli3

15:14 |RW 0x0 Cortex-A9 core3 pwrctli bit control
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Bit Attr | Reset Value

Description

13:12 |RW 0x0 a9_pwrctli2

Cortex-A9 core2 pwrctli bit control

11:0 RW 0x000 a9_filterend

Cortex-A9 filter end address

GRF_CPU_CON4
Address: Operational Base + offset (0x00dc)
cpu core sub-system configuration control

Bit Attr | Reset Value

Description

write_enable

software .

software;

31:16 (WO 0x0000 software .

software;

software .

software;

bit0O~bitl5 write enable
When bit 16=1, bit 0 can be written by

When bit 16=0, bit 0 cannot be written by

When bit 17=1, bit 1 can be written by

When bit 17=0, bit 1 cannot be written by

When bit 31=1, bit 15 can be written by

When bit 31=0, bit 15 cannot be written by

15:12 |RO 0x0 reserved

11:0 RW 0x600

|12c_filterstart
L2C filter address start

GRF_CPU_CONS5
Address: Operational Base + offset (0x00e0)
Ccpu core sub-system configuration control

| Bit | Attr | Reset Value|

Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:12

RO

0x0

reserved

11:0

RW

0xe00

[2c_filterend
L2C filter address end

GRF_DDRC_CONO
Address: Operational Base + offset (0x00ec)
DDRC control register

Bit Attr | Reset Value Description

write_enable
bitO~bitl5 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by

31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
ddr_16bit_en

15 RW 0x0 DDR interface 16bit enable

14:13 |RO 0x0 reserved
dto_Ib

12:11 |RW 0x0 DTO I/0O internal loopback enable
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Bit Attr | Reset Value Description
dto_te
10:9 RW 0x0 N
X DTO I/O on-die termination enable
dto_pdr
8:7 RW 0x0 N
X DTO I/0 receiver power down
dto_pdd
6:5 RW 0x0 N
X DTO I/0O driver power down
dto_iom
4: RW N
3 0x0 DTO I/O mode select
dto_oe
2:1 RW 0x0 N
X DTO I/0 output enable
ato_ae
0 RW 0x0 Enables, if set, the ar.'nalog test output I/0.
Connects to the AE pin of the analog test
output I/0

GRF_DDRC_STAT
Address: Operational Base + offset (0x00f0)
DDRC status

Bit Attr | Reset Value Description

31:19 |RO 0x0 reserved

ddrupctl_stat

3'b000 = Init_mem

3'b001 = Config

3'b010 = Config_req

18:16 |RO 0x0 3'b011 = Access

3'b100 = Access_req

3'b101 = Low_power

3'b110 = Low_power_entry_req
3'b111 = Low_power_exit_req

ddrupctl_bbflags

NIF output vector which provides combined
information about the status of each memory
15:0 RO 0x0000 bank. The de-assertion is based on when
precharge, activates, reads/writes.

BitO indication BankO busy, bitl indication
Bank1 busy, and so on.

GRF_IO_CONO
Address: Operational Base + offset (0x00f4)
I0 drive strength configuration

| Bit | Attr |Reset Value| Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x0

drive_strength_ctrl_6

gpiol, uart3 and spil drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

13:12

RW

0x0

drive_strength_ctrl_5

gpiol and uart2 drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

11:10

RW

0x0

drive_strength_ctrl_4

gpiol, uartl, spiO drive strength bit control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

9:8

RW

0x0

drive_strength_ctrl_3

gpiol and uartO drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA
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Bit

Attr

Reset Value

Description

7:6

RW

0x0

drive_strength_ctrl_2
gpio0_d drive strength constrl
00: 2mA

01: 4mA

10: 8mA

11: 12mA

5:4

RW

Ox1

drive_strength_ctrl_1

gpio0 and flash drive strengh control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

3:2

RW

Ox2

drive_strength_ctrl_0

gpio0 and flash drive strengh control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

1:0

RO

0x0

reserved

GRF_IO_CON1

Address: Operational Base + offset (0x00f8)
10 drive strength configuration

Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;
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Bit

Attr

Reset Value

Description

15:14

RW

0x3

drive_strength_ctrl_14

gpio2 and lcdcl drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

13:12

RW

0x0

drive_strength_ctrl_13

gpiol and i2c4 drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

11:10

RW

0x0

drive_strength_ctrl_12

gpiol and i2c2 drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

9:8

RW

0x0

drive_strength_ctrl_11

gpiol and i2cl drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

7:6

RW

0x0

drive_strength_ctrl_10

gpiol and i2c0 drive strength control0: 2mA
01: 4mA

10: 8mA

11: 12mA

5:4

RW

0x0

drive_strength_ctrl_9
gpiol_c drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

3:2

RW

0x0

drive_strength_ctrl_8

gpiol and i2s drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA
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Bit Attr | Reset Value Description
drive_strength_ctrl_7
gpiol and i2s drive strength control
00: 2mA
1:0 RW Ox1 01: 4mA
10: 8mA
11: 12mA

GRF_IO_CON2

Address: Operational Base + offset (0x00fc)
10 drive strength configuration

Bit Attr | Reset Value Description
write_enable
bit0~bitl5 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
drive_strength_ctrl_22
gpio3 and cif drive strength control
00: 2mA
15:14 |RW 0x0 01: 4mA
10: 8mA
11: 12mA
drive_strength_ctrl_21
gpio3 and cif drive strength control
00: 2mA
13:12 |RW Ox1 01: 4mA
10: 8mA
11: 12mA
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Bit Attr | Reset Value Description

drive_strength_ctrl_20
gpio3_b drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

11:10 |RW 0x0

drive_strength_ctrl_19

gpio3 and sdmmc drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

9:8 RW 0x0

drive_strength_ctrl_18
gpio3 and sdmmc drive strength control

00: 2mA
7:6 RW Ox1 01: 4mA

10: 8mA

11: 12mA
5:4 RO 0x0 reserved

drive_strength_ctrl_16
drive_strength_ctrl_16

gpio2 and smc drive strength bit control
3:2 RW Ox1 00: 2mA

01: 4mA

10: 8mA

11: 12mA

drive_strength_ctrl_15

gpio2 and lcdcl drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

1:0 RW 0x2

GRF_IO_CON3
Address: Operational Base + offset (0x0100)
10 drive strength configuration

| Bit | Attr |Reset Value| Description
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Bit Attr | Reset Value Description

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

drive_strength_ctrl_30
IcdcO drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

15:14 |RW 0x3

drive_strength_ctrl_29
cif drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

13:12 |RW 0x0

drive_strength_ctrl_28
flash drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

11:10 |RW 0x2

drive_strength_ctrl_27
flash drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

9:8 RW Ox1
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Bit Attr | Reset Value Description

drive_strength_ctrl_26
gpio3_d drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

7:6 RW 0x0

drive_strength_ctrl_25

gpio3 and pwm drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

5:4 RW 0x0

drive_strength_ctrl_24

gpio3 and sdio drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

3:2 RW Ox1

drive_strength_ctrl_23

gpio3 and sdio drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

1:0 RW 0x0

GRF_IO_CON4
Address: Operational Base + offset (0x0104)
10 drive strength configuration

| Bit | Attr |Reset Value| Description
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Bit

Attr

Reset Value

Description

31

116

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15

RW

0x0

poc_lcdcl_sell8

Icdcl IO domain voltage select
0: 3.3V

1: 1.8V

14

RW

0x0

poc_lcdcO_sell8

IcdcO IO domain voltage select
0: 3.3V

1: 1.8V

13

RW

0x0

poc_vcciol_sell8

vcciol I0 domain voltage select
0: 3.3V

1: 1.8V

12

RW

0x0

poc_vccioO_sell8

vccio0 I0 domain voltage select
0: 3.3V

1: 1.8V

11

RW

0x0

poc_flash_sell8

flash IO domain voltage select
0: 3.3V

1: 1.8V

10

RW

0x0

poc_cif _sell18

cif I0 domain voltage select
0: 3.3V

1: 1.8V

RW

0x0

poc_apl_sell8

apl IO domain voltage select
0: 3.3V

1: 1.8V
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Bit Attr | Reset Value Description

poc_ap0_sell8
ap0 IO domain voltage select

8 RW 0x0 0: 3.3V
1: 1.8V
7:6 RO 0x0 reserved

drive_strength_ctrl_33
misc drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

5:4 RW 0Ox1

drive_strength_ctrl_32
jtag drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

3:2 RW 0x0

drive_strength_ctrl_31
IcdcO drive strength control
00: 2mA

01: 4mA

10: 8mA

11: 12mA

1:0 RW 0x2

GRF_SOC_STATUS1
Address: Operational Base + offset (0x0108)
soc status register

Bit Attr | Reset Value Description
31:11 |RO 0x0 reserved
idl
10:0 RO 0x000 gpu__ld ©
gpu idle status

GRF_UOCO0_CONO
Address: Operational Base + offset (0x010c)
otg control register

| Bit | Attr |Reset Value| Description
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Bit

Attr

Reset Value

Description

31

116

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15

RW

Ox1

usbphyO_txbitstuff_enh

High-Byte Transmit Bit-Stuffing Enable
Function: This controller signal controls bit
stuffing on DATAINH[7:0] when
OPMODE[1:0] = 2'b11.

1: Bit stuffing is enabled.

0: Bit stuffing is disabled.

14

RW

Ox1

usbphyO_txbitstuff_en

Low-Byte Transmit Bit-Stuffing Enable
Function: This controller signal controls bit
stuffing on DATAINH[7:0] when
OPMODE[1:0] = 2'b11.

1: Bit stuffing is enabled.

0: Bit stuffing is disabled.

13

RW

0x0

usbphyO_siddq

IDDQ Test Enable

Function: This test signal enables you to
perform IDDQ testing by powering down all
analog blocks.

1: The analog blocks are powered down.

0: The analog blocks are powered up.
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Bit

Attr

Reset Value

Description

12

RW

0x0

usbphyO_port_reset
Per-Port Reset
Function: When asserted, this
customer-specific signal resets the
corresponding
port transmit and receive logic without
disabling the clocks within the USB 2.0 pico
PHY.

1: The transmit and receive finite state
machines (FSMs) are reset, and the line_state
logic combinatorially reflects the state of the
single-ended receivers.

0: The transmit and receive FSMs are
operational, and the line_state logic becomes
sequential after 11 PHYCLOCK cycles.

11

110

RW

0x2

usbphyO_refclk_sel

Reference Clock Select for PLL Block

Function: This signal selects the reference
clock source for the PLL block.

11: Reserved

10: The PLL uses CLKCORE as reference.

01: The XO block uses an external, 1.8-V clock
supplied on the XO pin.

00: The XO block uses the clock from a crystal.

RW

0x0

usbphy0_bypasssel

transmitter digital bypass select

1: transmitter digital bypass mode is enabled
0: transmitte digital bypass mode is disabled

RW

0x0

usbphy0_bypassdmen

DMO transmitter digital bypass enable

1: DMO FS/LS driver is enabled and driven with
the BYPASSDPDATAO signals

0: DMO FS/LS driver is disabled in transmitter
digital byapss mode
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Bit

Attr

Reset Value

Description

7:5

RW

0x4

usbphy0_otg_tune

VBUS Valid Threshold Adjustment
Function: This bus adjusts the voltage level for
the VBUS Valid threshold.

111: + 9%

110: + 6%

101: + 3%

100: Design default

011:- 3%

010:- 6%

001: - 9%

000: - 12%

RW

0x0

usbphy0_otg_disable

OTG Block Disable

1: the OTG block is power down
0: the OTG block is power up

3:1

RW

0x4

usbphy0_compdistune
Disconnect Threshold Adjustment
Function: This bus adjusts the voltage level for
the threshold used to detect

a disconnect event at the host.
111: + 4.5%

110: + 3%

101: + 1.5%

100: Design default

011: - 1.5%

010: - 3%

001: - 4.5%

000: - 6%

RW

Ox1

usbphy0_common_on_n
Common Block Power-Down Control

Function: This signal controls the power-down
signals in the XO, Bias, and PLL blocks when
the USB 2.0 PHY is in Suspend or Sleep mode.
1: In Suspend mode, the XO, Bias, and PLL
blocks are powered down. In Sleep mode, the
Bias and PLL blocks are powered down.

0: In Suspend mode, the XO, Bias, and PLL
blocks remain powered in Suspend

mode. In Sleep mode, if the reference clock is
a crystal, the XO block remains powered.
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GRF_UOCO0_CON1
Address: Operational Base + offset (0x0110)
otg control register

Bit Attr | Reset Value Description
write_enable
bit0~bit15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
usbphy_txrise_tune
HS Transmitter Rise/Fall Time Adjustment
Function: This bus adjusts the rise/fall times of
) the high-speed waveform.
15:14 RW Ox1 11: -20%
10: -15%
01: design default
00: +10%
usbphy_txhsxv_tune
Transmitter High-Speed Crossover Adjustment
Function: This bus adjusts the voltage at which
the DP and DM signals cross while transmitting
13:12 (RW 0x3 in HS mode.

11: Default setting
10: + 15 mV
01: -15mVv
00: Reserved
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Bit

Attr

Reset Value

Description

11:8

RW

0x3

usbphy_txvref tune

HS DC Voltage Level Adjustment
Function: This bus adjusts the high-speed DC
level voltage.

1111: + 8.75%

1110: + 7.5%

1101: + 6.25%

1100: + 5%

1011: + 3.75%

1010: + 2.5%

1001: + 1.25%

1000: Design default

0111: -1.25%

0110: -2.5%

0101: - 3.75%

0100: - 5%

0011: - 6.25%

0010: - 7.5%

0001: - 8.75%

0000: - 10%

7:4

RW

0x3

usbphy_txfsls_tune

FS/LS Source Impedance Adjustment
Function: This bus adjusts the low- and
full-speed single-ended source
impedance while driving high. The following
adjustment values are based on nominal
process, voltage, and temperature.
1111: - 5%

0111: -2.5%

0011: Design default

0001: + 2.5%

0000: + 5%

RW

0x0

usbphy_txpreemppulse_tune

HS Transmitter pre-emphasis duration control
Function: This signal controls the duration for
which the HS pre-emphasis current is sourced
onto DPO or DMO. transition in HS mode.

1: 1X, short pre-emphasis current duration

0: (desian default) 2X, long pre-emphasis
currrent duration
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Bit

Attr

Reset Value

Description

2:0

RW

0x3

usbphy_sqgrxtune

Squelch Threshold Adjustment

Function: This bus adjusts the voltage level for
the threshold used to detect valid high-speed
data.

111: - 20%

110: -15%

101: -10%

100: -5%

011: Design default

010: + 5%

001: + 10%

000: + 15%

GRF_UOCO0_CON2
Address: Operational Base + offset (0x0114)
otg control register

Bit Attr | Reset Value Description

write_enable
bit0O~bit15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by

31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
adpprbenb

15 RW 0x0 ADP proble signal |
1: APD proble comparator is enabled
0: APD proble comparator is disabled
adpdischrg
VBUS input ADP discharge enable

14 RW 0x0 Control discharging the Vbus input during ADP

1: Enable discharging Vbus during ADP
0: disable discharging Vbus during ADP
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Bit

Attr

Reset Value

Description

13

RW

0x0

adpchrg

VBUS input ADP charge enable

Control charging the Vbus input during ADP
1: Eanble charging Vbus during ADP

0: Disable charging Vbus buring ADP

12:11

RW

Ox1

txrestune

USB source impedance Adjustment

11:source impedance is desreased by 4ohm
10:source impedance is desreased by 2ohm
01:design default

00:source impedance is desreased by 1.50hm

10

RW

0Ox1

sleepm

sleep mode enable

Asserting this signal place the USB 2.0 pico
PHY in sleep mode.

0: sleep mode enable

1: normal mode

RO

0x0

reserved

RW

0Ox1

retenable

retention mode enable

0: retention mode enable
1: retention mode disable

7:5

RW

0x5

fsel

reference clock frequency select
111: 50MHz

110: Reserved

101: 24MHz

100: 20MHz

011: 19.2MHz

010: 12MHz

001: 10MHz

000: 9.6MHz

4:3

RW

Ox1

usbphy_txpreempamptune

HS Transmitter Pre-Emphasis current control
11: 3X pre-emphasis current

10: 2X pre-emphasis current

01: 1X pre-emphasis current

00: HS Transmitter Pre-Emphasis is disabled

RW

0x0

usbphy_soft_con_sel
0: software control usb phy disable
1 : software control usb phy enable
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Bit

Attr

Reset Value

Description

usbphy_vbus_vld_extsel

External VBUS Valid Select

Function: This signal selects the VBUSVLDEXT
input or the internal Session Valid comparator

1 RW 0x0 to indicate when the VBUS signal on the USB
cable is valid.
1: The VBUSVLDEXT input is used.
0: The internal Session Valid comparator is
used.
usbphy_vbus_vld_ext
External VBUS Valid Indicator
Function: This signal is valid in Device mode
and only when the
VBUSVLDEXTSEL signal is set to 1.
VBUSVLDEXT indicates whether the VBUS

0 RW 0x0 signal on the USB cable is valid. In addition,

BUSVLDEXT enables the pullup

resistor on the D+ line.

1: The VBUS signal is valid, and the pull-up
resistor on D+ is enabled.

0: The VBUS signal is not valid, and the pull-up
resistor on D+ is disabled.

GRF_UOCO0_CON3
Address: Operational Base + offset (0x0118)
otg control register

Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bit0~bitl5 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;
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Bit

Attr

Reset Value

Description

15

RW

0x0

otg_bvalid_irg_pd
otg0 bvalid interrupt pending bit
write 1 to this bit , it will be cleared

14

RW

0x0

otg_bvalid_irg_en
otg0 bvalid interrupt enable

13:

6

RO

0x0

reserved

RW

0x0

utmi_termselect

USB termination select

1: full speed terminations are enabled
0: high speed terminations are enabled

4:3

RW

0x0

utmi_xcvrselect

transceiver select

11: sends an LS packet on an FS bus or
receives an LS packet

10: LS transceiver

01:FS transceiver

00: HS transceiver

2:1

RW

0x0

utmi_opmode

utmi+ operational mode

This controller bus selects the UTMI+
operation mode

11: normal operation without SYNC or EOP
generation

10: disable bit stuffing and NRZI encoding
01: no-driving

00: normal

RW

Ox1

utmi_suspend_n

usb_phy suspend mode enable
1: normal operation mode

0: suspend mode

GRF_UOC1_CONO
Address: Operational Base + offset (0x011c)
usb host control register

Bit

| Attr

| Reset Value |

Description
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Bit Attr | Reset Value Description
write_enable
bitO~bitl5 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 (WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
usbphyl_txbitstuff_enh
High-Byte Transmit Bit-Stuffing Enable
Function: This controller signal controls bit
15 RW 0Ox1 stuffing on DATAINH[7:0] when OPMODE[1:0]
= 2'b1l.
1: Bit stuffing is enabled.
0: Bit stuffing is disabled.
usbphyl_txbitstuff_en
Low-Byte Transmit Bit-Stuffing Enable
Function: This controller signal controls bit
14 RW Ox1 stuffing on DATAINH[7:0] when OPMODE[1:0]
= 2'b1l.
1: Bit stuffing is enabled.
0: Bit stuffing is disabled.
usbphyl_siddq
IDDQ Test Enable
Function: This test signal enables you to
13 RW 0x0 perform IDDQ testing by powering down all
analog blocks.
1: The analog blocks are powered down.
0: The analog blocks are powered up.
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Bit

Attr

Reset Value

Description

12

RW

0x0

usbphyl_port_reset
Per-Port Reset
Function: When asserted, this
customer-specific signal resets the
corresponding
port transmit and receive logic without
disabling the clocks within the USB 2. pico PHY.
1: The transmit and receive finite state
machines (FSMs) are reset, and the line_state
logic combinatorially reflects the state of the
single-ended receivers.

0: The transmit and receive FSMs are
operational, and the line_state logic becomes
sequential after 11 PHYCLOCK cycles.

11

110

RW

0x2

usbphy1l_refclk_sel

Reference Clock Select for PLL Block

Function: This signal selects the reference
clock source for the PLL block.

11: Reserved

10: The PLL uses CLKCORE as reference.

01: The XO block uses an external, 1.8-V clock
supplied on the XO pin.

00: The XO block uses the clock from a crystal.

9:8

RO

0x0

reserved

7:5

RW

0x4

usbphyl_otg_tune

VBUS Valid Threshold Adjustment
Function: This bus adjusts the voltage level for
the VBUS Valid threshold.

111: + 9%

110: + 6%

101: + 3%

100: Design default

011: - 3%

010: - 6%

001: - 9%

000: - 12%

RW

0x0

usbphyl_otg_disable

OTG Block Disable

1: the OTG block is power down
0: the OTG block is power up
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Bit

Attr

Reset Value

Description

3:1

RW

0x4

usbphyl_compdistune

Disconnect Threshold Adjustment
Function: This bus adjusts the voltage level for
the threshold used to detect a disconnect
event at the host.

111: + 4.5%

110: + 3%

101: + 1.5%

100: Design default

011: - 1.5%

010: - 3%

001: - 4.5%

000: - 6%

RW

Ox1

usbphyl_common_on_n

Common Block Power-Down Control

Function: This signal controls the power-down
signals in the XO, Bias, and PLL blocks when
the USB 2.0 PHY is in Suspend or Sleep mode.
1: In Suspend mode, the XO, Bias, and PLL
blocks are powered down. In Sleep mode, the
Bias and PLL blocks are powered down.

0: In Suspend mode, the XO, Bias, and PLL
blocks remain powered in Suspend mode. In
Sleep mode, if the reference clock is a crystal,
the XO block remains powered.

GRF_UOC1_CON1
Address: Operational Base + offset (0x0120)
usb host control register

| Bit | Attr |Reset Value|

Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0Ox1

usbphy_txrise_tune

HS Transmitter Rise/Fall Time Adjustment
Function: This bus adjusts the rise/fall times of
the high-speed waveform.

11: -20%

10: -15%

01: design default

00: +10%

13:12

RW

0x3

usbphy_txhsxv_tune

Transmitter High-Speed Crossover Adjustment
Function: This bus adjusts the voltage at which
the DP and DM signals cross while transmitting
in HS mode.

11: Default setting

10: + 15 mV

01: - 15mV

00: Reserved
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Bit

Attr

Reset Value

Description

11:8

RW

0x3

usbphy_txvref tune

HS DC Voltage Level Adjustment
Function: This bus adjusts the high-speed DC
level voltage.

1111: + 8.75%

1110: + 7.5%

1101: + 6.25%

1100: + 5%

1011: + 3.75%

1010: + 2.5%

1001: + 1.25%

1000: Design default

0111: -1.25%

0110: -2.5%

0101: - 3.75%

0100: - 5%

7:4

RW

0x3

usbphy_txfsls_tune

FS/LS Source Impedance Adjustment
Function: This bus adjusts the low- and
full-speed single-ended source impedance
while driving high. The following adjustment
values are based on nominal process, voltage,
and temperature.

1111: - 5%

0111: -2.5%

0011: Design default

0001: + 2.5%

0000: + 5%

RW

0x0

usbphy_txfreemphasis_tune

HS Transmitter Pre-Emphasis Enable
Function: This signal controls the pre-emphasis
for a J-K or K-J state transition in HS mode.

1: The HS Transmitter pre-emphasis is
enabled.

0 (design default): The HS Transmitter
pre-emphasis is disabled
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Bit

Attr

Reset Value

Description

2:0

RW

0x3

usbphy_sqgrxtune

Squelch Threshold Adjustment

Function: This bus adjusts the voltage level for
the threshold used to detect valid high-speed
data.

111: - 20%

110: -15%

101: -10%

100: -5%

011: Design default

010: + 5%

001: + 10%

000: + 15%

GRF_UOC1_CON2
Address: Operational Base + offset (0x0124)
otg control register

Bit Attr | Reset Value Description

write_enable
bit0O~bit15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by

31:16 |WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
adpprbenb

15 RW 0x0 ADP proble signal |
1: APD proble comparator is enabled
0: APD proble comparator is disabled
adpdischrg
VBUS input ADP discharge enable

14 RW 0x0 Control discharging the Vbus input during ADP

1: Enable discharging Vbus during ADP
0: disable discharging Vbus during ADP
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Bit

Attr

Reset Value

Description

13

RW

0x0

adpchrg

VBUS input ADP charge enable

Control charging the Vbus input during ADP
1: Eanble charging Vbus during ADP

0: Disable charging Vbus buring ADP

12:11

RW

Ox1

txrestune

USB source impedance Adjustment

11:source impedance is desreased by 4ohm
10:source impedance is desreased by 2ohm
01:design default

00:source impedance is desreased by 1.50hm

10

RW

0Ox1

sleepm

Asserting this signal place the USB 2.0 pico
PHY in sleep mode.

0: sleep mode enable

1: normal mode

RO

0x0

reserved

RW

0Ox1

retenable

retention mode enable

0: retention mode enable
1: retention mode disable

7:5

RW

0x5

fsel

reference clock frequency select
111: 50MHz

110: Reserved

101: 24MHz

100: 20MHz

011: 19.2MHz

010: 12MHz

001: 10MHz

000: 9.6MHz

4:3

RW

Ox1

usbphy_txpreempamptune

HS Transmitter Pre-Emphasis current control
11: 3X pre-emphasis current

10: 2X pre-emphasis current

01: 1X pre-emphasis current

00: HS Transmitter Pre-Emphasis is disabled

RW

0x0

usbphy_soft_con_sel
0: software control usb phy disable
1: software control usb phy enable
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Bit

Attr

Reset Value

Description

RW

0x0

usbphy_vbus_vld_extsel

External VBUS Valid Select

Function: This signal selects the VBUSVLDEXT
input or the internal Session Valid comparator
to indicate when the VBUS signal on the USB
cable is valid.

1: The VBUSVLDEXT input is used.

0: The internal Session Valid comparator is
used.

RW

0x0

usbphy_vbus_vld_ext

External VBUS Valid Indicator

Function: This signal is valid in Device mode
and only when the VBUSVLDEXTSEL signal is
set to 1. VBUSVLDEXT indicates whether the
VBUS signal on the USB cable is valid. In
addition, VBUSVLDEXT enables the pullup
resistor on the D+ line.

1: The VBUS signal is valid, and the pull-up
resistor on D+ is enabled.

0: The VBUS signal is not valid, and the pull-up
resistor on D+ is disabled.

GRF_UOC1_CON3
Address: Operational Base + offset (0x0128)
usb host control register

Bit Attr | Reset Value Description

write_enable
bit0~bitl5 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by

31:16 (WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;

15:6 RO 0x0 reserved
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Bit Attr | Reset Value Description

utmi_termselect

USB termination select

1: full speed terminations are enabled
0: high speed terminations are enabled

5 RW 0x0

utmi_xcvrselect

transceiver select

11: sends an LS packet on an FS bus or
4:3 RW 0x0 receives an LS packet

10: LS transceiver

01:FS transceiver

00: HS transceiver

utmi_opmode

utmi+ operational mode

This controller bus selects the UTMI+
operation mode

2:1 RW 0x0 11: normal operation without SYNC or EOP
generation

10: disable bit stuffing and NRZI encoding
01: no-driving

00: normal

utmi_suspend_n

usb_phy suspend mode enable
1: normal operation mode

0: suspend mode

0 RW Ox1

GRF_UOC2_CONO
Address: Operational Base + offset (0x012c)
hsic phy control register

| Bit | Attr |Reset Value| Description
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Bit

Attr

Reset Value

Description

31

116

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15

RO

0x0

reserved

14

RW

0x0

soft_con_sel
hsic phy software control enale

13

RW

0Ox1

txbitstuffenh

high byte transmit bit-stuffing enable

this controller signal controls biy stuffing on
DATAIN[15:8] when OPMODE[1:0]=2'b11
1:bit stuffing is enabled

0: bit stuffing is disabled

12

RW

0Ox1

txbitstuffen

Low Byte transmit bit-stuffing enable

this controller signal controls biy stuffing on
DATAIN[7:0] when OPMODE[1:0]=2'b11
1:bit stuffing is enabled

0: bit stuffing is disabled

11

RW

0x0

siddq

SIDDQ test enable

1: the analog blocks are power down
0: the analog blocks are power up

10

RW

0x0

hsicphy_port_reset

per-port reset

when asserted, this customer-specific signal
reset the corresponding prot's transmit and
receive logic without disabling the clocks
within the HSIC PHY

1: the transmit and receive FSMs are reset
0: tjhe transmit and receive FSMs are
operational
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Bit

Attr

Reset Value

Description

9:6

RW

0x3

hsicphy_txsrtune

drive slew rate adjustment
1111: +20%

0111: +10%

0011: design default
0001: -10%

0000: -20%

5:4

RW

0x2

hsicphy_txrpdtune

Driver pull-down impedance adjustment
11: -5%

10: design default

01: +5%

00: +11%

3:2

RW

0x2

hsicphy_txrputune

Driver pull-up impedance adjustment
11: -5%

10: design default

01: +5%

00: +11%

RW

0Ox1

hsicphy_dmpulldown

Bus keepers resistor enable

this control signal selects the HSIC PHY to
operate as a host or deivce

RW

0Ox1

hsicphy_dppulldown
Bus keepers resistor enable

this control signal detects that the HSIC PHY is

being used as a host

GRF_UOC2_CON1
Address: Operational Base + offset (0x0130)
hsic phy control register

| Bit

| Attr

| Reset Value |

Description
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Bit Attr | Reset Value Description
write_enable
bitO~bit15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |[WO 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
15:5 RO 0x0 reserved
utmi_xcvrselect
transceiver select
4 RW 0x0 1: transceiver is in suspend, resume or
connect mode
0: transceiver is in HS mode
utmi_opmode
operation mode
11: normal mode without SYNC or EOP
3:2 RW 0x0 generation
10: disable bit stuffing and NRZI encodeing
01: Non-driving
00: normal
utmi_suspend_n
hisc phy suspend mode enable
1 RW Ox1 Asserting this signal places the HSIC PHY in
suspend mode.
1: normal mode
0: suspend mode
utmi_sleep_n
hsic phy sleep mode enable
0 RW Ox1 Asserting this signal places the HSIC PHY in

sleep mode.
1: normal mode
0: sleep mode

GRF_UOC3_CONO
Address: Operational Base + offset (0x0138)
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hsic controller control reigister

Bit Attr | Reset Value Description

write_enable

bitO~bitl5 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 (WO 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by

software .
When bit 31=0, bit 15 cannot be written by
software;
15:10 |RO 0x0 reserved
9 RW 0x0 a p.p_p rt_ovrcur .
hsic app_prt_ovrcur bit control
8 RW 0x0 au.toppd_on_overcur _
hsic autoppd_on_overcur bit control
word_if
7 RW Ox1 -
X hsic word__if bit control
sim_mode
RW 0x0 -
6 X hsic sim_mode bit control
incrx_en
RW 0x0 —
> X hsic incrx_en bit control
incr8_en
4 RW 0x0 incr8_en
hsic incr8_en bit control
incr4_en
3 RW 0x0 -
X hsic incr4_en bit control
incrl6_en
2 RW -
0x0 hsic incr16_en bit control
1 RW 0x0 hu.bsetup_mln o
hsic hubsetup_min bit control
Ik
0 RW 0x0 app_start_c

hsic app_start_clk bit control

GRF_UOC3_CON1
Address: Operational Base + offset (0x013c¢)
hsic controller control reigister

| Bit | Attr |Reset Value| Description
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Bit

Attr

Reset Value

Description

31:16

WO

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by

software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by

software;

15:12

RO

0x0

reserved

11:6

RW

0x20

fladj_val_common
hsic fladj_val_common bit control

5:0

RW

0x20

fladj_hsic
hsic fladj bit control

GRF_HSIC_STAT
Address: Operational Base + offset (0x0140)
hsic status register

Bit Attr | Reset Value Description
31:22 (RO 0x0 reserved
hci_| tat
21:18 [RW  |0x0 encl_psme state
ehci_Ipsmc status
xfer_prdc
17 RW 0x0 -
X xfer_prdc bit status
xfer_cnt
16: RW 0x000 -
6° X xfer bit status
usbsts
: RW
>:0 0x00 usbsts bit status

GRF_OS_REGO

Address: Operational Base + offset (0x0144)
OS register

| Bit | Attr | Reset Value|

Description
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Bit Attr | Reset Value

Description

write_enable

software .

software;

31:16 (WO 0x0000 software .

software;

software .

software;

bitO~bit15 write enable
When bit 16=1, bit 0 can be written by

When bit 16=0, bit 0 cannot be written by

When bit 17=1, bit 1 can be written by

When bit 17=0, bit 1 cannot be written by

When bit 31=1, bit 15 can be written by

When bit 31=0, bit 15 cannot be written by

15:0 |RW  |0x0000 0s_reg

software OS register

GRF_OS_REG1
Address: Operational Base + offset (0x0148)
OS register

Bit Attr | Reset Value

Description

write_enable

software .

software;

31:16 (WO 0x0000 software .

software;

software .

software;

bit0O~bit15 write enable
When bit 16=1, bit 0 can be written by

When bit 16=0, bit 0 cannot be written by

When bit 17=1, bit 1 can be written by

When bit 17=0, bit 1 cannot be written by

When bit 31=1, bit 15 can be written by

When bit 31=0, bit 15 cannot be written by

15:0 |RW  |0x0000 0s_reg

software OS register

GRF_OS_REG2
Address: Operational Base + offset (0x014c)
OS register
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Bit Attr | Reset Value

Description

write_enable

software .

software;

31:16 (WO 0x0000 software .

software;

software .

software;

bitO~bit15 write enable
When bit 16=1, bit 0 can be written by

When bit 16=0, bit 0 cannot be written by

When bit 17=1, bit 1 can be written by

When bit 17=0, bit 1 cannot be written by

When bit 31=1, bit 15 can be written by

When bit 31=0, bit 15 cannot be written by

15:0 |RW  |0x0000 0s_reg

software OS register

GRF_OS_REG3
Address: Operational Base + offset (0x0150)
OS register

Bit Attr | Reset Value

Description

write_enable

software .

software;

31:16 (WO 0x0000 software .

software;

software .

software;

bit0O~bit15 write enable
When bit 16=1, bit 0 can be written by

When bit 16=0, bit 0 cannot be written by

When bit 17=1, bit 1 can be written by

When bit 17=0, bit 1 cannot be written by

When bit 31=1, bit 15 can be written by

When bit 31=0, bit 15 cannot be written by

15:0 |RW  |0x0000 0s_reg

software OS register

GRF_OS_REG4
Address: Operational Base + offset (0x0154)
OS register
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~bit15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:0

RW

0x0000

0s_reg
OS register

GRF_OS_REG5

Address: Operational Base + offset (0x0158)

OS register
Bit Attr | Reset Value Description

write_enable
bit0~bitl5 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by

31:16 |RW 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;

15:0 |RW  |0x0000 os_reg
OS register

GRF_OS_REG6
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Address: Operational Base + offset (0x015c¢)
OS register

Bit Attr | Reset Value Description

write_enable

bit0~bitl5 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 |RW 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

0s_reg

15:0 RW 0x0000
X OS register

GRF_OS_REG7
Address: Operational Base + offset (0x0160)

OS register
Bit Attr | Reset Value Description
write_enable
bitO~bit15 write enable
When bit 16=1, bit 0 can be written by
software .
When bit 16=0, bit 0 cannot be written by
software;
When bit 17=1, bit 1 can be written by
31:16 |[RW 0x0000 software .
When bit 17=0, bit 1 cannot be written by
software;
When bit 31=1, bit 15 can be written by
software .
When bit 31=0, bit 15 cannot be written by
software;
) 0s_reg
15:0 RW 0x0000 0S register

GRF_GPIOOB_PULL
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Address: Operational Base + offset (0x0164)
GPIOOB pull configuration

Bit Attr | Reset Value Description

write_enable

bit0O~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 |RW 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:8 RO 0x0 reserved

gpioOb_4_pull

GPIOO0B[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

7:6 RW Ox1

gpioOb_5_pull

GPIOO0B[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4 RW Ox1

gpioOb_6_pull

GPIOO0B[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2 RW Ox1

gpioOb_7_pull

GPIOO0B[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

1:0 RW Ox1

High Performance and Low-power Processor for Digital Media Application 238




Rockeh? RK3188 Technical Reference Manual Rev 1.3

GRF_GPIOOC_PULL
Address: Operational Base + offset (0x0168)
GPIOOQC pull configuration

Bit Attr | Reset Value Description

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
31:16 |RW 0x0000 software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

gpioOc_0_pull

GPIOOC[O0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

15:14 |RW 0x2

gpioOc_1_pull

GPIOOC[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12 |RW 0x2

gpioOc_2_pull

GPIOOC[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

11:10 |RW 0x2

gpioOc_3_pull

GPIOOC[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

9:8 RwW 0x2
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Bit

Attr

Reset Value

Description

7:6

RW

0Ox2

gpioOc_4_pull

GPIOO0C[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

0x2

gpioOc_5_pull

GPIOOC[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

0x2

gpioOc_6_pull

GPIOOC[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

0x2

gpioOc_7_pull

GPIOOC[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIOOD_PULL
Address: Operational Base + offset (0x016c)
GPIOOD pull configuration

| Bit

| Attr

| Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

Ox1

gpio0d_0_pull

GPIOOD[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

Ox1

gpio0d_1_puill

GPIOOD[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

Ox1

gpio0d_2_pull

GPIOOD[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

Ox1

gpio0d_3_pull

GPIOOD[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

0Ox2

gpio0d_4_pull

GPIOOD[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

0x2

gpio0d_5_pull

GPIOOD[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

0x2

gpio0d_6_pull

GPIOOD[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

0x2

gpio0d_7_pull

GPIOOD[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO1A_PULL
Address: Operational Base + offset (0x0170)
GPIO1A pull configuration

| Bit

| Attr | Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

Ox1

gpiola_0_pull

GPIO1A[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpiola_1_pull

GPIO1A[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

Ox1

gpiola_2_pull

GPIO1A[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

Ox1

gpiola_3_pull

GPIO1A[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Reset Value

Description

7:6

RW

Ox1

gpiola_4_pull

GPIO1A[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

0x2

gpiola_5_pull

GPIO1A[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

Ox1

gpiola_6_pull

GPIO1A[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

Ox1

gpiola_7_pull

GPIO1A[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO1B_PULL
Address: Operational Base + offset (0x0174)
GPIO1B pull configuration

| Bit

| Attr | Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

Ox1

gpiolb_0_pull

GPIO1B[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpiolb_1_pull

GPIO1B[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

Ox1

gpiolb_2_pull

GPIO1B[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

0x2

gpiolb_3_pull

GPIO1B[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

Ox1

gpiolb_4_pull

GPIO1B[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

Ox1

gpiolb_5_pull

GPIO1B[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

0x2

gpiolb_6_pull

GPIO1B[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

Ox1

gpiolb_7_pull

GPIO1B[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO1C_PULL
Address: Operational Base + offset (0x0178)
GPIO1C pull configuration

| Bit

| Attr

| Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x2

gpiolc_0_pull

GPIO1C[O0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpiolc_1_pull

GPIO1C[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

0Ox2

gpiolc_2_pull

GPIO1C[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

0x2

gpiolc_3_pull

GPIO1C[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

0Ox2

gpiolc_4_pull

GPIO1C[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

0x2

gpiolc_5_pull

GPIO1C[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

Ox1

gpiolc_6_pull

GPIO1C[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

Ox1

gpiolc_7_pull

GPIO1C[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO1D_PULL
Address: Operational Base + offset (0x017c)
GPIO1D pull configuration

| Bit

| Attr

| Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

Ox1

gpiold_0_pull

GPIO1D[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

Ox1

gpiold_1_pull

GPIO1D[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

Ox1

gpiold_2_pull

GPIO1D[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

Ox1

gpiold_3_pull

GPIO1D[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

Ox1

gpiold_4_pull

GPIO1D[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

Ox1

gpiold_5_pull

GPIO1D[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

Ox1

gpiold_6_pull

GPIO1D[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

Ox1

gpiold_7_pull

GPIO1D[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO2A_PULL
Address: Operational Base + offset (0x0180)
GPIO2A pull configuration

| Bit

| Attr | Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x2

gpio2a_0_pull

GPIO2A[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpio2a_1_pull

GPIO2A[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

0Ox2

gpio2a_2_pull

GPIO2A[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

0x2

gpio2a_3_pull

GPIO2A[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

0Ox2

gpio2a_4_pull

GPIO2A[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

0x2

gpio2a_5_pull

GPIO2A[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

0x2

gpio2a_6_pull

GPIO2A[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

0x2

gpio2a_7_pull

GPIO2A[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO2B_PULL
Address: Operational Base + offset (0x0184)
GPIO2B pull configuration

| Bit

| Attr | Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x2

gpio2b_0_pull

GPIO2B[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpio2b_1_pull

GPIO2B[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

0Ox2

gpio2b_2_pull

GPIO2B[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

0x2

gpio2b_3_pull

GPIO2B[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

0Ox2

gpio2b_4_pull

GPIO2B[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

0x2

gpio2b_5_pull

GPIO2B[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

0x2

gpio2b_6_pull

GPIO2B[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

0x2

gpio2b_7_pull

GPIO2B[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO2C_PULL
Address: Operational Base + offset (0x0188)
GPIO2C pull configuration

| Bit

| Attr

| Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x2

gpio2c_0_pull

GPIO2C[O0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpio2c_1_pull

GPIO2C[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

0Ox2

gpio2c_2_pull

GPIO2C[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

0x2

gpio2c_3_pull

GPIO2C[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

0Ox2

gpio2c_4_pull

GPIO2C[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

0x2

gpio2c_5_pull

GPIO2C[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

0x2

gpio2c_6_pull

GPIO2C[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

0x2

gpio2c_7_pull

GPIO2C[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO2D_PULL
Address: Operational Base + offset (0x018c)
GPIO2D pull configuration

| Bit

| Attr

| Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x2

gpio2d_0_pull

GPIO2D[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpio2d_1_pull

GPIO2D[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

0Ox2

gpio2d_2_pull

GPIO2D[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

0x2

gpio2d_3_pull

GPIO2D[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

Ox1

gpio2d_4_pull

GPIO2D[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

Ox1

gpio2d_5_pull

GPIO2D[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

Ox1

gpio2d_6_pull

GPIO2D[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

0x2

gpio2d_7_pull

GPIO2D[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO3A_PULL
Address: Operational Base + offset (0x0190)
GPIO3A pull configuration

| Bit

| Attr | Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

Ox1

gpio3a_0_pull

GPIO3A[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpio3a_1_pull

GPIO3A[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

0Ox2

gpio3a_2_pull

GPIO3A[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

Ox1

gpio3a_3_pull

GPIO3A[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

High Performance and Low-power Processor for Digital Media Application 259




Rackchip

B AN T

RK3188 Technical Reference Manual

Rev 1.3

Bit

Attr

Reset Value

Description

7:6

RW

Ox1

gpio3a_4_pull

GPIO3A[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

Ox1

gpio3a_5_pull

GPIO3A[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

Ox1

gpio3a_6_pull

GPIO3A[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

Ox1

gpio3a_7_pull

GPIO3A[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO3B_PULL
Address: Operational Base + offset (0x0194)
GPIO3B pull configuration

| Bit

| Attr | Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

Ox1

gpio3b_0_pull

GPIO3B[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpio3b_1_pull

GPIO3B[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

0Ox2

gpio3b_2_pull

GPIO3B[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

0x2

gpio3b_3_pull

GPIO3B[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

0Ox2

gpio3b_4_pull

GPIO3B[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

0x2

gpio3b_5_pull

GPIO3B[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

Ox1

gpio3b_6_pull

GPIO3B[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

Ox1

gpio3b_7_pull

GPIO3B[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO3C_PULL
Address: Operational Base + offset (0x0198)
GPIO3C pull configuration

| Bit

| Attr

| Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

Ox1

gpio3c_0_pull

GPIO3C[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

Ox1

gpio3c_1_pull

GPIO3C[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

Ox1

gpio3c_2_pull

GPIO3C[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

Ox1

gpio3c_3_pull

GPIO3C[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

7:6

RW

Ox1

gpio3c_4_pull

GPIO3C[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4

RW

0x2

gpio3c_5_pull

GPIO3C[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

0x2

gpio3c_6_pull

GPIO3C[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0

RW

0x2

gpio3c_7_pull

GPIO3C[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

GRF_GPIO3D_PULL
Address: Operational Base + offset (0x019c¢)
GPIO3D pull configuration

| Bit

| Attr

| Reset Value |

Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

0x2

gpio3d_0_pull

GPIO3D[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

0Ox2

gpio3d_1_pull

GPIO3D[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

0Ox2

gpio3d_2_pull

GPIO3D[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

0x2

gpio3d_3_pull

GPIO3D[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit Attr | Reset Value Description

gpio3d_4_pull

GPIO3D[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

7:6 RW 0Ox2

gpio3d_5_pull

GPIO3D[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4 RW Ox1

gpio3d_6_pull

GPIO3D[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

3:2 RW Ox1

gpio3d_7_pull

GPIO3D[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

1:0 RW 0x2

GRF_FLASH_DATA_PULL
Address: Operational Base + offset (0x01a0)
FLASH DATA IO pull configuration

| Bit |Attr Reset Value| Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RW

Ox1

flash_data_0_pull

flash data[0] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

13:12

RW

Ox1

flash_data_1_pull

flash data[1] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

Ox1

flash_data_2_pull

flash data[2] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

Ox1

flash_data_3_pull

flash data[3] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit Attr | Reset Value Description

flash_data_4_pull

flash data[4] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

7:6 RW Ox1

flash_data_5_pull

flash data[5] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

5:4 RW Ox1

flash_data_6_pull

flash data[6] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

3:2 RW Ox1

flash_data_7_pull

flash data[7] pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

1:0 RW Ox1

GRF_FLASH_CMD_PULL
Address: Operational Base + offset (0x01a4)
FLASH CMD IO pull configuration

| Bit | Attr | Reset Value| Description
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Bit

Attr

Reset Value

Description

31:16

RW

0x0000

write_enable

bitO~15 write enable

When bit 16=1, bit 0 can be written by
software .

