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1 About This Document

1.1 Purpose and Scope

This document describes the features, logical structures, functions, operating modes, and related registers of
each module about D1. For details about the interface timings and related parameters, the pins, pin usages,

performance parameters, and package dimension, please refer to the D1_Datasheet.

1.2 Intended Audience

The document is intended for:
e  Design and maintenance personnel for electronics

e  Programmers in writing code or modifying the Allwinner provided code

1.3 Symbol Conventions

1.3.1 Symbol Conventions

The symbols that may be found in this document are defined as follows.

Symbol Description
A Indicates potential risk of injury or death exists if the instructions are not obeyed.
WARNING
ﬁ Indicates potential risk of equipment damage, data loss, performance degradation,
CAUTION or unexpected results exists if the instructions are not obeyed.
Provides additional information to emphasize or supplement important points of
.| NOTE ;
the main text.

1.3.2 Table Content Conventions

The table content conventions that may be found in this document are defined as follows.

Symbol Description

/ The cell is blank.

1.3.3 Reset Value Conventions

In the register definition tables:
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1.3.5

If other column value in a bit or multiple bits row is “/”, that this bit or these multiple bits are unused.

If the default value of a bit or multiple bits is “UDF”, that the default value is undefined.

Register Attributes

The register attributes that may be found in this document are defined as follows.

Symbol Description

R Read Only

R/W Read/Write

R/WAC Read/Write-Automatic-Clear, clear the bit automatically when the operation of
complete. Writing 0 has no effect

R/WC Read/Write-Clear

R/WOC Read/Write O to Clear. Writing 1 has no effect

R/W1C Read/Write 1 to Clear. Writing 0 has no effect

R/W1S Read/Write 1 to Set. Writing 0 has no effect

w Write Only

Numerical System

The expressions of data capacity, frequency, and data rate are described as follows.

Type Symbol Value
1K 1024
Data capacity 1M 1,048,576
1G 1,073,741,824
1k 1000
Frequency, data rate 1M 1,000,000
1G 1,000,000,000

The expressions of addresses and data are described as follows.

Symbol Example Description

(0)' 0x0200, 0x79 Address or data in hexadecimal

0b 0b010, 0b00 000 111 Data or sequence in binary (register description is excluded.)
In data expression, X indicates O or 1.

X 00X, XX1 For example, 00X indicates 000 or 001 and XX1 indicates 001,
011,101 or 111.

Copyright©Allwinner Technology Co.,Ltd. All Rights Reserved.




@LWINVER“ ) )
Confidential

2

Contents
ProdUCT DESCIIPLION «.eeiieieiiieeiieeette ettt ettt ettt et ettt e s ate e s beesbeesbbesbteesabeesaseesnseesnseeensdEednbeesasatensseessseesnseenseenns 4
A R O Y =T T PP 4
A A == Y U1 = PP 4
22,1 CPU ArCRItECIUIE .ttt ettt b e et e b et eabe st e et e et e e beesbeenbeenbeesbeenbeenbeenseenseenreens 4
2.2.2 DSP AICHITECTUIE ..ottt et e Ee et e et e s st ekt e bt et e et e et e e be e beesbeenbeenbeesbeenbeenbeesbeenseenbeens 4
2.2.3  MEMOTY SUDSYSTEM 1..eiiiiiieiiie ettt sttt e rtte et e e s tee s taeetteesateessbeessbeeesseeesaseesssaesseeessseessbeesnsaesseeessseas 4
2.2.4  VIAEO ENGINE cneiiiiiis et et eite ettt st e et ettt et e e st e st e e e abe e s ateesabeesabeesaseeesbeessbeesaseeeseeesbeesntaeesaeesaseas 6
D TV To 1Yo =T o Lo W G - ] Y (o1 TP UPU PP 6
2.2.6  VIAEO OULPUL ... it eeieiaieeeteeeiee ettt esteesteesteeestteesateessteessaeessseessseessseesnseeenssessnseesnsddantessnsnasnsstannsesssseeessses 8
2.2.7  VIAEO INPUL . teiiiieiiie ettt ettt ettt st e te e s te e sbaeeateessteesaseesnseesnanaessnaanddeannteenssaanbeeesnbnesrseeesseas 9
2.2.8  SYSLEM PeIIPNEIAIS. ... it iieeieeeiee ettt ettt te e saee e daba e St s ebae e s kbe e e e e sabedanbae s aeeesabeesnbaeenteeentes 10
2.2.9  AUIO INTEIFACES . e ittt ettt eit et et e et sbe e ke et et e et e eateenbeeabeenbeenbeeabeenbeenbeenbeenee 13
B L BT Tol O 4 | VAV £] A= o O S TN S N S B O PO PP PO P PP PP PP PPPPPPPPPPP 15
W B W 4= o = I =TT o) 1= | SRR 16
2.2.02 LEDC ..ottt ettt e bbb h e h e bR s h e a e r e s ae b r e s bt e nrenne 22
N B o T - Y=< SO SRS 23
P R 1 (oY [ DI T = - o o [P S SRR 23