When bit 16=0, bit 0 cannot be written by
software;

When bit 17=1, bit 1 can be written by
software .

When bit 17=0, bit 1 cannot be written by
software;

When bit 31=1, bit 15 can be written by
software .

When bit 31=0, bit 15 cannot be written by
software;

15:14

RO

0x0

reserved

13:12

RW

0Ox1

flash_wrn_pull

FLASH WRN pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

11:10

RW

0x2

flash_wp_pull

FLASH WP pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

9:8

RW

0Ox1

flash_rdy_pull

FLASH RDY pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)

7:6

RW

Ox1

flash_rdn_pull

FLASH RDN pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)
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Bit

Attr

Reset Value

Description

5:4

RW

0Ox1

flash_csn0_pull

FLASH CSNO pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

3:2

RW

0x2

flash_cle_pull

FLASH CLE pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'b11: Repeater(Bus keeper)

1:0

RW

0x2

flash_ale_pull

FLASH ALE pull setting
2'b00: Z(Noraml operaton);
2'b01: weak 1(pull-up);
2'b10: weak O(pull-down);
2'bl1: Repeater(Bus keeper)
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Chapter 8 Embedded Processor: Cortex-A9

8.1 Overview

The Cortex™-A9 MP subsystem of the device is based on the
symmetricmultiprocessor (SMP) architecture, thus the quad Cortex-A9 MPU
subsystem delivers higher performanceand optimal power management, debug
and emulation capabilities.

The Cortex-A9 MP subsystem incorporates four Cortex-A9 central processing
units (CPUs), level 2(L2) cache shared between the four CPUs, and uses PL310
as L2 cache controller. Each CPU has 32KBof level 1 (L1) instruction cache, 32KB
of L1 data cache, separate dedicated power domain, and includes
one Neon™ and Vector Floating Point Unit (VFPv3) coprocessors. The Cortex-A9
MP subsystemalso includes standard CoreSight™ components to support SMP
debug and emulation, snoop control unit(SCU), interrupt controller (GIC), and
clock and reset manager.

The Cortex-A9 MP subsystem supports following feature:
® Coretex-A9 Processor
- Cortex-A9 core revision r3p0
- SMP architecture
- Superscalar, variable length, out-of-order pipeline with dynamic branch
prediction, 8-stage pipeline
- Full implementation of the ARM architecture v7-A instruction setARM
Neon Advanced SIMD (single instruction, multiple data) support for
accelerated media andsignal processing computation.
- Include VFPv3 hardware to support single and double-precision add,
subtract, divide, multiply andaccumulate, and square root operations.
- 32KB L1 instruction and 32KB L1 data cache - 32-byte line size, 4-way
set associative
- Memory management unit (MMU)
- SCU ensures memory coherency between the four CPUs
- Integrated timer and watchdog timer per CPU
- Interrupt controller with 128 hardware interrupt inputs
® PL310 L2 cache controller (revision r3p2) with 512KB cache size
- 16-way set associative
- 32-byte line size
- Two slave ports and two master ports
- Includes four 256-bit line-fill-buffers (LFBs) shared by the master ports
- Each slave port includes two 256-bit line-read-buffers (LRBS)
- Includes four 256-bit store buffers with merge capability
- Lockdown by line supported
- Lockdown by master ID supported
- Speculative Read supported
- Address filter
e CoreSight
- Program trace macrocell (PTM)
- Emulation logic (cross-triggers)
- TPIU and AMBA advanced trace bus (ATB) trace port
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8.2 Block Diagram

MP Substystem

A9 MP Debug and
Trace

CoreSight

coreQ corel core2 core3

VFP VFP

NEON and
VEP

‘ NEON and

‘ NEON and

NEON and
VFP

‘ 32KB L1 ‘ ‘ 32KB L1 ‘ ‘ 32KB L1 ‘ 32KB L1

L 1 1 T 1]

Timer and Timer and Timer and Timer and
wpT wpT WDT WDT

GIC

SCU

PL310

Fig. 8-1MP Subsystem architecture

8.3 Function description

The SCU connects dual Cortex-A9 processors to the memory system through
theAXI interfaces.The SCU functions are tomaintain data cache coherency
between the Cortex-A9 processors; initiate L2 AXI memory accesses; arbitrate
between Cortex-A9 processors requesting L2 accesses.

The Interrupt Controller is compliant with the ARM Generic Interrupt
Controller Architecture Specification 1.0. Please refer to Chapter 12 GIC.

The global timer is accessible to all Cortex-A9 processors in the cluster. Each
Cortex-A9 processor has a private 64-bit comparator that is used to assert a
private interrupt when the global timer has reached the comparator value. All
the Cortex-A9 processors in a design use the banked ID, ID27, for this interrupt.
ID27 is sent to the GIC as a Private Peripheral Interrupt.The global timer is a
64-bit incrementing counter with an auto-incrementing feature. It continues
incrementing after sending interrupts.

The private timer and watchdog can only be accessed by the corresponding
processor.It has a 32-bit counter that generates an interrupt when it reaches
zero.

8.4 Register description

8.4.1 Registers Summary
Cortex-A9 MP SCU Registers Summary

Name Offset (Size Reset Description
MP_SCU_CTRL 0x0000|W |0x00000000|SCU Control Register
MP_SCU_CFG 0x0004|W |0x00000000|SCU ConfigurationRegister

SCU CPU Power

MP_SCU_PWR_STATUS |0x0008|W |0x00000000 )
StatusRegister

SCU Invalidate All

MP_SCU_INVALIDATE |0x000c|W |0x00000000 . .
Registers in Secure State

Filtering Start

MP_SCU_FILTER_START|0x0040|W 0x00000000 .
AddressRegister
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Name Offset |Size Reset Description
T———
MP_SCU_FILTER_END |0x0044|w |0x00000000| "tcrng End
AddressRegister
SCU A Control (SAC
MP_SCU_SAC 0x0050|W  |0x00000000|>CY Access control (SAC)
Register
SCU Non-secure
MP_SCU_SNSAC 0x0054(wW 0x00000000|AccessControl (SNSAC)
Register

Cortex-A9 MP Global Timer Registers Summary

R t
Name Offset |Size ese Description
Value

Global timer counter
MP_GTIMER_COUNTER_LOW [0x0000|W |0x00000000 . .

low 32bits register
MP_GTIMER_COUNTER_HIGH|[0x0004|W |0x00000000 G.IObaI tlmer co.unter

high 32bits register

Global timer control
MP_GTIMER_CONTROL 0x0008|W |0x00000000 .

register

Global timer
MP_GTIMER_INT_STATUS 0x000c|W |0x00000000(interrupt status

register

Global timer
MP_GTIMER_COMPARE_LOW [0x0010{W |[0x00000000|comparator low

32bits register

Global timer
MP_GTIMER_COMPARE_HIGH|0x0014|W [0x00000000|comparator high

32bits register

Global timer auto
MP_GTIMER_AUTO_INCR 0x0018|W |0x00000000|. )

increment register

Cortex-A9 MP Private Timer Registers Summary

Reset
Name Offset |Size Description
Value
Private ti
MP_PTIMER_TIMER_LOAD 0x0000|W  |0x00000000] " ote HMer
load register
Private timer
MP_PTIMER_TIMER_COUNTER  |0x0004|W |0x00000000]| ' ¢ "Me
counter register
Private ti
MP_PTIMER_TIMER_CONTROL  |0x0008|W |0x00000000]| " ore Hmer
control register
Private timer
MP_PTIMER_TIMER_INT_STATUS [0x000c|W |0x00000000|interrupt status
register
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Name Offset [Size Reset Description
Value
Private
MP_PTIMER_WDT_LOAD 0x0020|W |[0x00000000|watchdogload
register
Private
MP_PTIMER_WDT_COUNTER 0x0024|W |0x00000000|watchdog
counter register
Private
MP_PTIMER_WDT_CONTROL 0x0028|W |0x00000000|watchdog
control register
Private
MP_PTIMER_WDT_INT_STATUS |[0x002c|W [0x00000000 Yvatchdog
interrupt status
register
Private
MP_PTIMER_WDT_RESET_STATUS|0x0030({W |0x00000000|watchdog reset
status register
private
MP_PTIMER_WDT_DISABLE 0x0034(W |0x00000000|watchdog
disable
L2C Registers Summary
Name Offset [Size Reset Description
Value
L2C_reg0_cache_id 0x0000|W  |0x410000c6 |Cache ID Register
L2C_reg0_cache_type 0x0004|W  |0x00000000|S2<"e TYPE
Register
L2C_regl_control 0x0100({W |0x00000000
L2C_regl_aux_control 0x0104|/W  |0x00000000| UXiliary Control
Register
L2C_regl_tag_ram_control 0x0108|W |0x00000000 Tag RAM LaFency
Control Registers
L2C_regl_data_ram_control  |0x010c|W  |0x00000000|22t RAM Latency
Control Registers
Event Counter
L2C_reg2_ev_counter_ctrl 0x0200({W |0x00000000 .
Control Register
Event Counter
L2C_reg2_ev_counterl_cfg 0x0204|W |0x00000000|Configuration
Registers
Event Counter
L2C_reg2_ev_counter0_cfg 0x0208|W |0x00000000|Configuration
Registers
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Name Offset [Size Reset Description
Value
L2C_reg2_ev_counterl 0x020c|W |0x00000000 Event COL!nter
value registers
L2C_reg2_ev_counter0 0x0210|w  |0x00000000| Vet coUnter
value registers
L2C_reg2_int_mask 0x0214|W |[0x00000000
L2C_reg2_int_mask_status 0x0218(W 0x00000000
L2C_reg2_int_raw_status 0x021c|{W 0x00000000
L2C_reg2_int_clear 0x0220|{W [0x00000000
L2C_reg7_cache_sync 0x0730|W |0x00000000
L2C_reg7_inv_pa 0x0770|{W [0x00000000
L2C_reg7_inv_way 0x077c|W |0x00000000
L2C_reg7_clean_pa 0x07b0O|W |0x00000000
L2C_reg7_clean_index 0x07b8|W |0x00000000
L2C_reg7_clean_way 0x07bc|W |0x00000000
L2C_reg7_clean_inv_pa 0x07f0 |[W |0x00000000
L2C_reg7_clean_inv_index 0x07f8 |W [0x00000000
L2C_reg7_clean_inv_way 0x07fc |W [0x00000000
L2C_reg9_d_lockdownO 0x0900|W |0x00000000
L2C_reg9_i_lockdownO 0x0904|W |0x00000000
L2C_reg9_d_lockdown1 0x0908|W  [0x00000000
L2C_reg_i_lockdownl 0x090c|W |0x00000000
L2C_reg9_d_lockdown2 0x0910|W [0x00000000
L2C_reg9_i_lockdown2 0x0914|W |0x00000000
L2C_reg9_d_lockdown3 0x0918|W [0x00000000
L2C_reg9_i_lockdwon3 0x091c|W [0x00000000
L2C_reg9_d_lockdown4 0x0920|{W [0x00000000
L2C_reg9_i_lockdwon4 0x0924|W  [0x00000000
L2C_reg9_d_lockdwon5 0x0928|W |0x00000000
L2C_reg9_i_lockdwon5 0x092c|W |0x00000000
L2C_reg9 _d. lockdwon6 0x0930|W [0x00000000
L2C_reg9_i_lockdwon6 0x0934|W |0x00000000
L2C_reg9_d_lockdwon7 0x0938|W [0x00000000
L2C_reg9_i_lockdwon7 0x093c|W [0x00000000
L2C_reg9_lock_line_en 0x0950|W  [0x00000000
L2C_reg9_unlock_way 0x0954|W [0x00000000
L2C_regl2_addr_filtering_start|0x0c00 (W |0x00000000
L2C_regl2_addr_filtering_end [0x0c04 (W |0x00000000
L2C_regl5_debug_ctrl 0x0f40 (W  {0x00000000|Debug Register o
L2C_reg15_prefetch_ctrl 0x0f60 |W  |0x00000000|"E"etch Control
Register
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Reset
Name Offset [Size Description
Value

L2C_regl5_power_ctrl

Power Control

0x0f80 |W  |0x00000000 .
Register

8.4.2 Detail Registers Description

MP_SCU_CTRL

Address: Operational Base + offset (0x0000)
SCU Control Register

Bit

Attr

Reset Value

Description

31:7

RO

0x0

reserved

RW

0x0

ic_standby_en

when set, this stops the Interrupt Controller
clock when no interrupts are pending, and no
CPU is performing a read/write request.

RW

0x0

scu_stanby_en

When set, SCU CLK is turned off when all
processors are in WFI mode, and there is no
remaining activity in the SCU.

The clock is turned on when any processor
leaves WFI mode.

RW

0x0

force all device to portO enable

When set, all requests from processors with
AxXCACHE = NonCacheable Bufferable are
forced to be issued on the AXI Master port MO.

RW

0x0

scu speculative linefills enable

When set, coherent linefill requests are sent
speculatively to the L2C-310 in parallel with
the tag look-up. If the tag look-up misses, the
confirmed linefill is sent to the L2C-310 and
gets RDATA earlier because the data request
was already initiated by the speculative
request. This feature works only if the
L2C-310 is present in the design.

RW

0x0

scu rams parity enable

1 = Parity on.

0 = Parity off. This is the default setting.
This bit is always zero if support for parity is

not implemented.
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Bit Attr | Reset Value Description

address filtering enable

1 = Addressing filtering on.

1 RW 0x0 0 = Addressing filtering off.

The default value is the value of FILTEREN
sampled when nSCURESET is deasserted.

1 = SCU enable.

0 RW 0x0 0 = SCU disable. This is the default setting.

MP_SCU_CFG
Address: Operational Base + offset (0x0004)
SCU Configuration Register

Bit Attr | Reset Value Description

31:16 |[RO 0x0 reserved

Bits [15:14] indicate Cortex-A9 processor
CPU3 tag RAM size if present.

Bits [13:12] indicate Cortex-A9 processor
CPU2 tag RAM size if present.

Bits [11:10] indicate Cortex-A9 processor
CPU1 tag RAM size if present.

Bits [9:8] indicate Cortex-A9 processor CPUO
15:8 RW 0x00 tag RAM size.

The encoding is as follows:

bll = reserved

b10 = 64KB cache, 256 indexes per tag RAM
b01 = 32KB cache, 128 indexes per tag RAM
b00 = 16KB cache, 64 indexes per tag RAM.
Non-present CPUs have a Tag RAM size of b0O0,
the same as 16KB.

cpus_smp
0 = this Cortex-A9 processor is in AMP mode
not taking part in coherency or not present.
1 = this Cortex-A9 processor is in SMP mode
7:4 RW 0x0 taking part in coherency.

Bit 7 is for CPU3

Bit 6 is for CPU2

Bit 5 is for CPU1

Bit 4 is for CPUO.
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Bit Attr | Reset Value Description

cpu_numbers
Number of CPUs present in the Cortex-A9
MPCore processor
b11 = four Cortex-A9 processors, CPUO CPU1
CPU2 and CPU3

3:0 RW 0x0

b10 = three Cortex-A9 processors, CPUO
CPU1 and CPU2

b01 = two Cortex-A9 processors, CPUO and
CPU1

b00 = one Cortex-A9 processor, CPUOQ.

MP_SCU_PWR_STATUS
Address: Operational Base + offset (0x0008)

SCU CPU Power Status Register

Bit Attr | Reset Value Description

31:26 |RO 0x0 reserved
Power status of the Cortex-A9 processor:b00:
Normal mode.
b01: Reserved.
b10: the Cortex-A9 processor is about to
enter, or is in, dormant mode. No
coherencyrequest is sent to the Cortex-A9

) processor.

2>:24 |RW 0x0 b11: the Cortex-A9 processor is about to
enter, or is in, powered-off mode, or is
nonpresent.
No coherency request is sent to the Cortex-A9
processor.
The default value is bO0 when CPU3 processor
is present, else b11

23:18 |RO 0x0 reserved
Power status of the Cortex-A9 processor.The

17:16 |RW 0x0 default value is bO0 when CPU2 processor is
present, else bl1

15:10 (RO 0x0 reserved

) cpul_status
9:8 RW 0x0 Power status of the Cortex-A9 processor.
7:2 RO 0x0 reserved
) cpuOQ_status
1:0 RW 0x0 Power status of the Cortex-A9 processor.

MP_SCU_INVALIDATE
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Address: Operational Base + offset (0x000c¢)
SCU Invalidate All Registers

Bit

Attr

Reset Value

Description

31:16

RO

0x0

reserved

15:12

RW

0x0

Cpu3_ways

Specifies the ways that must be invalidated for
CPU1. Writing to these bits has no effect if the
Cortex-A9 MPCore processor has fewer than
two processors.

11:8

RW

0x0

Cpu2_ways

Specifies the ways that must be invalidated for
CPU1. Writing to these bits has no effect if the
Cortex-A9 MPCore processor has fewer than
two processors.

7:4

RW

0x0

cpul_ways

Specifies the ways that must be invalidated for
CPUL1. Writing to these bits has no effect if the
Cortex-A9 MPCore processor has fewer than
two processors.

3:0

RW

0x0

cpu0_ways
Specifies the ways that must be invalidated for
CPUO.

MP_SCU_FILTER_START
Address: Operational Base + offset (0x0010)
Filtering Start Address Register

Bit

Attr

Reset Value

Description

31:20

RW

0x000

filter start address

Start address for use with master port 1 in a
two-master port configuration when address
filtering is enabled.

The default value is the value of
FILTERSTART sampled on exit from reset.
The value on the pin gives the upper address
bits with 1MB granularity.

19:0

RO

0x000

reserved

MP_SCU_FILTER_END
Address: Operational Base + offset (0x0014)
Filtering End Address Register

Bit

Attr

Reset Value

| Description
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Bit Attr Reset Value Description

filter end address
End address for use with master port 1 in a
two-master port configuration, whenaddress
filtering is enabled.

31:20 |RW 0x000

X The default value is the value of FILTEREND

sampled on exit from reset. The value on the
pin gives the upper address bits with 1MB
granularity.

19:0 RO 0x000 reserved

MP_SCU_SAC

Address: Operational Base + offset (0x0018)
SCU Access Control Register

Bit

Attr

Reset Value

Description

31:4

RO

0x0

reserved

RW

0x0

cpu3 access

0 = CPU3 cannot access the components.

1 = CPU3 can access the components. This is
the default.

RW

0x0

Cpu2 access

0 = CPU2 cannot access the components.

1 = CPU2 can access the components. This is
the default.

RW

0x0

cpul access

0 = CPU1 cannot access the components.

1 = CPU1 can access the components. This is
the default.

RW

0x0

cpu0 access

0 = CPUO cannot access the components.

1 = CPUO can access the components. This is
the default.

MP_SCU_SNSAC
Address: Operational Base + offset (0x001c)
SCU Non-secure Access Control Register

Bit

Attr

Reset Value

Description

31:12

RO

0x0

reserved
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Bit Attr | Reset Value

Description

11:8 RW 0x0

global access controll for CPU<n>
Non-secure access to the global timer for
CPU<n>.

<n> is 3 for bit[11]

<n> is 2 for bit[10]

<n> is 1 for bit[9]

<n> is O for bit[8].

0 = Secure accesses only. This is the default
value.

1 = Secure accesses and Non-Secure
accesses.

7:4 RW 0x0

private access controll for CPU<n>
Non-secure access to the private timer and
watchdog for CPU<n>.

<n> is 3 for bit[7]

<n> is 2 for bit[6]

<n> is 1 for bit[5]

<n> is O for bit[4].

0 = Secure accesses only. Non-secure reads
return 0. This is the default value.

1 = Secure accesses and Non-secure
accesses.

3:0 RW 0x0

component access control for CPU<n>
Non-secure access to the components for
CPU<n>.

<n> is 3 for bit[3]

<n> is 2 for bit[2]

<n> is 1 for bit[1]

<n> is 0 for bit[0].

0 = CPU cannot write the componentsa

1 = CPU can access the componentsa.

MP_GTIMER_COUNTER_LOW

Address: Operational Base + offset (0x0000)
Global timer counter low 32bits register

Bit Attr Reset Value

Description

31:0 RW 0x00000000

load
lower 32-bit timer counter register

MP_GTIMER_COUNTER_HIGH
Address: Operational Base + offset (0x0004)
Global timer counter high 32bits register

| Bit | Attr | Reset Value |

Description
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Bit Attr Reset Value Description
counte
31:0 |RW  |0x00000000 unter

upper 32-bit timer counter register

MP_GTIMER_CONTROL
Address: Operational Base + offset (0x0008)
Global timer control register

Bit

Attr

Reset Value

Description

31:16

RO

0x0

reserved

15:8

RW

0x00

prescaler
The prescaler modifies the clock period for the
decrementing event for the Counter Register.

7:4

RO

0x0

reserved

RW

0x0

auto increment

This bit is banked per Cortex-A9 processor.
1'b0: single shot mode.

When the counter reaches the comparator
value, sets the event flag. It is the
responsibility of software to update the
comparator value to get further events.

1'b1: auto increment mode.

Each time the counter reaches the comparator
value, the comparator register is incremented
with the auto-increment register, so that
further events can be set periodically without
any software updates.

RW

0x0

IRQ enable

This bit is banked per Cortex-A9 processor.

If set, the interrupt ID 27 is set as pending in
the Interrupt Distributor when the event flag is
set in the Timer Status Register

RW

0x0

compare enable

This bit is banked per Cortex-A9 processor.
If set, it allows the comparison between the
64-bit Timer Counter and the related 64-bit
Comparator Register.

RW

0x0

Timer enable

1'b0 = Timer is disabled and the counter does
not increment.

All registers can still be read and written

1'bl = Timer is enabled and the counter
increments normally
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MP_GTIMER_INT_STATUS
Address: Operational Base + offset (0x000c¢)
Global timer interrupt status register

Bit Attr | Reset Value Description
31:1 RO 0x0 reserved
event flag
This is a banked register for all Cortex-A9
processors present.
The event flag is a sticky bit that is
0 RW 0x0 automatically set when the Counter Register

reaches the Comparator Register value. If the
timer interrupt is enabled, Interrupt ID 27 is
set as pending in the Interrupt Distributor
after the event flag is set. The event flag is
cleared when written to 1.

MP_GTIMER_COMPARE_LOW

Address: Operational Base + offset (0x0010)
Global timer comparator low 32bits register

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

lower 32-bit Comparator Value Register

MP_GTIMER_COMPARE_HIGH
Address: Operational Base + offset (0x0014)
Global timer comparator high 32bits register

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

upper 32-bit Comparator Value Register

MP_GTIMER_AUTO_INCR
Address: Operational Base + offset (0x0018)
Global timer auto increment register

| Bit | Attr | Reset Value | Description
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Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

Autoincrement

This 32-bit register gives the increment value
of the Comparator Register when the
Auto-increment bit is set in the Timer Control
Register. Each Cortex-A9 processor present
has its own Auto-increment Register.

If the comp enable and auto-increment bits
are set when the global counter reaches the
Comparator Register value, the comparator is
incremented by the auto-increment value, so
that a new event can be set periodically.

The global timer is not affected and goes on
incrementing.

MP_PTIMER_TIMER_LOAD
Address: Operational Base + offset (0x0000)
Private timer load register

Bit Attr Reset Value Description
The Timer Load Register contains the value
copied to the Timer Counter Register when it
decrements down to zero with auto reload
31:0 |[RW  |0x00000000 J W to 2ero WIER atito T

mode enabled. Writing to the Timer Load
Register means that you also write to the
Timer Counter Register.

MP_PTIMER_TIMER_COUNTER
Address: Operational Base + offset (0x0004)
Private timer counter register

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

counter

MP_PTIMER_TIMER_CONTROL
Address: Operational Base + offset (0x0008)
Private timer control register

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
prescaler
15:8 RW 0x00 The prescaler modifies the clock period for the
decrementing event for the Counter Register.
7:3 RO 0x0 reserved
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Bit Attr | Reset Value Description

IRQ enable

5 RW 0x0 If set, the interrupt ID 29 is set as pending in
the Interrupt Distributor when the event flag
is set in the Timer Status Register
auto reload
1'b0 = Single shot mode.
Counter decrements down to zero, sets the
event flag and stops.

1 RW 0x0 1'bl = Auto-reload mode.
Each time the Counter Register reaches zero,
it is reloaded with the value contained in the
Timer Load Register.
Timer enable
1'b0 = Timer is disabled and the counter does
not decrement.

0 RW 0x0 All registers can still be read and written
1'bl = Timer is enabled and the counter
decrements normally

MP_PTIMER_TIMER_INT_STATUS
Address: Operational Base + offset (0x000c)
Private timer interrupt status register

Bit

Attr

Reset Value

Description

31:1

RO

0x0

reserved

RW

0x0

event flag

The event flag is a sticky bit that is
automatically set when the Counter Register
reaches zero. If the timer interrupt is enabled,
Interrupt ID 29 is set as pending in the
Interrupt Distributor after the event flag is set.
The event flag is cleared when written to 1.

MP_PTIMER_WDT_LOAD
Address: Operational Base + offset (0x0020)
Private watchdogload register

| Bit

| Attr

Reset Value | Description
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Bit Attr Reset Value Description
The Watchdog Load Register contains the
value copied to the Watchdog Counter
Register when it decrements down to zero
31:0 RW 0x00000000 with auto reload mode enabled, in Timer

mode. Writing to the Watchdog Load Register
means that you also write to the Watchdog
Counter Register

MP_PTIMER_WDT_COUNTER

Address: Operational Base + offset (0x0024)
Private watchdog counter register

Bit Attr Reset Value Description
It decrements if the Watchdog is enabled
31:0 RW 0x00000000 using the Watchdog enable bit in the
Watchdog Control Register.

MP_PTIMER_WDT_CONTROL

Address: Operational Base + offset (0x0028)
Private watchdog control register

Bit

Attr

Reset Value

Description

31:16

RO

0x0

reserved

15:8

RW

0x00

The prescaler modifies the clock period for the
decrementing event for the Counter Register.

7:4

RO

0x0

reserved

RW

0x0

watchdog mode

1'b0 = Timer mode, default

Writing a zero to this bit has no effect. You
must use the Watchdog Disable Register to
put the watchdog into timer mode.

1'bl = Watchdog mode

RW

0x0

IT enable

If set, the interrupt ID 30 is set as pending in
the Interrupt Distributor when the event flag is
set in the watchdog Status Register.

In watchdog mode this bit is ignored
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Bit Attr | Reset Value Description
auto reload
1'b0 = Single shot mode.
Counter decrements down to zero, sets the
event flag and stops.
1 RW 0x0 1'b1 = Auto-reload mode.
Each time the Counter Register reaches zero,
it is reloaded with the value contained in the
Load Register and then continues
decrementing.
watchdog enable
Global watchdog enable
1'b0 = Watchdog is disabled and the counter
0 RW 0x0 does not decrement. All registers can still be

read and /or written
1'bl = Watchdog is enabled and the counter

decrements normally

MP_PTIMER_WDT_INT_STATUS
Address: Operational Base + offset (0x002c)

Private watchdo

interrupt status register

Bit Attr | Reset Value Description
31:1 RO 0x0 reserved
event flag
The event flag is a sticky bit that is
automatically set when the Counter Register
reaches zero in timer mode. If the watchdog
0 RW 0x0 interrupt is enabled, Interrupt ID 30 is set as

pending in the Interrupt Distributor after the
event flag is set. The event flag is cleared
when written with a value of 1. Trying to write
a zero to the event flag or a one when it is not
set has no effect.

MP_PTIMER_WDT_RESET_STATUS
Address: Operational Base + offset (0x0030)

Private watchdo

reset status register

Bit

Attr | Reset Value

Description

31:1

RO 0x0

reserved
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Bit Attr | Reset Value Description
private watchdog reset flag
The reset flag is a sticky bit that is
0 RW 0x0 automatically set when the Counter Register

reaches zero and a reset request is sent
accordingly. (In watchdog mode)

MP_PTIMER_WDT_DISABLE

Address: Operational Base + offset (0x0034)
private watchdog disable

Bit

Attr

Reset Value

Description

31:1

RO

0x0

reserved

WO

0x0

private watchdog disable

Use the Watchdog Disable Register to switch
from watchdog to timer mode. The software
must write 0x12345678 then 0x87654321
successively to the Watchdog Disable Register
so that the watchdog mode bit in the
Watchdog Control Register is set to zero.

L2C_reg0_cache_id
Address: Operational Base + offset (0x0000)
Cache ID Register

Bit Attr | Reset Value Description
31:24 |RW 0x41 Implementer
23:16 |RO 0x0 reserved
15:10 (RW 0x00 CachelD
9:6 RW 0x3 PartNumber
5:0 RW 0x06 RTL release

L2C_reg0_cache_type
Address: Operational Base + offset (0x0004)

Cache Type Register
Bit Attr | Reset Value Description

data_banking

31 RW 0x0 0 = Data banking not implemented.
1 = Data banking implemented

30:29 |RO 0x0 reserved
ctype
11xy, where:

28:25 |RW 0x0 x=_1 if pI310_LQCKDOWN_BY_MASTER is
defined, otherwise 0
y=1 if pI310_LOCKDOWN_BY_LINE is defined,
otherwise 0.
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Bit Attr | Reset Value Description
24:12 (RO 0x0 reserved
Isize
11:7 RW 0x00
X Read from Auxiliary Control Register[19:17]
associativity
6 RW 0x0
X Read from Auxiliary Control Register[16]
5:2 RO 0x0 reserved
line_length
1: RW -
0 0x0 00-32 bytes

L2C_regl_control
Address: Operational Base + offset (0x0100)
regl_control

Bit Attr | Reset Value Description
31:1 RO 0x0 reserved
12_en
0 RW 0x0 0 = L2 Cache is disabled. This is the default
value.
1 = L2 Cache is enabled

L2C_regl_aux_control
Address: Operational Base + offset (0x0104)
Auxiliary Control Register

Bit

Attr

Reset Value

Description

31

RO

0x0

reserved

30

RW

0x0

early_bresp_en
0 = Early BRESP disabled. This is the default.
1 = Early BRESP enabled.

29

RW

0x0

inst_prf_en

0 = Instruction prefetching disabled. This is
the default.

1 = Instruction prefetching enabled.

28

RW

0x0

data_prf_en

0 = Data prefetching disabled. This is the
default.

1 = Data prefetching enabled

27

RW

0x0

ns_int_ac

0 = Interrupt Clear, 0x220, and Interrupt
Mask, 0x214, can only be modified or read
with secure accesses. This is the default.

1 = Interrupt Clear, 0x220, and Interrupt
Mask, 0x214, can be modified or read with
secure or non-secure accesses.
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Bit Attr | Reset Value Description
ns_lock_en
0 = Lockdown registers cannot be modified
26 RW 0x0 using non-secure accesses. This is the default.
1 = Non-secure accesses can write to the
lockdown registers.
crp
55 RW 0x0 0= pseudo-ra.ndom replacement.using Ifsr.
1 = round-robin replacement. This is the
default.
fwa
b00 = Use AWCACHE attributes for WA. This is
the default.
) b01 = Force no allocate, set WA bit always 0.
24:23 RW —|O0x0 b10 = Override AWCACHE attributes, set WA
bit always 1, all cacheable write misses
become write allocated.
b1l = Internally mapped to 00.
sav_en
0 = Treats shared accesses as specified in
22 RW 0x0 Shareable attribute. This is the default.
= Shared attribute internally ignored.
parity_en
21 RW 0x0 0 = Disabled. This is the default.
1 = Enabled
evmb_en
20 RW 0x0 0 = Disabled. This is the default.
1 = Enable
way_size
b000 = Reserved, internally mapped to 16KB.
b001 = 16KB.
b010 = 32KB.
b011 = 64KB.
19:17 |RW 0x0 b100 = 128KB.
b101 = 256KB.
b110 = 512KB.
b111 = Reserved, internally mapped to 512
KB.
associativity
16 RW 0x0 0 = 8-way.
1 = 16-way.
15:14 |RO 0x0 reserved
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Bit

Attr

Reset Value

Description

13

RW

0x0

sai_en

0 = Shared invalidate behavior disabled. This
is the default.

1 = Shared invalidate behavior enabled, if
Shared Attribute Override Enable bit

not set.

12

RW

0x0

excc
0 = Disabled. This is the default.
1 = Enabled,

11

RW

0x0

sbdl_en

0 = Store buffer device limitation disabled.
Device writes can take all slots in store buffer.
This is the default.

1= Store buffer device limitation enabled.
Device writes cannot take all slots in

store buffer when connected to the Cortex-A9
MPCore processor. There is always

one available slot to service Normal Memory

10

RO

0x0

stronly_priority

0 = Strongly Ordered and Device reads have
lower priority than cacheable accesses when
arbitrated in the L2CC (L2C-310) master
ports. This is the default.

1 = Strongly Ordered and Device reads get the
highest priority when arbitrated in the L2CC
(L2C-310) master ports.

9:1

RO

0x0

reserved

RO

0x0

full_line_zero

0 = Full line of write zero behavior disabled.
This is the default.

1 = Full line of write zero behavior Enabled

L2C_regl_tag_ram_control
Address: Operational Base + offset (0x0108)
Tag RAM Latency Control Registers

Bit

Attr

Reset Value

Description

31:11

RO

0x0

reserved
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Bit Attr | Reset Value Description
write_ac_latency
b000 = 1 cycle of latency, there is no
additional latency.
b001 = 2 cycles of latency.
) b010 = 3 cycles of latency.
10:8 |RW 0x0 b011 = 4 cycles of latency.
b100 = 5 cycles of latency.
b101 = 6 cycles of latency.
b110 = 7 cycles of latency.
b111 = 8 cycles of latency.
7 RO 0x0 reserved
read_ac_latency
b000 = 1 cycle of latency, there is no
additional latency.
b001 = 2 cycles of latency.
) b010 = 3 cycles of latency.
6:4 WO 0x0 b011 = 4 cycles of latency.
b100 = 5 cycles of latency.
b101 = 6 cycles of latency.
b110 = 7 cycles of latency.
b111 = 8 cycles of latency
3 RO 0x0 reserved
setup_latency
b000 = 1 cycle of latency, there is no
additional latency.
b001 = 2 cycles of latency.
) b010 = 3 cycles of latency.
2:0 WO 0x0 b011 = 4 cycles of latency.
b100 = 5 cycles of latency.
b101 = 6 cycles of latency.
b110 = 7 cycles of latency.
b111 = 8 cycles of latency.

L2C_regl_data_ram_control

Address: Operational Base + offset (0x010c)
Data RAM Latency Control Registers

Bit

Attr

Reset Value

Description

31:11

RO

0x0

reserved
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Bit Attr | Reset Value Description
write_ac_latency
b000 = 1 cycle of latency, there is no
additional latency.
b001 = 2 cycles of latency.
) b010 = 3 cycles of latency.
10:8 |RW 0x0 b011 = 4 cycles of latency.
b100 = 5 cycles of latency.
b101 = 6 cycles of latency.
b110 = 7 cycles of latency.
b111 = 8 cycles of latency.
7 RO 0x0 reserved
read_ac_latency
b000 = 1 cycle of latency, there is no
additional latency.
b001 = 2 cycles of latency.
6:4 RW 0x0 b010 = 3 cycles of latency.
b011 = 4 cycles of latency.
b100 = 5 cycles of latency.
b101 = 6 cycles of latency.
b110 = 7 cycles of latency.
b111 = 8 cycles of latency.
3 RO 0x0 reserved
setup_latency
b000 = 1 cycle of latency, there is no
additional latency.
b001 = 2 cycles of latency.
) b010 = 3 cycles of latency.
2:0 RO 0x0 b011 = 4 cycles of latency.
b100 = 5 cycles of latency.
b101 = 6 cycles of latency.
b110 = 7 cycles of latency.
b111 = 8 cycles of latency.

L2C_reg2_ev_counter_ctrl
Address: Operational Base + offset (0x0200)

Event Counter Control Register

Bit

Attr

Reset Value

Description

31:3

RO

0x0

reserved
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Bit

Attr

Reset Value

Description

2:1

RO

0x0

counter_rst
Always Read as zero. The following counters
are reset when a 1 is written to the following
bits:

bit[2] = Event Counterl reset

bit[1] = Event CounterO0 reset.

RO

0x0

ev_cnt_en

0 = Event Counting Disable. This is the
default.

1 = Event Counting Enable

L2C_reg2_ev_counterl_cfg
Address: Operational Base + offset (0x0204)
Event Counter Configuration Registers

Bit Attr | Reset Value Description

31:6 RO 0x0 reserved

5:2 RW 0x0 ev_source
ev_cnt_int_gen
b00 = Disabled. This is the default.

1:0 RW 0x0 b01 = Enabled: Increment condition.
b10 = Enabled: Overflow condition.
b1l = Interrupt generation is disabled

L2C_reg2_ev_counter0_cfg
Address: Operational Base + offset (0x0208)
Event Counter Configuration Registers

Bit Attr | Reset Value Description
31:6 RO 0x0 reserved
5:2 RW 0x0 en_source
1:0 RO 0x0 ev_cnt_int_gen

L2C_reg2_ev_counterl
Address: Operational Base + offset (0x020c¢)
Event counter value registers

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

cnt_val

Total of the event selected.

If a counter reaches its maximum value, it
saturates at that value until it is reset.

L2C_reg2_ev_counter0
Address: Operational Base + offset (0x0210)
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Event counter value registers
Bit Attr Reset Value Description
cnt_val

Total of the event selected.
If a counter reaches its maximum value, it
saturates at that value until it is reset.

31:0 |RO 0x00000000

L2C_reg2_int_mask
Address: Operational Base + offset (0x0214)
reg2_int_mask

Bit Attr | Reset Value Description

31:9 RO 0x0 reserved
DECERR_MSK

8 RW 0x0 1 = Enabled.
0 = Masked. This is the default.
SLVERR_MSK

7 RW 0x0 1 = Enabled.
0 = Masked. This is the default.
ERRRD_MSK

6 RW 0x0 1 = Enabled.
0 = Masked. This is the default.
ERRRT_MSK

5 RW 0x0 1 = Enabled.
0 = Masked. This is the default.
ERRWD_MSK

4 RW 0x0 1 = Enabled.
0 = Masked. This is the default.
ERRWT_MSK

3 RW 0x0 1 = Enabled.
0 = Masked. This is the default.
PARRD_MSK

2 RW 0x0 1 = Enabled.
0 = Masked. This is the default.
PARRT_MSK

1 RW 0x0 1 = Enabled.
0 = Masked. This is the default.
ECNTR_MSK

0 RO 0x0 1 = Enabled.
0 = Masked. This is the default.

L2C_reg2_int_mask_status
Address: Operational Base + offset (0x0218)
reg2_int_mask_status
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Bit

Attr

Reset Value

Description

31:9

RO

0x0

reserved

RW

0x0

DECERR_MSKST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the inputlines triggering an interrupt.
LOW If the bits read LOW, either no interrupt
has been generated, or the interrupt is
masked

RW

0x0

SLVERR_MSKST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an
interrupt.

LOW If the bits read LOW, either no interrupt
has been generated, or the interrupt is
masked

RW

0x0

ERRRD_MSKST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, either no interrupt
has been generated, or the interrupt is masked

RW

0x0

ERRRT_MSKST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, either no interrupt
has been generated, or the interrupt is masked

RW

0x0

ERRWD_MSKST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, either no interrupt
has been generated, or the interrupt is masked

RW

0x0

ERRWT_MSKST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, either no interrupt
has been generated, or the interrupt is masked
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Bit

Attr

Reset Value

Description

RW

0x0

PARRD_MSKST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, either no interrupt
has been generated, or the interrupt is masked

RW

0x0

PARRT_MSKST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, either no interrupt
has been generated, or the interrupt is masked

RO

0x0

ECNTR_MSKST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, either no interrupt
has been generated, or the interrupt is masked

L2C_reg2_int_raw_status
Address: Operational Base + offset (0x021c)
reg2_int_raw_status

Bit

Attr

Reset Value

Description

31:9

RO

0x0

reserved

RW

0x0

DECERR_RAWST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, no interrupt has
been generated.

RW

0x0

SLVERR_RAWST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, no interrupt has
been generated.

RW

0x0

ERRRD_RAWST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, no interrupt has
been generated.
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Bit Attr | Reset Value

Description

5 RW 0x0

ERRRT_RAWST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, no interrupt has
been generated.

4 RW 0x0

ERRWD_RAWST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, no interrupt has
been generated.

3 RW 0x0

ERRWT_RAWST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, no interrupt has
been generated.

2 RW 0x0

PARRD_RAWST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, no interrupt has
been generated.

1 RW 0x0

PARRT_RAWST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, no interrupt has
been generated.

0 RO 0x0

ECNTR_RAWST

Bits read can be HIGH or LOW:

HIGH If the bits read HIGH, they reflect the
status of the input lines triggering an interrupt.
LOW If the bits read LOW, no interrupt has
been generated.

L2C_reg2_int_clear

Address: Operational Base + offset (0x0220)

reg2_int_clear

Bit Attr | Reset Value

Description

31:9 RO 0x0

reserved
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Bit

Attr

Reset Value

Description

RW

0x0

DECERR_CL

When a bit is written as 1, it clears the
corresponding bit in the Raw Interrupt Status
Register.

When a bit is written as 0, it has no effect

RW

0x0

SLVERR_CL

When a bit is written as 1, it clears the
corresponding bit in the Raw Interrupt Status
Register.

When a bit is written as 0, it has no effect

RW

0x0

ERRRD_CL

When a bit is written as 1, it clears the
corresponding bit in the Raw Interrupt Status
Register.

When a bit is written as 0, it has no effect

RW

0x0

ERRRT_CL

When a bit is written as 1, it clears the
corresponding bit in the Raw Interrupt Status
Register.

When a bit is written as 0, it has no effect

RW

0x0

ERRWD_CL

When a bit is written as 1, it clears the
corresponding bit in the Raw Interrupt Status
Register.

When a bit is written as 0, it has no effect

RW

0x0

ERRWT_CL

When a bit is written as 1, it clears the
corresponding bit in the Raw Interrupt Status
Register.

When a bit is written as 0, it has no effect

RW

0x0

PARRD_CL

When a bit is written as 1, it clears the
corresponding bit in the Raw Interrupt Status
Register.

When a bit is written as 0, it has no effect

RW

0x0

PARRT_CL

When a bit is written as 1, it clears the
corresponding bit in the Raw Interrupt Status
Register.

When a bit is written as 0, it has no effect
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Bit Attr | Reset Value Description
ECNTR_CL
When a bit is written as 1, it clears the
0 RO 0x0 corresponding bit in the Raw Interrupt Status
Register.
When a bit is written as 0, it has no effect

L2C_reg7_cache_sync
Address: Operational Base + offset (0x0730)
reg7_cache_sync

Bit Attr | Reset Value Description
31:1 RO 0x0 reserved
sync
0 RW 0x0 Drain the STB. Operation complete when all
buffers, LRB, LFB, STB, and EB, are empty

L2C_reg7_inv_pa
Address: Operational Base + offset (0x0770)
reg7_inv_pa

Bit Attr | Reset Value Description
31:1 RO 0x0 reserved
set_en
0 RW 0x0 —
X Specific L2 cache line is marked as not valid.

L2C_reg7_inv_way
Address: Operational Base + offset (0x077c)
reg7_inv_way

Bit Attr Reset Value Description

Invalidate all data in specified ways, including
dirty data. An Invalidate by way while
selecting all cache ways is equivalent to
invalidating all cache entries. Completes as a
background task with the way, or ways,
locked, preventing allocation.

31:0 RwW 0x00000000

L2C_reg7_clean_pa
Address: Operational Base + offset (0x07b0)
reg7_clean_pa

| Bit | Attr | Reset Value | Description
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Bit Attr Reset Value Description

set_en

set enable bits

Write the specific L2 cache line to L3 main
31:0 RW 0x00000000 memory if the line is marked as valid and
dirty.

The line is marked as not dirty. The valid bit is
unchanged.

L2C_reg7_clean_index
Address: Operational Base + offset (0x07b8)
reg7_clean_index

Bit Attr Reset Value Description

set_en

set enable bits

Write the specific L2 cache line within the
specified way to L3 main memory if the line is
marked as valid and dirty. The line is marked
as not dirty. The valid bit is unchanged

31:0 RW 0x00000000

L2C_reg7_clean_way
Address: Operational Base + offset (0x07bc)
reg7_clean_way

Bit Attr Reset Value Description

clear_en

clear enable bits

Writes each line of the specified L2 cache
ways to L3 main memory if the line is marked
as valid and dirty. The lines are marked as not
dirty. The valid bits are unchanged.
Completes as a background task with the
way, or ways, locked, preventing allocation

31:0 RW 0x00000000

L2C_reg7_clean_inv_pa
Address: Operational Base + offset (0x07f0)
reg7_clean_inv_pa

Bit Attr Reset Value Description

clear_en

clear enable bits

31:0 RW 0x00000000 Write the specific L2 cache line to L3 main
memory if the line is marked as valid and
dirty. The line is marked as not valid.
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L2C_reg7_clean_inv_index
Address: Operational Base + offset (0x07f8)
reg7_clean_inv_index

Bit Attr Reset Value Description

clear_en

Write the specific L2 cache line within the
31:0 RW 0x00000000 specified way to L3 main memory if the line is
marked as valid and dirty. The line is marked
as not valid

L2C_reg7_clean_inv_way
Address: Operational Base + offset (0x07fc)
reg7_clean_inv_way

Bit Attr Reset Value Description

clear_en

Writes each line of the specified L2 cache
ways to L3 main memory if the line is marked
31:0 RW 0x00000000 as valid and dirty. The lines are marked as not
valid. Completes as a background task with
the way, or ways, locked, preventing
allocation.

L2C_reg9_d_lockdownO
Address: Operational Base + offset (0x0900)
reg9_d_lockdownO

Bit Attr | Reset Value Description

31:16 (RO 0x0 reserved

datalock000

each bit has the following meaning:

0 allocation can occur in the corresponding
way.

1 there is no allocation in the corresponding
way

15:0 RW 0x0000

L2C_reg9_i_lockdownO
Address: Operational Base + offset (0x0904)
reg9_i_lockdown0

Bit Attr | Reset Value Description

31:16 |[RO 0x0 reserved
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Bit Attr | Reset Value Description
instlock000
each bit has the following meaning:
15:0 RW 0x0000 0 allocation can occur in the corresponding

way.
1 there is no allocation in the corresponding
way

L2C_reg9_d_lockdownl
Address: Operational Base + offset (0x0908)
reg9_d_lockdownl

Bit Attr | Reset Value Description

31:16 |RO 0x0 reserved
datalock001
each bit has the following meaning:

15:0 RW 00000 0 allocation can occur in the corresponding
way.
1 there is no allocation in the corresponding
way

L2C_reg_i_lockdownl1
Address: Operational Base + offset (0x090c)

reg_i_lockdownl

Bit Attr | Reset Value Description

31:16 |RO 0x0 reserved
instlock001
each bit has the following meaning:

15:0 RW 0x0000 0 allocation can occur in the corresponding
way.
1 there is no allocation in the corresponding
way

L2C_reg9_d_lockdown2
Address: Operational Base + offset (0x0910)
reg9_d_lockdown2

Bit Attr | Reset Value Description

31:16 |RO 0x0 reserved
datalock002
each bit has the following meaning:

15:0 RW 0x0000 0 allocation can occur in the corresponding
way.
1 there is no allocation in the corresponding
way
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L2C_reg9_i_lockdown2
Address: Operational Base + offset (0x0914)
reg9_i_lockdown2

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
instlock002
each bit has the following meaning:
15:0 RW 0x0000 0 allocation can occur in the corresponding

way.
1 there is no allocation in the corresponding
way

L2C_reg9_d_lockdown3
Address: Operational Base + offset (0x0918)
reg9_d_lockdown3

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
datalock003
each bit has the following meaning:
15:0 RW 00000 0 allocation can occur in the corresponding

way.
1 there is no allocation in the corresponding
way

L2C_reg9_i_lockdwon3
Address: Operational Base + offset (0x091c)
reg9_i_lockdwon3

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
instlock003
each bit has the following meaning:
15:0 RW 0x0000 0 allocation can occur in the corresponding

way.
1 there is no allocation in the corresponding
way

L2C_reg9_d_lockdown4
Address: Operational Base + offset (0x0920)
reg9_d_lockdown4

Bit

Attr

Reset Value

Description

31:16

RO

0x0

reserved
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Bit Attr | Reset Value Description
datalockoo4
each bit has the following meaning:
15:0 RW 0x0000 0 allocation can occur in the corresponding

way.
1 there is no allocation in the corresponding
way

L2C_reg9_i_lockdwon4
Address: Operational Base + offset (0x0924)
reg9_i_lockdwon4

Bit Attr | Reset Value Description

31:16 |RO 0x0 reserved
instlock004
each bit has the following meaning:

15:0 RW 00000 0 allocation can occur in the corresponding
way.
1 there is no allocation in the corresponding
way

L2C_reg9_d_lockdwon5
Address: Operational Base + offset (0x0928)
reg9_d_lockdwon5

Bit Attr | Reset Value Description

31:16 |RO 0x0 reserved
datalock005
each bit has the following meaning:

15:0 RW 0x0000 0 allocation can occur in the corresponding
way.
1 there is no allocation in the corresponding
way

L2C_reg9_i_lockdwon5
Address: Operational Base + offset (0x092c)
reg9_i_lockdwon5

Bit Attr | Reset Value Description

31:16 |RO 0x0 reserved
instlock005
each bit has the following meaning:

15:0 RW 0x0000 0 allocation can occur in the corresponding
way.
1 there is no allocation in the corresponding
way
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L2C_reg9_d_lockdwon6
Address: Operational Base + offset (0x0930)
reg9_d_lockdwon6

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
datalock006
each bit has the following meaning:
15:0 RW 0x0000 0 allocation can occur in the corresponding

way.
1 there is no allocation in the corresponding
way

L2C_reg9_i_lockdwon6
Address: Operational Base + offset (0x0934)
reg9_i_lockdwon6

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
instlock006
each bit has the following meaning:
15:0 RW 00000 0 allocation can occur in the corresponding

way.
1 there is no allocation in the corresponding
way

L2C_reg9_d_lockdwon?7
Address: Operational Base + offset (0x0938)
reg9_d_lockdwon?7

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
datalock007
each bit has the following meaning:
15:0 RW 0x0000 0 allocation can occur in the corresponding

way.
1 there is no allocation in the corresponding
way

L2C_reg9_i_lockdwon?7
Address: Operational Base + offset (0x093c¢)
reg9_i_lockdwon?7

Bit

Attr

Reset Value

Description

31:16

RO

0x0

reserved
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Bit Attr | Reset Value Description
instlock007
each bit has the following meaning:
Il i in th ndin
15:0 RW 0x0000 0 allocation can occur in the corresponding

way.
1 there is no allocation in the corresponding
way

L2C_reg9_lock_line_en
Address: Operational Base + offset (0x0950)
reg9_lock_line_en

Bit Attr | Reset Value Description
31:1 RO 0x0 reserved
lock_down_by_line_en
0 = Lockdown by line disabled. This is the
0 RW 0x0

default.
1 = Lockdown by line enabled.

L2C_reg9_unlock_way
Address: Operational Base + offset (0x0954)
reg9_unlock_way

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
unlock_all_lines_by_way_op
For all bits:
15:0 RW 0x0000 0 = Unlock all lines disabled. This is the default.

1 = Unlock all lines operation in progress for
the corresponding way.

L2C_regl2_addr_filtering_start
Address: Operational Base + offset (0x0c00)
regl2_addr_filtering_start

Bit Attr | Reset Value Description
address_filtering_start
31:20 |RW 0x000 Address filtering start address for bits [31:20]
of the filtering address
19:1 RO 0x0 reserved
filter_en
0 RW 0x0 0 = Address filtering disabled.

1 = Address filtering enabled

L2C_regl2_addr_filtering_end
Address: Operational Base + offset (0x0c04)
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regl2_addr_filtering_end

Bit Attr Reset Value Description
address_filtering_end
31:20 [(RW 0x000 Address filtering end address for bits [31:20]
of the filtering address.
19:0 RO 0x000 reserved

L2C_regl15_debug_ctrl
Address: Operational Base + offset (0x0f40)

Debug Register o

Bit Attr | Reset Value Description
31:3 RO 0x0 reserved
SPNIDEN
2 RW 0x0
X Reads value of SPNIDEN input.
DWB
1 RW 0x0 0 = Enable write-back behavior. This is the
default.
1 = Force write-through behavior.
DCL
0 RW 0x0 0 = Enable cache linefills. This is the default.

1 = Disable cache linefills.

L2C_regl5_prefetch_ctrl
Address: Operational Base + offset (0x0f60)
Prefetch Control Register

Bit

Attr

Reset Value

Description

31

RO

0x0

reserved

30

RW

0x0

double_linefill_en

You can set the following options for this
register bit:

0 The L2CC always issues 4x64-bit read
bursts to L3 on reads that miss in the L2 cache.
This is the default.

1 The L2CC issues 8x64-bit read bursts to L3
on reads that miss in the L2 cache.

29

RW

0x0

inst_prf_en

You can set the following options for this
register bit:

0 Instruction prefetching disabled. This is the
default.

1 Instruction prefetching enabled.
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Bit

Attr

Reset Value

Description

28

RW

0x0

data_prf_en

You can set the following options for this
register bit:

0 Data prefetching disabled. This is the
default.

1 Data prefetching enabled.

27

RW

0x0

double_linefill_on_wrap

You can set the following options for this
register bit:

0 Double linefill on WRAP read enabled. This
is the default.

1 Double linefill on WRAP read disabled.

26

:25

RO

0x0

reserved

24

RW

0x0

prf_drop_en

You can set the following options for this
register bit:

0 The L2CC does not discard prefetch reads
issued to L3. This is the default.

1 The L2CC discards prefetch reads issued to
L3 when there is

a resource conflict with explicit reads

23

RW

0x0

incr_db_If _en

incr_db_If _en

You can set the following options for this
register bit:

0 The L2CC does not issue INCR 8x64-bit
read bursts to L3 on reads that miss in the L2
cache. This is the default.

1 The L2CC can issue INCR 8x64-bit read
bursts to L3 on reads that miss in the L2 cache.

22

RO

0x0

reserved

21

RW

0x0

excl_seqg_en

You can set the following options for this
register bit:

0 Read and write portions of a hon-cacheable
exclusive sequence have the same AXI ID
when issued to L3. This is the default.

1 Read and write portions of a non-cacheable
exclusive sequence do not have the same AXI
ID when issued to L3.

20:

5

RO

0x0

reserved

4:0

RW

0x00

prf_offset
Default = bO0000
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L2C_regl15_power_ctrl
Address: Operational Base + offset (0x0f80)
Power Control Register

Bit Attr | Reset Value Description
31:2 RO 0x0 reserved
dynamic_clk_gating_en
1 RW 0x0 1 = Enabled.

0 = Masked. This is the default

standby_mode_en
0 RW 0x0 1 = Enabled.
0 = Masked. This is the default.

8.5 Application Notes
8.5.1 Address filtering

When address_filtering_enable is set, all accesses with address >=
address_filtering_start and < address_filtering_end are automatically directed
to M1. All other accesses are directed to MO.

Because the input pins provide the reset values of the address filtering
registers, it is not expected that the values of these registers are changed
dynamically after reset. Furthermore, changing these values without special
attention can lead to unpredictable behavior.

It is recommended that you program the Address Filtering End Register before
the Address Filtering Start Register to avoid unpredictable behavior between the
two writes.

8.5.2 L2 Cache initialization

A typical cache controller start-up programming sequence consists of the
following register operations:

1. Write to the Auxiliary, Tag RAM Latency, Data RAM Latency, Prefetch,
and PowerControl registers using a read-modify-write to set up global
configurations:

e associativity, Way Size

e latencies for RAM accesses

e allocation policy

e prefetch and power capabilities.

2. Secure write to the Invalidate by Way, offset 0x77C, to invalidate all
entries in cache:

e Write OXFFFF to 0x77C

e Poll cache maintenance register until invalidate operation is complete.

3. Write to the Lockdown D and Lockdown I Register 9 if required.

4. Write to interrupt clear register to clear any residual raw interrupts set.

5. Write to the Interrupt Mask Register if you want to enable interrupts.

6. Write to Control Register 1 with the LSB set to 1 to enable the cache.

If you write to the Auxiliary, Tag RAM Latency, or Data RAM Latency Control
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Register with the L2 cache enabled, this results in a SLVERR. You must disable
the L2 cache by writing to the Control Register 1 before writing to the Auxiliary,
Tag RAM Latency, or Data RAM Latency Control Register.

8.5.3 L2 ram latency programming

Programmable RAM latencies enable the cache controller to manage RAMs
requiring several clock cycles for dealing with accesses. For each RAM, there are
three programmable latencies:

e setup
e read access
e write access.

Setup latency is the number of cycles that the RAM control signals remain
valid prior to the RAM clock edge.Following figure shows a timing diagram where
the tag RAM setup latency has been programmed with the value 0x1.

e [ | | | | |
TAGCLKOUT | ] N
TAGCS |
TAGADDR ( AD X Al )
TAGRD { pAa0 }— DAO  )———

Read access latency is the number of cycles taken by the read data to become
valid after the RAM clock edge.Following figure shows a timing diagram where
the tag RAM read latency has been programmed with the value 0x1.

CLK | | | | | |
TAGCS |
TAGADDR — Ao AL
TAGCLKOUT ] ]
TAGRD { pA0 [}— DAO [ }—

Write access latency is the minimum number of cycles between a RAM clock
edge for a write access and the next RAM clock edge corresponding to another
access, read or write. Following figure shows a timing diagram where the tag
RAM write access latency has been programmed with the value 0x1.

- | L[] L1 |
TAGCLKOUT
TAGADDR

TAGCS AD Al —

TAGWD DAO DAO —

In typical use, the tag ram latency constrained for setup/read/write and
correspond register values should be set are like following:

Item Setup latency Read latency | Write latency
Cycles 1 1 1
Register filed value 0x0 0x0 0x0

As the tag ram’s min period width is 0.8ns, the write latency must be set to 2
cycles if the core is over-frequency to 1.25Ghz.
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The data ram setup/read/write latency is like the tag ram. The only difference
is data ram use the banking technology. Following figure shows the benefit of
the banking when two consecutive reads targetingdifferent banks are treated
with the following programmed latencies:

+ Data RAM setup latency = 2 cycles, programmed value = 0x1
» Data RAM read latency = 4 cycles, programmed value = 0x3.

CLK

DATACLKOUT[0]
DATACSIO0] J \
DATACLKOUT[1]
DATACSI[1] J \
DATARD ¥ DA0 ¥  par

In typical use, the data ram latency constrained for setup/read/write and
correspond register values should be set are like following:

Item Setup latency Read latency Write latency

Cycles 2 4 1

Register filed value Ox1 0x3 0x0

The data ram read latency is constrained as 4-cycles. Following table shows
the data ram read latency’s most reasonable value under different core
frequency.

Core frequency mhz 0~380 380~560 560~750 >750
Cycles 2 3 4 4
Register filed value 0x0 0x1 0x2 0x3

The data ram setup latency is constrained as 2-cycles. Following table shows
the data ram read latency’s most reasonable value under different core
frequency.

Core frequency mhz 0~560 560~750 >750
Cycles 1 2 2
Register filed value 0x0 Ox1 Ox1

High Performance and Low-power Processor for Digital Media Application

312



Rockeh? RK3188 Technical Reference Manual Rev 1.3

Chapter 9 AXI interconnect

The chip-level interconnect consists of one cpu_sys interconnect and peri_sys
interconnects. It enables communication among themodules and subsystems in
the device.

The cpu_sys interconnect handles many types of data transfers, especially
exchanges with system-on-chip (SoC)/external memories. It transfers data
with amaximum width of 128 bits from the initiator to the target. It is a
little-endian platform.

The peri_sys interconnectbelong to peri system which is responsible for
peripheral devices control such as usb device , flash device , uart, spi etc.

For detailed information about AXI interconnect, please refer to RK3188
AXI interconnect.pdf.
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Chapter 10 DMACO(DMA Controller)

10.1 Overview

This device supports 2 Direct Memory Access (DMA) tops, one for cpu system
(DMACDO0), and the other one for Peripheral system(DMAC1).Both of these two
dma support transfers between memory and memory, peripheral and memory.

DMACO supports TrustZone technology and is under secure state after
reset.The secure state can be changed by configuring TZPC module.

DMACO is mainly used for data transfer of the following slaves: 12S0/12S1/
SPDIF/UARTO/Embedded SRAM and transfer data from/to external DDR
SDRAM.

Following table shows the DMACO peripheral request mapping scheme.

Table 10-1DMACO Request Mapping Table

Req number | Source Polarity

0 UartO tx High level
1 UartO rx High level
2 Uartl tx High level
3 Uartl rx High level
4 Reserved High level
5 Reserved High level
6 1251/PCM(2ch) tx High level
7 12S51/PCM(2ch) rx High level
8 SPDIF tx High level
9 Reserved High level
10 Reserved High level

DMACO supports the following features:

Supports Trustzone technology.
Supports 10 perihpral request.

Up to 64bits data size.

6 channel at the same time.

Up to burst 16.

1 interrupt output and one abort output.
Supports 32 MFIFO depth.

10.2 Block Diagram
Figure 10-1 shows the block diagram of DMACO
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MFIFO
Register access for FL%FB-SSZ:;E irsﬁ&lﬁor data
the Non-secure state . APB . buffer
interface execution AX DMA
memary engine Read —>
Secure mapped instruction et e
Register access for istens . interface transfer
the Secure state € APB slave 9 Instruction queue
interface cache Wite
instruction
Reset gueue
Tie-offs ——| initialization OMAC
interface

P Peripheral request interface 0 Interrupt
+—p|Peripheral reguest interface 1 interface
Requests¢ -—Peripheral request interface 2

— Interrupts

4—p|Peripheral request interface 7

Fig. 10-1 Block diagram of dmac0O

As the DMACO supports Trustzone technology, so dual APB interfaces enable
the operation of the DMACO to be partitioned into the Secure state and
Non-secure state. You can use the APB interfaces to access status registers and
also directly execute instructions in the DMACO.The default interface after reset
is secure apb interface.

10.3 Function Description
10.3.1 Introduction

The DMAC contains an instruction processing block that enables it to process
program code that controls a DMA transfer. The program code is stored in a
region of system memory that the DMAC accesses using its AXI interface. The
DMAC stores instructions temporarily in a cache.

DMACO supports 7 channels,each channel capable of supporting a single
concurrent thread of DMA operation. In addition, a single DMA manager thread
exists, and you can use it to initialize the DMA channel threads. The DMAC
executes up to one instruction for each AXI clock cycle. To ensure that it
regularly executes each active thread, it alternates by processing the DMA
manager thread and then a DMA channel thread. It
uses a round-robin process when selecting the next active DMA channel thread
to execute.

The DMAC uses variable-length instructions that consist of one to six bytes. It
provides a separate Program Counter (PC) register for each DMA channel. When
a thread requests an instruction from an address, the cache performs a look-up.
If a cache hit occurs, then the cache immediately provides the data. Otherwise,
the thread is stalled while the DMAC uses the AXI interface to perform a cache
line fill. If an instruction is greater than 4 bytes, or spans the end of a cache line,
the DMAC performs multiple cache accesses to fetch the instruction.

When a cache linefill is in progress, the DMAC enables other threads to access

the cache, but if another cache miss occurs, this stalls the pipeline until the first
line fill is complete.
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When a DMA channel thread executes a load or store instruction, the DMAC
adds the instruction to the relevant read or write queue. The DMAC uses these
queues as an instruction storage buffer prior to it issuing the instructions on the
AXI bus. The DMAC also contains a Multi First-In-First-Out (MFIFO) data buffer
that it uses to store data that it reads, or writes, during a DMA transfer.

10.3.2 Operating states

Figure shows the operating states for the DMA manager thread and DMA

channel threads.

Note:

At barrier

Fig. 10-2 DMACO operation states

arcs with no letter designator indicate state transitions for the DMA manager and DMA

channel threads, otherwise use is restricted as follows:

C DMA channel threads only.
M DMA manager thread only.

After the DMAC exits from reset, it sets all DMA channel threads to the
stopped state, and the status of boot_from_pc(tie-off interface of dmac)
controls the DMA manager thread state:
boot_from_pc is LOW :DMA manager thread moves to the Stopped state.
boot_from_pc is HIGH :DMA manager thread moves to the Executing state.

10.4 Register Description

10.4.1 Register summary

Name Offset | Size Reset Description
Value
DMACO_DSR 0x0000 | W 0x0 DMA Status Register.
DMACO_DPC 0x0004 |W | Ox0 DMA ~ Program  Counter
Register.
- - - - reserved
DMACO_INTEN 0x0020 | W 0x0 Interrupt Enable Register
?SMACO—EVENT—R 0x0024 | W 0x0 Event Status Register.
DMACOQ_INTMIS 0x0028 | W 0x0 Interrupt Status Register
DMACO_INTCLR 0x002C | W 0x0 Interrupt Clear Register
DMACO_FSRD | 0x0030 |W | Ox0 Fault Status DMA  Manager
Register.
DMACO_FSRC 0x0034 | W 0x0 Fault Status DMA Channel
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Register.
DMACO_FTRD 0x0038 |W | Ox0 Eae‘;'itstejype DMA ~ Manager
- - - - reserved
DMACO_FTRO 0x0040 | W 0x0 Fault type for DMA Channel 0
DMACO_FTR1 0x0044 | W 0x0 Fault type for DMA Channel 1
DMACO_FTR2 0x0048 | W 0x0 Fault type for DMA Channel 2
DMACO_FTR3 0x004C | W 0x0 Fault type for DMA Channel 3
DMACO_FTR4 0x0050 | W 0x0 Fault type for DMA Channel 4
DMACO_FTR5 0x0054 | W 0x0 Fault type for DMA Channel 5
- - - - reserved
DMACO_CSRO 0x0100 |W | 0x0 gﬂg::z: . Status  foR, DMA
DMACO_CSR1 0x0108 |W | 0x0 gggzzg: , Statug PN\ PMA
DMACO_CSR2 0x0110 |W | Ox0 gﬂ:gg:: X Stathg Ter  DMA
DMACO_CSR3 0x0118 |W | 0x0 EE:::E: ; SRS for  DMA
DMACO_CSR4 0x0120 |W | Ox0 gﬂ:gg:: . status  for  DMA
DMACO_CSR5 0x0128 |W | 0x0 EE:::E: . Status  for  DMA
DMACO_CPCO 0x0104 | W 0x0 Channel PC for DMA Channel 0
DMACO_CPC1 0x010c | W 0x0 Channel PC for DMA Channel 1
DMACO_CPC2 0x0114 W 0x0 Channel PC for DMA Channel 2
DMACO_CPC3 Ox011lc | W 0x0 Channel PC for DMA Channel 3
DMACO_CPC4 0x0124 | W 0x0 Channel PC for DMA Channel 4
DMACO_CPC5 0x012c | W 0x0 Channel PC for DMA Channel 5
DMACO_SARO 0x0400 |W | Ox0 gﬂ:;cneel OAddress for  DMA
DMACO_SAR1 0x0420 |W | 0x0 (S:ﬁ:;Cneel 1Address for DMA
DMACO_SAR2 0x0440 |W | Ox0 gﬂg;cneel zAddress for DMA
DMACO_SAR3 0x0460 |W | Ox0 gﬂ:;cneel 3Address for  DMA
DMACO_SAR4 0x0480 |W | Ox0 gﬂg;cneel 4Address for DMA
DMACO_SARS5 0x04a0 | W | Ox0 gﬂ:;cneel 5Address for  DMA
DMACO_DARO 0x0404 | W 0x0 ([))est Address for DMAChannel
DMACO_DAR1 0x0424 | W 0x0 ll)est Address for DMAChannel
DMACO_ DAR2 0x0444 | W 0x0 E)est Address for DMAChannel
DMACO_ DAR3 0x0464 | W 0x0 ?E,)est Address for DMAChannel
DMACO_DAR4 0x0484 | W 0x0 ADrest Address for DMAChannel
DMACO_ DAR5 0x04ad | W 0x0 Dest Address for DMAChannel

5
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DMACO_CCRO 0x0408 | W 0x0 Channel Control for DMA
Channel 0

DMACO_ CCR1 0x0428 | W 0x0 Channel Control for DMA
Channel 1

DMACO_CCR2 0x0448 | W 0x0 Channel Control for DMA
Channel 2

DMACO_ CCR3 0x0468 | W 0x0 Channel Control for DMA
Channel 3

DMACO_CCR4 0x0488 | W 0x0 Channel Control for DMA
Channel 4

DMACO_ CCR5 0x04a8 | W 0x0 Channel Control for DMA
Channel 5

DMACO_LCO_0 | 0x040C |wW | 0x0 Loop Counter 0 for’\DMA
Channel 0

DMACO_LCO_1 | 0x042C |W | 0x0 Loop Counter Gy fq¢/"DMA
Channel 1

DMACO_LCO_2 | 0x044C |W | o0x0 Loop Countex, 8 for DMA
Channel 2

DMACO_LCO_3 | 0x046C |W | 0x0 Loop  COyhtel” 0 for DMA
Channel 3

DMACO_LCO_4 | 0x048C |W | 0x0 eooq Cpunter 0 for DMA
Channel 4

DMACO_LCO_5 | 0x04aC |W | 0x0 Loop Counter 0 for DMA
Channel 5

DMACO LC1. 0 | 0x0410 |W | o0x0 Loop Counter 1 for DMA
Channel 0

DMACO_LC1 1 | 0x0430 |W | 0x0 Loop Counter 1 for DMA
Channel 1

DMACO_LC1 2 | 0x0450 |W | 0x0 Loop Counter 1 for DMA
Channel 2

DMACO_LC1. 3 | 0x0470 |W | 0x0 Loop Counter 1 for DMA
Channel 3

DMACO_LC1 4 | 0x0490 |W | o0x0 Loop Counter 1 for DMA
Channel 4

DMACO_LC1 5 | 0x04b0 |W | 0x0 Loop Counter 1 for DMA
Channel 5

- - - - reserved

DMACO_DBGST .

DMACO_ATUS 0x0D00 | W 0x0 Debug Status Register.

DMACO_DBGCMD | Ox0D04 | W 0x0 Debug Command Register.

.[I_)OIVIACO—DBGINS 0x0D08 | W 0x0 Debug Instruction-0 Register.

??ACO—DBGINS 0x0DOC | W 0x0 Debug Instruction-1 Register.

DMACO_CRO Ox0EQ0 | W Configuration Register 0.

DMACO_CR1 Ox0E04 | W Configuration Register 1.

DMACO_CR2 Ox0EO08 | W Configuration Register 2.

DMACO_CR3 Ox0EOC | W Configuration Register 3.

DMACO_CR4 Ox0E10 | W Configuration Register 4.

DMACOQ_CRDn Ox0E14 | W Configuration Register Dn.

DMACO_WD Ox0E80 | W 0x0 Watchdog Register.

Notes:

Size: B - Byte (8 bits) access, HW - Half WORD (16 bits) access, W —-WORD (32 bits) access
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10.4.2 Detail Register Description

DMACO_DSR

Address:Operational Base+0x0

DMA Manager Status Register

Bit

Attr

Reset Value

Description

31:10

Reserved

0x0

Provides the security status of the DMA manager
thread:

0 = DMA manager operates in the Secure state
1 = DMA manager operates in the Non-secure
state.

8:4

0x0

When the DMA manager thread executes a
DMAWFE instruction, it waits for the following
event to occur:

b00000 = event[0]

b00001 = event[1]

b00010 = event[2]

b11111 = event[31].

3:0

0x0

The operating state of the DMA manager:
b0000 = Stopped

b0001 = Executing

b0010 = Cache miss

b0011 = Updating PC

b0100 = Waiting for event

b0101-b1110 = reserved

bl1111 = Faulting.

DMACO_DPC

Address:Operational Base+0x4
DMA Program Counter Register

Bit

Attr

Reset Value

Description

31:0

R

0x0

Program counter for the DMA manager thread

DMACO_INTEN
Address:Operational Base+0x20
Interrupt Enable Register

Bit

Attr

Reset Value

Description

31:0

RW

0x0

Program the appropriate bit to control how the
DMAC responds when it executes DMASEV:

Bit [N] = 0 If the DMAC executes DMASEYV for
the event-interrupt resource N then the DMAC
signals event N to all of the threads. Set bit [N]
to 0 if your system design does not use irq[N] to
signal an interrupt request.

Bit [N] = 1 If the DMAC executes DMASEV for
the event-interrupt resource N then the DMAC
sets irq[N] HIGH. Set bit [N] to 1 if your system
designer requires irq[N] to signal an interrupt
request.
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DMACO_EVENT_RIS
Address:Operational Base+0x24
Event-Interrupt Raw Status Register

Bit | Attr | Reset Value Description
Returns the status of the event-interrupt
. resources:
31:0 | R 0x0 Bit [N] = 0 Event N is inactive or irq[N] is LOW.
Bit [N] =1 Event N is active or irg[N] is HIGH.

DMACO_INTMIS
Address:Operational Base+0x28
Interrupt Status Register

Bit | Attr | Reset Value Description

Provides the status of the interrupts that are
active in the DMAC:

Bit [N] = 0 Interrupt N isinactive and therefore
irq[N] is LOW.

Bit [N] = 1 Interrupt N is active and therefore
irg[N] is HIGH

31:0 |R 0x0

DMACO_INTCLR
Address:Operational Base+0x2c
Interrupt Clear Register

Bit | Attr | Reset Value Description

Controls the clearing of the irq outputs:
Bit [N] = 0 The status of irq[N] does not

change.

31:0 | W 0x0 Bit [N] = 1 The DMAC sets irq[N] LOW if the
INTEN Register programs the DMAC to signal an
interrupt.

Otherwise, the status of irg[N] does not change.

DMACO_FSRD
Address:Operational Base+0x30
Fault Status DMA Manager Register

Bit | Attr | Reset Value Description
Provides the fault status of the DMA manager.
Read as:

31:0 | R 0x0 0 = the DMA manager thread is not in the

Faulting state
1 = the DMA manager thread is in the Faulting
state.

DMACO_FSRC
Address:Operational Base+0x34
Fault Status DMA Channel Register

Bit | Attr | Reset Value Description

Each bit provides the fault status of the
corresponding channel. Read as:

Bit [N] = 0 No fault is present on DMA channel
N.

Bit [N] = 1 DMA channel N is in the Faulting or
Faulting completing state.

31:0 |R 0x0
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DMACO_FTRD
Address:Operational Base+0x38
Fault Type DMA Manager Register

Bit Attr | Reset Value Description

31 - - reserved

If the DMA manager aborts, this bit indicates if
the erroneous instruction was read from the
system memory or from the debug interface:
30 R 0x0 0 = instruction that generated an abort was read
from system memory

1 = instruction that generated an abort was read
from the debug interface.

29:17 | - - reserved

Indicates the AXI response that the DMAC
receives on the RRESP bus, after the DMA
16 R 0x0 manager performs an instruction fetch:

0 = OKAY response

1 = EXOKAY, SLVERR, or DECERR response

15:6 | - - reserved

Indicates if the DMA manager was attempting to
execute DMAWFE or DMASEV with inappropriate
security permissions:

0 = DMA manager has appropriate security to
execute DMAWFE or DMASEV

1 = a DMA manager thread in the Non-secure
state attempted to execute either:

e DMAWFE to wait for a secure event

e DMASEV to create a secure event or secure
interrupt

5 R 0x0

ndicates if the DMA manager was attempting to
execute DMAGO with inappropriate security
permissions:

0 = DMA manager has appropriate security to
4 R 0x0 execute DMAGO

1 = a DMA manager thread in the Non-secure
state attempted to execute DMAGO to create a
DMA channel

operating in the Secure state.

3:2 - - reserved

Indicates if the DMA manager was attempting to
execute an instruction operand that was not
1 R 0x0 valid for the configuration of the DMAC:

0 = valid operand

1 = invalid operand.

Indicates if the DMA manager was attempting to
execute an undefined instruction:

0 = defined instruction

1 = undefined instruction.

0 R 0x0

DMACO_FTRO~DMACO_FTR5

Address:Operational Base+0x40
Operational Base+0x44
Operational Base+0x48
Operational Base+0x4c
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Fault T

Operational Base+0x50
Operational Base+0x54

pe DMA Channel Register

Bit

Attr

Reset Value

Description

31

0x0

Indicates if the DMA channel has locked-up
because of resource starvation:

0 = DMA channel has adequate resources

1 = DMA channel has locked-up because of
insufficient resources.

This fault is an imprecise abort

30

0x0

If the DMA channel aborts, this bit indicates if
the erroneous instruction was read from the
system memory or from the debug interface:

0 = instruction that generated an abort was read
from system memory

1 = instruction that generated an abort was read
from the debug interface.

This fault is an imprecise abort but the bit is only
valid when a precise abort occurs.

29:19

reserved

18

0x0

Indicates the AXI response that the DMAC
receives on the RRESP bus, after the DMA
channel thread performs a data read:

0 = OKAY response

1 = EXOKAY, SLVERR, or DECERR response.
This fault is an imprecise abort

17

0x0

Indicates the AXI response that the DMAC
receives on the BRESP bus, after the DMA
channel thread performs a data write:

0 = OKAY response

1 = EXOKAY, SLVERR, or DECERR response.
This fault is an imprecise abort.

16

0x0

Indicates the AXI response that the DMAC
receives on the RRESP bus, after the DMA
channel thread performs an instruction fetch:

0 = OKAY response

1 = EXOKAY, SLVERR, or DECERR response.
This fault is a precise abort.

15:14

reserved

13

0x0

Indicates if the MFIFO did not contain the data to
enable the DMAC to perform the DMAST:

0 = MFIFO contains all the data to enable the
DMAST to complete

1 = previous DMALDs have not put enough data
in the MFIFO to enable the DMAST to complete.
This fault is a precise abort.

12

0x0

Indicates if the MFIFO prevented the DMA
channel thread from executing DMALD or
DMAST. Depending on the instruction:

DMALD 0 = MFIFO contains sufficient space

1 = MFIFO is too small to hold the data that
DMALD requires.

DMAST 0 = MFIFO contains sufficient data

1 = MFIFO is too small to store the data to
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enable DMAST to complete.
This fault is an imprecise abort

11:8 | - - reserved

Indicates if a DMA channel thread, in the
Non-secure state, attempts to program the
CCRn Register to perform a secure read or
secure write:

0 = a DMA channel thread in the Non-secure
state is not violating the security permissions

1 = a DMA channel thread in the Non-secure
state attempted to perform a secure read or
secure write.

This fault is a precise abort

7 R 0x0

Indicates if a DMA channel thread, in the
Non-secure state, attempts to execute DMAWFP,
DMALDP, DMASTP, or DMAFLUSHP with
inappropriate security permissions:

0 = a DMA channel thread in the Non-secure
state is not violating the security permissions

6 R 0x0 1 = a DMA channel thread in the Non-secure
state attempted to execute either:

e DMAWFP to wait for a secure peripheral

e DMALDP or DMASTP to notify a secure
peripheral

e DMAFLUSHP to flush a secure peripheral.

This fault is a precise abort.

Indicates if the DMA channel thread attempts to
execute DMAWFE or DMASEV with inappropriate
security permissions:

0 = a DMA channel thread in the Non-secure
state is not violating the security permissions

5 R 0x0 1 = a DMA channel thread in the Non-secure
state attempted to execute either:

e DMAWFE to wait for a secure event

e DMASEV to create a secure event or secure
interrupt.

This fault is a precise abort.

4:2 - - reserved

Indicates if the DMA channel thread was
attempting to execute an instruction operand
that was not valid for the configuration of the
1 R 0x0 DMAC:

0 = valid operand

1 = invalid operand.

This fault is a precise abort.

Indicates if the DMA channel thread was
attempting to execute an undefined instruction:
0 R 0x0 0 = defined instruction

1 = undefined instruction.

This fault is a precise abort

DMACO_CSRO~DMACO_CSR5
Address:Operational Base+0x100
Operational Base+0x108
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Operational Base+0x110
Operational Base+0x118
Operational Base+0x120
Operational Base+0x128
Channel Status Registers

Bit

Attr

Reset Value

Description

31:22

reserved

21

0x0

The channel non-secure bit provides the security
of the DMA channel:

0 = DMA channel operates in the Secure state
1 = DMA channel operates in the Non-secure
state

20:16

reserved

15

0x0

When the DMA channel thread executes
DMAWEFP this bit indicates if the periph operand
was set:

0 = DMAWFP executed with the periph operand
not set

1 = DMAWFP executed with the periph operand
set

14

0x0

When the DMA channel thread executes
DMAWEFP this bit indicates if the burst or single
operand were set:

0 = DMAWFP executed with the single operand
set

1 = DMAWFP executed with the burst operand
set.

13:9

reserved

8:4

0x0

If the DMA channel is in the Waiting for event
state or the Waiting for peripheral state then
these bits

indicate the event or peripheral number that the
channel is waiting for:

b00000 = DMA channel is waiting for event, or
peripheral, O

b00001 = DMA channel is waiting for event, or
peripheral, 1

b00010 = DMA channel is waiting for event, or
peripheral, 2

b11111 = DMA channel is waiting for event, or
peripheral, 31

3:0

0x0

The channel status encoding is:
b0000 = Stopped

b0001 = Executing

b0010 = Cache miss

b0011 = Updating PC

b0100 = Waiting for event
b0101 = At barrier

b0110 = reserved

b0111 = Waiting for peripheral
b1000 = Killing
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b1001 = Completing
b1010-b1101 = reserved
b1110 = Faulting completing
b1111 = Faulting

DMACO_CPCO~DMACO_CPC5

Address:Operational Base+0x104
Operational Base+0x10c
Operational Base+0x114
Operational Base+0x11c
Operational Base+0x124
Operational Base+0x12c

Channel Program Counter Registers

Bit Attr | Reset Value

Description

31:0 |R 0x0

Program counter for the DMA channel n thread

DMACO_SARO~DMACO_SAR5
Address:Operational Base+0x400
Operational Base+0x420
Operational Base+0x440
Operational Base+0x460
Operational Base+0x480
Operational Base+0x4a0
Source Address Registers

Bit Attr | Reset Value

Description

31:0 |R 0x0

Address of the source data for DMA channel n

DMACO_DARO~DMACO_DARS5

Address:Operational Base+0x404
Operational Base+0x424
Operational Base+0x444
Operational Base+0x464
Operational Base+0x484
Operational Base+0x4a4

DestinationAddress Registers

Bit Attr | Reset Value

Description

31:0 |R 0x0

n

Address of the Destinationdata for DMA channel

DMACO_CCRO~DMACO_CCR5
Address:Operational Base+0x408
Operational Base+0x428
Operational Base+0x448
Operational Base+0x468
Operational Base+0x488
Operational Base+0x4a8
Channel Control Registers

Bit Attr | Reset Value

Description

31:28 | - -

reserved

27:25 | R 0x0

Programs the state of AWCACHE[3,1:0]a when
the DMAC writes the destination data.

Bit [27] 0 = AWCACHE[3] is LOW

1 = AWCACHE[3] is HIGH.

Bit [26] 0 = AWCACHE[1] is LOW
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1 = AWCACHE[1] is HIGH.
Bit [25] 0 = AWCACHE[0] is LOW
1 = AWCACHE[0] is HIGH

Programs the state of AWPROT[2:0]a when the
DMAC writes the destination data.

Bit [24] 0 = AWPROT[2] is LOW

1 = AWPROT[2] is HIGH.

Bit [23] 0 = AWPROT[1] is LOW

1 = AWPROT[1] is HIGH.

Bit [22] 0 = AWPROT[0] is LOW

1 = AWPROT[O0] is HIGH

24:22 | R 0x0

For each burst, these bits program the number
of data transfers that the DMAC performs when
it writes the destination data:

b0000 = 1 data transfer

b0001 = 2 data transfers

b0010 = 3 data transfers

21:18 | R 0x0

b1111 = 16 data transfers.

The total number of bytes that the DMAC writes
out of the MFIFO when it executes a DMAST
instruction is the product of dst_burst_len and
dst_burst_size

For each beat within a burst, it programs the
number of bytes that the DMAC writes to the
destination:

b000 = writes 1 byte per beat

b001 = writes 2 bytes per beat

b010 = writes 4 bytes per beat

17:15 | R 0x0 b011 = writes 8 bytes per beat

b100 = writes 16 bytes per beat

b101-b111 = reserved.

The total number of bytes that the DMAC writes
out of the MFIFO when it executes a DMAST
instruction is the product of dst_burst_len and
dst_burst_size.

Programs the burst type that the DMAC
performs when it writes the destination data:

0 = Fixed-address burst. The DMAC signals
AWBURST[0] LOW.

1 = Incrementing-address burst. The DMAC
signals AWBURST[0] HIGH.

14 R 0x0

Set the bits to control the state of
ARCACHE[2:0]a when the DMAC reads the
source data.

Bit [13] 0 = ARCACHE[2] is LOW

13:11 |R 0x0 1 = ARCACHE[2] is HIGH.

Bit [12] 0 = ARCACHE[1] is LOW

1 = ARCACHE[1] is HIGH.

Bit [11] 0 = ARCACHE[O0] is LOW

1 = ARCACHEJ[0] is HIGH.

10:8 | R 0x0 Programs the state of ARPROT[2:0]a when the
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DMAC reads the source data.

Bit [10] 0 = ARPROT[2] is LOW
1 = ARPROT[2] is HIGH.

Bit [9] 0 = ARPROT[1] is LOW
1 = ARPROT[1] is HIGH.

Bit [8] 0 = ARPROT[0] is LOW
1 = ARPROT[O0] is HIGH.

For each burst, these bits program the number
of data transfers that the DMAC performs when
it reads the source data:
b0000 = 1 data transfer
b0001 = 2 data transfers
b0010 = 3 data transfers

7:4 R 0x0
b1111 = 16 data transfers.
The total number of bytes that the DMAC reads
into the MFIFO when it executes a DMALD
instruction is the product of src_burst_len and
src_burst_size
For each beat within a burst, it programs the
number of bytes that the DMAC reads from the
source:
b000 = reads 1 byte per beat
b001 = reads 2 bytes per beat
b010 = reads 4 bytes per beat

. b011 = reads 8 bytes per beat

3:1 R 0x0 b100 = reads 16 bytes per beat
b101-b111 = reserved.
The total nhumber of bytes that the DMAC reads
into the MFIFO when it executes a DMALD
instruction
is the product of src_burst_len and
src_burst_size
Programs the burst type that the DMAC
performs when it reads the source data:

0 R 0x0 0 = Fixed-address burst. The DMAC signals

ARBURST[0] LOW.
1 = Incrementing-address burst. The DMAC
signals ARBURST[0] HIGH

DMACO_LCO_0~DMACO_LCO_5
Address:Operational Base+0x40c
Operational Base+0x42c
Operational Base+0x44c
Operational Base+0x46c¢
Operational Base+0x48c
Operational Base+0x4ac
Loop Counter 0 Registers

Bit

Attr

Reset Value

Description

31:8

reserved

7:0

R

0x0

Loop counter O iterations
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DMACO_LC1_0~DMACO_LC1_5
Address:Operational Base+0x410
Operational Base+0x430
Operational Base+0x450
Operational Base+0x470
Operational Base+0x490
Operational Base+0x4b0
Loop Counter 1 Registers

Bit | Attr | Reset Value Description

31:8 | - - reserved

7:0 R 0x0 Loop counter 1 iterations

DMACO_DBGSTATUS
Address:Operational Base+0xd00
Debug Status Register

Bit | Attr | Reset Value Description

31:2 | - - reserved

The debug encoding is as follows:

b00 = execute the instruction that the DBGINST
[1:0] Registers contain

b01 = reserved

b10 = reserved

b1l = reserved.

1:0 R 0x0

DMACO0_DBGCMD
Address:Operational Base+0xd04
Debug Command Register

Bit | Attr | Reset Value Description

31:2 | - - reserved

The debug encoding is as follows:
b00 = execute the instruction that the DBGINST
[1:0] Registers contain

1:0 w 0x0 b01 = reserved

b10 = reserved
bll = reserved
DMACO_DBGINSTO
Address:Operational Base+0xd08
Debug Instruction-0 Register
Bit Attr | Reset Value Description
31:24 | W 0x0 Instruction byte 1
23:16 | W 0x0 Instruction byte 0
15:11 | - - reserved

DMA channel number:
b000 = DMA channel 0
. b001 = DMA channel 1
10:8 | W 0x0 b010 = DMA channel 2

b111 = DMA channel 7

7:1 - - reserved
The debug thread encoding is as follows:
0 w 0x0 0 = DMA manager thread

1 = DMA channel.
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DMACO_DBGINST1
Address:Operational Base+0xd0c

Debug Instruction-1 Register

Bit Attr | Reset Value Description
31:24 | W 0x0 Instruction byte 5
23:16 | W 0x0 Instruction byte 4
15:8 | W 0x0 Instruction byte 3
7:0 w 0x0 Instruction byte 2
DMACO_CRO

Address:Operational Base+0xe00
Configuration Register 0

Bit

Attr

Reset Value

Description

31:22

reserved

21:17

0x2

Number of interrupt outputs that the DMAC
provides:

b00000 = 1 interrupt output, irq[0]

b00001 = 2 interrupt outputs, irq[1:0]

b00010 = 3 interrupt outputs, irq[2:0]

b11111 = 32 interrupt outputs, irg[31:0].

16:12

Ox7

Number of peripheral request interfaces that the
DMAC provides:

b00000 = 1 peripheral request interface
b00001 = 2 peripheral request interfaces
b00010 = 3 peripheral request interfaces

b11111 = 32 peripheral request interfaces.

11:7

reserved

6:4

0x5

Number of DMA channels that the DMAC
supports:

b000 = 1 DMA channel

b001 = 2 DMA channels

b010 = 3 DMA channels

b111 = 8 DMA channels.

reserved

0x0

Indicates the status of the boot_manager_ns
signal when the DMAC exited from reset:

0 = boot_manager_ns was LOW

1 = boot_manager_ns was HIGH.

0x0

Indicates the status of the boot_from_pc signal
when the DMAC exited from reset:

0 = boot_from_pc was LOW

1 = boot_from_pc was HIGH

R

Ox1

Supports peripheral requests:
0 = the DMAC does not provide a peripheral
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request interface

1 = the DMAC provides the number of peripheral
request interfaces that the num_periph_req
field specifies.

DMACO_CR1

Address:Operational Base+0xe04
Configuration Register 1

Bit Attr

Reset Value

Description

31:8 | -

reserved

7:4 R

0x5

[7:4] num_i-cache_lines Number of i-cache
lines:

b0000 = 1 i-cache line

b0001 = 2 i-cache lines

b0010 = 3 i-cache lines

b1111 = 16 i-cache lines.

reserved

2:0 R

Ox7

The length of an i-cache line:
b000-b001 = reserved

b010 = 4 bytes

b011 = 8 bytes

b100 = 16 bytes

b101 = 32 bytes

b110-b111 = reserved

DMACO_CR2

Address:Operational Base+0xe08
Configuration Register 2

Bit Attr | Reset Value Description
. Provides the value of boot_addr[31:0] when the
31:0 |R 0x0 DMAC exited from reset
DMACO_CR3

Address:Operational Base+0xe0c
Configuration Register 3

Bit Attr | Reset Value Description

Provides the security state of an event-interrupt
resource:

31:0 | R 0x0 Bit [N] = 0 Assigns event<N> or irg[N] to the
Secure state.
Bit [N] = 1 Assigns event<N> or irq[N] to the
Non-secure state.

DMACO_CR4

Address:Operational Base+0xel0
Configuration Register 4

Bit Attr | Reset Value Description
Provides the security state of the peripheral
request interfaces:

31:0 | R 0x6 Bit [N] = 0 Assigns peripheral request interface

N to the Secure state.
Bit [N] =1 Assigns peripheral request interface
N to the Non-secure state
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DMACO_CRDn

Address:Operational Base+0xel4
DMA Configuration Register

Bit

Attr

Reset Value

Description

31:30

reserved

29:20

0x20

The number of lines that the data buffer
contains:

b000000000
b000000001

1 line
2 lines

b111111111 = 1024 lines

19:16

0x9

The depth of the read queue:
b0000 = 1 line
b0001 = 2 lines

b1111 = 16 lines.

15

reserved

14:12

0x4

Read issuing capability that programs the
number of outstanding read transactions:

b000 =1

b001 =2

.t;-lll =38

11:8

Ox7

The depth of the write queue:
b0000 = 1 line
b0001 = 2 lines

b1111 = 16 lines.

reserved

6:4

0x3

Write issuing capability that programs the
number of outstanding write transactions:

b000 =1

b001 = 2

.t.>.111 =8

reserved

2:0

0x3

The data bus width of the AXI interface:
b000 = reserved

b001 = reserved

b010 = 32-bit

b011 = 64-bit

b100 = 128-bit

b101-b111 = reserved.

DMACO_WD

Address:Operational Base+0xe80
DMA Watchdog Register

Bit Attr Reset Value Description

- - - reserved

0 RW 0x0 Controls how the DMAC responds when it
detects a lock-up condition:
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0 = the DMAC aborts all of the contributing DMA
channels and sets irg_abort HIGH
1 = the DMAC sets irg_abort HIGH.

10.5 Timing Diagram

Following picture shows the relationship between dma_req and dma_ack.
|

S ninininininSniniginipipins
dma_req Q §4|—
EE

dma_ack
Fig. 10-3 DMACO request and acknowledge timing

10.6 Interface Description

DMACO has the following tie-off signals.It can be configured by GRF register or
TZPC register.(Please refer to these two chapters to find how to configure)

interface Reset value Control source
boot_addr 0x0 GRF
boot_from_pc 0x0 GRF
boot_manager_ns Ox1 TZPC
boot_irg_ns 0x6 TZPC
boot_periph_ns Oxff TZPC
boot_addr

Configures the address location that contains the first instruction the DMAC
executes, when it exits from reset.

boot_from_pc
Controls the location in which the DMAC executes its initial instruction, after
it exits from reset:
0 = DMAC waits for an instruction from either APB interface
1 = DMA manager thread executes the instruction that is located at the
address that

boot_manager_ns
When the DMAC exits from reset, this signal controls the security state of the
DMA manager thread:
0 = assigns DMA manager to the Secure state
1 = assigns DMA manager to the Non-secure state.

boot_irg_ns
Controls the security state of an event-interrupt resource, when the DMAC
exits from reset:
boot_irg_ns[x] is LOW
The DMAC assigns event<x> or irq[x] to the Secure state.
boot_irg_ns[x] is HIGH
The DMAC assigns event<x> or irq[x] to the Non-secure state.
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boot_periph_ns
Controls the security state of a peripheral request interface, when the DMAC
exits from reset:
boot_periph_ns[x] is LOW
The DMAC assigns peripheral request interface x to the Secure state.
boot_periph_ns[x] is HIGH
The DMAC assigns peripheral request interface x to the Non-secure state.

10.7 Application Notes
10.7.1 Using the APB slave interfaces

You must ensure that you use the appropriate APB interface, depending on the
security state in which the boot_manager_ns initializes the DMAC to operate.
For example, if the DMAC is in the Secure state, you must issue the instruction
using the secure APB interface, otherwise the DMAC ighores the instruction. You
can use the secure APB interface, or the non-secure APB interface, to start or
restart a DMA channel when the DMAC is in the Non-secure state.

The necessary steps to start a DMA channel thread using the debug
instruction registers as following:

1. Create a program for the DMA channel.
2. Store the program in a region of system memory.

3. Poll the DBGSTATUS Register to ensure that debug is idle, that is, the
dbgstatus bit is 0.

4. Write to the DBGINSTO Register and enter the:

e Instruction byte 0 encoding for DMAGO.

e Instruction byte 1 encoding for DMAGO.

e Debug thread bit to 0. This selects the DMA manager thread.

5. Write to the DBGINST1 Register with the DMAGO instruction byte [5:2] data,
see Debug Instruction-1 Register 0. You must set these four bytes to the
address of the first instruction in the program, that was written to system
memory in step 2.

6. Writing zero to the DBGCMD Register. The DMAC starts the DMA channel
thread and sets the dbgstatus bit to 1.

10.7.2 Security usage
When the DMAC exits from reset, the status of the configuration signals that

tie-off signals which descripted in chapter 10.6.

DMA manager thread is in the Secure state

If the DNS bit is 0, the DMA manager thread operates in the Secure state and it
only performs secure instruction fetches. When a DMA manager thread in the
Secure state processes:

DMAGO
It uses the status of the ns bit, to set the security state of the DMA
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channel thread by writing to the CNS bit for that channel.

DMAWFE

It halts execution of the thread until the event occurs. When the event occurs,
the DMAC continues execution of the thread, irrespective of the security state of
the corresponding INS bit.

DMASEV
It sets the corresponding bit in the INT_EVENT_RIS Register, irrespective of the
security state of the corresponding INS bit.

DMA manager thread is in the Non-secure state

If the DNS bit is 1, the DMA manager thread operates in the Non-secure state,
and it only performs non-secure instruction fetches. When a DMA manager
thread in the Non-secure state processes:

DMAGO
The DMAC uses the status of the ns bit, to control if it starts a DMA channel
thread. If:
ns=20
The DMAC does not start a DMA channel thread and instead it:
1. Executes a NOP.
2. Sets the FSRD Register, see Fault Status DMA Manager
3. Sets the dmago_err bit in the FTRD Register, see Fault Type
DMA Manager Register.
4. Moves the DMA manager to the Faulting state.

ns =1
The DMAC starts a DMA channel thread in the Non-secure state
and programs the CNS bit to be non-secure.

DMAWFE
The DMAC uses the status of the corresponding INS bit, in the CR3 Register, to
control if it waits for the event. If:
INS=0
The event is in the Secure state. The DMAC:
1. Executes a NOP.
2. Sets the FSRD Register, see Fault Status DMA Manager Register.
3. Sets the mgr_evnt_err bit in the FTRD Register, see Fault Type
DMA Manager Register.
4. Moves the DMA manager to the Faulting state.

INS=1
The event is in the Non-secure state. The DMAC halts execution of
the thread and waits for the event to occur.

DMASEV
The DMAC uses the status of the corresponding INS bit, in the CR3Register, to
control if it creates the event-interrupt. If:

INS =0
The event-interrupt resource is in the Secure state. The DMAC:
1. Executes a NOP.
2. Sets the FSRD Register, see Fault Status DMA Manager Register.
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3. Sets the mgr_evnt_err bit in the FTRD Register, see Fault Type
DMA Manager Register.
4. Moves the DMA manager to the Faulting state.

INS =1
The event-interrupt resource is in the Non-secure state. The DMAC
creates the event-interrupt.

DMA channel thread is in the Secure state

When the CNS bit is 0, the DMA channel thread is programmed to operate in the
Secure state and it only performs secure instruction fetches.

When a DMA channel thread in the Secure state processes the following
instructions:

DMAWFE

The DMAC halts execution of the thread until the event occurs. When the event
occurs, the DMAC continues execution of the thread, irrespective of the security
state of the corresponding INS bit, in the CR3 Register.

DMASEV
The DMAC creates the event-interrupt, irrespective of the security state of the
corresponding INS bit, in the CR3 Register.

DMAWFP

The DMAC halts execution of the thread until the peripheral signals a DMA
request. When this occurs, the DMAC continues execution of the thread,
irrespective of the security state of the corresponding PNS bit, in the CR4
Register.

DMALDP, DMASTP

The DMAC sends a message to the peripheral to communicate that data transfer
is complete, irrespective of the security state of the corresponding PNS bit, in
the CR4 Register.

DMAFLUSHP

The DMAC clears the state of the peripheral and sends a message to the
peripheral to resend its level status, irrespective of the security state of the
corresponding PNS bit, in the CR4 Register.

When a DMA channel thread is in the Secure state, it enables the DMAC to
perform secure and non-secure AXI accesses

DMA channel thread is in the Non-secure state

When the CNS bit is 1, the DMA channel thread is programmed to operate in the
Non-secure state and it only performs non-secure instruction fetches.

When a DMA channel thread in the Non-secure state processes the following
instructions:

DMAWFE
The DMAC uses the status of the corresponding INS bit, in the CR3 Register, to
control if it waits for the event. If:

INS = 0 The event is in the Secure state. The DMAC:
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1. Executes a NOP.

2. Sets the appropriate bit in the FSRC Register that corresponds to

the DMA channel number. See Fault Status DMA Channel Register.

3. Sets the ch_evnt_err bit in the FTRn Register, see Fault Type DMA Channel
Registers.

4. Moves the DMA channel to the Faulting completing state.

INS =1 The eventis in the Non-secure state. The DMAC halts execution of the
thread and waits for the event to occur.

DMASEV
The DMAC uses the status of the corresponding INS bit, in the CR3 Register, to
control if it creates the event. If:

INS = 0 The event-interrupt resource is in the Secure state. The DMAC:

1. Executes a NOP.

2. Sets the appropriate bit in the FSRC Register that corresponds to

the DMA channel humber. See Fault Status DMA Channel Register.

3. Sets the ch_evnt_err bit in the FTRn Register, see Fault Type DMA Channel
Registers .

4. Moves the DMA channel to the Faulting completing state.

INS = 1 The event-interrupt resource is in the Non-secure state. The DMAC
creates the event-interrupt.

DMAWFP
The DMAC uses the status of the corresponding PNS bit, in the CR4 Register, to
control if it waits for the peripheral to signal a request. If:

PNS = 0 The peripheral is in the Secure state. The DMAC:

1. Executes a NOP.

2. Sets the appropriate bit in the FSRC Register that corresponds to the DMA
channel number. See Fault Status DMA Channel Register.

3. Sets the ch_periph_err bit in the FTRn Register, see Fault Type DMA Channel
Registers.

4. Moves the DMA channel to the Faulting completing state.

PNS = 1 The peripheral is in the Non-secure state. The DMAC halts execution
of the thread and waits for the peripheral to signal a request.

DMALDP, DMASTP
The DMAC uses the status of the corresponding PNS bit, in the CR4 Register, to
control if it sends an acknowledgement to the peripheral. If:

PNS = 0 The peripheral is in the Secure state. The DMAC:

1. Executes a NOP.

2. Sets the appropriate bit in the FSRC Register that corresponds to the DMA
channel number. See Fault Status DMA Channel Register.

3. Sets the ch_periph_err bit in the FTRn Register, see Fault Type DMA Channel
Registers.

4. Moves the DMA channel to the Faulting completing state.

PNS =1 The peripheral is in the Non-secure state. The DMAC sends a message
to the peripheral to communicate when the data transfer is complete.
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DMAFLUSHP
The DMAC uses the status of the corresponding PNS bit, in the CR4 Register, to
control if it sends a flush request to the peripheral. If:

PNS = 0 The peripheral is in the Secure state. The DMAC:

1. Executes a NOP.

2. Sets the appropriate bit in the FSRC Register that corresponds to the DMA
channel number. See Fault Status DMA Channel Registe.

3. Sets the ch_periph_err bit in the FTRn Register, see Fault Type DMA Channel
Registers.

4. Moves the DMA channel to the Faulting completing state.

PNS = 1 The peripheral is in the Non-secure state. The DMAC clears the state
of the peripheral and sends a message to the peripheral to resend its level
status.

When a DMA channel thread is in the Non-secure state, and a DMAMOV CCR
instruction attempts to program the channel to perform a secure AXI
transaction, the DMAC:

1. Executes a DMANOP.

2. Sets the appropriate bit in the FSRC Register that corresponds to the DMA
channel number. See Fault Status DMA Channel Registe.

3. Sets the ch_rdwr_err bit in the FTRn Register, see Fault Type DMA Channel
Registers.

4. Moves the DMA channel thread to the Faulting completing state.

10.7.3 Programming restrictions

Fixed unaligned bursts

The DMAC does not support fixed unaligned bursts. If you program the following
conditions, the DMAC treats this as a programming error:

Unaligned read

e src_inc field is 0 in the CCRn Register

e the SARN Register contains an address that is not aligned to the size of data
that the src_burst_size field contain

Unaligned write

e dst_inc field is 0 in the CCRn Register

e the DARN Register contains an address that is not aligned to the size of data
that the dst_burst_size field contains

Endian swap size restrictions

If you program the endian_swap_size field in the CCRn Register, to enable a
DMA channel to perform an endian swap then you must set the corresponding
SARnN Register and the corresponding DARN Register to contain an address that
is aligned to the value that the endian_swap_size field contains.

Updating DMA channel control registers during a DMA cyclerestrictions

Prior to the DMAC executing a sequence of DMALD and DMAST instructions, the
values you program in to the CCRn Register, SARn Register, and DARn Register
control the data byte lane manipulation that the DMAC performs when it
transfers the data from the source address to the destination address. You'd
better not update these registers during a DMA cycle.
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Resource sharing between DMA channels

DMA channel programs share the MFIFO data storage resource. You must not
start a set ofconcurrently running DMA channel programs with a resource
requirement that exceeds theconfigured size of the MFIFO. If you exceed this
limit then the DMAC might lock up and generate a Watchdog abort.

10.7.4 Unaligned transfers may be corrupted

For a configuration with more than one channel, if any of channels 1 to 7 is
performing transfers between certain types of misaligned source and
destination addresses, then the output data may be corrupted by the action of
channel 0.

Data corruption might occur if all of the following are true:

1. Two beats of AXI read data are received for one of channels 1 to 7.

2. Source and destination address alignments mean that each read data beat is

split across two lines in the data buffer (see Splitting data, below).

3. There is one idle cycle between the two read data beats .

4. Channel 0 performs an operation that updates channel control information
during this idle cycle (see Updates to channel control information, below)

Splitting data

Depending upon the programmed values for the DMA transfer, one beat of read
data from the AXI interface mneed to be split across two lines in the internal
data buffer. This occurs when the read data beat contains datbytes which will
be written to addresses that wrap around at the AXI interface data width, so
that these bytes could not be transferred by a single AXI write data beat of the
full interface width.

Most applications of DMA-330 do not split data in this way, so are NOT
vulnerable to data corruption from thisdefect.

The following cases are NOT vulnerable to data corruption because they do not
split data:

¢ Byte lane offset between source and destination addresses is 0

When source and destination addresses have the same byte lane alignment, the
offset is 0 and a wrap

operation that splits data cannot occur.

e Byte lane offset between source and destination addresses is a multiple of
source size

Source size in CCRn Allowed offset between SARn and DARN
SS8 any offset allowed.

SS16 0,2,4,6,8,10,12,14

SS32 0,4,8,12

SS64 0,8

10.7.5 Interrupt shares between channel.

As the DMACO does not record which channel (or list of channels) have asserted
an interrupt. So it will depend on your program and whether any of the visible
information for that program can be used to determine progress, and help
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identify the interrupt source.

There are 4 likely information sources that can be used to determine the
progress made by a program:

- Program counter (PC)

- Source address

- Destination address

- Loop counters (LC)

For example, a program might emit an interrupt each time that it iterates
around a loop. In this case, the interrupt service routine (ISR) would need to
store the loop value of each channel when it is called, and then compare against
the new value when it is next called. A change in value would indicate that the
program has progressed.

The ISR must be carefully written to ensure that no interrupts are lost. The
sequence of operations is as follows:
1. Disable interrupts

2. Immediately clear the interrupt in DMA-330

3. Check the relevant registers for both channels to determine which must be

serviced

4. Take appropriate action for the channels
5. Re-enable interrupts and exit ISR

10.7.6 Instruction sets

Table 10-2 DMAC Instruction sets

Mnemonic Instruction Thread usage:
e M = DMA manager
e C = DMA channel

DMAADDH Add Halfword C

DMAEND End M/C
DMAFLUSHP Flush and notify Peripheral C

DMAGO Go M

DMAKILL Kill C

DMALD Load C

DMALDP Load Peripheral C

DMALP Loop C

DMALPEND Loop End C

DMALPFE Loop Forever C

DMAMOQV Move C

DMANOP No operation M/C

DMARMB Read Memory Barrier C

DMASEV Send Event M/C

DMAST Store C

DMASTP Store and notify Peripheral C

DMASTZ Store Zero C

DMAWFE Wai t For Event M M/C

DMAWFP Wait For Peripheral C

DMAWMB Write Memory Barrier C

DMAADNH Add Negative Halfword C
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10.7.7 Assembler directives

In this document, only DMMADNH instruction is took as an example to show the
way the instruction assembled. For the other instructions , please refer to
pl330_trm.pdf.

DMAADNH

Add Negative Halfword adds an immediate negative 16-bit value to the SARnN
Register or DARN Register, for the DMA channel thread. This enables the DMA
C to support 2D DMA operations, or reading or writing an area of memory in a
different order to naturally incrementing addresses. See Source Address Regi
sters and Destination Address Registers.

The immediate unsigned 16-bit value is one-extended to 32 bits, to create a v
alue that is the two’s complement representation of a negative number betwe
en -65536 and -1, before the DMAC adds it to the address using 32-bit additi

on. The DMAC discards the carry bit so that addresses wrap from OxFFFFFFFF

to 0x00000000. The net effect is to subtract between 65536 and 1 from the c
urrent value in the Source or Destination Address Register.

Following table shows the instruction encoding.

Imm[15:8] | Imm[7:0] lo]1]o]1]1]1 ]ra]O]

Assembler syntax
DMAADNH <address_register>, <16-bit immediate>

where:
<address_register>
Selects the address register to use. It must be either:
SAR
SARnN Register and sets ra to 0.
DAR
DARN Register and sets ra to 1.

<16-bit immediate>
The immediate value to be added to the <address_register>.

You should specify the 16-bit immediate as the number that is to be represen
ted in the instruction encoding. For example, DMAADNH DAR, OxFFFO causes
the value OXFFFFFFFO to be added to the current value of the Destination Add
ress Register, effectively subtracting 16 from the DAR.

You can only use this instruction in a DMA channel thread.

10.7.8 MFIFO usage
For MFIFO usage , please refer to pl330_trm.pdf
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Chapter 11 DMAC1(DMA Controller)

11.1 Overview

DMAC1 does not support TrustZone technology and work under non-secure

state only.

DMACI1 is mainly used for data transfer of the following slaves: SMC , HSADC,
PID_FILTER, SD/MMC, SDIO, eMMC, HIF, UART1, UART2, UART3, SPIO, SPI1.

Following table shows the DMAC1 request mapping scheme.

Table 11-1DMAC1 Request Mapping Table
Reg number | Source Polarity
0 HSADC/TSI High level
1 SD/MMC High level
2 N/A
3 SDIO High level
4 eMMC High level
5 PID_FILTER High level
6 Uart2 tx High level
7 Uart2 rx High level
8 Uart3 tx High level
9 Uart3 rx High level
10 Spi0 tx High level
11 Spi0 rx High level
12 Spil tx High level
13 Spil rx High level

DMAC1supports the following features:
Supports 14 perihpral request.

Up to 64bits data size.

7 channel at the same time.

Up to burst 16.

1 interrupts output and one abort output.
Supports 64 MFIFO depth.

11.2 Block Diagram
Figure 11-1 shows the block diagram of DMAC1
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Register access for Non-secure OMA data
the Non-secure state ’A.'PB slave APB |rstructllor buffer
interface execution AX OMA
memory engine Read master | data
mﬂPI?E'j instruction interface transfer
regisiers Instruction queue
cache Write
instruction
Reset gueue
Tie-offs = initialization OMAC
interface
P Peripheral request interface 0 Interrupt
4—p|Peripheral request interface 1 interface P Interrupts
Requests¢ -—Peripheral request interface 2
: ]
4—p|Peripheral request irterface13|

Fig. 11-1 Block diagram of dmac1l

11.3 Function Description

Please refer to chapter 10.3 for the similar description.

11.4 Register Description

11.4.1 Register summary
Name Offset | Size Reset Description
Value
DMAC1 DSR 0x0000 | W 0x0 DMA Status Register.
DMAC1_DPC 0x0004 |W | Ox0 DMA ~ Program  Counter
Register.
- - - - reserved
DMAC1_INTEN 0x0020 | W 0x0 Interrupt Enable Register
ESMAC1_EVENT_R 0x0024 | W 0x0 Event Status Register.
DMAC1_INTMIS 0x0028 | W 0x0 Interrupt Status Register
DMAC1_INTCLR 0x002C | W 0x0 Interrupt Clear Register
DMAC1_FSRD | 0x0030 |W | 0OxO Fault Status DMA Manager
Register.
DMAC1_FSRC 0x0034 | W 0x0 Faul_t Status DMA Channel
Register.
DMAC1_FTRD 0x0038 |W | Ox0 Fault Type DMA  Manager
Register.
- - - - reserved
DMAC1_FTRO 0x0040 | W 0x0 Fault type for DMA Channel 0
DMAC1_FTR1 0x0044 | W 0x0 Fault type for DMA Channel 1
DMAC1_FTR2 0x0048 | W 0x0 Fault type for DMA Channel 2
DMAC1_FTR3 0x004C | W 0x0 Fault type for DMA Channel 3
DMAC1_FTR4 0x0050 | W 0x0 Fault type for DMA Channel 4
DMAC1_FTR5 0x0054 | W 0x0 Fault type for DMA Channel 5
DMAC1_FTR6 0x0058 | W 0x0 Fault type for DMA Channel 6
- - - - reserved
Channel Status for DMA
DMAC1_CSRO 0x0100 | W 0x0 Channel 0
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DMAC1_CSR1 0x0108 | W 0x0 Channel Status for DMA
Channel 1

DMAC1_CSR2 0x0110 | W 0x0 Channel Status for DMA
Channel 2

DMAC1_CSR3 0x0118 | W 0x0 Channel Status for DMA
Channel 3

DMAC1_CSR4 0x0120 | W 0x0 Channel Status for DMA
Channel 4

DMAC1_CSR5 0x0128 | W 0x0 Channel Status for DMA
Channel 5

DMAC1_CSR6 0x0130 | W 0x0 Channel Status for DMA
Channel 6

DMAC1_CPCO 0x0104 | W 0x0 Channel PC for DMA Channel 0

DMAC1_CPC1 0x010c | W 0x0 Channel PC for DMA Channel 1

DMAC1_CPC2 0x0114 | W 0x0 Channel PC for DMA Channel 2

DMAC1_CPC3 Ox011ic | W 0x0 Channel PC for DMA Channel 3

DMAC1_CPC4 0x0124 | W 0x0 Channel PC for DMA Channel 4

DMAC1_CPC5 0x012c | W 0x0 Channel PC for DMA Channel 5

DMAC1_CPC6 0x0134 | W 0x0 Channel PC for DMA Channel 6

DMAC1_SARO 0x0400 | W 0x0 Source Address for DMA
Channel 0

DMAC1_SAR1 0x0420 | W 0x0 Source Address for DMA
Channel 1

DMAC1_SAR2 0x0440 | W 0x0 Source Address for DMA
Channel 2

DMAC1_SAR3 0x0460 | W 0x0 Source Address for DMA
Channel 3

DMAC1 SAR4 0x0480 | W 0x0 Source Address for DMA
Channel 4

DMAC1_SAR5 0x04a0 | W 0x0 Source Address for DMA
Channel 5

DMAC1 SAR6 0x04¢c0 W 0x0 Source Address for DMA
Channel 6

DMAC1_DARO 0x0404 | W 0x0 gestAddmssforDMAChannd

DMAC1 DAR1 0x0424 | W 0x0 lljest Address for DMAChannel

DMAC1_DAR2 0x0444 | W 0x0 gest Address for DMAChannel

DMAC1_DAR3 0x0464 | W 0x0 g)est Address for DMAChannel

DMAC1 DAR4 0x0484 | W 0x0 gestAddmssforDMAChannd

DMAC1_DAR5 0x04ad | W 0x0 E)est Address for DMAChannel

DMAC1 DAR6 0x04cd W 0x0 gest Address for DMAChannel

DMAC1_CCRO 0x0408 | W 0x0 Channel Control for DMA
Channel 0

DMAC1 CCR1 0x0428 | W 0x0 Channel Control for DMA
Channel 1

DMAC1_CCR2 0x0448 | W 0x0 Channel Control for DMA

Channel 2
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DMAC1_CCR3 0x0468 | W 0x0 Channel Control for DMA
Channel 3

DMAC1_CCR4 0x0488 | W 0x0 Channel Control for DMA
Channel 4

DMAC1_CCR5 0x04a8 | W 0x0 Channel Control for DMA
Channel 5

DMAC1_CCR6 0x04c8 | W 0x0 Channel Control for DMA
Channel 6

DMAC1 LCO_ 0 0x040C | W 0x0 Loop Counter 0 for DMA
Channel 0

DMAC1_LCO_1 0x042C | W 0x0 Loop Counter 0 for DMA
Channel 1

DMAC1 _LCO_2 0x044C | W 0x0 Loop Counter 0 for DMA
Channel 2

DMAC1 LCO_3 0x046C | W 0x0 Loop Counter 0 for DMA
Channel 3

DMAC1_LCO_4 0x048C | W 0x0 Loop Counter 0 for DMA
Channel 4

DMAC1 _LCO_5 0x04aC | w 0x0 Loop Counter 0 for DMA
Channel 5

DMAC1_LCO_6 0x04cC | W 0x0 Loop Counter 0 for DMA
Channel 6

DMAC1 LC1 0 0x0410 | W 0x0 Loop Counter 1 for DMA
Channel 0

DMAC1 LC1_1 0x0430 | W 0x0 Loop Counter 1 for DMA
Channel 1

DMAC1 LC1 2 0x0450 | W 0x0 Loop Counter 1 for DMA
Channel 2

DMAC1 LC1 3 0x0470 | W 0x0 Loop Counter 1 for DMA
Channel 3

DMAC1 _LC1_4 0x0490 | W 0x0 Loop Counter 1 for DMA
Channel 4

DMAC1 LC1_ 5 0x04b0 | W 0x0 Loop Counter 1 for DMA
Channel 5

DMAC1 _LC1_6 0x04d0 | W 0x0 Loop Counter 1 for DMA
Channel 6

- - - - reserved

DMAC1_DBGST _

DMAC1_ATUS 0x0D00 | W 0x0 Debug Status Register.

DMAC1_DBGCMD | 0x0D04 | W 0x0 Debug Command Register.

-[l-)OIVIACI_DBGINS 0x0D08 | W 0x0 Debug Instruction-0 Register.

??ACI—DBGINS 0x0DOC | W 0x0 Debug Instruction-1 Register.

DMAC1_CRO OxOEO0 | W Configuration Register 0.

DMAC1_CR1 Ox0E04 | W Configuration Register 1.

DMAC1_CR2 OxO0EO8 | W Configuration Register 2.

DMAC1_CR3 OxOEOC | W Configuration Register 3.

DMAC1_CR4 OxO0E10 | W Configuration Register 4.

DMAC1_CRDn Ox0E14 | W Configuration Register Dn.

DMAC1_WD OXOE80 | W Watchdog Register

Notes:

Size: B - Byte (8 bits) access, HW - Half WORD (16 bits) access, W —-WORD (32 bits) access

High Performance and Low-power Processor for Digital Media Application 344




Rockeh? RK3188 Technical Reference Manual Rev 1.3

11.4.2 Detail Register Description

DMAC1_DSR

Address:Operational Base+0x0

DMA Manager Status Register

Bit Attr | Reset Value

Description

31:10 | - -

Reserved

9 R 0x0

Provides the security status of the DMA manager
thread:

0 = DMA manager operates in the Secure state
1 = DMA manager operates in the Non-secure
state.

8:4 R 0x0

When the DMA manager thread executes a
DMAWFE instruction, it waits for the following
event to occur:

b00000 = event[0]

b00001 = event[1]

b00010 = event[2]

b11111 = event[31].

3:0 R 0x0

The operating state of the DMA manager:
b0000 = Stopped

b0001 = Executing

b0010 = Cache miss

b0011 = Updating PC

b0100 = Waiting for event

b0101-b1110 = reserved

bl1111 = Faulting.

DMAC1_DPC

Address:Operational Base+0x4
DMA Program Counter Register

Bit Attr | Reset Value

Description

31:0 |R 0x0

Program counter for the DMA manager thread

DMAC1_INTEN

Address:Operational Base+0x20

Interrupt Enable Register

Bit Attr | Reset Value

Description

31:0 | RW 0x0

Program the appropriate bit to control how the
DMAC responds when it executes DMASEV:

Bit [N] = 0 If the DMAC executes DMASEYV for
the event-interrupt resource N then the DMAC
signals event N to all of the threads. Set bit [N]
to 0 if your system design does not use irq[N] to
signal an interrupt request.

Bit [N] = 1 If the DMAC executes DMASEV for
the event-interrupt resource N then the DMAC
sets irq[N] HIGH. Set bit [N] to 1 if your system
designer requires irg[N] to signal an interrupt
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| | | request.

DMAC1_EVENT_RIS
Address:Operational Base+0x24
Event-Interrupt Raw Status Register

Bit | Attr | Reset Value Description
Returns the status of the event-interrupt
. resources:
31:0 IR 0x0 Bit [N] = 0 Event N isinactive orirg[N] is LOW.
Bit [N] =1 Event N is active or irg[N] is HIGH.

DMAC1_INTMIS
Address:Operational Base+0x28
Interrupt Status Register

Bit | Attr | Reset Value Description

Provides the status of the interrupts that are
active in the DMAC:

Bit [N] = 0 Interrupt N is inactive and therefore
irq[N] is LOW.

Bit [N] = 1 Interrupt N is active and therefore
irg[N] is HIGH

31:0 |R 0x0

DMAC1_INTCLR
Address:Operational Base+0x2c
Interrupt Clear Register

Bit | Attr | Reset Value Description

Controls the clearing of the irq outputs:
Bit [N] = 0 The status of irq[N] does not

change.

31:0 | W 0x0 Bit [N] = 1 The DMAC sets irq[N] LOW if the
INTEN Register programs the DMAC to signal an
interrupt.

Otherwise, the status of irg[N] does not change.

DMAC1_FSRD
Address:Operational Base+0x30
Fault Status DMA Manager Register

Bit | Attr | Reset Value Description
Provides the fault status of the DMA manager.
Read as:

31:0 |R 0x0 0 = the DMA manager thread is not in the

Faulting state
1 = the DMA manager thread is in the Faulting
state.

DMAC1_FSRC
Address:Operational Base+0x34
Fault Status DMA Channel Register

Bit | Attr | Reset Value Description

Each bit provides the fault status of the
corresponding channel. Read as:

Bit [N] = 0 No fault is present on DMA channel
N.

31:0 | R 0x0
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Bit [N] = 1 DMA channel N is in the Faulting or
Faulting completing state.

DMAC1_FTRD

Address:Operational Base+0x38

Fault Type DMA Manager Register
Bit Attr | Reset Value Description
31 - - reserved
If the DMA manager aborts, this bit indicates if
the erroneous instruction was read from the
system memory or from the debug interface:
30 R 0x0 0 = instruction that generated an abort was read
from system memory
1 = instruction that generated an abort was read
from the debug interface.
29:17 | - - reserved
Indicates the AXI response that the DMAC
receives on the RRESP bus, after the DMA
16 R 0x0 manager performs an instruction fetch:
0 = OKAY response
1 = EXOKAY, SLVERR, or DECERR response
15:6 |- - reserved
Indicates if the DMA manager was attempting to
execute DMAWFE or DMASEV with inappropriate
security permissions:
0 = DMA manager has appropriate security to
5 R 0x0 execute DMAWFE or DMASEV
1 = a DMA manager thread in the Non-secure
state attempted to execute either:
e DMAWFE to wait for a secure event
e DMASEV to create a secure event or secure
interrupt
ndicates if the DMA manager was attempting to
execute DMAGO with inappropriate security
permissions:
4 R 0x0 0 = DMA manager has appropriate security to
execute DMAGO
1 = a DMA manager thread in the Non-secure
state attempted to execute DMAGO to create a
DMA channel operating in the Secure state.
3:2 - - reserved
Indicates if the DMA manager was attempting to
execute an instruction operand that was not
1 R 0x0 valid for the configuration of the DMAC:
0 = valid operand
1 = invalid operand.
Indicates if the DMA manager was attempting to
0 R 0x0 execute an undefined instruction:

0 = defined instruction
1 = undefined instruction.

DMAC1_FTRO~DMAC1_FTR6
Address:Operational Base+0x40
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Fault T

Operational Base+0x44
Operational Base+0x48
Operational Base+0x4c
Operational Base+0x50
Operational Base+0x54
Operational Base+0x58

pe DMA Channel Register

Bit

Attr

Reset Value

Description

31

0x0

Indicates if the DMA channel has locked-up
because of resource starvation:

0 = DMA channel has adequate resources

1 = DMA channel has locked-up because of
insufficient resources.

This fault is an imprecise abort

30

0x0

If the DMA channel aborts, this bit indicates if
the erroneous instruction was read from the
system memory or from the debug interface:

0 = instruction that generated an abort was read
from system memory

1 = instruction that generated an abort was read
from the debug interface.

This fault is an imprecise abort but the bit is only
valid when a precise abort occurs.

29:19

reserved

18

0x0

Indicates the AXI response that the DMAC
receives on the RRESP bus, after the DMA
channel thread performs a data read:

0 = OKAY response

1 = EXOKAY, SLVERR, or DECERR response.
This fault is an imprecise abort

17

0x0

Indicates the AXI response that the DMAC
receives on the BRESP bus, after the DMA
channel thread performs a data write:

0 = OKAY response

1 = EXOKAY, SLVERR, or DECERR response.
This fault is an imprecise abort.

16

0x0

Indicates the AXI response that the DMAC
receives on the RRESP bus, after the DMA
channel thread performs an instruction fetch:

0 = OKAY response

1 = EXOKAY, SLVERR, or DECERR response.
This fault is a precise abort.

15:14

reserved

13

0x0

Indicates if the MFIFO did not contain the data to
enable the DMAC to perform the DMAST:

0 = MFIFO contains all the data to enable the
DMAST to complete

1 = previous DMALDs have not put enough data
in the MFIFO to enable the DMAST to complete.
This fault is a precise abort.

12

0x0

Indicates if the MFIFO prevented the DMA
channel thread from executing DMALD or
DMAST. Depending on the instruction:

DMALD 0 = MFIFO contains sufficient space
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1 = MFIFO is too small to hold the data that
DMALD requires.
DMAST 0 = MFIFO contains sufficient data
1 = MFIFO is too small to store the data to
enable DMAST to complete.
This fault is an imprecise abort
11:8 | - - reserved
Indicates if a DMA channel thread, in the
Non-secure state, attempts to program the
CCRn Register to perform a secure read or
secure write:
0 = a DMA channel thread in the Non-secure
7 R 0x0 . - . . . A
state is not violating the security permissions
1 = a DMA channel thread in the Non-secure
state attempted to perform a secure read or
secure write.
This fault is a precise abort
Indicates if a DMA channel thread, in the
Non-secure state, attempts to execute DMAWFP,
DMALDP, DMASTP, or DMAFLUSHP with
inappropriate security permissions:
0 = a DMA channel thread in the Non-secure
state is not violating the security permissions
6 R 0x0 1 = a DMA channel thread in the Non-secure
state attempted to execute either:
e DMAWEFP to wait for a secure peripheral
e DMALDP or DMASTP to notify a secure
peripheral
e DMAFLUSHP to flush a secure peripheral.
This fault is a precise abort.
Indicates if the DMA channel thread attempts to
execute DMAWFE or DMASEV with inappropriate
security permissions:
0 = a DMA channel thread in the Non-secure
state is not violating the security permissions
5 R 0x0 1 = a DMA channel thread in the Non-secure
state attempted to execute either:
e DMAWFE to wait for a secure event
e DMASEV to create a secure event or secure
interrupt.
This fault is a precise abort.
4:2 - - reserved
Indicates if the DMA channel thread was
attempting to execute an instruction operand
that was not valid for the configuration of the
1 R 0x0 DMAC:
0 = valid operand
1 = invalid operand.
This fault is a precise abort.
Indicates if the DMA channel thread was
attempting to execute an undefined instruction:
0 R 0x0 0 = defined instruction
1 = undefined instruction.
This fault is a precise abort
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DMAC1_CSRO~DMAC1_CSR6
Address:Operational Base+0x100
Operational Base+0x108
Operational Base+0x110
Operational Base+0x118
Operational Base+0x120
Operational Base+0x128
Operational Base+0x130
Channel Status Registers

Bit Attr | Reset Value Description

31:22 | - - reserved
The channel non-secure bit provides the security
of the DMA channel:

21 R 0x0 0 = DMA channel operates in the Secure state
1 = DMA channel operates in the Non-secure
state

20:16 | - - reserved
When the DMA channel thread executes
DMAWEFP this bit indicates if the periph operand
was set:

15 R 0x0 0 = DMAWFP executed with the periph operand
not set
1 = DMAWFP executed with the periph operand
set
When the DMA channel thread executes
DMAWEFP this bit indicates if the burst or single
operand were set:

14 R 0x0 0 = DMAWFP executed with the single operand
set
1 = DMAWFP executed with the burst operand
set.

13:9 | - - reserved
If the DMA channel is in the Waiting for event
state or the Waiting for peripheral state then
these bits indicate the event or peripheral
number that the channel is waiting for:
b00000 = DMA channel is waiting for event, or
peripheral, 0
b00001 = DMA channel is waiting for event, or

8:4 R 0x0 peripheral, 1
b00010 = DMA channel is waiting for event, or
peripheral, 2
b11111 = DMA channel is waiting for event, or
peripheral, 31
The channel status encoding is:
b0000 = Stopped
b0001 = Executing

3:0 R 0x0 b0010 = Cache miss
b0011 = Updating PC
b0100 = Waiting for event
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b0101 = At barrier

b0110 = reserved

b0111 = Waiting for peripheral
b1000 = Killing

b1001 = Completing
b1010-b1101 = reserved
b1110 = Faulting completing

b1111

Faulting

DMAC1_CPCO~DMAC1_CPC6

Address:Operational Base+0x104
Operational Base+0x10c
Operational Base+0x114
Operational Base+0x11c
Operational Base+0x124
Operational Base+0x12c
Operational Base+0x134

Channel Program Counter Registers

Bit Attr | Reset Value

Description

31:0 |R 0x0

Program counter for the DMA channel n thread

DMAC1_SARO~DMAC1_SAR6

Address:Operational Base+0x400
Operational Base+0x420
Operational Base+0x440
Operational Base+0x460
Operational Base+0x480
Operational Base+0x4a0
Operational Base+0x4c0

Source Address Registers

Bit Attr | Reset Value

Description

31:0 |R 0x0

Address of the source data for DMA channel n

DMAC1_DARO~DMAC1_DARS5

Address:Operational Base+0x404
Operational Base+0x424
Operational Base+0x444
Operational Base+0x464
Operational Base+0x484
Operational Base+0x4a4

DestinationAddress Registers

Bit Attr | Reset Value

Description

31:0 |R 0x0

n

Address of the Destinationdata for DMA channel

DMAC1_CCRO~DMAC1_CCR6

Address:Operational Base+0x408
Operational Base+0x428
Operational Base+0x448
Operational Base+0x468
Operational Base+0x488
Operational Base+0x4a8
Operational Base+0x4c8

Channel Control Registers
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Bit

Attr

Reset Value

Description

31:28

reserved

27:25

0x0

Programs the state of AWCACHE[3,1:0]a when
the DMAC writes the destination data.

Bit [27] 0 = AWCACHE[3] is LOW

1 = AWCACHE[3] is HIGH.

Bit [26] 0 = AWCACHE[1] is LOW

1 = AWCACHE[1] is HIGH.

Bit [25] 0 = AWCACHE[O0] is LOW

1 = AWCACHE[O0] is HIGH

24:22

0x0

Programs the state of AWPROT[2:0]a when the
DMAC writes the destination data.

Bit [24] 0 = AWPROT[2] is LOW

1 = AWPROT[2] is HIGH.

Bit [23] 0 = AWPROT[1] is LOW

1 = AWPROT[1] is HIGH.

Bit [22] 0 = AWPROT[0] is LOW

1 = AWPROTJ[O0] is HIGH

21:18

0x0

For each burst, these bits program the number
of data transfers that the DMAC performs when
it writes the destination data:

b0000 = 1 data transfer

b0001 = 2 data transfers

b0010 = 3 data transfers

b1111 = 16 data transfers.

The total number of bytes that the DMAC writes
out of the MFIFO when it executes a DMAST
instruction is the product of dst_burst_len and
dst_burst_size

17:15

0x0

For each beat within a burst, it programs the
number of bytes that the DMAC writes to the
destination:

b000 = writes 1 byte per beat

b001 = writes 2 bytes per beat

b010 = writes 4 bytes per beat

b011 = writes 8 bytes per beat

b100 = writes 16 bytes per beat

b101-b111 = reserved.

The total number of bytes that the DMAC writes
out of the MFIFO when it executes a DMAST
instruction is the product of dst_burst_len and
dst_burst_size.

14

0x0

Programs the burst type that the DMAC
performs when it writes the destination data:

0 = Fixed-address burst. The DMAC signals
AWBURST[0] LOW.

1 = Incrementing-address burst. The DMAC
signals AWBURST[0] HIGH.

13:11

0x0

Set the bits to control the state of
ARCACHE[2:0]a when the DMAC reads the
source data.

High Performance and Low-power Processor for Digital Media Application 352




Rockeh? RK3188 Technical Reference Manual Rev 1.3

Bit [13] O = ARCACHE[2] is LOW
1 = ARCACHE[2] is HIGH.
Bit [12] O = ARCACHE[1] is LOW
1 = ARCACHE[1] is HIGH.
Bit [11] O = ARCACHE[0] is LOW
1 = ARCACHE[0] is HIGH.

Programs the state of ARPROT[2:0]a when the
DMAC reads the source data.

Bit [10] 0 = ARPROT[2] is LOW

1 = ARPROT[2] is HIGH.

Bit [9] 0 = ARPROT[1] is LOW

1 = ARPROTI[1] is HIGH.

Bit [8] 0 = ARPROT[0] is LOW

1 = ARPROT[O0] is HIGH.

10:8 R 0x0

For each burst, these bits program the number
of data transfers that the DMAC performs when
it reads the source data:
b0000 = 1 data transfer
b0001 = 2 data transfers
b0010 = 3 data transfers

7:4 R 0x0

b1111 = 16 data transfers.

The total number of bytes that the DMAC reads
into the MFIFO when it executes a DMALD
instruction is the product of src_burst_len and
src_burst_size

For each beat within a burst, it programs the
number of bytes that the DMAC reads from the
source:

b000 = reads 1 byte per beat

b001 = reads 2 bytes per beat

b010 = reads 4 bytes per beat

3:1 R 0x0 b011 = reads 8 bytes per beat

b100 = reads 16 bytes per beat

b101-b111 = reserved.

The total number of bytes that the DMAC reads
into the MFIFO when it executes a DMALD
instruction is the product of src_burst_len and
src_burst_size

Programs the burst type that the DMAC
performs when it reads the source data:

0 = Fixed-address burst. The DMAC signals
ARBURST[0] LOW.

1 = Incrementing-address burst. The DMAC
signals ARBURST[0] HIGH

0 R 0x0

DMAC1_LCO_O0~DMAC1_LCO_6
Address:Operational Base+0x40c
Operational Base+0x42c
Operational Base+0x44c
Operational Base+0x46c¢
Operational Base+0x48c
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Operational Base+0x4ac
Operational Base+0x4cc
Loop Counter 0 Registers

Bit

Attr

Reset Value

Description

31:8

reserved

7:0

R

0x0

Loop counter O iterations

DMAC1_LC1_0O~DMAC1_LC1_6
Address:Operational Base+0x410

Operational Base+0x430
Operational Base+0x450
Operational Base+0x470
Operational Base+0x490
Operational Base+0x4b0
Operational Base+0x4e0

Loop Counter 1 Registers

Bit

Attr

Reset Value

Description

31:8

reserved

7:0

R

0x0

Loop counter 1 iterations

DMAC1_DBGSTATUS
Address:Operational Base+0xd00
Debug Status Register

Bit | Attr | Reset Value Description
31:2 | - - reserved
The debug encoding is as follows:
b00 = execute the instruction that the DBGINST
. [1:0] Registers contain
1:0 R 0x0 b01 = reserved
b10 = reserved
b1l = reserved.

DMAC1_DBGCMD
Address:Operational Base+0xd04
Debug Command Register

Bit | Attr | Reset Value Description
31:2 | - - reserved
The debug encoding is as follows:
b00 = execute the instruction that the DBGINST
. [1:0] Registers contain
1:0 w 0x0 b01 = reserved
b10 = reserved
b1l = reserved

DMAC1_DBGINSTO
Address:Operational Base+0xd08

Debug Instruction-0 Register

Bit Attr | Reset Value Description
31:24 | W 0x0 Instruction byte 1
23:16 | W 0x0 Instruction byte 0
17:11 | - - reserved

High Performance and Low-power Processor for Digital Media Application

354




Rackchip

B AN T

RK3188 Technical Reference Manual

Rev 1.3

10:8

0x0

DMA channel number:
b000 = DMA channel 0
b001 = DMA channel 1
b010 = DMA channel 2

b111 = DMA channel 7

7:1

reserved

W

0x0

The debug thread encoding is as follows:
0 = DMA manager thread
1 = DMA channel.

DMAC1_DBGINST1
Address:Operational Base+0xd0c

Debug Instruction-1 Register

Bit Attr | Reset Value Description
31:24 | W 0x0 Instruction byte 5
23:16 | W 0x0 Instruction byte 4
15:8 | W 0x0 Instruction byte 3
7:0 w 0x0 Instruction byte 2
DMAC1_CRO

Address:Operational Base+0xe00
Configuration Register 0

Bit Attr | Reset Value Description
31:22 | - - reserved
Number of interrupt outputs that the DMAC
provides:
b00000 = 1 interrupt output, irq[0]
b00001 = 2 interrupt outputs, irq[1:0]
21:17 | R 0x2 b00010 = 3 interrupt outputs, irq[2:0]
b11111 = 32 interrupt outputs, irq[31:0].
Number of peripheral request interfaces that the
DMAC provides:
b00000 = 1 peripheral request interface
b00001 = 2 peripheral request interfaces
16:12 | R 0x7 b00010 = 3 peripheral request interfaces
b11111 = 32 peripheral request interfaces.
11:7 |- - reserved
Number of DMA channels that the DMAC
supports:
b000 = 1 DMA channel
b001 = 2 DMA channels
6:4 R 0x5 b010 = 3 DMA channels
b111 = 8 DMA channels.
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reserved

0x0

Indicates the status of the boot_manager_ns
signal when the DMAC exited from reset:

0 = boot_manager_ns was LOW

1 = boot_manager_ns was HIGH.

0x0

Indicates the status of the boot_from_pc signal
when the DMAC exited from reset:

0 = boot_from_pc was LOW

1 = boot_from_pc was HIGH

Ox1

Supports peripheral requests:

0 = the DMAC does not provide a peripheral
request interface

1 = the DMAC provides the number of peripheral
request interfaces that the num_periph_req
field specifies.

DMAC1_CR1

Address:Operational Base+0xe04
Configuration Register 1

Bit Attr

Reset Value

Description

31:8 | -

reserved

7:4 R

0x5

[7:4] num_i-cache_lines Number of i-cache
lines:

b0000 = 1 i-cache line

b0001 = 2 i-cache lines

b0010 = 3 i-cache lines

b1111 = 16 i-cache lines.

reserved

2:0 R

Ox7

The length of an i-cache line:
b000-b001 = reserved

b010 = 4 bytes

b011 = 8 bytes

b100 = 16 bytes

b101 = 32 bytes

b110-b111 = reserved

DMAC1_CR2

Address:Operational Base+0xe08
Configuration Register 2

Bit Attr | Reset Value Description
. Provides the value of boot_addr[31:0] when the
31:0 | R 0x0 DMAC exited from reset
DMAC1_CR3

Address:Operational Base+0xe0c
Configuration Register 3

Bit Attr | Reset Value Description
Provides the security state of an event-interrupt
resource:
31:0 | R 0x0 Bit [N] = 0 Assigns event<N> or irq[N] to the

Secure state.
Bit [N] = 1 Assigns event<N> or irq[N] to the
Non-secure state.
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DMAC1_CR4

Address:Operational Base+0xel0
Configuration Register 4

Bit Attr | Reset Value Description
Provides the security state of the peripheral
request interfaces:
31:0 |R 0x6 Bit [N] = 0 Assigns peripheral request interface

N to the Secure state.
Bit [N] =1 Assigns peripheral request interface
N to the Non-secure state

DMAC1_CRDn

Address:Operational Base+0xel4
DMA Configuration Register

Bit

Attr

Reset Value

Description

31:30

reserved

29:20

0x20

The number of lines that the data buffer
contains:

b000000000
b000000001

1 line
2 lines

b111111111 = 1024 lines

19:16

0x9

The depth of the read queue:
b0000 = 1 line
b0001 = 2 lines

b1111 = 16 lines.

15

reserved

14:12

0x4

Read issuing capability that programs the
number of outstanding read transactions:

b000 =1

b001 =2

.t;-111 =8

11:8

Ox7

The depth of the write queue:
b0000 = 1 line
b0001 = 2 lines

b1111 = 16 lines.

reserved

6:4

0x3

Write issuing capability that programs the
number of outstanding write transactions:

b000 =1

b001 =2

b111 = 8

reserved

2:0

0x3

The data bus width of the AXI interface:
b000 = reserved

b001 = reserved

b010 = 32-bit
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b011 = 64-bit
b100 = 128-bit
b101-b111 = reserved.

DMAC1_WD
Address:Operational Base+0xe80
DMA Watchdog Register

Bit Attr | Reset Value Description

31:1 - - reserved

Controls how the DMAC responds when it
detects a lock-up condition:

0 RW 0x0 0 = the DMAC aborts all of the contributing DMA
channels and sets irg_abort HIGH

1 = the DMAC sets irg_abort HIGH.

11.5 Timing Diagram
Please refer to chapter 10.5 for the similar description.

11.6 Interface Description

DMACI1 has the following tie-off signals.It can be configured by GRF
register.(Please refer to the chapter to find how to configure)

DMAC1

interface Reset value Control source
boot_addr 0x0 GRF
boot_from_pc 0x0 GRF
boot_manager_ns 0x0 GRF
boot_irg_ns Oxf GRF
boot_periph_ns Oxfffff GRF
boot_addr

Configures the address location that contains the first instruction the DMAC
executes, when it exits from reset.

boot_from_pc
Controls the location in which the DMAC executes its initial instruction, after it
exits from reset:
0 = DMAC waits for an instruction from either APB interface
1 = DMA manager thread executes the instruction that is located at the
address that

boot_manager_ns
When the DMAC exits from reset, this signal controls the security state of the
DMA manager thread:

0 = assigns DMA manager to the Secure state

1 = assigns DMA manager to the Non-secure state.

boot_irg_ns

Controls the security state of an event-interrupt resource, when the DMAC
exits from reset:
boot_irg_ns[x] is LOW
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The DMAC assigns event<x> or irq[x] to the Secure state.
boot_irq_ns[x] is HIGH
The DMAC assigns event<x> or irq[x] to the Non-secure state.

boot_periph_ns
Controls the security state of a peripheral request interface, when the DMAC
exits from reset:
boot_periph_ns[x] is LOW
The DMAC assigns peripheral request interface x to the Secure state.
boot_periph_ns[x] is HIGH
The DMAC assigns peripheral request interface x to the Non-secure state.

11.7 Application Notes

Please refer to chapter 10.7 for the similar description.
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Chapter 12 GIC(General Interrupt Controller)

12.1 Overview

The interrupt controller(GIC) in This device has two interfaces, the distributor
interface connects to the interrupt source,the cpu interface connects to
Cortex-A9. The GIC supports Security Extensions.

It supports the following features:

Supports 76 vectored IRQ interrupts

Supports 64 interrupts priority levels

Programmable interrupt priority level masking

Generates IRQ and FIQ

Generates Software interrupt

Supports Security Extensions

12.2 Block Diagram
Fig.12-1 shows the block diagram of gic

spi[75:0]
i ] nirq
cfgdisable
nfig
Distributor Cpu interface >
interface
axi interface N f
——) .
Axi slave Axi slave axi interface
gclk
—>
gresetn
—

Fig. 12-1Block diagram of GIC

The diagram shows that GIC has two axi interfaces independently and has two
base address for these two interfaces.

These two interfaces connect to CPU L1 AXI interconnect, and the connected
ports are secure after reset. So, after reset GIC can only be accessed by secure
transaction. These two ports in CPU L1 AXI interconnect can be configured to
non-secure , Please refer to chapter 9.3 for detailed information.

12.3 Function Description

This GIC architecture splits logically into a Distributor block and one CPU
interface block, as Figure 12-1 shows.
Distributor

This performs interrupt prioritization and distribution to the CPU interface that
connect to the processor in the system.
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CPU interface
CPU interface performs priority masking and preemption handling for a
connected processor in the system.

12.3.1 The Distributor

The Distributor centralizes all interrupt sources, determines the priority of
each interrupt, and for CPU interface dispatches the interrupt with the highest
priority to the interface for priority masking and preemption handling.

The Distributor provides a programming interface for:

® Globally enabling the forwarding of interrupts to the CPU interface

® Enabling or disabling each interrupt

® Setting the priority level of each interrupt

® Setting the target processor list of each interrupt

® Setting each peripheral interrupt to be level-sensitive or edge-triggered

® If the GIC implements the Security Extensions, setting each interrupt as
either

® Secure or Non-secure

® Sending an SGI to processor.

® Visibility of the state of each interrupt

® A mechanism for software to set or clear the pending state of a peripheral

[ interrupt.

Interrupt ID
Interrupts from sources are identified using ID numbers. CPU interface can
see up to 88 interrupts.
The GIC assigns interrupt these 88 ID numbers as follows:
® Interrupt numbers ID32-ID1 are used for SPIs(shared peripheral
interrupts).
® IDO-ID15 are used for SGIs(software generated interrupts).
® ID16-ID31 are not used
The GIC architecture reserves interrupt ID numbers 1022-1023 for special
purposes.

ID1022
The GIC returns this value to a processor in response to an interrupt
acknowledge only whenall of the following apply:
The interrupt acknowledge is a Secure read
The highest priority pending interrupt is Non-secure
The AckCtl bit in the Secure ICCICR is set to 0
The priority of the interrupt is sufficient for it to be signalled to the
processor.
Interrupt ID 1022 informs Secure software that there is a Non-secure
interrupt of sufficient priority to be signalled to the processor, that must be
handled by Non-secure software. In this situation the Secure software might
alter its schedule to permit Non-secure software to handle the interrupt, to
minimize the interrupt latency.

ID1023

This value is returned to a processor, in response to an interrupt
acknowledge, if there is no pending interrupt with sufficient priority for it to be
signalled to the processor.

On a processor that implements the Security Extensions, Secure software
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treats values of 1022 and 1023 as spurious interrupts.

12.3.2 CPU interface

CPU interface block provides the interface for a processor that operates with
the GIC. CPU interface provides a programming interface for:
Enabling the signalling of interrupt requests by the CPU interface
Acknowledging an interrupt
Indicating completion of the processing of an interrupt
Setting an interrupt priority mask for the processor
Defining the preemption policy for the processor
Determining the highest priority pending interrupt for the processor.

When enabled, CPU interface takes the highest priority pending interrupt for
its connected processor and determines whether the interrupt has sufficient
priority for it to signal the interrupt request to the processor.

To determine whether to signal the interrupt request to the processor the CPU
interface considers the interrupt priority mask and the preemption settings for
the processor. At any time, the connected processor can read the priority of its
highest priority active interrupt from a CPU interface register.

The processor acknowledges the interrupt request by reading the CPU
interface Interrupt Acknowledge register. The CPU interface returns one of:

The ID number of the highest priority pending interrupt, if that interrupt is of
sufficient priority to generate an interrupt exception on the processor. This is the
normal response to an interrupt acknowledge.

Exceptionally, an ID number that indicates a spurious interrupt.

When the processor acknowledges the interrupt at the CPU interface, the
Distributor changes the status of the interrupt from pending to either active, or
active and pending. At this point the CPU interface can signal another interrupt
to the processor, to preempt interrupts that are active on the processor. If there
is no pending interrupt with sufficient priority for signalling to the processor, the
interface deasserts the interrupt request signal to the processor.

When the interrupt handler on the processor has completed the processing of
an interrupt, it writes to the CPU interface to indicate interrupt completion.
When this happens, the distributor changes the status of the interrupt either:
o from active to inactive
e from active and pending to pending.

12.3.3 Interrupt handling state machine

The distributor maintains a state machine for each supported interrupt on CPU
interface. Following figure shows an instance of this state machine, and the
possible state transitions.
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Active and
pending

A1l
Pending A2 B2

B1 C

E1
Fig. 12-2 GIC Interrupt handling state machine

Transition Al or A2, add pending status

For an SGI:

e Occurs on a write to an ICDSGIR that specifies the processor as a target.

e If the GIC implements the Security Extensions and the write to the ICDSGIR is
Secure, the transition occurs only if the security configuration of the specified
SGI, for the CPU interface, corresponds to the ICDSGIR.SATT bit value.

For an SPI, occurs if either:
¢ a peripheral asserts an interrupt signal
e software writes to an ICDISPR.

Transition B1 or B2, remove pending status

Not applicable to SGIs:

¢ a pending SGI must transition through the active state, or reset, to remove its
pending status.

¢ an active and pending SGI must transition through the pending state, or reset,
to remove its pending status.

For an SPI, occurs if either:

¢ the level-sensitive interrupt is pending only because of the assertion of an
input signal, and that signal is deasserted

e the interrupt is pending only because of the assertion of an edge-triggered
interrupt signal, or a write to an ICDISPR, and software writes to the
corresponding ICDICPR.

Transition C
If the interrupt is enabled and of sufficient priority to be signalled to the
processor, occurs when software reads from the ICCIAR.

Transition D

For an SGI, occurs if the associated SGI is enabled and the Distributor forwards
it to the CPU interface at the same time that the processor reads the ICCIAR to
acknowledge a previous instance of the SGI. Whether this transition occurs
depends on the timing of the read of the ICCIAR relative to the reforwarding of
the SGI.

For an SPI:
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e Occurs if all the following apply:

— The interrupt is enabled.

— Software reads from the ICCIAR. This read adds the active state to the
interrupt.

— For a level-sensitive interrupt, the interrupt signal remains asserted. This is
usually the case, because the peripheral does not deassert the interrupt until
the processor has serviced the interrupt.

e For an edge-triggered interrupt, whether this transition occurs depends on the
timing of the read of the ICCIAR relative to the detection of the reassertion of
the interrupt. Otherwise the read of the ICCIAR causes transition C, possibly
followed by transition A2.

Transition E1 or E2, remove active status
Occurs when software writes to the ICCEOIR.

12.4 Register Description

12.4.1 GIC Distributor interface register summary

Name Offset Size | Reset Description
GICD_ICDDCR 0x000 w 0x0 Distributor Control Register
GICD_ICDICTR | 0x004 W Intgrrupt Controller  Type
Register

GICD_ICDIIDR | 0x008 W Distributor Implementer
Identification Register

GICD_ICDISR 0x080 W Interrupt Security Registers

- - 3 - reserved

GICD_ICDISER | 0x100-0x17C | W Interrupt Set-Enable Registers

GICD_ICDICER | 0x180-Ox1FC | W Interrupt Clear-Enable
Registers

GICD_ICDISPR | 0x200-0x27C |W  |oxo | [nterrupt Set-Pending
Registers

GICD_ICDICPR |0x280-0x2FC |W  |oxo | Interrupt Clear-Pending
Registers

GICD_ICDABR 0x300-0x37C | W 0x0 Active Bit Registers

- - - - reserved

GICD_ICDIPR 0x400-0x7F8 | B 0x0 Interrupt Priority Registers

- - - - reserved

GICD_ICDIPTR | Ox800-0x81C | B Interrupt Processor Targets

- - - - reserved

GICD_ICDICFR | 0XC00-OXCFC | W Interrupt Configuration
Registers

- - - - reserved

GICD_ICDSGIR | OXFOO W Soft_ware Generated Interrupt
Register

Notes:
Size: B - Byte (8 bits) access, HW - Half WORD (16 bits) access, W —-WORD (32 bits) access

12.4.2 GIC Distributor interface detail register description

GICD_ICDDCR
Address:Operational Base+0x0
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Distributor Control Register

Bit | Attr

Reset Value

Description

31:1 | -

reserved

0x0

Global enable for monitoring peripheral interrupt
signals and forwarding pending interrupts to
the CPU interface.

0 The GIC ignores all peripheral interrupt
signals, and does not forward pending
interrupts to the Cpu interface.

1 The GIC monitors the peripheral interrupt
signals, and forwards pending

interrupts to the Cpu interface.

GICD_ICDICTR
Address:Operational Base+0x4
Interrupt Controller Type Register

Bit Attr | Reset Value Description

31:11 | - - reserved
Indicates whether the GIC implements the
Security Extensions.

10 R Ox1 0 Security Extensions not implemented.
1 Security Extensions implemented

9:8 - - reserved
Indicates the number of implemented Cpu
interface. The number of implemented Cpu

7.5 R 0x0 interface is one more than the value of this field,

’ for example if this field is 0b011, there are four

Cpu interface. In this product ,only one cpu
interface is implemented.
Indicates the maximum number of interrupts
that the GIC supportsa. If the value
of this field is N, the maximum number of
interrupts is 32(N+1). The interrupt ID

4:0 R 0x2 range is from 0 t9 one less than the number of
IDs. For example:
0b00011 Up to 128 interrupt lines, interrupt
IDs 0-127.
The maximum number of interrupts is 1020
(0b11111).

GICD_ICDIIDR
Address:Operational Base+0x8
lementer Identification Register

Distributor Im

Bit Attr | Reset Value Description
31:24 | R 0x0 product identifier.
23:20 | - - reserved
variant number. Typically, this field is used to
19:16 | R 0x0 distinguish
product variants, or major revisions of a product
. revision number. Typically, this field is used to
15:12/ 1R 0x0 distinguish minor revisions of a product
11:0 |R 0x0 Contains the JEP106 code of the company that
) implemented the GIC Distributor:a
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Bits [11:8] The JEP106 continuation code of
the implementer.

Bits [7] Always 0.

Bits [6:0] The JEP106 identity code of the
implementer.

GICD_ICDISR
Address:Operational Base+0x80
Interrupt Security Registers

Bit | Attr | Reset Value Description
For each bit:
31:0 | RW 0x0 0 The corresponding interrupt is Secure.
1 The corresponding interrupt is Non-secure.

For interrupt ID N, when DIV and MOD are the integer division and modulo
operations:

¢ the corresponding ICDISR number, M, is given by M = N DIV 32

o the offset of the required ICDISR is (0x080 + (4*M))

¢ the bit number of the required Security status bit in this register is N MOD 32.

GICD_ICDISER
Address:Operational Base+0x100
Interrupt Set-Enable Registers

Bit | Attr | Reset Value Description

For SPIs, for each bit:

Reads

0 The corresponding interrupt is disabled.

1 The corresponding interrupt is enabled.
Writes

0 Has no effect.

1 Enables the corresponding interrupt. A
subsequent read of this bit returns the value 1.

31:0 | RW

For interrupt ID N, when DIV and MOD are the integer division and modulo
operations:

¢ the corresponding ICDISER number, M, is given by M = N DIV 32

¢ the offset of the required ICDISER is (0x100 + (4*M))

e the bit number of the required Set-enable bit in this register is N MOD 32.

GICD_ICDICER
Address:Operational Base+0x180
Interrupt Clear-Enable Registers

Bit | Attr | Reset Value Description

For SPI, for each bit:

Reads

0 The corresponding interrupt is disabled.

1 The corresponding interrupt is enabled.
Writes

0 Has no effect.

1 Disables the corresponding interrupt. A
subsequent read of this bit returns the value 0.

31:0 | RW 0x0

For interrupt ID N, when DIV and MOD are the integer division and modulo
operations:

¢ the corresponding ICDICER number, M, is given by M = N DIV 32

e the offset of the required ICDICER is (0x180 + (4*M))

¢ the bit number of the required Clear-enable bit in this register is N MOD 32.
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GICD_ICDISPR
Address:Operational Base+0x200
Interrupt Set-Pending Registers

Bit | Attr | Reset Value Description

For each bit:
Reads
0 The corresponding interrupt is not pending
Oon any processor.
1
e For SGIs, the corresponding interrupt is
pending on this processor.
e For SPIs, the corresponding interrupt is
pending on at least one processor.
Writes For SPIs:
0 Has no effect.
1 The effect depends on whether the
interrupt is edge-triggered or level-sensitive:
Edge-triggered
Changes the status of the corresponding
interrupt to:

31:0 | RW 0x0 e pending if it was previously inactive

¢ active and pending if it was previously
active.Has no effect if the interrupt is already
pending.

Level sensitive

If the corresponding interrupt is not pendinga,
changes the status of the corresponding
interrupt

to:

e pending if it was previously inactive

e active and pending if it was previously active.
If the interrupt is already pending:

e because of a write to the ICDISPR, the write
has no effect

e because the corresponding interrupt signal is
asserted, the write has no effect on the status
of the interrupt, but the interrupt remains
pendinga if the interrupt signal is deasserted.

For interrupt ID N, when DIV and MOD are the integer division and modulo
operations:
e the corresponding ICDISPR number, M, is given by M = N DIV 32

e the offset of the required ICDISPR is (0x200 + (4*M))

e the bit number of the required Set-pending bit in this register is N MOD 32.

GICD_ICDICPR
Address:Operational Base+0x280
Interrupt Clear-Pending Registers

Bit

Attr

Reset Value

Description

31:0

RW

0x0

For each bit:
Reads
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0 The corresponding interrupt is not pending
on any processor

1

e For SGIs, the corresponding interrupt is
pendinga on this processor.

e For SPIs, the corresponding interrupt is
pendinga on aleast one processor.

Writes

For SPIs:

0 Has no effect.

1 The effect depends on whether the interrupt
is edge-triggeredor level-sensitive:

Edge-triggered

Changes the status of the corresponding
interrupto:

e inactive if it was previously pending

e active if it was previously active and
pending.Has no effect if the interrupt is not
pending.

Level-sensitive

If the corresponding interrupt is pendinga only
because of a write to the ICDISPR, the write
changes the status of the interrupt to:

e inactive if it was previously pending

e active if it was previously active and
pending.Otherwise the interrupt remains
pending if the interrupt signal remains asserted.

For interrupt ID N, when DIV and MOD are the integer division and modulo
operations:

e the corresponding ICDICPR number, M, is given by M = N DIV 32

e the offset of the required ICDICPR is (0x280 + (4*M))

¢ the bit number of the required Set-pending bit in this register is N MOD 32.

GICD_ICDABR
Address:Operational Base+0x300
Active Bit Registers

Bit | Attr | Reset Value Description
For each bit:
31:0 |R 0 Corresponding interrupt is not active.
1 Corresponding interrupt is active.

For interrupt ID N, when DIV and MOD are the integer division and modulo
operations:

¢ the corresponding ICDABR number, M, is given by M = N DIV 32

¢ the offset of the required ICDABR is (0x300 + (4*M))

e the bit number of the required Active bit in this register is N MOD 32.

GICD_ICDIPR

Address:Operational Base+0x400
Interrupt Priority Registers
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Bit Attr | Reset Value Description
70 RW 0x0 The lower the Yalug, the greater the priority of
the corresponding interrupt.

For interrupt ID N:
e the corresponding ICDIPR number, M, is given by M = N
¢ the offset of the required ICDIPR is (0x400 + M)

GICD_ICDIPTR
Address:Operational Base+0x800
Interrupt Processor Targets Registers

Bit Attr | Reset Value Description
70 RW Ox1 This register is npt used. As in our
product ,there is only one processor.

GICD_ICDICFR
Address:Operational Base+0xc00
Interrupt Configuration Registers

Bit | Attr | Reset Value Description
F=0,1,2,3...15
The encoding is:
2F+1 | RW 0x0 0 Corresponding interrupt is level-sensitive.
1 Corresponding interupt is edge-triggered.

For interrupt ID N, when DIV and MOD are the integer division and modulo
operations:
e the corresponding ICDICFR number, M, is given by M = N DIV 16

o the offset of the required ICDIPTR is (OxC00 + (4*M))

¢ the required Priority field in this register, F, is given by F = N MOD 16, where
field O refers to register bits [1:0], field 1 refers to bits [3:2], and so on, up to

field 15 refers to bits [31:30]

GICD_ICDSGIR
Address:Operational Base+0xf00
Software Generated Interrupt Register

Bit Attr | Reset Value Description

31:26 | - z reserved
0b00 Send the interrupt to the Cpu interface
specified in the CPUTargetList fielda.
0b01 Send the interrupt to all Cpu interface

25:24 | W 0x0 except the CPQ interface that
requested the interrupt.
0b10 Send the interrupt only to the CPU
interface that requested the interrupt.
Obl1l Reserved
When TargetList Filter = 0b00, defines the Cpu
interface the Distributor must send the interrupt
to.

23:16 | W 0x0 Each bit o_f CPUTa_rgetList[7:O] refers to the
corresponding CPU interface, for
example CPUTargetList[0] corresponds to CPU
interface 0. Setting a bit to 1 sends
the interrupt to the corresponding interface.

15 W 0 If the GIC implements the Security Extensions,

x0 o - ! )

this field is writable only using a Secure access.
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Any Non-secure write to the ICDSGIR issues an
SGI only if the specified SGI is programmed as
Non-secure, regardless of the value of bit [15] of
the write.

Specifies the required security value of the SGI:
0 Send the SGI specified in the SGIINTID field
to a specified CPU interface only if the SGI is
configured as Secure on that interface.

1 Send the SGI specified in the SGIINTID field
to a specified Cpu interface only if the SGI is
configured as Non-secure on that interface

14:4 | - - reserved
The Interrupt ID of the SGI to send to the
specified Cpu interface. The value of this

3:0 w 0x0 field is the Interrupt ID, in the range 0-15, for

example a value of 0b0011 specifies
Interrupt ID 3

12.4.3 GIC CPU interface register summary

Name Offset Size Reset Description
Value
GICC_ICCICR 0x00 0x0 CPU_ Interface Control
Register
GICC_ICCPMR | 0x04 W 0x0 Interrupt  Priority  Mask
Register
GICC_ICCBPR | 0x08 W 0x0 Binary Point Register
GICC_ICCIAR | OXOC W Ox3ff Interrupt  Acknowledge
Register
GICC_ICCEQIR | 0x10 w - End of Interrupt Register
GICC_ICCRPR | 0x14 w Oxff Running Priority Register
GICC_ICCHPIR | 0x18 W Ox3ff Highest Pending Interrupt
Register
GICC_ICCABPR | OX1C W 0x0 Aliased — Binary  Point
Register
GICC_ICCIIDR | OXEC W 0x0 CPU_Interface Identification
Register

Notes:

Size: B - Byte (8 bits) access, HW - Half WORD (16 bits) access, W —-WORD (32 bits) access

12.4.4 GIC CPU interface detail register description

GICC_ICCICR
Address:Operational Base+0x0
CPU Interface Control Register

Bit Attr | Reset Value

Description

31:5 | - - reserved

preemption.

0x0 0

Controls whether the CPU interface uses the
Secure or Non-secure Binary Point Register for

To determine any preemption, use:
e the Secure Binary Point Register for Secure
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interrupts
e the Non-secure Binary Point Register for
Non-secure interrupts.

1

To determine any preemption use the Secure
Binary Point Register for both Secure and
Non-secure interrupts.

RW

0x0

Controls whether the GIC signals Secure
interrupts to a target processor using the FIQ or
the IRQ signal.

0

Signal Secure interrupts using the IRQ signal.

1

Signal Secure interrupts using the FIQ signal.
The GIC always signals Non-secure interrupts
using the IRQ signal.

RW

0x0

Controls whether a Secure read of the ICCIAR,
when the highest priority pending interrupt

is Non-secure, causes the CPU interface to
acknowledge the interrupt.

0

If the highest priority pending interrupt is
Non-secure, a Secure read of the ICCIAR returns
an Interrupt ID of 1022. The read does not
acknowledge the interrupt, and the pending
status of the interrupt is unchanged.

1

If the highest priority pending interrupt is
Non-secure, a Secure read of the ICCIAR returns
the Interrupt ID of the Non-secure interrupt.
The read acknowledges the interrupt, and the
status of the interrupt becomes active, or active
and pending.

RW

0x0

An alias of the Enable bit in the Non-secure
ICCICR. This alias bit means Secure software
can enable the signalling of Non-secure
interrupts.

0 Disable signalling of Non-secure interrupts.
1 Enable signalling of Non-secure interrupts

RW

0x0

Global enable for the signalling of Secure
interrupts by the Cpu interface to the connected
processors.

0 Disable signalling of Secure interrupts.

1 Enable signalling of Secure interrupts

GICC_ICCPMR
Address:Operational Base+0x4
Interrupt Priority Mask Register

Bit Attr | Reset Value Description
31:8 |- - reserved
The priority mask level for the CPU interface. If
7:0 RW 0x0 the priority of an interrupt is higher than the
value indicated by this field, the interface signals
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the interrupt to the processor.

If the GIC supports fewer than 256 priority
levels then some bits are RAZ/WI, as follows:
128 supported levels Bit [0] = 0.

64 supported levels Bit [1:0] = 0b0O.

32 supported levels Bit [2:0] = 0b000O.

16 supported levels Bit [3:0] = 0b0000

GICC_ICCBPR

Address:Operational Base+0x8
Binary Point Register

Bit Attr | Reset Value Description
31:3 | - - reserved
The value of this field controls how the 8-bit
2:0 RW 0x0 interrupt priority field is split into a group

priority field, used to determine
preemption, and a subpriority field.

interrupt

GICC_ICCIAR

Address:Operational Base+0xc
Interrupt Acknowledge Register

Bit

Attr

Reset Value

Description

31:13

reserved

12:10

RO

0x0

For SGIs in a multiprocessor implementation,
this field identifies the processor that

requested the interrupt. It returns the number
of the CPU interface that made the

request, for example a value of 3 (0b011)
means the request was generated by a write

to the IDCSFGIR on CPU interface 3.

For all other interrupts this field is RAZ.

9:0

RO

0x0

The interrupt ID.

GICC_ICCEOIR
Address:Operational Base+0x10
End of Interrupt Register

Bit Attr | Reset Value Description
31:13 | - - reserved
On a multiprocessor implementation, on
. completion of the processing of an SGI, this
1210409 0x0 field contains the CPUID value from the
corresponding ICCIAR access.
9:0 WO 0x0 The ACKINTID value from the corresponding

ICCIAR access.

GICC_ICCRPR

Address:Operational Base+0x14
Running Priority Register

Bit

Attr

Reset Value

Description

31:8

reserved

7:0

RO

0x0

The priority value of the highest priority
interrupt that is active on the CPU interface.
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GICC_ICCABPR
Address:Operational Base+0x18
Aliased Binary Point Register

Bit Attr | Reset Value Description

31:3 | - - reserved

2:0 RW 0x0 Provides an alias of the Non-secure ICCBPR.

GICC_ICCHPIR
Address:Operational Base+0x1c
Highest Pending Interrupt Register

Bit Attr | Reset Value Description

31:10 | - - reserved

9:0 R 0x0 The interrupt ID of the highest priority pending
interrupt.

GICC_ICCIIDR
Address:Operational Base+0xfc
CPU Interface Identification Register

Bit Attr | Reset Value Description
31:20 | R 0x0 _An _ ;MPLEMENTATION DEFINED  product
identifier.
19:16 | R 0x0 For an |mplementat|on _that complies with this
specification, the value is 0x1
. An IMPLEMENTATION DEFINED revision number
15:12 R 0x0 for the CPU interface.
Contains the JEP106 code of the company that
implemented the GIC CPU
interface:b
11:0 | R 0x0 Bits [11:8] The JEP106 continuation code of

the implementer.

Bit [7] Always 0.

Bits [6:0] The JEP106 identity code of the
implementer.

12.5 Interface Description

Both distributor interface and cpu interface are secure accessed only after
reset,Register inside the CPU L1 AXI interconnect needs to be configured to
change to non-secure access.

When the tie_off signal cfgsisable is HIGH, it enhances the security of the GIC
by preventing write accesses to security-critical configuration registers.This
signal is low after reset, it can be configured through TZPC registers.

12.6 Application Notes

12.6.1 General handling of interrupts

The GIC operates on interrupts as follows:

1. The GIC determines whether each interrupt is enabled. An interrupt that is
not enabled has no further effect on the GIC.(Enables an interrupt by writing to

the appropriate ICDISER bit, disables an interrupt by writing to the appropriate
ICDICER bit)
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2. For each enabled interrupt that is pending, the Distributor determines the
targeted processor.

3. For processor, the Distributor determines the highest priority pending
interrupt, based on the priority information it holds for each interrupt, and
forwards the interrupt to the CPU interface.

4. The CPU interface compares the interrupt priority with the current interrupt
priority for the processor, determined by a combination of the Priority Mask
Register, the current preemption settings, and the highest priority active
interrupt for the processor. If the interrupt has sufficient priority, the GIC
signals an interrupt exception request to the processor.

5. When the processor takes the interrupt exception, it reads the ICCIAR in its
CPU interface to acknowledge the interrupt. This readreturns an Interrupt ID
that the processor uses to select the correct interrupt handler. When it
recognizes this read, the GIC changes the state of the interrupt:

o if the pending state of the interrupt persists when the interrupt becomes active,
or if the interrupt is generated again, from pending to active and pending.

e otherwise, from pending to active

6.When the processor has completed handling the interrupt, it signals this
completion by writing to the ICCEOIR in the GIC

Generating an SGI
A processor generates an SGI by writing to an ICDSGIR.

12.6.2 Interrupt prioritization

Software configures interrupt prioritization in the GIC by assigning a priority
value to each interrupt source. Priority values are 8-bit unsigned binary.

In this product, GIC implements 64 priority levels. So only the highest 6 bits are
valid, the lower 2 bits read as zero.

In the GIC prioritization scheme, lower numbers have higher priority, that is, the
lower the assigned priority value the higher the priority of the interrupt. The
highest interrupt priority always has priority field value 0.

The ICDIPRs hold the priority value for each supported interrupt. To determine
the number of priority bits implemented write OxFF to an ICDIPR priority field
and read back the value stored.

Preemption

A CPU interface supports forwarding of higher priority pending interrupts to a

target processor before an active interrupt completes. A pending interrupt is

only forwarded if it has a higher priority than all of:

e the priority of the highest priority active interrupt on the target processor, the
running priority for the processor, see Running Priority Register (ICCRPR) .

¢ the priority mask, see Priority masking.

e the priority group, see Priority grouping.

Preemption occurs at the time when the processor acknowledges the new
interrupt, and starts to service it in preference to the previously active interrupt
or the currently running process. When this occurs, the initial active interrupt is
said to have been preempted. Starting to service an interrupt while another
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interrupt is still active is sometimes described as interrupt nesting.

Priority masking

The ICCPMR for a CPU interface defines a priority threshold for the target
processor, see Interrupt Priority Mask Registe. The GIC only signals pending
interrupts with a higher priority than this threshold value to the target processor.
A value of zero, the register reset value, masks all interrupts to the associated
processor.

The GIC always masks an interrupt that has the largest supported priority field
value. This provides an additional means of preventing an interrupt being
signalled to any processor.

Priority grouping

Priority grouping splits each priority value into two fields, the group priority and
the subpriority fields. The GIC uses the group priority field to determine whether
a pending interrupt has sufficient priority to preempt a currently active
interrupt.

The binary point field in the ICCBPR controls the split of the priority bits into the
two parts. This 3-bit field specifies how many of the least significant bits of the
8-bit interrupt priority field are excluded from the group priority field, as
following table shows.

Binary point value | Group priority Subpriority field Field with binary
field point

0 [7:1] [0] g9g999999g.s

1 [7:2] [1:0] 999999.ss

2 [7:3] [2:0] ggggg.sss

3 [7:4] [3:0] gggg.ssss

4 [7:5] [4:0] ggg.Sssss

5 [7:6] [5:0] gg.SSSSSS

6 [7] [6:0] g.SSSSSSS

7 No preemption [7:0] .5555555S

Where multiple pending interrupts share the same group priority, the GIC uses
the subpriority field to resolve the priority within a group.

12.6.3 The effect of the Security Extensions on interrupt handling

If a GIC CPU interface implements the Security Extensions, it provides two

interrupt output signals, IRQ and FIQ:

e The CPU interface always uses the IRQ exception request for Non-secure

interrupts

e Software can configure the CPU interface to use either IRQ or FIQ exception
requests for Secure interrupts.

Security Extensions support

Software can detect support for the Security Extensions by reading the
ICDICTR.SecurityExtn bit, see Interrupt Controller Type Register (ICDICTR).
Secure software makes Secure writes to the ICDISRs to configure each interrupt
as Secure or Non-secure, see Interrupt Security Registers (ICDISRn).

In addition:
e The banking of registers provides independent control of Secure and
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Non-secure interrupts.

e The Secure copy of the ICCICR has additional fields to control the processing
of Secure and Non-secure interrupts, see CPU Interface Control Register
(ICCICR) These fields are:

— the SBPR bit, that affects the preemption of Non-secure interrupts.
— the FIQEN bit, that controls whether the interface signals Secure interrupts to
the processor using the IRQ or FIQ interrupt exception requests.
— the AckCtl bit, that affects the acknowledgment of Non-secure interrupts.
— the EnableNS bit, that controls whether Non-secure interrupts are signaled
to the processor, and is an alias of the Enable bit in the Non-secure ICCICR.
e The Non-secure copy of the ICCBPR is aliased as the ICCABPR, see Aliased
Binary Point Register (ICCABPR). This is a Secure register, meaning it is only
accessible by Secure accesses.

Effect of the Security Extensions on interrupt acknowledgement

When a processor takes an interrupt, it acknowledges the interrupt by reading
the ICCIAR. A read of the ICCIAR always acknowledges the highest priority
pending interrupt for the processor performing the read.

If the highest priority pending interrupt is a Secure interrupt, the processor
must make a Secure read of the ICCIAR to acknowledge it.

By default, the processor must make a Non-secure read of the ICCIAR to
acknowledge a Non-secure interrupt. If he AckCtl bit in the Secure ICCICR is set
to 1 the processor can make a Secure read of the ICCIAR to acknowledge a
Non-secure interrupt.

If the read of the ICCIAR does not match the security of the interrupt, taking
account of the AckCtl bit value for a Non-secure interrupt, the ICCIAR read does
not acknowledge any interrupt and returns the value:

e 1022 for a Secure read when the highest priority interrupt is Non-secure

¢ 1023 for a Non-secure read when the highest priority interrupt is Secure.

12.6.4 The effect of Security Extensions on interrupt priority

If the GIC supports the Security Extensions:

e Secure software must program the ICDISRs to configure each supported
interrupt as either Secure or Non-secure, see Interrupt Security Registers
(ICDISRnN).

e the GIC provides Secure and Non-secure views of the interrupt priority
settings

Software views of interrupt priority

When a processor reads the priority value of an interrupt, the GIC returns either
the Secure or the Non-secure view of that value, depending on whether the
access is Secure or Non-secure. This section describes the two views of
interrupt priority, and the relationship between them.

In this product, 64 priority levels are implemented.

FIE|D|C|B|A|0]O

Fig. 12-3Secure view of the priority field for a Secure interrupt
Fig 12-3 shows the Secure view of a priority value field for a Secure interrupt.
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A-F is the priority value. The low-order bits of the priority fields are RAZ/WI

E|{D|C|B|A|]O0|O0]O

Fig. 12-4 Non-secure view of the priority field for a Non-secure interrupt

Fig 12-4 shows the Non-secure view of a priority value field for a Non-secure
interrupt. A-E is the priority value. The low-order bits of the priority fields are
RAZ/WI

The Non-secure view of a priority value does not show how the value is stored in
the Distributor. Taking the value from a Non-secure write to a priority field,
before storing the value the Distributor:

e right-shifts the value by one bit

e sets bit [7] of the value to 1.

This translation means the priority value for the Non-secure interrupt is in the
top half of the possible value range, meaning the interrupt priority is in the
bottom half of the priority range.

A Secure read of the priority value for a Non-secure interrupt returns the value
stored in the distributor. Figl12-5 shows this Secure view of the priority value
field for a Non-secure interrupt that has had its priority value field set by a
Non-secure access, or has had a priority value with bit [7] == 1 set by a Secure
access:

11 E|D|C|B|A|O0]|O

Fig. 12-5 Secure read of the priority field for a Non-secure interrupt
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Chapter 13 DMC (Dynamic Memory Interface)

13.1 Overview

The DMC includes two section: dynamic ram protocol controller(PCTL) and
phy controller (PHYCTL).

The PCTL SoC application bus interface supports a lowest-latency native
application interface (NIF). To maximize data transfer efficiency, NIF commands
transfer data without flow control. To simplify command processing, the NIF
accepts addresses in rank, bank, row, column format.

The PHYCTL provides control features to ease the customer implementation of
digitally controlled features of the PHY such as initialization, DQS gate training,
and programmable configuration controls. The PHYCTL has built-in self test
features to provide support for production testing of the compatible PHY. It also
provides a DFI 2.1 interface to the PHY.

The DMC supports the following features:

® Complete, integrated, single-vendor DDR2, DDR3, mDDR, LPDDR2
solution .

e DFI 2.1 interface compatibility

® Upto 1066 Mbpsin 1:1 frequency ratio, using a 533MHz controller clock and
533MHz memory clock.

® Support for x8, x16, and x32 memories, for a total memory data path width
of up to 72 bits

® Up to 2 memory ranks; devices within a rank tie to a common chip select

e Up to 8 open memory banks, maximum of eight per rank

® Per-NIF transaction controllable bank management policies: open-page,
close-page

® Low area, low power architecture with minimal buffering on the data,
avoiding duplication of storage resources within the system

® PCTL NIF slave interface facilitates easy integration with an external
scheduler or standard on-chip buses

e Efficient DDR protocol implementation with in-order column (Read and
Write) commands and out- of-order Activate and Precharge commands

® Three clock cycles best case command latency (best case is when a
command is to an open page and the shift array in the PCTL is empty).

® 1T or 2T memory command timing

® Automatic clock stop, power-down and self-refresh entry and exit.
Clock stop is mDDR/LPDDR2 only

® Software and hardware driven self-refresh entry and exit

® Programmable memory initialization

e Partial population of memories, where not all DDR byte lanes are populated
with memory chips

® Programmable per rank memory ODT (On-Die Termination) support for
reads and writes

® APB interface for controller software-accessible registers
® Programmable data training interface:
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Assists in training of the data eye of the memory channel

Provides a method for testing large sections of memory
® Support for industry standard UDIMMs (Unbuffered DIMMs) and RDIMMs
(Registered DIMMs)

e Automatic DQS gate training and drift compensation

® At-speed built-in-self-test (BIST) loopback testing on both the address
and data channels for DDR PHYs

e PHY control and configuration registers

Optional, additional JTAG interface to configure registers
e DFI 2.1 interface

13.2 Block Diagram

e
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Fig. 13-1Protocol controller architecture
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Fig. 13-2PHY controller architecture
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13.3 Function description

PCTL operations are defined in terms of the current state of the Operational
State Machine. Software can move PCTL in any of the operational states by
issuing commands via the SCTL register. Transitions from one operational state
to the other occur pass through a “transitional” state. Transitional states are
exited automatically by the PCTL after all the necessary actions required to
change operational state have been completed. The current operational state of
PCTL is reported by the STAT register and is also available from the p_ctl_stat
output.

PCTL supports the following operational states:

e Init_mem - This state is the default state entered after reset. All writable
registers can be programmed. While in this state software can program
PCTL and initialize the PHY and the memories. The memories are not
refreshed and data that has previously been written to the memories may
be lost as a result. The Init_mem state is also used when it is desirable to
stop any automatic PCTL function that directly affects the memories, like
Power Down and Refresh, or when a software reset of the memory
subsystem has to be executed.

e Config - This state is used to suspend temporarily the normal NIF traffic and
allow software to reprogram PCTL and memories if necessary, while still
keeping active the periodic generation of Refresh cycles to the memories.
Power Down entry and exit sequences are possible while in Config state.

® Access - This is the operational state where NIF transactions are accepted
by the PCTL and converted into memory read and writes. None of the
registers can be programmed except SCFG, SCTL, ECCCLR and DTU*
registers.

® Low_power - Memories are in self refresh mode. The PCTL does not
generate refresh cycles while in this state.

Access and Low_power states can also be entered and exited by the hardware
low power signals (c_*). In case of conflicting software and hardware low-power
commands, the resulting operational state taken by the controller can be either
one of the two conflicting requests.

Figure 13-3 illustrates the operational and transitional states.

Legend
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Fig. 13-3Protocol controller architecture
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The PHYCTL provides control features to ease the customer implementation of

digitally controlled PHY features such as read DQS training, data eye training,
output impedance calibration, and so on. The PHTCTL has built-in self test
features to provide support for production testing of PHY. It also provides a DFI
2.1 interface to the PHY. The PHYCTL performs, in sequence, various tasks
required by the PHY before it can commence normal DDR operations. SDRAM
memory read/write access through the DDR PHY is primarily through a DFI 2.1
interface on the PHYCTL. Therefore, the memory controller used with the PHY
must be DFI 2.1 compatible.
Access to the PHYCTL internal control features and registers is through a
dedicated configuration port, which can be either APB or CFG (generic
configuration interface). An optional JTAG interface can also be compiled in as
an additional second configuration port to co-exist with either the APB or CFG
main configuration ports. The PHYCTL is driven off two clocks, the controller
clock (ctl_clk) and the configuration clock pclk for an APB interface.

The controller clock is the same clock driving the memory controller and will
be the same frequency as the SDRAM clock (ck). The configuration clock can run
at a frequency equal to or less than the controller clock. The configuration clock
drives all non-DDR timing logic, such as configuration registers,
PHYinitialization, output impedance, and so on.

13.4 DDR PHY
13.4.1 DDR PHY Overview

In order to facilitate robust system timing and ease of use, DMC interface and
control architecture utilizes a mixture of soft-IP and hard-IP design elements.
The main control logic (Memory Controller) is supplied as soft-IP. The PHY is
comprised of hard-IP components that include double-data rate InterfaceTiming
Modules(ITM), input and output path DLLs, and application-specific SSTL I/0s.

: To/Fram
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|
|
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ITM Segment
SSTL Segment

hooooood o -——- =+ Command

Lane PHY
To/Fram

ASIC Logic ADDRICMDICK
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Lane PHY

I
I

I

! DQ/DAas
: To/From
I spram
I

I

MSDLL
ITM Segment
S5TL Segment

_______________________

Fig. 13-4 DDR PHY architecture

In order to maximize system timing margins on the command/write path,
inputs to the SDRAM are provided with the clock or data strobe centered in the
associated data eye. The ITM components perform timing translation for the
various signal groups of the interface. The hardened ITM approach ensures
minimal pin to pin skew while allowing optimal circuit design for drive and
capture circuitry. A DLL is utilized to facilitate the clock centering. In the
Command Lane, a master DLL (MDLL) is utilized. In the Byte Lane, the master
portion of a master/slave DLL macrocell (MSDLL) is utilized.
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On the read path, read data from the SDRAM is arriving from the SDRAM edge
aligned with the data strobes. In order to maintain maximum system timing
margins on the input path, the data strobes are translated to the center of the
data eye. The MSDLL macrocell associated with each Byte Lane contains a
master DLL and 2 slave DLLs (mirror delay lines). The slave DLL portion of the
MSDLL is utilized to facilitate the clock centering. DQS and DQS_b strobe inputs
each utilize one of these slave DLL functions. The captured double data rate
inputs are then converted to single data rate and passed onto the DDR
Controller RTL logic. The ITM facilitates both data capture and DDR to SDR
conversion.

The physical interface between the DDR controller and DDR SDRAMs uses
DDR-specific SSTL I/O buffers with programmable on-die termination (ODT).
These I/0s operate at either 1.8V for LPDDR/DDRII interfacing (SSTL_18).

DMC interface and control architecture follows a common signal grouping
philosophy. A Byte Lane is a complete eight-bit data unit consisting of the
associated DQ, DM, and DQS/DQS_b signals. A 32-bit system would consist of
four Byte Lanes. A Command Lane is a complete command and address unit
including also clock signals. There would normally be only one Command Lane
in a particular DDR SDRAM interface. All clock and data signals relative to a Lane,
either Byte or Command, are isolated to within that Lane only. Timing critical
clock and data signals do not traverse between Lanes. Implementation of a
memory interface involves placing the Command Lane components, placing the
Byte Lane components, and standard synthesis/place and route to complete the
design.

Each SSTL cell communicating with the SDRAM has an associated ITM
component. The ITM library consists of individual components designed
specifically for signal groups of address and command, data & data mask, and
data strobes. In order to ensure low pin to pin skews and facilitate ease of
implementation, the ITM components are tileable. DLL output clock distribution
is embedded within the ITM components.

13.4.2 Lane-Based Architecture

Byte Lane PHY

The data bus interface to the external memory is organized into self-contained
units referred to herein as Byte Lanes. The external memory components are
designed to support Byte Lanes for optimal system timing. The partitioning of
the data word into discrete Byte Lanes allows pin to pin skew to be managed
across a much smaller group of signals than would typically be required.

All components of the Byte Lane PHY are desighed to permit connectivity by
abutment. The ITM connects by abutment to the SSTL I/O, and the DLL
connects by abutment to the ITM.

The SDRAM contains data strobes associated with each 8 bits of data and
there is a timing skew allowance between the main clock signal to the SDRAM
and its data strobe inputs during a Write command (tDQSS). 8bit memory
components provide a single DQS.

A Byte Lane consists of the following I/O slots:

< 8 data bits (DQ)

< data strobe bits (DQS / DQS_b)
< 1 data mask bit (DM)

< I/0 power and ground cells

< Core power and ground cells

Each functional I/0 slot has an associated ITM module, including DQ, DM, and
DQS/DQS_b. The ITMs provide a mechanism for monitoring read timing drift,
which can be used to adjust timing to maintain optimum system margins. Drift
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analysis and compensation is performed by the controller on a per Byte Lane
basis. The ITM components contain the functions to monitor DQS drift and
permit timing adjustment, the controller provides the analysis and control for
these functions. These functions operate dynamically for each data bit of every
user-issued Read command. There are no overhead penalties in channel
bandwidth or utilization incurred by the use of these functions.

The memory interface (PHY) architecture is based on the concept of
independent, but related, signal groups to provide the highest level of system
timing performance. In order to maintain robust system timing, all clock and
data signals relevant to a Byte Lane remain within that Byte Lane. These signals
are not shared between other Byte Lanes or between a Byte Lane and a
Command Lane. Alternate approaches require clock distribution networks that
span the full length of the interface including all address, command, and data
signals. These large clock distribution networks are difficult for the user to
design and implement, and add an additional component of pin to pin skew to
the critical timing budget.

A DLL macrocell (MSDLL) consisting of a master DLL and 2 slave DLLs (mirror
delay lines) is utilized at each Byte Lane to facilitate optimal PHY timing for drive
and capture of DDR data streams, and allows the Lanes to be independent. The
master DLL section provides outputs for DDR data stream creation to the
SDRAMs and acts as a reference for the slave delay line sections. The slave
delay line sections translate the incoming DQS/DQS_b into the center of the
read data eye to maximize read system timing margins.

The user is permitted to fine tune the relationship of the DQS and DQ signals
to maximize read system timing margin. The DLL includes adjustability of the
slave delay lines for the DQS and DQS_b signals, which provide byte-wide
timing adjustments. The ITMs include adjustability of the read DQS/DQS_b
strobe timing, which provides byte-wide timing adjustments. The ITMs include
adjustability of the read DQ signal timing, which provides per-bit timing
adjustability. To permit Lane-independent timing adjustments, DLL adjustment
bits are provided by the controller per Byte Lane and ITM adjustment bits are
provided per bit.

DMC interface and control solution allows memory systems with a word width
narrower than the design. Our system is designed with a 32 bit data width and
it can then be utilized with either 16 bit or 32 bit memory systems. The
controller contains register settings to allow the desired operational mode to be
set in the final device.

The DDR-specific SSTL I/Os include programmable ODT and output
impedence selection. The ODT and output impedances can be be dynamically
calibrated to compensate for variations in voltage and temperature. The ODT
feature can be disabled by the controller. When ODT is enabled by the controller,
the SSTL I/O automatically enables its internal ODT circuitry when in input
mode and disable this circuitry when in output mode, as determined by the
output enable signal. The initial programming and subsequent calibration of the
of the ODT and output impedance is achieved through the use of an impedance
control loop that can be triggered to calibrate the ODT and output impedance
values at the I/Os based on the desired impedance value when compared to an
precision external resistor. All the necessary pieces of the impedance control
loop are included in the SSTL I/0 library.

There are four Byte Lanes in our chip of 32 bit memory system.

Command Lane PHY

The control and address interface to the external memory is organized into a
self-contained unit referred to herein as a Command Lane. DMC interface
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contains a single Command Lane and four Byte Lanes.

All components of the Command Lane PHY are designed to permit
connectivity by abutment. The ITM connects by abutment to the SSTL I/0, and
the DLL connects by abutment to the ITM.

A typical Command Lane consists of the following I/0 slots:
Memory clocks (CK/CK_b)
Command signals (RAS_b, CAS_b, WE_b)
1 or more clock enable (CKE)
1 or more on-die termination (ODT)
2 chip select (CS_b)
3 bank address (BA)
16 row/column address (A)
I/O power and ground cells
Core power and ground cells

The system clock input is used to provide the source clock for the memory
interface. Memory controller supports 2 SDRAM ranks. There is one CKE, ODT,
and CS_b signal provided for each rank.

Each functional I/0 slot has an associated ITM module, with exception of the
system clock input. A master DLL (MDLL) is utilized with the Command Lane to
facilitate optimal PHY timing for drive of DDR data streams, and allows the Lane
to be independent. The DLL macrocells provide two 0 degree phase outputs, one
which can be used to drive the controller logic. The Command Lane MDLL is used
for this purpose.

To permit Lane-independent timing adjustments, DLL and ITM adjustment
bits are provided by the controller separately for Command and Byte Lanes.

O R R RS

13.4.3 Master DLL(MDLL)

Master DLL for DDRII, and LPDDR applications is a Delay Locked Loop that
takes an input reference clock (clk_in) and generates four clock outputs, each
delayed in quarter clock cycle (90°) increments. These four clock phases (clk_0,
clk_90, clk_180, clk_270) can be generated with very high accuracy and low
jitter across a wide range of frequencies.

clk 0 cclk 0 ¢k 90 clk_180 clk_270
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Fig. 13-5 DDR PHY master DLL architecture diagram
A number of test modes and configuration settings are included:
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< A bypass mode shuts down all analog circuitry, and directly buffers the
input clock and strobes with appropriate delays and inversions to the
output clocks and strobes. This mode can be used for low speed
functional or IDDQ testing.

< Adigital test output (test_out_d) provides direct observability of several
internal reference clock and timing nodes.

< An analog test output (test_out_a) provides direct observability of
several internal reference voltages.

Master DLL Control for Trim and Test
The performance and testing of the MDLL can be accessed through the dll_ctrl

bus.

Table 13-1DDR PHYtrim and test MDLL control

Static Input Field Description

[1:0] Reserved

[4:2] ipump_trm[2:0] | Charge pump current trim

(5] test_ctrl_en Test control enable for analog and digital
test outputs
Digital test control. Selects the digital

[8:6] test_ctrl_d[2:0] | signal to be viewed at the digital test
output
Analog test control. Selects the analog

[10:9] test_ctrl_a[1:0] | signal to be viewed at the analog test
output

[11] Reserved

dil_ctrl 714127 [ bias_trm[2:0] Bias generator frequency trim

[19,15] | fdtrm[1:0] Bypass mode fixed delay trim

[22:20] | bias_trm[6:4] Bias generator control voltage trim

[23] bps200 Bypass frequency select

[28:24] Reserved

[29] Reserved

[37:30] Reserved

[43:38] | fb_trm[5:0] Feedback delay adjust

[49:44] Reserved

[50] test_hizb_a Analog test output tri-stated control

[51] Reserved

Charge Pump Current Trim:
Table 13-2 charge pump current trim in dll_ctrl

Field Setting Function Suggested Default
. ) 000 Maximum current
ipump_trm[2:0] 111 Minimum current 000

Digital Test Control:

Table 13-3DLL digital test control in dll_ctrl

test_ctrl_en | test ctrl_d[2:0] Function Suggested Default
digital test outputs disabled
0 XXX R
(drive '0")
1 000 0° output clock (clk_0) 0.000
1 001 90° output clock (clk_90) !
1 010 180° output clock (clk_180)
1 011 270° output clock (clk_270)
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360° internal clock
1 100 (clk_360_int)
1 101 Speed-up pulse (spdup)
1 110 Slow-down pulse (slwdn)
1 111 Asic output clock (cclk_0)

Analog Test Control:
Table 13-4DLL analog test control in dll_ctrl

. test_ctrl_a . Suggested
test_hizb_a | test_ctrl_en [1:0] Function Default

0 X XX Tri-state

1 0 XX MVSS

1 1 00 Filter output (Vc)

1 1 01 Replica bias output for NMOS 0,0,00
(Vbn)
Replica bias output for PMOS

1 1 10
(Vbp)

1 1 11 MVDD

Bias Generator Trim:

The bias generator trim capability can be used to adjust the behavior of the bias
voltages being supplied to the delay line. Characteristics of the DLL that may
warrant an adjustment of this trim value include the inability to lock due to a
slow clock (suggest decreasing Vc adjust), inability to lock due to fast clock
(suggest increasing Vc adjust) and increase noise margin on bias voltages
(suggest decreasing Fmax adjust).The bit fields described in the following table
can be set to any value between 000(binary) and 111(binary).

Table 13-5 bias generator trim in dll_ctrl

Field Setting Function Suggested Default
. ) 000 Fmax trim: minimum adjust
bias_trm[2:0] 111 Fmax trim: maximum adjust 111
. ] 000 Vc level trim: minimum adjust
bias_trm([6:4] 111 Vc level trim: maximum adjust 011

Feedback Trim:

The feedback trim capability can be used in the event that an adjustment is
desired in the phase detector feedback of the DLL. Characteristics of the DLL
that may warrant an adjustment of this trim value include non-optimal phase
alignment. The lower 3 bits (2:0) are used for feed-back delay trimming and the
upper 3 bits (5:3) are used for feed-forward delay trimming. The feed-back
trimming is used to decrease total delay, decreasing the amount of delay
between phase outputs. The feed-forward trimming is used to increase total
delay, increasing the amount of delay between phase outputs. For each 3-bit
field, the inputs can be set to any value between 000(binary) and 111(binary).

Table 13-6MDLL feedback trim in dll_ctrl

Field Setting Function Suggested Default
fb_trm[5:3] 000 Minimum additional delay 000
(feed-forward path) 111 Maximum additional delay
fb_trm[2:0] 000 Minimum additional delay 000
(feed-back path) 111 Maximum additional delay

Bypass Mode
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The DLL has a bypass mode which allows phased clocks to be generated with
analog locking circuitry disabled. This mode may be used for low-speed
functional testing and for IDDq testing. Bypass mode can also be used when
operating with LPDDR SDRAMs. When bypass mode is enabled, all analog
circuitry is disabled, and all static current paths are shut down.

Bypass mode has two settings for the clk_90 delay to optimize it for two
different frequency ranges.

Table 13-7 MDLL bypass mode frequency range in dll_ctrl

Field Setting Function Suggested Default
0 0 to 100MHz
bps200 1 0 to 200MHz 0

It is also possible to trim the 90-degree delay using the fdtrm control bits.
Table 13-8fdtrm control bits in dll_ctrl

Field Setting Function Suggested Default
00 nominal delay
. 01 nominal delay - 10%
fdtrm[1:0] 10 nominal delay + 10% '
11 nominal delay + 20%

13.4.4 Master-Slave DLL(MSDLL)

Master-Slave DLL for DDRII, and LPDDR applications is an integrated Delay
Locked Loop and a pair of slave delays.The Delay Locked Loop (DLL) takes an
input reference clock (clk_in), and generates four clock outputs, each delayed in
quarter clock cycle (90°) increments. These four clock phases (clk_0, clk_90,
clk_180, clk_270) can be generated with very high accuracy and low jitter

across a wide range of frequencies.
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The slave delay pair uses timing reference from the delay line to provide a
highly accurate 90° delay to dgs and dqgsb inputs (generating dgs_90 and
dgsb_90 respectively).

A number of test modes and configuration settings are included:

< A bypass mode shuts down all analog circuitry, and directly buffers the
input clock and strobes with appropriate delays and inversions to the
output clocks and strobes. This mode can be used for low speed
functional or IDDQ testing.

< Adigital test output (test_out_d) provides direct observability of several
internal reference clock and timing nodes.

< An analog test output (test_out_a) provides direct observability of
several internal reference voltages.

The primary application for MSDLL is a DDRII Byte Lane PHY with Interface
Timing Modules (ITMs)..

MSDLL Control for Trim and Test
The performance and testing of the MSDLL can be accessed through the
dll_ctrl bus. Many of these controls are the same as the MDLL, therefore, this
section only describes the settings that are different.
Table 13-9 DDR PHYMSDLL control for trim and test

Static Input Field Description

[1:0] Reserved

[4:2] ipump_trm[2:0] | Charge pump current trim

(5] test_ctrl_en Test control enable for analog and digital
test outputs
Digital test control. Selects the digital

[8:6] test_ctrl_d[2:0] | signal to be viewed at the digital test
output
Analog test control. Selects the analog

[10:9] test_ctrl_a[1:0] | signal to be viewed at the analog test
output

[11] test_ctrl_switch T_es_t control §W|tch. Selects the analog and
digital test signals of master or slave

[14:12] | bias_trm[2:0] Master bias generator frequency trim

[19,15] | fdtrm[1:0] Master bypass fixed delay trim

[18:16] | bias_trm[6:4] Master bias generator control voltage trim

dll_ctrl ) sl_bias_trm[2:0 | Slavebias generator control voltage trim

[22:20] ]

[23] bps200 Bypass frequency select

[26:24] il_blas_trm[6:4 Slave bias generator control voltage trim

[28:27] | fdtrm_slI[1:0] Slave bypass fixed delay trim

[29] lock_det_en Lock detector enable

[31:30] Reserved

[37:32] | sl_fb_trm[5:0] Slave feedback delay adjust

[43:38] | fb_trm[5:0] Master feedback delay adjust

[45:44] sI_byp.ass_start Slave auto-startup bypass

_up[1:0]

[49:46] gl]_phase_trm[3: Slave phase lock trim

[50] test_hizb_a Analog test output tri-stated control

[51] Reserved
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MSDLL Digital Test Control:
Table 13-10MSDLL digital test control in dll_ctrl
test_ctrl | test_ctrl | test_ctrl_d Function Suggested
_en _switch [2:0] Default
0 X XX digital test outputs disabled (drive '0")
1 000 0°output clock (clk_0)
1 001 90°output clock (clk_90)
1 010 180° output clock (clk_180)
1 0 011 270° output clock (clk_270)
1 100 360¢° internal clock (clk_360_int)
1 101 Master speed-up pulse (spdup)
1 110 Master slow-down pulse (slwdn)
1 111 Output clock (cclk_0)
1 000 Input signal dgs 0,0,000
1 001 Slave input clock reference (clk_90_in)
1 010 Slave internal feedback clock
(clk_0_out)
1 1 011 Output signal dgsb_90
1 100 Output signal dgs_90
1 101 Slave speed-up pulse (spdup)
1 110 Slave slow-down pulse (slwdn)
1 111 Auto-lock enable signal
MSDLL Analog Test Control:
Table 13-11MSDLL analog test control in dll_ctrl
test_hizb | test_ctrl | test_ctrl | test_ctrl_a Function Suggested
_a _en _switch [1:0] Default
0 X X XX Tri-state
1 0 X XX MVSS
1 1 00 Master Filter output (Vc)
1 1 01 Master Replica bias output
0 for NMOS (Vbn)
1 1 10 Master Replica bias output
for PMOS (Vbp) 0.0.0.00
1 1 11 MVDD e
1 1 00 Slave Filter output (Vc)
1 1 01 Slave Replica bias output
1 for NMOS (Vbn)
1 1 10 Slave Replica bias output
for PMOS (Vbp)
1 1 11 MVDD

MSDLL Lock Detector Enable:

This setting enables start of the slave DLL section after the master DLL section

has reached lock. Characteristics of the DLL that may warrant an adjustment of

this trim value include the slave DLL delay remaining in it's reset state

(minimum delay, much less than 90 degrees) after the DLL lock time.
Table 13-12MSDLL lock detector enable in dll_ctrl

Field Setting Function Suggested Default
lock det en 0 Disable lock detector 0
- 1 Enable lock detector
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Slave Auto-Startup Bypass:

By default, the slave DLL automatically starts to lock during the time the master
is locking, after the master has begun to approach lock. This setting permits the
user to manually start-up the slave DLL. To bypass the automatic startup, this
setting should be set to '10'. Once the specified number of clocks has passed for
the master DLL to achieve lock, the user sets this field to '11' to permit the slave
DLL to startup. The user then waits for the specified number of clocks for the
slave DLL to lock before proceeding. Characteristics of the slave DLL that might
warrant a manual startup of the slave DLL include the inability for the slave DLL
to produce a consistent and/or correct phase difference between the input
signal and the output signal.

Table 13-13 slave auto_startup bypass in dll_ctrl

sl_bypass_start . Suggested
" up[1:0] Function Dt
0X Slave DLL automatically starts up
10 Slave DLL's automatic startup is disabled;
the phase detector is disabled 00
11 Slave DLL's automatic startup is disabled;
the phase detector is enabled

Slave DLL Phase Trim:

Selects the phase difference between the input signal and the corresponding
output signal of the slave DLL. This setting applies to the dgs to dgs_90 and
dgsb to dgsb_90 paths. The nominal phase difference is 90 degrees. Users may
select to modify this value to account for factors external to the DLL, which
require the DLL to produce a delay of greater than or less than the nominal 90
degrees. When modifying the value of these bits, the user does not need to
issue a reset to the DLL but should wait the equivalent of the DLL lock time
before the slave DLL circuitry is used (such as, receiving Read data from an
SDRAM) to ensure the DLL has adequate time to stabilize with the new settings.

Table 13-14 slave DLL phase trim in dll_ctrl

sl_phase_trm[3:0] | Phase Difference (degrees) | Suggested Default
0000 90
0001 72
0010 54
0011 36
0100 108
0101 90
0110 72
0111 54
1000 126 0000
1001 108
1010 90
1011 72
1100 144
1101 126
1110 108
1111 90

MSDLL Bypass Mode
The DLL bypass mode, when enabled, shuts down all analog delay paths and
phase detection circuitry and generates output clocks as directly buffered and
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inverted versions of clk_in. Bypass mode can be used for low-speed functional
testing or for IDDQ testing. Bypass mode can also be used when operating with
LPDDR SDRAMs. When bypass mode is enabled, all analog circuitry is disabled,
and all static current paths are shut down. Phased outputs are generated during
bypass with inverters and standard delays:

clk_0 = buffered clk_in

clk_90 = delayed version of clk_0
clk_180 = inverted clk_0O

clk_270 = inverted clk_90

cclk_ O = buffered clk_in

dgs_90 = delayed version of dgs
dgsb_90 = delayed version of dgsb

Bypass mode has two settings for the clk_90 delay to optimize it for two
different frequency ranges same as MDLL.

It is also possible to trim the MDLL 90 degree delay using the fdtrm control
bits same as MDLL. And it is also possible to trim the MSDLL 90 degree delay
using the fdtrm_sl control bits same as fdtrm.

13.4.5 DQS Gating

DDRII systems use a bidirectional data strobe which is driven by the host
during memory writes, and by the SDRAM during memory reads. During active
read commands, the ITMS basically acts as a buffer for the incoming
DQS/DQS_b. A turn-around time exists between operations when neither
device is driving the bus, and the strobe traces are held by termination circuitry
at a mid-rail voltage.

While the DQS lines are held at mid-rail during inactive periods, an unknown
value X is being received by the SSTL inputs. To prevent X from causing false
transitions and other negative effects within the read path, the input read dqgs
strobe path is disabled when there is no active read data. The ITMS provides the
functions to enable/disable this path, while the control of these functions is
provided by the memory controller logic. A basic view of the enable/disable
requirements is shown in following figure.

k0 L LI LI L LT
DQS — I N I T
as b e e
'enable’ i I
|

, ! )

memory read issued 'enable’ must be controlled
sometime earlier to gate the valid period
of DQSand DAS b

Fig. 13-7Strobe Gating Requirements During Read Operations

After a read is issued, the SDRAM drives DQS and DQS_b for a number of
clock cycles equal to the read burst length. Differing SDRAM CAS latencies,
clock cycle times, board trace lengths, and other analog factors between
controller and SDRAM result in a variable latency between when the read was
issued, and when the returning DQS/DQS_b strobes reach the ITMS. The goal of
DQS gating is to control a window, which enables and disables the input read
dgs path only when the DQS lines are active, not when they are at mid-rail.
There is a pre-amble and post-amble surrounding the active DQS edges that is
used as the point to perform the enabling and disabling of this window.
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There are two windowing schemes supported by the ITMS - passive
windowing and active windowing - which are selected by input dgs_config.

Passive Windowing

In the passive windowing mode (dgs_config = 1), the controller asserts
dgs_en at the start of the window and de-asserts dgs_en at the end of the
window. This provides the course (clock-cycle) position of the enable and
disable edges. Fine tuning (1/4 clock cycle) of the window placement is selected
by phase_sel[1:0].

trl logic clk /| | | | A | | | |_
woen ] ~
dk_0 J | /l | | |

Das_b S | | |
dgs_en_itms :

effective window K—'| \\-'

phasa_sal sat to 1/4 clk cycla
Fig. 13-8DQS gating - passive windowing mode
The phase_sel[1:0] settings are provided.
Table 13-15 phase selection for dgs gating
phase_sel[1:0] Phase Selection
Setting Selected Phase Offset
00 clk_90 (90 deq) 1/4 clock cycle
01 clk_180 (180 deg) | 1/2 clock cycle
10 clk_270 (270 deg) | 3/4 clock cycle
11 clk_0 (360 deg) 1 clock cycle

Active Windowing

The active windowing mode addresses the fact that the postamble is shorter
than the preamble. The optimal window position for the preamble and
postamble are not necessarily the same. In the active windowing mode
(dgs_config = 0), the controller asserts dgs_en for one clock cycle at the start of
the window and asserts dqs_dis for one clock cycle at the end of the window.
Internal to ITMS, the assertion of dgs_dis is shifted by a further 180 degrees to
account for the fact that DQS_b occurs 180 degrees later than DQS. This
provides the course (clock-cycle) position of the enable and disable edges.

Fine tuning (1/4 clock cycle) of the window placement is selected by
phase_sel[1:0]. The effective window is opened in the same manner as in the
passive windowing mode, such as dqs_en assertion plus the phase_sel offset. To
close the window, the controller asserts dqgs_dis to inform the ITMS to expect
the last DQS_b rising edge of the burst. The phase_sel setting is applied to this
to set the effective time at which to expect the last DQS_b rising edge. The last
DQS_b rising edge of the burst is also the last data of the burst. This last DQS_b
rising edge is used to close the window. Thus, the window is self-closing.
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Fig. 13-9DQS gating - active windowing mode

13.4.6 Dynamic Strobe Drift Detection

DDRII systems can have a long round-trip path from the controller clock
output (CK), to the SDRAM, and back to the controller data strobe input (DQS).
The sum of potential variations in this path can exceed 25% of a clock cycle at
high frequencies (>300MHz), so some compensation should be made if the path
delay increases or decreases slowly, but significantly, during normal operation.

The ITMS component has a two-bit strobe drift indicator (dqgs_drift), which
changes value in grey code if the returning strobe drifts across internal 90°
timing reference boundaries. The absolute value of this indicator is not
important, but the change in value over time is.

Table 13-16 dynamic strobe drift indicators

dgs_drift[1:0] DQS Drift .
Old Value | New Value Direction Required Changes

00 01 forward increase read data latency by 90 degrees
10 backward decrease read data latency by 90 degrees

01 11 forward increase read data latency by 90 degrees
00 backward decrease read data latency by 90 degrees

10 00 forward increase read data latency by 90 degrees
11 backward decrease read data latency by 90 degrees

11 10 forward increase read data latency by 90 degrees
01 backward decrease read data latency by 90 degrees

13.5 Register description

13.5.1 Registers Summary

Reset
Name Offset | Size ese Description
Value
State
DDR_PCTL_SCFG 0x0000 |W 8X0000030 Configuration
Register
DDR_PCTL SCTL 0x0004 |w 0x0000000 OperatlonaI_State
0 Control Register
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Reset
Name Offset | Size Description
Value
i I
DDR_PCTL_STAT 0x0008 |w 0x0000000 Operatlona_ State
0 Status Register
DDR_PCTL_INTRSTAT 0x000¢c |w 0x0000000 Inte.rrupt Status
0 Register
Memory
0x0010000
DDR_PCTL_MCMD 0x0040 |W OX Command
Register
DDR_PCTL_POWCTL 0x0044 |W 0x0000000 Pow.er Up Control
0 Register
DDR_PCTL_POWSTAT 0x0048 |w  |0X0000000 Power Up Status
0 Register
Ti
DDR_PCTL_CMDTSTAT 0x004c |w  |0X0000000 Command Timers
0 Status Register
Command Timers
0x0000000
DDR_PCTL_CMDTSTATEN 0x0050 |W OX Status Enable
Register
Mode Register
DDR_PCTL_MRRCFGO 0x0060 |W gx0000000 Read
Configuration 0
Mode Register
0x0000000
DDR_PCTL_MRRSTATO 0x0064 |W OX Read Status 0
Register
Mode Register
0x0000000
DDR_PCTL_MRRSTAT1 0x0068 |W OX Read Status 0
Register
Memory
0x0004002
DDR_PCTL_MCFG 0x0080 |W OX Configuration
Register
Partially Populated
00000 |M [
DDR_PCTL_PPCFG ox0084 |w  |0X0000000 Memories
0 Configuration
Register
DDR_PCTL_MSTAT 0x0088 |w  |0X0000000Memory Status
0 Register
LPDDR2 Z
Oxab0a560 ) Q
DDR_PCTL_LPDDR2ZQCFG 0x008c |W 3 Configuration
Register
Memory
DDR_PCTL_MCFG1 0x0090 |W 8x0000000 Configuration 1
Register
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DT
DDR_PCTL_DTUPDES 0x0094 |w  |2X0000000|DTU Status
0 Register
DTU Number of
0x0000000
DDR_PCTL_DTUNA 0x0098 |W OX Addresses Created
Register
DDR_PCTL_DTUNE 0x009¢ W 0x0000000|DTU Numb.er of
0 Errors Register
DDR_PCTL_DTUPRDO 0x00a0 |w 0x0000000 (DTU P.araIIeI Read
0 0 Register
DDR_PCTL_DTUPRD1 0x00a4 |W 0x0000000 DTU P.araIIeI Read
0 1 Register
DTU Parallel R
DDR_PCTL_DTUPRD2 0x00a8 |w 0x0000000 (DTU _ara el Read
0 2 Register
DTU Parallel R
DDR_PCTL_DTUPRD3 0x00ac |W 0x000QUUQ1DJU arafie ead
0 3 Register
DDR_PCTL_DTUAWDT 0x00b0 |W 0x0000029 DTU Addre:ss
0 Width Register
T I
DDR_PCTL_TOGCNT1U ox00co |w  |9¥0000006 Toggle Counter
4 1us Register
DDR_PCTL_TINIT 0x00c4 |w 0x000000c t_|n.|t Timing
8 Register
DDR_PCTL_TRSTH 0x00c8 |W 0x0000000 t_rs.th Timing
0 Register
00000 |Toggle Count
DDR_PCTL_TOGCNT100N 0x00cc W 0x0000000 | Toggle Counter
1 100ns
DDR_PCTL_TREFI 0x00d0 |w 0x0000000 t_re.fl Timing
1 Register
—
DDR_PCTL_TMRD 0x00d4 |w 0x0000000 t_m.rd iming
1 Register
DDR_PCTL_TRFC 0x00d8 |W 2"0000000
1 T. -
DDR_PCTL_TRP 0x00dc |w 0x0001000 t_trP iming
6 Register
0x0000000 [t_rtw Timi
DDR_PCTL_TRTW 0x00e0 |W X _rtw Timing
2 Register
DDR_PCTL_TAL 0x00e4 |W 8x0000000 AL Register
DDR_PCTL_TCL 0x00e8 |W ZXOOOOOOO CL Timing Register
WL Timi
DDR_PCTL_TCWL 0x00ec |w 0x0000000|C : iming
3 Register
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1 Timi
DDR_PCTL_TRAS 0x00f0  |W 0x000000 t_ra.s iming
0 Register
DDR_PCTL_TRC 0x00f4 |W 0x0000001 t_rc.Tlmlng
6 Register
DDR_PCTL_TRCD 0x00f8 |W 0x0000000 t_rc.d Timing
6 Register
DDR_PCTL_TRRD 0x00fc W 0x0000000 t_rrfj Timing
4 Register
DDR_PCTL_TRTP 0x0100 |w 0x0000000 t_rtP Timing
3 Register
0x0000000
DDR_PCTL_TWR 0x0104 |W 6X t_wr Register
——
DDR_PCTL_TWTR 0x0108 |w 0x0000000 t_w’Fr iming
4 Register
Timi
DDR_PCTL_TEXSR 0x010c |w 0x0000000 t_e>$sr iming
1 Register
Timi
DDR_PCTL_TXP 0x0110 |w 0x0000000 t_xp iming
1 Register
DDR_PCTL_TXPDLL 0x0114 W 0x0000000 t_deIITlmlng
0 Register
DDR_PCTL_TZQCS 0x0118 W 0x0000000 t_zc!cs Timing
0 Register
DDR_PCTL_TZQCSI 0x011c |w 0x0000000 t_zc!c5| Timing
0 Register
00000 |t_dgs Timi
DDR_PCTL_TDQS 0x0120 |w  |2X0000000|t_dgs Timing
1 Register
k Timi
DDR_PCTL_TCKSRE 0x0124 |W 0x0000000 (t_c .sre iming
0 Register
k Timi
DDR_PCTL TCKSRX 0x0128 |W 0x0000000 [t_c .srx iming
0 Register
ke Timi
DDR_PCTL_TCKE 0x012¢c |w 0x0000000 (t_c .e iming
3 Register
0x0000000 |t d Timi
DDR_PCTL_TMOD 0x0130 (W X _mod Timing
0 Register
DDR_PCTL_TRSTL 0x0134 |W 0x0000000 Resgt Low Timing
0 Register
t | Timi
DDR_PCTL_TZQCL 0x0138 |W 0x0000000 _zc!c iming
0 Register
t Timi
DDR_PCTL_TMRR ox013c |w  |2X0000000t mrr Timing
2 Register
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0x0000000 |t_ckesr Timin
DDR_PCTL_TCKESR 0x0140 |W 4X R—egist;r' Ing
0x0000000 [t_dpd Timi
DDR_PCTL_TDPD 0x0144 |W OX I{egﬁste;mlng
DDR_PCTL_DTUWACTL 0x0200 |W 8X0000000 gz:t;’(\)’l“te Address
DDR_PCTL_DTURACTL 0x0204 |W 0x0000000 |DTU Read A.ddress
0 Control Register
DDR_PCTL_DTUCFG 0x0208 W 0x0000000 (DTU Conflggratlon
0 Control Register
DDR_PCTL_DTUECTL 0x020c |w  |0X0000000|DTU Execute
0 Control Register
DTU Write Data #
DDR_PCTL_DTUWDO 0x0210 |w 8x0000000 Re;st:rte ata #0
DTU Write Data #1
DDR_PCTL_DTUWD1 0x0214 |W 8x0000000 Re;ste”rte ata
DTU Write Data #2
DDR_PCTL_DTUWD2 0x0218 |w 8x0000000 Re;st:rte ata
0x0000000 [DTU Write Data #3
DDR_PCTL_DTUWD3 0x021c |W OX Registe“re ata
DDR_PCTL_DTUWDM 0x0220 |{W 8X0000000 azng\F’;e";eis'f:'rta
DDR_PCTL_DTURDO 0x0224 |W gxooooooo EZ;JisF:?d Data #0
DDR_PCTL_DTURD1 0x0228 |W gxooooooo EZ;JisF:?d Data #1
DTU Read Data #2
DDR_PCTL_DTURD2 0x022¢ |W 8"0000000 Re;st:‘:‘d ata
DTU Read Data #
DDR_PCTL_DTURD3 0x0230 |W 8x0000000 Re;Jist:zr:ld ata #3
DTU LFSR Seed for
0x0000000 | Write Dat
DDR_PCTL_DTULFSRWD 0x0234 |W oX G:n;at"’i‘oi
Register
DTU LFSR Seed for
0x0000000|Read Dat
DDR_PCTL_DTULFSRRD 0x0238 |W oX G:eraaoan
Register
DTU Error A
DDR_PCTL_DTUEAF 0x023c W 8x0000000 FIFUO ;;;:st:rdress
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DFI tctrl_del
DDR_PCTL_DFITCTRLDELAY |0x0240 |W SXOOOOOOO Regiz(’:c:r_de ay
0x0000000 |DFI ODT
DDR_PCTL_DFIODTCFG 0x0244 |W OX Configuration
DFI ODT Timing
0x0606000 |Configuration 1
DDR_PCTL_DFIODTCFG1 0x0248 |W OX (f(:): 'L%‘:;ic'jnan .
Length)
0x0000842 |DFI ODT Rank
DDR_PCTL_DFIODTRANKMAP |0x024c |W 1X Mapping o
0x0000000 |DFI tphy_wrdat
DDR_PCTL_DFITPHYWRDATA |0x0250 |W lx Regislzez_wr ata
DFI tphy_wrl
DDR_PCTL_DFITPHYWRLAT |0x0254 |W SXOOOOOOO Regitsier—wrat
DFI
DDR_PCTL_DFITRDDATAEN |0x0260 |W SXOOOOOOO Regitsrtde‘:ata—en
0x0000000 |DFI tphy_rdlat
DDR_PCTL DFITPHYRDLAT  |0x0264 |W fX Regisier—r a
DDR_PCTL_DFITPHYUPDTYPE 0x0000001|PF
0 - - 0x0270 |W 0 tphyupd_typeO
Register
DDR_PCTL DFITPHYUPDTYPE 0x0000001|°
1 - - 0x0274 |W 0 tphyupd_typel
Register
DDR_PCTL DFITPHYUPDTYPE 0x0000001|P
5 - - 0x0278 |W 0 tphyupd_type2
Register
DDR_PCTL DFITPHYUPDTYPE 0x0000001|°
3 - - 0x027c |W 0 tphyupd_type3
Register
00001 | DFI tctrl i
DDR_PCTL_DFITCTRLUPDMIN |0x0280 |W gxoo 0 Regiscterrur’d—m'n
0x0000004 |DFI tetrlupd
DDR_PCTL_DFITCTRLUPDMAX |0x0284 |W OX RegisierruD —max
0x0000000 | DFI tetrlupddi
DDR_PCTL_DFITCTRLUPDDLY |0x0288 |W 8X RegiscterruD Y
DFI Update
DDR_PCTL_DFIUPDCFG 0x0290 |w gxooooooo Configuration
Register
0x0000000 |DFI Masked
DDR_PCTL_DFITREFMSKI 0x0294 |W OX Refre;slsterval
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DFI
0x0000000
DDR_PCTL_DFITCTRLUPDI 0x0298 |W OX tctrlupd_interval
Register
DFI Training
0x0000000
DDR_PCTL_DFITRCFGO Ox02ac |W OX Configuration 0
Register
DDR_PCTL_DFITRSTATO 0x02b0 |w  |0X0000000DFI Training
0 Status 0 Register
DFI Training
0x0000000
DDR_PCTL_DFITRWRLVLEN 0x02b4 |W OX dfi_wrlvl_en
Register
DFI Training
0x0000000
DDR_PCTL_DFITRRDLVLEN 0x02b8 |W OX dfi_rdlvl_en
Register
DFI Traini
DDR_PCTL_DFITRRDLVLGATE 0x0000000]| .. raining
EN 0x02bc |W 0 dfi_rdlvl_gate_en
Register
0x0000000 |DFI Status Stat
DDR_PCTL_DFISTSTATO 0x02c0 |W 4 AHS Status
0 0 Register
DFI Status
0x0000000
DDR_PCTL_DFISTCFGO 0x02c4 |W OX Configuration 0
Register
DFI Status
000
DDR_PCTL_DFISTCFG1 0x02c8 |W gxoo 00 Configuration 1
Register
DFI
0x0000000
DDR_PCTL_DFITDRAMCLKEN |0x02d0 |W 2X tdram_clk_enable
Register
DFI
0x0000000
DDR_PCTL_DFITDRAMCLKDIS |0x02d4 |W 2X tdram_clk_disable
Register
DFI Status
0x0000000
DDR_PCTL_DFISTCFG2 0x02d8 |W OX Configuration 2
Register
DDR_PCTL DFISTPARCLR  |0x02dc |w |2 X0000000 DFI Status Parity
0 Clear Register
0x0000000 |DFI Status Parit
DDR_PCTL_DFISTPARLOG 0x02e0 |W X @ .us anty
0 Log Register
DFI Low Power
7
DDR_PCTL_DFILPCFGO 0x02f0 |W 8x000 000 Configuration 0
Register
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DFI Trainin
DDR_PCTL_DFITRWRLVLRESP 0x0000000] .. raining
0 0x0300 |W 0 dfi_wrlvl_resp
Status 0 Register
DFI Training
DDR_PCTL_DFITRWRLVLRESP 0x0000000
1 - - 0x0304 |W OX dfi_wrlvl_resp
Status 1 Register
DFI Training
DDR_PCTL_DFITRWRLVLRESP 0x0000000
S 0x0308 |W OX dfi_wrlvl_resp
Status 2 Register
DDR_PCTL_DFITRRDLVLRESP 0x0000000 DEI Training
0 0x030c |W 0 dfi_rdlvl_resp
Status 0 Register
DFI Training
DDR_PCTL_DFITRRDLVLRESP 0x0000000
i 0x0310 |W OX dfi_rdlvl_resp
Status 1 Register
DFI Training
DDR_PCTL_DFITRRDLVLRESP 0x0000000
S 0x0314 |W OX dfi_rdIvl_resp
Status 2 Register
DFI Training
DDR_PCTL_DFITRWRLVLDELA fi Ivi I
_PCTL_ 0x0318 |w 0x0000000|d |_V\_/rv_c!e ay
YO 0 Configuration 0
Register
DFI Training
DDR_PCTL_DFITRWRLVLDELA fi Ivi I
_PCTL_ 0x031c |w 0x0000000|d |_V\_/rv_c!e ay
Y1 0 Configuration 1
Register
DFI Training
DDR_PCTL_DFITRWRLVLDELA fi Ivi I
_PCTL_ 0x0320 |w 0x0000000|d |_V\_/rv_c!e ay
Y2 0 Configuration 2
Register
DFI Training
DDR_PCTL_DFITRRDLVLDELA 0x0324 |W 0x0000000 dfl_r_dlvl_d.elay
YO 0 Configuration 0
Register
DFI Training
DDR_PCTL_DFITRRDLVLDELA 0x0328 |W 0x0000000 dfl_r_dlvl_d.elay
Y1 0 Configuration 1
Register
DFI Training
DDR_PCTL_DFITRRDLVLDELA 0x032¢ W 0x0000000 dfl_r_dlvl_d.elay
Y2 0 Configuration 2
Register
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DFI Traini
DDR_PCTL_DFITRRDLVLGATE 0x0000000] .. raining
0x0330 |W dfi_rdlvl_gate_del
DELAYO 0 : .
ay Configuration 0
DFI Training
DDR_PCTL_DFITRRDLVLGATE 0x0000000/ ..
0x0334 |W dfi_rdlvl_gate_del
DELAY1 0 . .
ay Configuration 1
DFI Training
DDR_PCTL_DFITRRDLVLGATE 0x0000000/ ..
0x0338 |W dfi_rdlvl_gate_del
DELAY2 0 . :
ay Configuration 2
DFI Training
0x0000000
DDR_PCTL_DFITRCMD 0x033c |W OX Command
Register
0x0000000|IP Versi
DDR_PCTL_IPVR 0x03f8 |W X oon
0 Register
0x4457430
DDR_PCTL_IPTR 0x03fc |W OX IP Type Register
Reset
Name Offset (Size Description
Value
DDR_PHYCTL_RIDR 0x0000|w  |0x00100140|REViSion Identification
Register
DDR_PHYCTL_PIR 0x0004|W  |0x00000000|" 1Y Initialization
Register
DDR_PHYCTL_PGCR 0x0008|W  |0x01bc2e0a |T1Y General -
Configuration Register
PHY [
DDR_PHYCTL_PGSR 0x000c|W  |0x00000000|" " General Status
Register
DLL [ [
DDR_PHYCTL DLLGCR  |0x0010|w  |0x03737000|° - ©eneral Contro
Register
DDR_PHYCTL_ACDLLCR 0x0014|W 0x40000000|AC DLL Control Register
DDR_PHYCTL_PTRO 0x0018|W 0x0022af9b [PHY Timing Register O
DDR_PHYCTL_PTR1 0x001c|W 0x0604111d|PHY Timing Register 1
DDR_PHYCTL_PTR2 0x0020|W 0x042da072|PHY Timing Register 2
AC I/0 Confi ti
DDR_PHYCTL ACIOCR  |0x0024|w |0x33c03812 |AC /O Configuration
Register
DATX
DDR_PHYCTL_DXCCR 0x0028|W 0x00000800 .8 Cor_nmon .
Configuration Register
DDR Syst G [
DDR_PHYCTL_DSGCR  |0x002¢c|W |0xfa00001f oystem benera
Configuration Register
DRAM Configuration
DDR_PHYCTL_DCR 0x0030|W  |0x0000000b|- g
Register
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DRAM Timi
DDR_PHYCTL_DTPRO 0x0034|\W 0x3092666¢e ing .
Parameters Register 0
DRAM Timi
DDR_PHYCTL DTPR1  |0x0038|W |0x09830090 'ming—
Parameters Register 1
DRAM Timi
DDR_PHYCTL_DTPR2 0x003c|W 0x1001a0c8 'ming .
Parameters Register 2
DDR_PHYCTL_MRO 0x0040|W 0x00000a52|Mode Register 0
DDR_PHYCTL_MR1 0x0044|W |0x00000000|Mode Register 1
DDR_PHYCTL_MR2 0x0048|W |0x00000000|Mode Register 2
DDR_PHYCTL_MR3 0x004c|W |0x00000000|Mode Register 3
DT fi tio
DDR_PHYCTL ODTCR  |0x0050|w |0x00210000|0°" Sonfiguration
Register
D Training A
DDR_PHYCTL_DTAR 0x0054|W  |0x00000000|P3t2 Training Address
Register
Data Training Dat
DDR_PHYCTL DTDRO  |0x0058|W |Oxdd22ee11| - o 'raining bata
Register O
Data Training Dat
DDR_PHYCTL DTDR1  |0x005c|W |0x7788bb4a| o 'faining bata
Register 1
DDR_PHYCTL_DCUAR 0x00cO|W |0x00000000|DCU Address Register
DDR_PHYCTL_DCUDR 0x00c4 |W 0x00000000({DCU Data Register
DDR_PHYCTL_DCURR 0x00c8 |W 0x00000000|DCU Run Register
DDR_PHYCTL_DCULR 0x00cc |W |0x00000000({DCU Loop Register
D I
DDR_PHYCTL_DCUGCR  |0x00do[w  |0x00000000|0C" General
Configuration Register
D Timing P
DDR_PHYCTL_DCUTPR  |0x00d4|w  |0x00000000|>CY T'Ming Parameters
Registers
DDR_PHYCTL_DCUSRO 0x00d8|W |0x00000000|DCU Status Register 0
DDR_PHYCTL_DCUSR1 0x00dc|W 0x00000000|DCU Status Register 1
DDR_PHYCTL_BISTRR 0x0100|W 0x00000000|BIST Run Register
DDR_PHYCTL_BISTMSKRO|0x0104 (W 0x00000000|BIST Mask Register 0
DDR_PHYCTL_BISTMSKR1|0x0108(W 0x00000000|BIST Mask Register 1
BIST Word C t
DDR_PHYCTL BISTWCR |0x010c|W |0x00000020[- >, ''ore &oun
Register
DDR_PHYCTL_BISTLSR 0x0110|W Ox1234abcd [BIST LFSR Seed Register
DDR_PHYCTL_BISTARO 0x0114|W 0x00000000(|BIST Address Register 0
DDR_PHYCTL_BISTAR1 0x0118|W |0x0000000c|BIST Address Register 1
DDR_PHYCTL_BISTAR2 0x011c|W Ox 7 fffffff BIST Address Register 2
BIST U Data Pattern
DDR_PHYCTL_BISTUDPR |0x0120(W Oxffff0000 S. >er ba '
Register
BIST General Status
DDR_PHYCTL_BISTGSR  |0x0124|W  |[0x00000000 ' !

Register
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BIST Word E
DDR_PHYCTL BISTWER |0x0128|W |0x00000000|> > Word Error

Register
DDR_PHYCTL_BISTBERO |0x012c|W [0x00000000|BIST Bit Error Register 0
DDR_PHYCTL_BISTBER1 |0x0130|W |0x00000000|BIST Bit Error Register 1
DDR_PHYCTL_BISTBER2 |0x0134/W [0x00000000|BIST Bit Error Register 2
DDR_PHYCTL_BISTWCSR [0x0138|W |0x00000000|° > \/ord Count Status

Register

BIST Fail Word Regist
DDR_PHYCTL_BISTFWRO |0x013c/W |0x00000000| ail Word Register

BIST Fail Word Reg]
DDR_PHYCTL_BISTFWR1 (0x0140|W |0x00000000| ST Fail Word Regjster

ZQO1 |
DDR_PHYCTL_ZQOCRO  |0x0180|W  |0x0000014a|~2 O ImPedance Contro

Register O

ZQo1 |
DDR_PHYCTL_ZQOCR1  |0x0184|W  |0x0000007b|~2 O ImPedance Contro

Register 1

ZQ 0 Impedance Stat
DDR_PHYCTL_ZQOSRO  |0x0188|W |0x00000000|%< © IMPedance Status

Register O

ZQ 0 Impedance Stat
DDR_PHYCTL_ZQOSR1  |0x018c|w |0x00000000|% 2 O IMPedance Status

Register 1
DDR_PHYCTL_ZQICRO  |0x0190|W |0x0000014a|~Q T ImPedance Control

Register O
DDR_PHYCTL ZQICR1  |0x0194|w |0x0000007b|~Q 1 ImPedance Control

Register 1

ZQ11
DDR_PHYCTL_ZQ1SRO ~ [0x0198|w |0x00000000|%Q 1 ImPedance Status

Register 0

ZQ11
DDR_PHYCTL ZQISR1 = [0x019¢c|W |0x00000000|%2 - IMPedance Status

Register 1

zQ21 |
DDR_PHYCTL_ZQ2CRO  |0x01a0|W |0x0000014a|~2 2 ImPedance Contro

Register O

zQ21 |
DDR_PHYCTL_ZQ2CR1  |0x0lad|w |0x0000007b|%Q 2 ImPedance Contro

Register 1

ZQ 2 Impedance Status
DDR_PHYCTL_ZQ2SRO  |0x01a8|W |0x00000000[22 2 I™P u

Register O

ZQ 2 Impedance Stat
DDR_PHYCTL_ZQ2SR1  |0x0lac|w |0x00000000|2% 2 IMPedance Status

Register 1

ZQ31 trol
DDR_PHYCTL_ZQ3CRO  |0x01b0|W |0x0000014a|ZQ 3 Impedance Contro

Register O

ZQ31 trol
DDR_PHYCTL_ZQ3CR1  |0x01b4|W |0x0000007b|2Q 3 Impedance Contro

Register 1

ZQ 3 Impedance Status
DDR_PHYCTL_ZQ3SRO  |0x01b8|W |0x00000000|%2 3 I™P

Register O

High Performance and Low-power Processor for Digital Media Application

403




rocicZ RK3188 Technical Reference Manual Rev 1.3
Reset
Name Offset [Size Description
Value

ZQ 3 Impedance Status
DDR_PHYCTL_ZQ3SR1  |0x01bc|w  |0x00000000|%% 3 IMP .

Register 1
DDR_PHYCTL DXOGCR  |0x01cO|W  |0x00000681| >/ > O General

Configuration Register

DATX8 0 G | Stat
DDR_PHYCTL_DXOGSRO |0x01c4|W |0x00000000| eneral Status

Register O

DATX8 0 G | Stat
DDR_PHYCTL_DX0GSR1 [0x01c8(W [0x00000000| eneral Status

Register 1
DDR_PHYCTL_DXODLLCR |0x01cc|W |0x40000000| >~ X2 O PLL Control

Register

DATX8 0 DQ Timi
DDR_PHYCTL_DXODQTR [0x01dO|W  |OXffffffff X8 0 DQ Timing

Register

DATX8 0 DQS Timi
DDR_PHYCTL_DXODQSTR [0x01d4|W |0x3db55000 X8 O\PAS Timing

Register

DATXS 1 |
DDR_PHYCTL_DX1GCR  |0x0200|W |0x00000681|> <0 1 General

Configuration Register

DATXS 1 |
DDR_PHYCTL_DX1GSRO |0x0204|w |0x00000000|2ATX8 1 General Status

Register O
DDR_PHYCTL_DX1GSR1 |0x0208{W  |0x00000000| >~ X8 1 General Status

Register 1
DDR_PHYCTL_DX1DLLCR |0x020c| W |0x40000000(>% <@ 1 DLL Control

Register

DATX8 1 DQ Timi
DDR_PHYCTL_DX1DQTR |0x0210(W  |OXFfffffff X8 1 DQ Timing

Register
DDR_PHYCTL_DX1DQSTR |0x0214/W  |0x3dbs5000| 21X 1 DQS Timing

Register

DATX8 2 |
DDR_PHYCTL_DX2GCR  |0x0240|W  |0x00000681| " <0 2 General

Configuration Register

DATX8 2 |
DDR_PHYCTL DX2GSRO |0x0244|W  |0x00000000( 0~ <& 2 General Status

Register 0

DATX8 2 G | Stat
DDR_PHYCTL_DX2GSR1 |0x0248|W |0x00000000| eneral Status

Register 1

DATX8 2 DLL Control
DDR_PHYCTL_DX2DLLCR |0x024c|W |0x40000000| . ontro

Register

DATX8 2 DQ Timi
DDR_PHYCTL_DX2DQTR |0x0250|W  |OXffffffff X8 2 DQ Timing

Register

DATX8 2 DQS Timi
DDR_PHYCTL_DX2DQSTR |0x0254|w  |0x3dbs5000|2A X8 2 DQS Timing

Register

DATX |
DDR_PHYCTL_DX3GCR  |[0x0280|W |0x00000681 8 3 Genera

Configuration Register
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DATX |
DDR_PHYCTL_DX3GSRO |0x0284|W  |0x00000000| " <© 3 General Status
Register O
DATX8 3 General Stat
DDR_PHYCTL_DX3GSR1 |0x0288|W |0x00000000| eneral Status
Register 1
DDR_PHYCTL_DX3DLLCR |0x028c|W  |0x40000000|> X2 3 PLL Control
Register
DATX8 3 DQ Timi
DDR_PHYCTL_DX3DQTR |0x0290|W | OXFFFfffff _ Q Timing
Register
DATX8 3 DQS Timi
DDR_PHYCTL_DX3DQSTR [0x0294|W  |0x3db55000 QS Timing

Register

13.5.2 Detail Registers Description

DDR_PCTL_SCFG

Address: Operational Base + offset (0x0000)
State Configuration Register

Bit Attr

Reset Value

Description

31:12 (RO 0x0

reserved

11:8 RW 0x3

bbflags_timing
The n_bbflags is a NIF output vector which
provides combined information about the
status of each memory bank. The de-assertion
is based on
whenprecharge,activates,reads/writesare
scheduled by the TCU block. It may be possible
to de-assert n_bbflags earlier than calculated
by the TCU block. Programming
bbflags_timing is used to achieve this.The
maximum recommended value is:
PCTL_TCU_SED_P - TRP.t_rp. The
programmed value is the maximum number of
"early" cycles that n_bbflags maybe
de-asserted. The actual achieved de-assertion
depends on the traffic profile.

In 1:2 mode the maximum allowed
programmable value is 4'b0111

In 1:1 mode the value can be 4'b1111

7:1 RO 0x0

reserved
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Bit

Attr

Reset Value

Description

RW

0x0

hw_low_power_en

Enables the hardware low-power interface.
Allows the system to request via hardware
(c_sysreq input) to enter the memories into
Self-Refresh.

The handshaking between the request and
acknowledge hardware low power signals
(c_sysreq and c_sysack, respectively) is
always performed, but the PCTL response
depends on the value set on this register field
and by the value driven on the c_active_in
input pin.

1'b0 = Disabled. Requests are always denied
and PCTL is unaffected by c_sysreq

1'bl = Enabled. Requests are accepted or
denied, depending on the current operational
state of PCTL and on the value of c_active_in.

DDR_PCTL_SCTL
Address: Operational Base + offset (0x0004)
Operational State Control Register

Bit Attr | Reset Value Description

31:3 RO 0x0 reserved
state_cmd
Issues an operational state transition request
to the PCTL.
3'b000 = INIT (move to Init_mem from
Config)
3'b001 = CFG (move to Config from Init_mem

2:0 RW 0x0 or Access)

3'b010 = GO (move to Access from Config)
3'b011 = SLEEP (move to Low_power from
Access)

3'b100 = WAKEUP (move to Access from
Low_power)

Others = Reserved

DDR_PCTL_STAT
Address: Operational Base + offset (0x0008)
Operational State Status Register

Bit

Attr

Reset Value

Description

31:7

RO

0x0

reserved
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Bit Attr | Reset Value Description

Ip_trig
Reports the status of what triggered an entry to
Low_power state. Is only set if in Low_power
state. The individual bits report the following:
- lp_trig[2]: Software driven due to
SCTL.state_cmd==SLEEP.

6:4 RO 0x0 - lp_trig[1]: Hardware driven due to Hardware
Low Power Interface.
- Ip_trig[0]: Hardware driven due to Auto Self
Refresh (MCFG1.sr_idle>0).
Note, if more than one trigger happens at the
exact same time, more than one bit of Ip_trig
may be asserted high.

3 RO 0x0 reserved
ctl_stat
Returns the current operational state of the
PCTL.
3'b000 = Init_mem
3'b001 = Config

2:0 RO 0x0 3'b010 = Config_req

3'b011 = Access

3'b100 = Access_req

3'b101 = Low_power

3'b110 = Low_power_entry_req
3'bl11 = Low_power_exit_req
Others = Reserved

DDR_PCTL_INTRSTAT
Address: Operational Base + offset (0x000c)
Interrupt Status Register

Bit Attr | Reset Value Description
31:2 RO 0x0 reserved
parity_intr
Indicates that a DFI parity error has been
1 RO 0x0 detected
1'b0 = No error
1'b1 = Parity error
ecc_intr
Indicates that an ECC error has been detected
0 RO 0x0

1'b0 = No error
1'b1 = Parity error
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DDR_PCTL_MCMD
Address: Operational Base + offset (0x0040)
Memory Command Register

Bit

Attr

Reset Value

Description

31

R/WSC

0x0

start_cmd

Start command. When this bit is set to 1, the
command operation defined in the
cmd_opcode field is started. This bit is
automatically cleared by the PCTL after the
command is finished. The application can poll
this bit to determine when PCTL is ready to
accept another command. This bit cannot be
cleared to 1'b0 by software.

30:28

RO

0x0

reserved

27:24

RW

0x0

cmd_add_del

Set the additional delay associated with each
command to 2”~n internal timers clock
cycles, where n is the bit field value. If n=0,
the delay is 0. Max value is n=10.

23:20

RW

0Ox1

rank_sel

Rank select for the command to be executed.
4'b0001 = Rank 0

4'b0010 = Rank 1

4'b0100 = Rank 2

4'b1000 = Rank 3

4'b0000 = Reserved

Multiple 1'b1s in rank_sel mean multiple ranks
are selected, which is useful broadcasting
commands in parallel to multiple ranks during
initialization and configuration of the
memories.

If MCMD.cmd_opcode=RSTL, all ranks should
be selected as it cannot be performed to
individual ranks
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Bit

Attr

Reset Value

Description

19:17

RW

0x0

bank_addr

Mode Register address driven on the memory
bank address bits, BA1, BAO, during a Mode
Register Set operation, defined by
cmd_opcode=MRS. For other values of
cmd_opcode, this field is ignored.

3'b000 = MRO (MR in DDR2)

3'b001 = MR1 (EMR in DDR2)

3'b010 = MR2 (EMR(2) in DDR2)

3'b011 = MR3 (EMR(3) in DDR2)

Others = Reserved

16:4

RW

0x0000

cmd_addr

Mode Register value driven on the memory
address bits, A12 to A0, during a Mode
Register Set operation defined by
cmd_opcode=MRS. For other values of
cmd_opcode this field is ignored. Refer to the
memory specification for the correct settings
of the various bits of this field during a MRS
operation.

If LPDDRZ2, this fields is merged into
bank_addr - Ipddr2_addr
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Bit

Attr

Reset Value

Description

3:0

RW

0x0

cmd_opcode

Command to be issued to the memory.
4'b000 = Deselect. This is only used for timing
purposes, no actual direct Deselect command
is passed to the memories.

4'b0001 = Precharge All (PREA)

4'b0010 = Refresh (REF)

4'b0011 = Mode Register Set (MRS) - is MRW
in LPDDR2, MRS otherwise

4'b0100 = ZQ Calibration Short (ZQCS, only
applies to LPDDR2/DDR3)

4'b0101 = zZQ Calibration Long (ZQCL, only
applies to LPDDR2/DDR3)

4'b0110 = Software Driven Reset (RSTL, only
applies to DDR3)

4'b0111 = Reserved

4'b1000 - Mode Register Read (MRR) - is MRR
in LPDDR2, is SRR in mDRR and is MPR in
DDR3

4'b1001 - Deep Power Down Entry (DPDE, only
applies to mDDR/LPDDR?2)

Others - Reserved

DDR_PCTL_POWCTL
Address: Operational Base + offset (0x0044)
Power Up Control Register

Bit

Attr

Reset Value

Description

31:1

RO

0x0

reserved

R/WSC

0x0

power_up_start

Start the memory power up sequence.

When this bit is set to 1'b1, PCTL starts the
CKE and RESET# power up sequence to the
memories. This bit is automatically cleared by
PCTL after the sequence is completed. This bit

cannot be cleared to 1'b0 by software.

DDR_PCTL_POWSTAT
Address: Operational Base + offset (0x0048)
Power Up Status Register

Bit

Attr

Reset Value

Description

31:1

RO

0x0

reserved
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Bit Attr | Reset Value Description
power_up_done
Returns the status of the memory power-up
sequence.
0 RO 0x0 1'b0 = Power-up sequence has not been
performed.

1'bl = Power-up sequence has been
performed.

DDR_PCTL_CMDTSTAT
Address: Operational Base + offset (0x004c)
Command Timers Status Register

Bit Attr | Reset Value Description
31:1 RO 0x0 reserved
cmd_tstat
Returns the status of the timers for memory
commands.
0 RO 0x0 This ANDs all the command timers together.

1'b0 = One or more command timers has not
expired.
1'b1l = All command timers have expired.

DDR_PCTL_CMDTSTATEN
Address: Operational Base + offset (0x0050)
Command Timers Status Enable Register

Bit Attr | Reset Value Description
31:1 RO 0x0 reserved
cmd_tstat_en
Enables the generation of the status of the
0 RW 0x0 timers for memory commands.

Is enabled before CMDTSTAT register is read.
1'b0 - Disabled
1'b1 - Enabled

DDR_PCTL_MRRCFGO
Address: Operational Base + offset (0x0060)
Mode Register Read Configuration O

Bit Attr | Reset Value Description
31:4 RO 0x0 reserved
mrr_byte_sel
3:0 RW 0x0 Selects YVhiCh byte's data to sto_re when
performing an MRR command via MCMD.
LegalValues: 0 .. 8
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DDR_PCTL_MRRSTATO
Address: Operational Base + offset (0x0064)
Mode Register Read Status 0 Register

Bit Attr | Reset Value Description
31:24 RO 0x00 mFr{rRs/t:/Itl;:erzz?;l data beat 3
23:16 |RO 0x00 mFr{rRs/t:/Itl;:erzzzd data beat 2
15:8 RO 0x00 mlg:;;%:erz:; data beat 1
7:0 RO 0x00 mlg:;;%:erzzj data beat 0

DDR_PCTL_MRRSTAT1
Address: Operational Base + offset (0x0068)
Mode Register Read Status 0 Register

Bit Attr | Reset Value Description
31:24 RO 0x00 m;:;;tl;:erzz data beat 7
23:16 RO 0x00 m;r;;;tl;lsizz data beat 6
15:8 RO 0x00 QQE;;tE:iZ;Z data beat 5
7:0 RO 0x00 m;rs;;tl;lsiil data beat 4

DDR_PCTL_MCFG
Address: Operational Base + offset (0x0080)
Memory Configuration Register

Bit Attr | Reset Value Description
mddr_Ipddr2_clock_stop_idle

Clock stop idle period in n_clk cycles. Memories

are placed into clock stop mode if the NIF is idle

31:24 |RW 0x00 for mddr_lpddr2_clkstop_idle n_clk cycles. The

automatic clock stop function is disabled when

mddr_Ilpddr2_clkstop_idle=0.

Clock stop mode is only applicable in

mDDR/LPDDR?2.
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Bit

Attr

Reset Value

Description

23

122

RW

0x0

mddr_lpddr2_en

mDDR/LPDDR2 Enable. Enables support for
mDDR or LPDDR2.

2'b00 = mDDR/LPDDR?2 Disabled

2'b10 = mDDR Enabled

2'bl1 = LPDDR2 Enabled

Others= Reserved.

21

:20

RW

0x0

mddr_lpddr2_bl

mDDR/LPDDR2 Burst Length. The BL setting
must be consistent with the value programmed
into the BL field of MR.

2'b00 = BL2, Burst length of 2 (MR.BL=3'b001,
mDDR only)

2'b01 = BL4, Burst length of 4 (MR.BL=3'b010,
for mDDR and LPDDR?2)

2'b10 = BL8, Burst length of 8 (MR.BL=3'b011,
for mDDR and LPDDR?2)

2'bl1l = BL16, Burst length of 16
(MR.BL=3'p100, for mDDR and LPDDR?2)

This value is effective only if
MCFG.mddr_lpddr2_en[1]=1'b1. Otherwise,
MCFG.mem_bl is used to define PCTL's Burst
Length (for DDR2/DDR3).

19

118

RW

Ox1

tfaw_cfg

Sets tFAW to be 4, 5 or 6 times tRRD.
2'b00 = set tFAW=4*tRRD

2'b01 = set tFAW=5*tRRD

2'b10 = set tFAW=6*tRRD

17

RW

0x0

pd_exit_mode

Selects the mode for Power Down Exit. For
DDR2/DDR3, the power down exit mode setting
in PCTL must be consistent with the value
programmed into the power down exit mode bit
of MRO. For mDDR/LPDDRZ2, only fast exit mode
is valid.

1'b0 = slow exit

1'bl = fast exit

16

RW

0x0

pd_type

Sets the Power down type.
1'b0 = Precharge Power Down
1'b1 = Active Power Down
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Bit

Attr

Reset Value

Description

15:8

RW

0x00

pd_idle

Power-down idle period in n_clk cycles.
Memories are placed into power-down mode if
the NIF is idle for pd_idle n_clk cycles. The
automatic power down function is disabled
when pd_idle=0.

RO

0x0

reserved

RW

0x0

Ipddr2_s4

Enables LPDDR2-S4 support.

1'b0 = LPDDR2-5S4 disabled (LPDDR2-S2
enabled)

1'bl = LPDDR2-S4 enabled

RW

0Ox1

ddr3_en

Select DDR2 or DDR3 protocol.
Ignored, if mDDR or LPDDR2 support is
enabled.

1'b0 = DDR2 Protocol Rules

1'bl = DDR3 Protocol Rules

RW

0x0

stagger_cs

For multi-rank commands from the DCU,
stagger the assertion of CS_N to odd and even
ranks by one n_clk cycle. This is useful when
using RDIMMs, when multi-rank commands
may be interpreted as writes to control words in
the register chip.

1'b0 = Do not stagger CS_N

1'bl = Stagger CS_N

RW

0x0

two_t_en

Enables 2T timing for memory commands.
1'b0= Disabled

1'bl = Enabled

RW

0x0

bI8int_en

Setting this bit enables the BLS8 interrupt
function of DDR2. This is the capability to early
terminate a BL8 after only 4 DDR beats by
issuing the next command two cycles earlier.
This functionality is only available for DDR2
memories and this setting is ignored for
mDDR/LPDDR2 and DDR3.

1'b0 = Disabled

1'bl = Enabled
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Bit Attr | Reset Value Description
cke_or_en

This bit is intended to be set for 4-rank RDIMMs,
which have a 2-bit CKE input. If set, dfi_cke[0]
is asserted to enable either of the even ranks (0
1 RW 0x0 and 2), while dfi_cke[1] is asserted to enable
either of the odd ranks (1 and 3). dfi_cke[3:2]
are inactive (0)

1'b0: Disabled

1'b1: Enabled

mem_bl

DDR Burst Length. The BL setting in DDR2 /
DDR3 must be consistent with the value
programmed into the BL field of MRO.

1'b0 = BL4, Burst length of 4 (MR0O.BL=3'b010,
DDR2 only)

1'bl = BL8, Burst length of 8 (MR0.BL=3'b011
for DDR2, MR0.BL=2'b00 for DDR3)

0 RW 0x0

DDR_PCTL_PPCFG
Address: Operational Base + offset (0x0084)
Partially Populated Memories Configuration Register

Reset
Bit Attr Description
Value P
31:9 |RO 0x0 reserved

rpmem_dis

Reduced Population Disable bits. Setting these
bits disables the corresponding NIF/DDR data
lanes from writing or reading data. Lane O is
always present, hence only 8 bits are required for
the remaining lanes including the ECC lane.

In 1:2 mode bit 0 of rpmem_dis covers
n_wdata/n_rdata/m_ctl_d/m_phy_q[63:32], bit
1 [95:64] etc.

In 1:1 mode bit 0 of rpmem_dis covers
n_wdata/n_rdata/m_ctl_d/m_phy_q[31:16], bit
2 [47:32] etc.

There are no restrictions on which byte lanes can
be disabled, other than byte lane 0 is required.
Gaps between enabled byte lanes are allowed
For each bit:

1'b0 = lane exists

1'bl = lane is disabled

8:1 RW 0x00
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Reset
Bit Attr Value Description

RW

0x0

ppmem_en

Partially Population Enable bit. Setting this bit
enables the partial population of external
memories where the entire application bus is
routed to a reduced size memory system. The
lower half of the SDRAM data bus, bit 0 up to bit
PCTL_M_DWy/2-1, is the active portion when
Partially Populated memories are enabled.

1'b0 = Disabled

1'bl = Enabled

DDR_PCTL_MSTAT
Address: Operational Base + offset (0x0088)
Memory Status Register

Bit

Attr

Reset Value Description

31:3

RO

0x0

reserved

RO

0x0

self refresh

Indicates if PCTL, through auto self refresh,
has placed the memories in Self Refresh.
1'b0 = Memory is not in Self Refresh

1'bl = Memory is in Self Refresh

RO

0x0

clock_stop

Indicates if PCTL has placed the memories in
Clock Stop.

1'b0 = Memory is not in Clock Stop

1'bl = Memory is in Clock Stop

RO

0x0

power_down

Indicates if PCTL has placed the memories in
Power Down.

1'b0 = Memory is not in Power Down

1'bl = Memory is in Power-Down

DDR_PCTL_LPDDR2ZQCFG
Address: Operational Base + offset (0x008c)
LPDDR2 ZQ Configuration Register

| Bit | Attr

| Reset Value | Description
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Bit

Attr

Reset Value

Description

31:24

RW

Oxab

zqcl_op

Value to drive on memory address bits
[19:12] for an automatic hardware generated
ZQCL command (LPDDR?2). Corresponds to
OP7 .. OPO of Mode Register Write (MRW)
command which is used to send ZQCL
command to memory.

23:16

RW

Ox0a

zqcl_ma

Value to drive on memory address bits [11:4]
for an automatic hardware generated ZQCL
command (LPDDR2). Corresponds to MA7 ..
MAO of Mode Register Write (MRW) command
which is used to send ZQCL command to
memory.

15:8

RW

0x56

zqcs_op

Value to drive on memory address bits
[19:12] for an automatic hardware generated
ZQCS command (LPDDR2). Corresponds to
OP7 .. OPO of Mode Register Write (MRW)
command which is used to send ZQCS
command to memory.

7:0

RW

Ox0a

zqcs_ma

Value to drive on memory address bits [11:4]
for an automatic hardware generated ZQCS
command (LPDDR2). Corresponds to MA7 ..
MAO of Mode Register Write (MRW) command
which is used to send ZQCS command to
memory.

DDR_PCTL_MCFG1
Address: Operational Base + offset (0x0090)
Memory Configuration 1 Register

Bit Attr | Reset Value Description
hw_exit_idle_en
When this bit is programmed to 1'b1 the
31 RW 0x0 C_active_in pin can be used to exit from the
automatic clock stop , power down or
self-refresh modes.
30:24 (RO 0x0 reserved
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Bit Attr | Reset Value Description
hw_idle
Hardware idle period. The c_active output is
23:16 [RW 0x00 driven high if the NIF is idle in Access state for
hw_idle * 32 * n_clk cycles. The hardware idle
function is disabled when hw_idle=0.
15:8 RO 0x0 reserved
sr_idle
Self Refresh idle period. Memories are placed
2.0 RW 0x00 into Self-Refresh mode if the NIF is idle in

Access state for sr_idle * 32 * n_clk cycles.
The automatic self refresh function is disabled
when sr_idle=0.

DDR_PCTL_DTUPDES
Address: Operational Base + offset (0x0094)
DTU Status Register

Bit

Attr

Reset Value

Description

31:14

RO

0x0

reserved

13

RO

0x0

dtu_rd_missing
Indicates if one or more read beats of data did
not return from memory.

12:9

RO

0x0

dtu_ eaffl

Indicates the number of entries in the FIFO
that is holding the log of error

addresses for data comparison

RO

0x0

dtu_random__error

Indicates that the random data generated had
some failures when written

and read to the memories

RO

0x0

dtu_err_b7
Detected at least 1 bit error for bit 7 in the
programmable data buffers

RO

0x0

dtu_err_bé6
Detected at least 1 bit error for bit 6 in the
programmable data buffers

RO

0x0

dtu_err_b5
Detected at least 1 bit error for bit 5 in the
programmable data buffers

RO

0x0

dtu_err_b4
Detected at least 1 bit error for bit 4 in the
programmable data buffers
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Bit Attr | Reset Value Description

dtu_err_b3

3 RO 0x0 Detected at least 1 bit error for bit 3 in the
programmable data buffers
dtu_err_b2

2 RO 0x0 Detected at least 1 bit error for bit 2 in the
programmable data buffers
dtu_err_b1l

1 RO 0x0 Detected at least 1 bit error for bit 1 in the
programmable data buffers
dtu_err_bO

0 RO 0x0 Detected at least 1 bit error for bit 0 in the
programmable data buffers

DDR_PCTL_DTUNA
Address: Operational Base + offset (0x0098)
DTU Number of Addresses Created Register

Bit Attr | Reset Value Description
dtu_num_address
31:0 RO 0x00000000 Indicates the number of addresses that were

created on the NIF interface during random
data generation.

DDR_PCTL_DTUNE
Address: Operational Base + offset (0x009c)
DTU Number of Errors Register

Bit Attr

Reset Value

Description

31:0 RO

0x00000000

dtu_num_errors

Indicates the number of errors that were
detected on the readback of the NIF data
during random data generation.

DDR_PCTL_DTUPRDO
Address: Operational Base + offset (0x00a0)
DTU Parallel Read 0 Register

Bit Attr | Reset Value Description
dtu_allbits_1
Allows all the bit ones from each of the 16
i tes t i llel.
31:16 RO 0x0000 received read bytes to be read in paralle

Used as part of read data eye training where a
transition is required to be monitored to train
the eye.
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Bit Attr | Reset Value Description

dtu_allbits_0

Allows all the bit zeros from each of the 16
received read bytes to be read in parallel.
Used as part of read data eye training where a
transition is required to be monitored to train
the eye.

15:0 RO 0x0000

DDR_PCTL_DTUPRD1
Address: Operational Base + offset (0x00a4)
DTU Parallel Read 1 Register

Bit Attr | Reset Value Description

dtu_allbits_3

Allows all the bit threes from each of the 16
received read bytes to be read in parallel.
Used as part of read data eye training where a
transition is required to be monitored to train
the eye.

31:16 |RO 0x0000

dtu_allbits_2

Allows all the bit twos from each of the 16
received read bytes to be read in parallel.
Used as part of read data eye training where a
transition is required to be monitored to train
the eye.

15:0 RO 0x0000

DDR_PCTL_DTUPRD2
Address: Operational Base + offset (0x00a8)
DTU Parallel Read 2 Register

Bit Attr | Reset Value Description

dtu_allbits_5

Allows all the bit fives from each of the 16
received read bytes to be read in parallel.
Used as part of read data eye training where a
transition is required to be monitored to train
the eye.

31:16 |RO 0x0000

dtu_allbits_4

Allows all the bit fours from each of the 16
received read bytes to be read in parallel.
Used as part of read data eye training where a
transition is required to be monitored to train
the eye.

15:0 RO 0x0000

DDR_PCTL_DTUPRD3
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Address: Operational Base + offset (0x00ac)
DTU Parallel Read 3 Register

Bit

Attr

Reset Value

Description

31:16

RO

0x0000

dtu_allbits_7

Allows all the bit sevens from each of the 16
received read bytes to be read in parallel.
Used as part of read data eye training where a
transition is required to be monitored to train
the eye.

15:0

RO

0x0000

dtu_allbits_6

Allows all the bit sixes from each of the 16
received read bytes to be read in parallel.
Used as part of read data eye training where a
transition is required to be monitored to train
the eye.

DDR_PCTL_DTUAWDT
Address: Operational Base + offset (0x00bO0)
DTU Address Width Register

Bit

Attr

Reset Value

Description

31:11

RO

0x0

reserved

10:9

RW

Ox1

number_ranks

Number of supported memory ranks.
2'b00 = 1 rank

2'b01 = 2 ranks

2'b10 = 3 ranks

2'bl1l = 4 ranks

RO

0x0

reserved

7:6

RW

0x2

row_addr_width

Width of the memory row address bits.
2'b00 = 13 bits wide

2'b01 = 14 bits wide

2'b10 = 15 bits wide

2'bl1l = 16 bits wide

RO

0x0

reserved

4:3

RW

0x2

bank_addr_width

Width of the memory bank address bits.
2'b00 = 2 bits wide (4 banks)

2'b01 = 3 bits wide (8 banks)

Others = Reserved

RO

0x0

reserved
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Bit Attr | Reset Value Description

column_addr_width

Width of the memory column address bits.
2'b00 = 7 bits wide

2'b01 = 8 bits wide

2'b10 = 9 bits wide

2'b11 = 10 bits wide

1:0 RW 0x0

DDR_PCTL_TOGCNT1U
Address: Operational Base + offset (0x00c0)
Toggle Counter 1us Register

Bit Attr | Reset Value Description

31:10 |RO 0x0 reserved

toggle_counter_1u

9:0 RW 0x064
X The number of internal timers clock cycles

DDR_PCTL_TINIT
Address: Operational Base + offset (0x00c4)
t_init Timing Register

Bit Attr | Reset Value Description

31:9 RO 0x0 reserved

t_init

Defines the time period (in us) to hold dfi_cke
and dfi_reset_n stable during the memory
8:0 RW 0x0c8 power up sequence. The value programmed
must correspond to at least 200us. The actual
time period defined is TINIT * TOGCNT1U *
internal timers clock .period

DDR_PCTL_TRSTH
Address: Operational Base + offset (0x00c8)
t_rsth Timing Register

Bit Attr | Reset Value Description

31:10 (RO 0x0 reserved
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Bit Attr | Reset Value Description

t_rsth

Defines the time period (in us) to hold the
dfi_reset_n signal high after it is de-asserted
during the DDR3 Power Up/Reset sequence.
The value programmed for DDR3 must
correspond to minimum 500us of delay. For
mDDR and DDR2, this register should be
programmed to 0.The actual time period
defined is TRSTH * TOGCNT1U * internal
timers clock period.

9:0 RW 0x000

DDR_PCTL_TOGCNT100N
Address: Operational Base + offset (0x00cc)
Toggle Counter 100ns

Bit Attr | Reset Value Description

31:7 RO 0x0 reserved

toggle_counter_100n

: RW 0x01
6:0 X The number of internal timers clock cycles.

DDR_PCTL_TREFI
Address: Operational Base + offset (0x00d0)
t_refi Timing Register

Bit Attr | Reset Value Description
31:8 RO 0x0 reserved
t_refi
Defines the time period (in 100ns units) of the
7:0 RW 0x01 Refresh interval.
The actual time period defined is TREFI *
TOGCNT100N * internal timers clock period.

DDR_PCTL_TMRD
Address: Operational Base + offset (0x00d4)
t_mrd Timing Register

Bit Attr | Reset Value Description

31:3 RO 0x0 reserved
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Bit Attr | Reset Value Description

t_mrd
Mode Register Set command cycle time in
memory clock cycles.
mDDR: Time from MRS to any valid command.
LPDDR2: Time from MRS (MRW) to any valid
command.

2:0 RW 0x1

DDR2: Time from MRS to any valid command.
DDR3: Time from MRS to MRS command.
mDDR Legal Values: 2

LPDDR2 Legal Values: 5

DDR2 Legal Values: 2..3

DDR3 Legal Values: 2..4

DDR_PCTL_TRFC
Address: Operational Base + offset (0x00d8)

Bit

Attr

Reset Value

Description

31:9

RO

0x0

reserved

8:0

RW

0x001

t_rfc

Refresh to Active/Refresh command time in
memory clock cycles.

mDDR Legal Values: 7..28

LPDDR2 Legal Values: 15..112

DDR2 Legal Values: 15..131

DDR3 Legal Values: 36.. 374

DDR_PCTL_TRP
Address: Operational Base + offset (0x00dc)
t_trp Timing Register

Bit

Attr

Reset Value

Description

31:18

RO

0x0

reserved

17:16

RW

Ox1

prea_extra

Additional cycles required for a Precharge All
(PREA) command - in addition to t_rp. In
terms of memory clock cycles

mDDR Value: 0

LPDDR2 Value: Value that corresponds (tRPab
-tRPpb). Rounded up in terms of memory
clock cycles. Values can be 0, 1, 2.

DDR2 Value: 1 if 8 Banks, 0 otherwise

DDR3 Value: 0

15:4

RO

0x0

reserved
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Bit Attr | Reset Value Description
t_rp
Precharge period in memory clock cycles.
For LPDDR2, this should be set to TRPpb.
3:0 RW 0x6 mDDR Legal Values: 2..3

LPDDR2 Legal Values: 3..13
DDR2 Legal Values: 3..7
DDR3 Legal Values: 5..14

DDR_PCTL_TRTW
Address: Operational Base + offset (0x00e0)
t_rtw Timing Register

Bit

Attr

Reset Value

Description

31:4

RO

0x0

reserved

3:0

RW

0x2

t rtw

Read to Write turnaround time in memory
clock cycles.

mDDR Legal Values: 3..11

LPDDR2 Legal Values: 1..11

DDR2 Legal Values: 2..10

DDR3 Legal Values: 2..10

DDR_PCTL_TAL
Address: Operational Base + offset (0x00e4)
AL Register

Bit

Attr

Reset Value

Description

31:4

RO

0x0

reserved

3:0

RW

0x0

t_al

Additive Latency in memory clock cycles.

For DDR2 this must match the value
programmed into the AL field of MR1.

For DDR3 this must be 0, CL-1, CL-2
depending weather the AL valuein MR1is 0,1,
or 2 respectively. CL is the CAS latency
programmed into MRO.

For mDDR and LPDDRZ2, there is no AL field in
the mode registers, and this setting should be
setto O

mDDR Legal Values: 0

LPDDR2 Legal Values: 0

DDR2 Legal Values: AL

DDR3 Legal Values: 0, CL-1, CL-2 (depending
on AL=0,1,2 in MR1)
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DDR_PCTL_TCL
Address: Operational Base + offset (0x00e8)
CL Timing Register

Bit Attr | Reset Value Description

31:4 RO 0x0 reserved

t_cl

CAS Latency in memory clock cycles.

If mDDR/DDR2/DDR3, the PCTL setting must
match the value programmed into the CL field
of MRO.

If LPDDR2, the PCTL setting must match RL
(ReadLatency), where RL is the value
programmed into the "RL & W" field of MR2
mDDR/DDR2/3 Legal Value: CL

LPDDR2 Legal Value: RL

3:0 RW 0x4

DDR_PCTL_TCWL
Address: Operational Base + offset (0x00ec)
CWL Timing Register

Bit Attr | Reset Value Description

31:4 RO 0x0 reserved

t_cwl

CAS Write Latency in memory clock cycles.
For mDDR, the setting must be 1.

For LPDDR2 the setting must match WL (Write
Latency), where WL is the value programmed
into the "RL & WL" field of MR2.

For DDR2 the setting must match CL-1, where
3:0 RW 0x3 CL is the value programmed into the CL field of
MRO.

For DDR3, the setting must match the value
programmed in the memory CWL field of MR2.
mDDR Legal Value: 1

LPDDR2 Legal Values: WL

DDR2 Legal Value: CL-1

DDR3 Legal Value: CWL

DDR_PCTL_TRAS
Address: Operational Base + offset (0x00f0)
t_ras Timing Register

Bit Attr | Reset Value Description

31:6 RO 0x0 reserved
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Bit Attr | Reset Value

Description

t_ras

Activate to Precharge command time in
memory clock cycles.

5:0 RW 0x10 mDDR Legal Values: 4..8

LPDDR2 Legal Values: 7..23
DDR2 Legal Values: 8..24
DDR3 Legal Values: 15..38

DDR_PCTL_TRC
Address: Operational Base + offset (0x00f4)
t_rc Timing Register

Bit Attr | Reset Value

Description

31:6 RO 0x0 reserved

t rc

5:0 RW 0x16

Row Cycle time in memory clock cycles.
Specifies the minimum Activate to Activate
distance for accesses to same bank.
mDDR Legal Values: 5..11

LPDDR2 Legal Values: 10..36

DDR2 Legal Values: 11..31

DDR3 Legal Values: 20..52

DDR_PCTL_TRCD
Address: Operational Base + offset (0x00f8)
t_rcd Timing Register

Bit Attr | Reset Value

Description

31:4 RO 0x0 reserved

t_rcd

3:0 RW 0x6 distance.

Row to Column delay in memory clock cycles.
Specifies the minimum Activate to Column

mDDR Legal Values: 2..3
LPDDR2 Legal Values: 3..13
DDR2 Legal Values: 3..7
DDR3 Legal Values: 5..14

DDR_PCTL_TRRD
Address: Operational Base + offset (0x00fc)
t_rrd Timing Register

Bit Attr | Reset Value

Description

31:4 RO 0x0 reserved
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Bit Attr | Reset Value Description

t_rrd

Row-to-Row delay in memory clock cycles.
Specifies the minimum Activate-to-Activate
distance for consecutive accesses to different
3:0 RW 0x4 banks in the same rank.

mDDR Legal Values: 1..2

LPDDR2 Legal Values: 2..6

DDR2 Legal Values: 2..6

DDR3 Legal Values: 4..8

DDR_PCTL_TRTP
Address: Operational Base + offset (0x0100)
t_rtp Timing Register

Bit Attr | Reset Value Description

31:4 RO 0x0 reserved

t_rtp

Read to Precharge time in memory clock
cycles. Specifies the minimum distance Read
to Precharge for consecutive accesses to same
3:0 RW 0x3 bank.

mDDR Value: 0

LPDDR2 Legal Values: 2..4

DDR2 Legal Values: 2..4

DDR3 Legal Values: 3..8

DDR_PCTL_TWR
Address: Operational Base + offset (0x0104)
t_wr Register

Bit Attr | Reset Value Description

31:5 RO 0x0 reserved

t_wr

Write recovery time in memory clock cycles.
When using close page the PCTL setting must
be consistent with the WR field setting of MRO.
mDDR Legal Values: 2..3

LPDDR2 Legal Values: 3..8

DDR2 Legal Values: 3..8

DDR3 Legal Values: 6..16

4:0 RW 0x06

DDR_PCTL_TWTR
Address: Operational Base + offset (0x0108)
t_wtr Timing Register
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Bit Attr | Reset Value Description
31:4 RO 0x0 reserved
twtr
Write to Read turnaround time, in memory
clock cycles.
3:0 RW 0x4 mDDR Legal Values: 1..2

LPDDR2 Legal Values: 2..4
DDR2 Legal Values: 2..4
DDR3 Legal Values: 3..8

DDR_PCTL_TEXSR
Address: Operational Base + offset (0x010c¢)
t_exsr Timing Register

Bit Attr | Reset Value Description

31:10 (RO 0x0 reserved
t_exsr
Exit Self Refresh to first valid command delay,
in memory clock cycles.
For mDDR, this should be programmed to
match tXSR.
For LPDDR2, this should be programmed to
match tXSR.
For DDR2, this should be programmed to

9:0 RW 0x001 match tXSRD (SRE to read-related command)

as defined by the memory devicespecification.
For DDR3, this should be programmed to
match tXSDLL (SRE to a command requiring
DLL locked) as defined by the memory device
specification.

mDDR Legal Values: 17..40

LPDDR2 Legal Values: 17..117

DDR2 Typical Value: 200

DDR3 Typical Value: 512

DDR_PCTL_TXP
Address: Operational Base + offset (0x0110)
t_xp Timing Register

Bit

Attr

Reset Value

Description

31:3

RO

0x0

reserved
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Bit Attr | Reset Value Description
t_xp
Exit Power Down to first valid command delay
2:0 RW 0x1 when DLL is on (fast exit), measured in

memory clock cycles.
Legal Values: 1..7

DDR_PCTL_TXPDLL
Address: Operational Base + offset (0x0114)

t_xpdll Timing Register

Bit

Attr

Reset Value

Description

31:6

RO

0x0

reserved

5:0

RW

0x00

t_xpdll

Exit Power Down to first valid command delay
when DLL is off (slow exit), measured in
memory clock cycles.

mDDR/LPDDR2 Value: 0

DDR2/DDR3 Legal Values: 3..63

DDR_PCTL_TZQCS
Address: Operational Base + offset (0x0118)
t_zqgcs Timing Register

Bit Attr | Reset Value Description
31:7 RO 0x0 reserved
t_zqcs
SDRAM ZQ Calibration Short period, in
memory clock cycles. Should be programmed
to match the tZQCS timing value as defined in
6:0 RW 0x00 the memory specification.

mDDR Value: 0

LPDDR2 Legal Values: 15..48
DDR2 Value: 0

DDR3 Typical Value: 64

DDR_PCTL_TZQCSI
Address: Operational Base + offset (0x011c)
t_zqgcsi Timing Register

| Bit

| Attr | Reset Value | Description
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Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

t_zqcsi

SDRAM ZQCS interval, measured in Refresh
interval units. The total time period defined is
TZQCSI*TREFI * TOGCNT100N * internal
timers clock period. Programming a value of 0
in t_zqcsi disables the auto-ZQCS
functionality in PCTL.

mDDR Value: 0

LPDDR2 Legal Values: 0..4294967295

DDR2 Value: 0

DDR3 Legal Values: 0..4294967295

DDR_PCTL_TDQS
Address: Operational Base + offset (0x0120)

t_dgs Timing Register

Bit

Attr

Reset Value

Description

31:3

RO

0x0

reserved

2:0

RW

Ox1

t_dgs

Additional data turnaround time in memory
clock cycles for accesses to different ranks.
Used to increase the distance between column
commands to different ranks, allowing more
tolerance as the driver source changes on the
bidirectional DQS and/or DQ signals.

mDDR Legal Values: 1..7

LPDDR2 Legal Values: 1..7

DDR2 Legal Values: 1..7

DDR3 Legal Values: 1..7

DDR_PCTL_TCKSRE
Address: Operational Base + offset (0x0124)
t_cksre Timing Register

Bit

Attr

Reset Value

Description

31:5

RO

0x0

reserved
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Bit

Attr

Reset Value

Description

4:0

RW

0x00

t_cksre

In DDR3, this is the time after Self Refresh
Entry that CKE is held high before going low.
In memory clock cycles. Specifies the clock
disable delay after SRE. This should be
programmed to match the greatest value
between 10ns and 5 memory clock periods.
mDDR Value: 0

LPDDR2 Value: 0

DDR2 Value: 0

DDR3 Legal Values: 5..15

DDR_PCTL_TCKSRX
Address: Operational Base + offset (0x0128)
t_cksrx Timing Register

Bit

Attr

Reset Value

Description

31:5

RO

0x0

reserved

4:0

RW

0x00

t_cksrx

In DDR3, this is the time (before Self Refresh
Exit) that CKE is maintained high before
issuing SRX. In memory clock cycles. Specifies
the clock stable time before SRX. This should
be programmed to match the greatest value
between 10ns and 5 memory clock periods.
mDDR Value: 0

LPDDR2 Value: 0

DDR2 Value: 0

DDR3 Legal Values: 5..15

DDR_PCTL_TCKE
Address: Operational Base + offset (0x012c)
t_cke Timing Register

Bit

Attr

Reset Value

Description

31:3

RO

0x0

reserved

2:0

RW

0x3

t_cke

CKE minimum pulse width in memory clock
cycles.

mDDR Legal Value: 2

LPDDR2 Legal Values: 3

DDR2 Legal Value: 3

DDR3 Legal Values: 3..6
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DDR_PCTL_TMOD
Address: Operational Base + offset (0x0130)
t_mod Timing Register

Bit Attr | Reset Value Description

31:5 RO 0x0 reserved

t_mod

In DDR3 mode, this is the time from MRS to
any valid non-MRS command (except
DESELECT or NOP) in memory clock cycles.
mDDR Value: 0

LPDDR2 Value: 0

DDR2 Value: 0

DDR3 Legal Values: 0..31

4:0 RW 0x00

DDR_PCTL_TRSTL
Address: Operational Base + offset (0x0134)
Reset Low Timing Register

Bit Attr | Reset Value Description

31:7 RO 0x0 reserved

t_rstl

Memory Reset Low time, in memory clock
cycles. Defines the time period to hold
dfi_reset_n signal low during a software
driven DDR3 Reset Operation. The value
6:0 RW 0x00 programmed must correspond to at least
100ns of delay.

mDDR Value: 0

LPDDR2 Value: 0

DDR2 Value: 0

DDR3 Legal Values: 1..127

DDR_PCTL_TZQCL
Address: Operational Base + offset (0x0138)
t_zqcl Timing Register

Bit Attr | Reset Value Description

31:10 (RO 0x0 reserved
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Bit

Attr

Reset Value

Description

9:0

RW

0x000

t_zqcl

SDRAM ZQ Calibration Long period in memory
clock cycles.

If LPDDR2, should be programmed to tZQCL.
If DDR3, should be programmed to match the
memory tZQinit timing value for the first ZQCL
command during memory initialization;
should be programmed to match tZQoper
timing value after reset and initialization.
mDDR Value: 0

LPDDR2 Legal Values: 60..192

DDR2 Value: 0

DDR3 Legal Values: 0..1023

DDR_PCTL_TMRR
Address: Operational Base + offset (0x013c)
t_mrr Timing Register

Bit Attr | Reset Value Description
31:8 RO 0x0 reserved
t_mrr
7:0 RW 0x02 Time for a Mode Register Read (MRR
command from MCMD).

DDR_PCTL_TCKESR
Address: Operational Base + offset (0x0140)
t_ckesr Timing Register

Bit

Attr

Reset Value

Description

31:4

RO

0x0

reserved

3:0

RW

0x4

t_ckesr

Minimum CKE low width for Self Refresh entry
to exit timing in memory clock cycles.
Recommended settings:

- mDDR : t_ckesr =0

- LPDDR2 : t_ckesr = tCKESR setting from
memories, rounded up in terms of memory
cycles.
- DDR2 : t_ckesr =0
- DDR3 : t ckesr =t cke + 1

mDDR Value: 0

LPDDR2 Legal Values: 3..8

DDR2 Value: 0

DDR3 Legal Values: 4..7
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DDR_PCTL_TDPD
Address: Operational Base + offset (0x0144)
t_dpd Timing Register

Bit

Attr

Reset Value

Description

31:10

RO

0x0

reserved

9:0

RW

0x000

t_dpd

Minimum Deep Power Down time. Is in terms
of us.

When a MCMD.DPDE command occurs, TDPD
time is waited before MCMD.start_cmd can be
cleared. MCMD_cmd_add_del (if any) does not
start until TDPD has completed. This ensures
TDPD requirement for the memory is not
violated.

The actual time period defined is TDPD*
TOGCNT1U * internal timers clock period.
Only applies for mDDR and LPDDR2 as Deep
Power Down (DPD) is only valid for these
memory types.

For mDDR, tDPD=0, while for LPDDR2,
tDPD=500 us.

For LPDDRZ2, if 500 us is waited externally by
system, then set tDPD=0.

mDDR Value: 0

LPDDR2 Legal Values: 0 or 500
DDR2 Legal Value: 0

DDR3 Legal Values: 0

DDR_PCTL_DTUWACTL
Address: Operational Base + offset (0x0200)
DTU Write Address Control

Bit Attr | Reset Value Description
dtu_wr_rank
1: RW -
31:30 0x0 Write rank to where data is to be targeted
29 RO 0x0 reserved
dtu_wr_row
28:1 RW 0x0000 -
8:13 X Write row to where data is to be targeted
dtu_wr_bank
12:1 RW 0x0 -
0 X Write bank to where data is to be targeted
dt [
9:0 [RW  |0x000 H_WF._€O

FWrite column to where data is to be targeted
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DDR_PCTL_DTURACTL
Address: Operational Base + offset (0x0204)
DTU Read Address Control Register

Bit Attr | Reset Value Description
dtu_rd_rank
31:30 [RW 0x0 -
X Read rank from where data comes
29 RO 0x0 reserved
28:13 |[RW  |0x0000 dtu_rd_row
Read row from where data comes
dtu_rd_bank
12:10 |RW 0x0 -
X Read bank from where data comes
dtu_rd_col
: RW -
9:0 0x000 Read column from where data comes

DDR_PCTL_DTUCFG
Address: Operational Base + offset (0x0208)
DTU Configuration Control Register

Bit Attr | Reset Value Description

31:23 |RO 0x0 reserved
dtu_row_increments

22:16 |RW 0x00 Number of times to increment the row address
when generating random data, up to a
maximum of 127 times.
dtu_wr_multi_rd

15 RW 0x0 When set puts the DTU into write once multiple
reads mode.
dtu_data_mask_en
Controls whether random generated data

14 RW 0x0 masks are transmitted. Unless enabled all data
bytes are written to memory and expected to
be read from memory.
dtu_target_lane

13:10 |RW 0x0 Selects _one 9f the byte lanes for data
comparison into the programmable read data
buffer.
dtu_generate_random

9 RW 0x0 Genera.te transfers using random data,
otherwise generate transfers from the
programmable write data buffers.
dtu_incr_banks

8 RW 0x0 When the column add.ress rolls over increment
the bank address until we reach and conclude
bank 7.

High Performance and Low-power Processor for Digital Media Application 436




Rackchip

B AN T

RK3188 Technical Reference Manual

Rev 1.3

Bit

Attr

Reset Value

Description

RW

0x0

dtu_incr_cols

Increment the column address until we
saturate. Return to zero if
DTUCFG.dtu_incr_banks is set to 1 and we are
not at bank 7.

6:1

RW

0x00

dtu_nalen

Length of the NIF transfer sequence that is
passed through the PCTL for each created
address.

RW

0x0

dtu_enable

When set, allows the DTU module to take
ownership of the NIF interface:

1: DTU enabled

0: DTU disabled

DDR_PCTL_DTUECTL
Address: Operational Base + offset (0x020c¢)
DTU Execute Control Register

Bit

Attr

Reset Value

Description

31:3

RO

0x0

reserved

R/WSC

0x0

wr_multi_rd_rst

When set, resets the DTU in write once
multiple reads mode, to allow a new write to
be performed. This bit automatically clears.

R/WSC

0x0

run_error_reports

When set, initiates the calculation of the error
status bits. This bit automatically clears when
the re-calculation is done. This is only used in
debug mode to verify the comparison logic.

R/WSC

0x0

run_dtu

When set, initiates the running of the DTU
read and write transfer. This bit automatically
clears when the transfers are completed

DDR_PCTL_DTUWDO
Address: Operational Base + offset (0x0210)
DTU Write Data #0 Register

Bit Attr | Reset Value Description
dtu_wr_byte3
31:24 |RW 0x00 - =
Write data byte
dtu_wr_byte2
23:16 |RW 0x00 -~
X Write data byte

High Performance and Low-power Processor for Digital Media Application

437




Rackchip

sener RIK3 188 Technical Reference Manual Rev 1.3
Bit Attr | Reset Value Description
dtu_wr_bytel
15:8 RW 0x00 -~
X Write data byte
dtu_wr_byte0
7: RW -~
0 0x00 Write data byte
DDR_PCTL_DTUWD1
Address: Operational Base + offset (0x0214)
DTU Write Data #1 Register
Bit Attr | Reset Value Description
dtu_wr_byte7
1:24 [RW -~
3 0x00 Write data byte
dtu_wr_byte6
23:1 RW -~
3:16 0x00 Write data byte
dtu_wr_byte5
15:8 RW 0x00 -~
X Write data byte
dtu_wr_byted
7:0 RW 0x00 -~
X Write data byte
DDR_PCTL_DTUWD2
Address: Operational Base + offset (0x0218)
DTU Write Data #2 Register
Bit Attr | Reset Value Description
dtu_wr_bytell
31:24 |RW 0x00 -
X Write data byte
dtu_wr_bytel0
23:16 |RW 0x00 - -
X Write data byte
dtu_wr_byte9
15:8 RW 0x00 -
f< Write data byte
dtu_wr_byte8
7:0 RW 0x00 -
X Write data byte
DDR_PCTL_DTUWD3
Address: Operational Base + offset (0x021c)
DTU Write Data #3 Register
Bit Attr | Reset Value Description
dtu_wr_bytel5
31:24 |RW 0x00 -
X Write data byte
dtu_wr_bytel4
23:16 |RW 0x00 -
X Write data byte
dtu_wr_bytel3
15:8 RW 0x00 -
X Write data byte
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Bit

Attr

Reset Value

Description

7:0

RW

0x00

dtu_wr_bytel2
Write data byte

DDR_PCTL_DTUWDM
Address: Operational Base + offset (0x0220)
DTU Write Data Mask Register

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
dm_wr_byte0
15:0 RW 00000 Write data mask bit, one bit for each byte.

Each bit should be 0 for a byte lane that
contains valid write data.

DDR_PCTL_DTURDO
Address: Operational Base + offset (0x0224)
DTU Read Data #0 Register

Bit Attr | Reset Value Description
224 R0 Jox0o erd byte A
23:16 |[RO  |0x00 ‘;Z‘;—dr ‘:);tt’;’tGZ
s R0 Joxoo Rend Byt
A S e byt

DDR_PCTL_DTURD1
Address: Operational Base + offset (0x0228)
DTU Read Data #1 Register

Bit Attr | Reset Value Description
324 R0 Jox00 e by
23:16 |[RO  |0x00 S{:;—dr‘;;ft’;'tefi
58 [ro oo Rend byte
7:0  |[RO  |0x00 iliar‘;;tt’zm

DDR_PCTL_DTURD2
Address: Operational Base + offset (0x022c)
DTU Read Data #2 Register
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Bit Attr | Reset Value Description
31:24 |RO 0x00 dtu_rd_bytell
Read byte
23:16 |RO 0x00 dtu_rd_bytel0
Read byte
dtu_rd_byte9
15: R _rd_
>0 © 0x00 Read byte
dtu_rd_byte8
7: R _rd_
° © 0x00 Read byte

DDR_PCTL_DTURD3
Address: Operational Base + offset (0x0230)
DTU Read Data #3 Register

Bit Attr | Reset Value Description
31:24 |RO 0x00 dtu_rd_bytel5
Read byte
23:16 |RO 0x00 dtu_rd_bytel4
Read byte
dtu_rd_bytel3
15:8 RO 0x00 _ra_
) Read byte
dtu_rd_bytel2
7:0 RO 0x00 _ra_
) Read byte

DDR_PCTL_DTULFSRWD
Address: Operational Base + offset (0x0234)
DTU LFSR Seed for Write Data Generation Register

generation.

Bit Attr | Reset Value Description
dtu_Ifsr_wseed
This is the initial seed for the random write
31:0 RW 0x00000000 data generation LFSR (linear feedback shift

register), shared with the write mask

DDR_PCTL_DTULFSRRD
Address: Operational Base + offset (0x0238)
DTU LFSR Seed for Read Data Generation Register

| Bit

| Attr | Reset Value |

Description
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Bit Attr Reset Value Description
dtu_lIfsr_rseed
This is the initial seed for the random read
data generation LFSR (linear feedback shift
register), this is shared with the read mask
31:0 RW 0x00000000 generation. The read data mask is

reconstructed the same as the write data
mask was created, allowing the " on the fly
comparison" ignore bytes which were not
written.

DDR_PCTL_DTUEAF
Address: Operational Base + offset (0x023c)

DTU Error Address FIFO Register

Bit

Attr

Reset Value

Description

31:30

RO

0x0

ea_rank

Indicates the rank that the error occurred in
during random data generation. There could
be a number of entries in this FIFO. If FIFO is
empty one reads zeroes.

29

RO

0x0

reserved

28:13

RO

0x0000

ea_row
Indicates the row that the error occurred in
during random data generation. There could
be a number of entries in this FIFO. If FIFO is
empty one reads zeroes.

12:10

RO

0x0

ea_bank

Indicates the bank that the error occurred in
during random data generation. There could
be a number of entries in this FIFO. If FIFO is
empty one reads zeroes

9:0

RO

0x000

ea_column

Indicates the column address that the error
occurred in during random data generation.
There could be a number of entries in this
FIFO. If FIFO is empty one reads zeroes.

DDR_PCTL_DFITCTRLDELAY

Address: Operational Base + offset (0x0240)
DFI tctrl_delay Register

Bit

Attr

Reset Value

Description

31:4

RO

0x0

reserved
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Bit Attr | Reset Value Description
tctrl_delay
Specifies the number of DFI clock cycles after
an assertion or deassertion of the DFI control
signals that the control signals at the
3:0 RW 0x2 PHY-DRAM interface reflect the assertion or

de-assertion. If the DFI clock and the memory
clock are not phase-aligned, this timing
parameter should be rounded up to the next
integer value.

DDR_PCTL_DFIODTCFG
Address: Operational Base + offset (0x0244)
DFI ODT Configuration

Bit

Attr

Reset Value

Description

31:29

RO

0x0

reserved

28

RW

0x0

rank3_odt_default
Default ODT value of rank 3 when there is no
read/write activity

27

RW

0x0

rank3_odt_write_sel
Enable/disable ODT for rank 3 when a write
access is occurring on this rank

26

RW

0x0

rank3_odt_write_nse
Enable/disable ODT for rank 3 when a write
access is occurring on a different rank

25

RW

0x0

rank3_odt_read_sel
Enable/disable ODT for rank 3 when a read
access is occurring on this rank

24

RW

0x0

rank3_odt_read_nsel
Enable/disable ODT for rank 3 when a read
access is occurring on a different rank

23:21

RO

0x0

reserved

20

RW

0x0

rank2_odt_default
Default ODT value of rank 2 when there is no
read/write activity

19

RW

0x0

rank2_odt_write_sel
Enable/disable ODT for rank 2 when a write
access is occurring on this rank

18

RW

0x0

rank2_odt_write_nse
Enable/disable ODT for rank 2 when a write
access is occurring on a different rank
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Bit

Attr

Reset Value

Description

17

RW

0x0

rank2_odt_read_sel
Enable/disable ODT for rank 2 when a read
access is occurring on this rank

16

RW

0x0

rank2_odt_read_nsel
Enable/disable ODT for rank 2 when a read
access is occurring on a different rank

15:13

RO

0x0

reserved

12

RW

0x0

rankl_ odt_default
Default ODT value of rank 1 when there is no
read/write activity

11

RW

0x0

rankl_odt_write_sel
Enable/disable ODT for rank 1 when a write
access is occurring on this rank

10

RW

0x0

rankl_ odt_write_nse
Enable/disable ODT for rank 1 when a write
access is occurring on a different rank

RW

0x0

rankl_odt_read_sel
Enable/disable ODT for rank 1 when a read
access is occurring on this rank

RW

0x0

rankl_odt_read_nsel
Enable/disable ODT for rank 1 when a read
access is occurring on a different rank

7:5

RO

0x0

reserved

RW

0x0

rankO_odt_default
Default ODT value of rank 0 when there is no
read/write activity

RW

0x0

rank0_odt_write_sel
Enable/disable ODT for rank O when a write
access is occurring on this rank

RW

0x0

rankO_odt_write_nse
Enable/disable ODT for rank O when a write
access is occurring on a different rank

RW

0x0

rank0_odt_read_sel
Enable/disable ODT for rank 0 when a read
access is occurring on this rank

RW

0x0

rankO_odt_read_nsel
Enable/disable ODT for rank 0 when a read
access is occurring on a different rank

DDR_PCTL_DFIODTCFG1
Address: Operational Base + offset (0x0248)
DFI ODT Timing Configuration 1 (for Latency and Length)

High Performance and Low-power Processor for Digital Media Application 443




Raocksl? RK3188 Technical Reference Manual Rev 1.3
Bit Attr | Reset Value Description

31:27 |RO 0x0 reserved
ODT length for BL8 read transfers
Length of dfi_odt signal for BL8 reads. This is

26:24 [(RW 0x6 in terms of SDR cycles. For BL4 reads, the
length of dfi_odt is always 2 cycles shorter
than the value in this register field.

23:19 |RO 0x0 reserved
ODT length for BL8 write transfers
Length of dfi_odt signal for BL8 writes. This is

) in terms of SDR cycles.

18:16 |RW 0x6 For BL4 writes, the length of dfi_odt is always
2 cycles shorter than the value in this register
field.

15:13 (RO 0x0 reserved
ODT latency for reads

12:8 RW 0x00 Latency after a read command that dfi_odt is
set. This is in terms of SDR cycles.

7:5 RO 0x0 reserved
ODT latency for writes

4:0 RW 0x00 Latency after a write command that dfi_odt is
set. This is in terms of SDR cycles

DDR_PCTL_DFIODTRANKMAP
Address: Operational Base + offset (0x024c)
DFI ODT Rank Mapping

Bit

Attr

Reset Value

Description

31:16

RO

0x0

reserved

15:12

RW

0x8

Rank mapping for dfi_odt[3]

Determines whether dfi_odt[3] should be
asserted when the PCTLrequires to terminate
each rank

Bit 15 = 1: dfi_odt[3] will be asserted to
terminate rank 3

Bit 14 = 1: dfi_odt[3] will be asserted to
terminate rank 2

Bit 13 = 1: dfi_odt[3] will be asserted to
terminate rank 1

Bit 12 = 1: dfi_odt[3] will be asserted to
terminate rank 0

This field exists only if PCTL_M_NRANKS = 4
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Bit

Attr

Reset Value

Description

11:8

RW

0x4

Rank mapping for dfi_odt[2]

Determines which rank access(es) will cause
dfi_odt[2] to be asserted

Bit 11 = 1: dfi_odt[2] will be asserted to
terminate rank 3

Bit 10 = 1: dfi_odt[2] will be asserted to
terminate rank 2

Bit 9 = 1: dfi_odt[2] will be asserted to
terminate rank 1

Bit 8 = 1: dfi_odt[2] will be asserted to
terminate rank O

This field exists only if PCTL_M_NRANKS = 4

7:4

RW

0x2

Rank mapping for dfi_odt[1]

Determines which rank access(es) will cause
dfi_odt[1] to be asserted

Bit 7= 1: dfi_odt[1] will be asserted to
terminate rank 3

Bit 6= 1: dfi_odt[1] will be asserted to
terminate rank 2

Bit 5= 1: dfi_odt[1] will be asserted to
terminate rank 1

Bit 4= 1: dfi_odt[1] will be asserted to
terminate rank 0

This field exists only if PCTL_M_NRANKS >

3:0

RW

Ox1

Rank mapping for dfi_odt[0]
Determines which rank access(es) will cause
dfi_odt[0] to be asserted

Bit 3= 1: dfi_odt[0] will be asserted to
terminate rank 3

Bit 2= 1: dfi_odt[0] will be asserted to
terminate rank 2

Bit 1= 1: dfi_odt[0] will be asserted to
terminate rank 1

Bit 0= 1: dfi_odt[0] will be asserted to
terminate rank 0

DDR_PCTL_DFITPHYWRDATA
Address: Operational Base + offset (0x0250)
DFI tphy_wrdata Register

Bit

Attr

Reset Value

Description

31:6

RO

0x0

reserved
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Bit Attr | Reset Value Description
tphy_wrdata
Specifies the number of DFI clock cycles
between when the dfi_wrdata_en signal is
5.0 RW 0x01 asserted to when the associated write data is

driven on the dfi_wrdata signal. This has no
impact on performance, only adjusts the
relative time between enable and data
transfer.

DDR_PCTL_DFITPHYWRLAT

Address: Operational Base + offset (0x0254)
DFI tphy_wrlat Register

Bit Attr | Reset Value Description
31:6 RO 0x0 reserved
tphy_wrlat
Specifies the number of DFI clock cycles
5:0 RW 0x01 between when a write command is sent on the

DFI control interface and when the
dfi_wrdata_en signal is asserted.

DDR_PCTL_DFITRDDATAEN
Address: Operational Base + offset (0x0260)
DFI trddata_en Register

Bit Attr | Reset Value Description
31:6 |RO 0x0 reserved
trddata_en
ifies th f DFI clock cycles f
5:0 RW 0x01 Specifies the number o clock cycles from

the assertion of a read command on the DFI to
the assertion of the dfi_rddata_en signal.

DDR_PCTL_DFITPHYRDLAT
Address: Operational Base + offset (0x0264)
DFI tphy_rdlat Register

Bit Attr | Reset Value Description
31:6 RO 0x0 reserved
tphy_rdlat
Specifies the maximum number of DFI clock
5:0 RW 0xO0f cycles allowed from the assertion of the

dfi_rddata_en signal to the assertion of the
dfi_rddata_valid signal.

DDR_PCTL_DFITPHYUPDTYPEO
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Address: Operational Base + offset (0x0270)
DFI tphyupd_type0Q Register

Bit Attr | Reset Value Description

31:12 |RO 0x0 reserved

tphyupd_typeO

Specifies the maximum number of DFI clock
cycles that the dfi_phyupd_req signal may
remain asserted after the assertion of the
dfi_phyupd_ack signal for dfi_phyupd_type =
0x0. The dfi_phyupd_req signal may de-assert
at any cycle after the assertion of the
dfi_phyupd_ack signal.

11:0 RW 0x010

DDR_PCTL_DFITPHYUPDTYPE1
Address: Operational Base + offset (0x0274)
DFI tphyupd_typel Register

Bit Attr | Reset Value Description

31:12 |RO 0x0 reserved

tphyupd_typel

Specifies the maximum number of DFI clock
cycles that the dfi_phyupd_req signal may
remain asserted after the assertion of the
dfi_phyupd_ack signal for dfi_phyupd_type =
0x1. The dfi_phyupd_req signal may de-assert
at any cycle after the assertion of the
dfi_phyupd_ack signal.

11:0 RW 0x010

DDR_PCTL_DFITPHYUPDTYPE2
Address: Operational Base + offset (0x0278)
DFI tphyupd_type2 Register

Bit Attr | Reset Value Description

31:12 |RO 0x0 reserved

tphyupd_type2

Specifies the maximum number of DFI clock
cycles that the dfi_phyupd_req signal may
remain asserted after the assertion of the
dfi_phyupd_ack signal for dfi_phyupd_type =
0x2. The dfi_phyupd_req signal may de-assert
at any cycle after the assertion of the
dfi_phyupd_ack signal.

11:0 RW 0x010

DDR_PCTL_DFITPHYUPDTYPE3
Address: Operational Base + offset (0x027¢c)
DFI tphyupd_type3 Register
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Bit Attr | Reset Value Description
31:12 (RO 0x0 reserved
tphyupd_type3
Specifies the maximum number of DFI clock
cycles that the dfi_phyupd_req signal may
11:0 RW 0x010 remain asserted after the assertion of the

dfi_phyupd_ack signal for dfi_phyupd_type =
0x3. The dfi_phyupd_req signal may de-assert
at any cycle after the assertion of the
dfi_phyupd_ack signal.

DDR_PCTL_DFITCTRLUPDMIN
Address: Operational Base + offset (0x0280)
DFI tctrlupd_min Register

Bit Attr | Reset Value Description
31:16 |RO 0x0 reserved
tctrlupd_min
15:0 RW 0x0010 Specifies the minimum number of DFI clock

cycles that the dfi_ctrlupd_req signal must be
asserted.

DDR_PCTL_DFITCTRLUPDMAX
Address: Operational Base + offset (0x0284)
DFI tctrlupd_max Register

Bit Attr | Reset Value Description
31:16 (RO 0x0 reserved
tctrlupd_max
ifi h i f DFI clock
15:0 RW 00040 Specifies the maximum number o cloc

cycles that the dfi_ctrlupd_req signal can

assert.

DDR_PCTL_DFITCTRLUPDDLY
Address: Operational Base + offset (0x0288)
DFI tctrlupddly Register

Bit Attr | Reset Value Description
31:4 RO 0x0 reserved
tctriupd_dly
Delay in DFI clock cycles between time a
3:0 RW 0x8 PCTL-initiated update could be started and

time PCTL-initated update actually starts
(dfi_ctrlupd_req going high).

DDR_PCTL_DFIUPDCFG
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Address: Operational Base + offset (0x0290)
DFI Update Configuration Register

Bit

Attr | Reset Value Description

31:2 RO 0x0 reserved

dfi_phyupd_en

1'b0 = Disabled
1'bl = Enabled

Enables the support for acknowledging
1 RW 0x1 PHY-initiated updates:

dfi_ctrlupd_en

1'b0 = Disabled
1'bl = Enabled

Enables the generation of PCTL-initiated
0 RW 0x1 updates:

DDR_PCTL_DFITREFMSKI
Address: Operational Base + offset (0x0294)
DFI Masked Refresh Interval

Bit

Attr | Reset Value Description

31:8 RO 0x0 reserved

7:0 RW 0x00

trefmski

clock period.

Time period of the masked Refresh interva
This value is only used if TREFI==0.

Defines the time period (in 100ns units) of the
masked Refresh (REFMSK) interval.

The actual time period defined is
DFITREFMSKI* TOGCNT100N * internal timers

DDR_PCTL_DFITCTRLUPDI
Address: Operational Base + offset (0x0298)
DFI tctrlupd_interval Register

| Bit | Attr | Reset Value | Description

High Performance and Low-power Processor for Digital Media Application

449




Rackchip

B AN T

RK3188 Technical Reference Manual Rev 1.3

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

tctrlupd_interval

DFI PCTL-initiated updates interval, measured
in terms of Refresh interval units.

If TREFI!=0, the time period is defined as
DFITCTRLUPDI*TREFI * TOGCNT100N *
internal timers clock period.

If TREFI==0 and DFITREFMSKI!=0, the period
changes to DFITCTRLUPDI*DFITREFMSKI* *
TOGCNT100N * internal timers clock period.
Programming a value of 0 is the same as
programming a value of 1; for instance, a
PCTL-initiated update occurs every Refresh
interval.

DDR_PCTL_DFITRCFGO
Address: Operational Base + offset (0x02ac)
DFI Training Configuration 0 Register

Bit

Attr

Reset Value

Description

31:20

RO

0x0

reserved

19:16

RW

0x0

dfi_wrlvl_rank_sel

Determines the value to drive on the output
signal dfi_wrlvl_cs_n.

The value on dfi_wrlvl_cs_n is the inverse of
the setting in this field.

15:13

RO

0x0

reserved

12:4

RW

0x000

dfi_rdlvl_edge

Determines the value to drive on the output
signal dfi_rdlvl_edge.

The value on dfi_rdlvi_edge is the same as the
setting in this field.

3:0

RW

0x0

dfi_rdlvl_rank_sel

Determines the value to drive on the output
signal dfi_rdlvl_cs_n.

The value on dfi_rdlvl _cs_n is the inverse of

the setting in this field.

DDR_PCTL_DFITRSTATO
Address: Operational Base + offset (0x02b0)
DFI Training Status 0 Register

Bit

Attr

Reset Value

Description

31:18

RO

0x0

reserved
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Bit Attr | Reset Value Description
dfi_wrlvl_mode
17:16 |RO 0x0 Reports the value of the input signal
dfi_wrlvl_mode.
15:10 |RO 0x0 reserved
dfi_rdlvl_gate_mode
9:8 RO 0x0 Reports the value of the input signal
dfi_rdlvl_gate_mode.
7:2 RO 0x0 reserved
dfi_rdlvl_mode
1:0 RO 0x0 Reports the value of the input signal
dfi_rdlvl_mode.
DDR_PCTL_DFITRWRLVLEN
Address: Operational Base + offset (0x02b4)
DFI Training dfi_wrlvl_en Register
Bit Attr | Reset Value Description
31:9 RO 0x0 reserved
dfi_wrlvl_en
8:0 RW 0x000 Determines the value to drive on the output
signal dfi_wrlvl_en.
DDR_PCTL_DFITRRDLVLEN
Address: Operational Base + offset (0x02b8)
DFI Training dfi_rdlvl_en Register
Bit Attr | Reset Value Description
31:9 RO 0x0 reserved
dfi_rdlvl_en
8:0 RW 0x000 Determines the value to drive on the output
signal dfi_rdlvl_en.
DDR_PCTL_DFITRRDLVLGATEEN
Address: Operational Base + offset (0x02bc)
DFI Training dfi_rdlvl_gate_en Register
Bit Attr | Reset Value Description
31:9 RO 0x0 reserved
dfi_rdlvl_gate_en
8:0 RW 0x000 Determines the value to drive on the output
signal dfi_rdlvl_gate_en.
DDR_PCTL_DFISTSTATO
Address: Operational Base + offset (0x02c0)
DFI Status Status 0 Register
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Bit Attr | Reset Value Description

31:25 (RO 0x0 reserved
dfi_data_byte_disable

24:16 |RO 0x000 Reports the value of the output signal
dfi_data_byte_disable.

15:6 RO 0x0 reserved
dfi_freq_ratio

5:4 RO 0x0 Reports the value of the output signal
dfi_freq_ratio.

3:2 RO 0x0 reserved
dfi_init_start

1 RO 0x0 Reports the value of the output signal
dfi_init_start.
dfi_init_complete

0 RO 0x0 Reports the value of the input signal
dfi_init_complete.

DDR_PCTL_DFISTCFGO
Address: Operational Base + offset (0x02c4)
DFI Status Configuration 0 Register

Bit

Attr

Reset Value

Description

31:3

RO

0x0

reserved

RW

0x0

dfi_data_byte_disable_en

Enables the driving of the
dfi_data_byte_disable signal. The value driven
on dfi_data_byte_disable is dependent on the
setting of PPCFG register.

1'b0 - Drive dfi_data_byte_disable to default
value of all zeroes.

1'b1 - Drive dfi_data_byte_disable according to
value as defined by PPCFG register setting.
Note: should be set to 1only after PPCFG is
correctly set.
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Bit

Attr

Reset Value

Description

RW

0x0

dfi_freq_ratio_en

Enables the driving of the dfi_freq_ratio signal.
When enabled, the dfi_freq_ratio value driven
is dependent on configuration parameter
PCTL_FREQ_RATIO: 2’b00 is driven when
PCTL_FREQ_RATIO=1; 2'b01 is driven when
PCTL_FREQ_RATIO=2.

1'b0 - Drive dfi_freq_ratio to default value of
2'b00.

1'b1 - Drive dfi_freqg_ratio value according to
how configuration parameter is set.

RW

0x0

dfi_init_start

Sets the value of the dfi_init_start signal.
1'b0 - dfi_init_start is driven low

1'b1 - dfi__init_start is driven high

DDR_PCTL_DFISTCFG1
Address: Operational Base + offset (0x02c8)
DFI Status Configuration 1 Register

Bit

Attr

Reset Value

Description

31:2

RO

0x0

reserved

RW

0x0

dfi_dram_clk_disable_en_dpd

Enables support of the dfi_dram_clk_disable
signal with Deep Power Down (DPD). DPD is
only for mDDR/LPDDR2.

1'b0 - Disable dfi_dram_clk_disable support in
relation to DPD

1'b1 - Enable dfi_dram_clk_disable support in
relation to DPD

RW

0x0

dfi_dram_clk_disable_en

Enables support of the dfi_dram_clk_disable
signal with Self Refresh (SR).

1'b0 - Disable dfi_dram_clk_disable support in
relation to SR

1'b1 - Enable dfi_dram_clk_disable support in
relation to SR

DDR_PCTL_DFITDRAMCLKEN
Address: Operational Base + offset (0x02d0)

DFI tdram_clk_enable Register

Bit

Attr

Reset Value

Description

31:4

RO

0x0

reserved
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Bit Attr | Reset Value Description

tdram_clk_enable

Specifies the number of DFI clock cycles from
the de-assertion of the dfi_dram_clk_disable
signal on the DFI until the first valid rising edge
3:0 RW 0x2 of the clock to the DRAM memory devices, at
the PHY-DRAM boundary. If the DFI clock and
the memory clock are not phasealigned, this
timing parameter should be rounded up to the
next integer value.

DDR_PCTL_DFITDRAMCLKDIS
Address: Operational Base + offset (0x02d4)
DFI tdram_clk_disable Register

Bit Attr | Reset Value Description

31:4 RO 0x0 reserved

tdram_clk_disable

Specifies the number of DFI clock cycles from
the assertion of the dfi_dram_clk_disable
signal on the DFI until the clock to the DRAM
3:0 RW 0x2 memory devices, at the PHY-DRAM boundary,
maintains a low value. If the DFI clock and the
memory clock are not phasealignhed, this
timing parameter should be rounded up to the
next integer value.

DDR_PCTL_DFISTCFG2
Address: Operational Base + offset (0x02d8)
DFI Status Configuration 2 Register

Bit Attr | Reset Value Description
31:2 RO 0x0 reserved
parity_en
Enables the DFI parity generation feature
1 RW 0x0 (driven on output signal dfi_parity_in)

1'b0 - Disable DFI parity generation
1'b1 - Enable DFI parity generation

parity_intr_en

Enable interrupt generation for DFI parity error
0 RW 0x0 (from input signal dfi_parity_error).

1'b0 - Disable interrupt

1'b1 - Enable interrupt

DDR_PCTL_DFISTPARCLR
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Address: Operational Base + offset (0x02dc)

DFI Status Parity Clear Register

Bit

Attr

Reset Value

Description

31:2

RO

0x0

reserved

R/WSC

0x0

parity_log_clr

Set this bit to 1'b1 to clear the DFI Status Parity
Log register (DFISTPARLOG).

1'b0 = Do not clear DFI status Parity Log
register

1'b1l = Clear DFI status Parity Log register

R/WSC

0x0

parity_intr_clr

Set this bit to 1'b1 to clear the interrupt
generated by an DFI parity error (as enabled
by DFISTCFG2.parity_intr_en). It also clears
the INTRSTAT.parity_intr register field. It is
automatically cleared by hardware when the
interrupt has been cleared.

DDR_PCTL_DFISTPARLOG
Address: Operational Base + offset (0x02e0)
DFI Status Parity Log Register

Bit Attr Reset Value Description
parity_err_cnt
31:0 RO 0x00000000 Increments any time the DFI parity logic
detects a parity error(s) (on dfi_parity_error).

DDR_PCTL_DFILPCFGO
Address: Operational Base + offset (0x02f0)
DFI Low Power Configuration 0 Register

| Bit | Attr |Reset Value|

Description
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Bit

Attr

Reset Value

Description

31:28

RW

0x0

dfi_lp_wakeup_dpd

Value to drive on dfi_Ip_wakeup signal when
Deep Power Down mode is entered.
Determines the DFI's tlp_wakeup time:
4'b0000 - 16 cycles

4'b0001 - 32 cycles

4'b0010 - 64 cycles

4'b0011 - 128 cycles

4'b0100 - 256 cycles

4'b0101 - 512 cycles

4'b0110 - 1024 cycles

4'b0111 - 2048 cycles

4'b1000 - 4096 cycles

4'b1001 - 8192 cycles

4'b1010 - 16384 cycles

4'b1011 - 32768 cycles

4'b1100 - 65536 cycles

4'b1101 - 131072 cycles

4'b1110 - 262144 cycles

4'b1111 - Unlimited

27:25

RO

0x0

reserved

24

RW

0x0

dfi_lp_en_dpd

Enables DFI Low Power interface handshaking
during Deep Power Down Entry/Exit.

1'b0 - Disabled

1'b1 - Enabled

23:20

RO

0x0

reserved

19:16

RW

Ox7

dfi_tlp_resp

Setting for tlp_resp time.

Same value is used for both Power Down and
Self refresh and Deep Power Down modes.
DFI 2.1 specification, recommends using value
of 7 always.
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Bit

Attr

Reset Value

Description

15:12

RW

0x0

dfi_Ip_wakeup_sr

Value to drive on dfi_Ip_wakeup signal when
Self Refresh mode is entered.
Determines the DFI's tlp_wakeup time:
4'b0000 - 16 cycles

4'b0001 - 32 cycles

4'b0010 - 64 cycles

4'b0011 - 128 cycles

4'b0100 - 256 cycles

4'b0101 - 512 cycles

4'b0110 - 1024 cycles

4'b0111 - 2048 cycles

4'b1000 - 4096 cycles

4'b1001 - 8192 cycles

4'b1010 - 16384 cycles

4'b1011 - 32768 cycles

4'b1100 - 65536 cycles

4'b1101 - 131072 cycles

4'b1110 - 262144 cycles

4'b1111 - Unlimited

11:9

RO

0x0

reserved

RW

0x0

dfi_lp_en_sr

Enables DFI Low Power interface handshaking
during Self Refresh Entry/Exit.

1'b0 - Disabled

1'b1 - Enabled
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Bit

Attr

Reset Value

Description

7:4

RW

0x0

dfi_lp_wakeup_pd

Value to drive on dfi_Ip_wakeup signal when
Power Down mode is entered.
Determines the DFI's tlp_wakeup time:
4'b0000 - 16 cycles

4'b0001 - 32 cycles

4'b0010 - 64 cycles

4'b0011 - 128 cycles

4'b0100 - 256 cycles

4'b0101 - 512 cycles

4'b0110 - 1024 cycles

4'b0111 - 2048 cycles

4'b1000 - 4096 cycles

4'b1001 - 8192 cycles

4'b1010 - 16384 cycles

4'b1011 - 32768 cycles

4'b1100 - 65536 cycles

4'b1101 - 131072 cycles

4'b1110 - 262144 cycles

4'b1111 - Unlimited

3:1

RO

0x0

reserved

RW

0x0

dfi_lp_en_pd

Enables DFI Low Power interface handshaking
during Power Down Entry/Exit.

1'b0 - Disabled

1'b1 - Enabled

DDR_PCTL_DFITRWRLVLRESPO
Address: Operational 