Copyright©Allwinner Technology Co.,Ltd. All Rights Reserved. 3



@LWINVER“ ) )
Confidential

2

2.1

2.2

2.2.1

2.2.2

2.2.3

2.23.1

Product Description

Overview

D1 is an advanced application processor designed for RISC-V Multi-Media decoding platform. It integrates a 64-
bit XuanTie C906 RISC-V CPU and a HiFi4 DSP to provide the high-efficient computing power. D1 supports full
format decoding such as H.265, H.264, MPEG-1/2/4, JPEG, VC1, and so on. The independent encoder can
encode in JPEG or MJPEG. Integrated multi ADCs/DACs and 12S/PCM/DMIC/OWA audio interfaces can work
seamlessly with the CPU to accelerate multimedia algorithms and improve the user experience. D1 supports
RGB/LVDS/MIPI DSI/HDMI/CVBS OUT display output interfaces to meet the requirements of the different
screen display. D1 comes with extensive connectivity and interfaces, such as USB, SDIO, EMAC, TWI, UART, SPI,
PWM, GPADC, LRADC, TPADC, IR TX&RX, and so on. Besides, D1 can connect with other different peripherals
like WiFi and BT via SDIO-and UART.

Features

CPU Architecture
° XuanTie C906 RISC-V CPU

e 32 KB I-cache + 32 KB D-cache

DSP Architecture
° HiFi4
e 32 KB L1 I-cache and 32 KB L1 D-cache

e 64 KBIl-ram and 64 KB D-ram

Memory SubSystem

Boot ROM (BROM)

e  On-chip memory

e  Supports system boot from the following devices:

Copyright©Allwinner Technology Co.,Ltd. All Rights Reserved. 4
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- SDcard
- eMMC
- SPINOR Flash
- SPI NAND Flash
e  Supports mandatory upgrade process through USB and SD card

e  Supports GPIO pin and eFuse module to select the boot media type

2.2.3.2 SDRAM

e  Supports DDR2/DDR3 SDRAM
e  Maximum capacity up to 2 GB
e  Supports clock frequency up to 533 MHz for DDR2

o  Supportsclock frequency up to 800 MHz for DDR3

2.2.3.3 SMHC

Three SD/MMC host controller (SMHC) interfaces

e  The SMHCO controls the devices that comply with the protocol Secure Digital Memory (SD mem-version
3.0)

e The SMHCI1 controls the device that complies with the protocol Secure Digital 1/O (SDIO-version 3.0)
e The SMHC2 controls the device that complies with the protocol Multimedia Card (eMMC-version 5.0)
e  Maximum performance:
- SDR mode 150 MHz@1.8 V IO pad
- DDR mode 100 MHz@1.8 V |10 pad
- DDR mode 50 MHz@3.3 V IO pad
e  Supports 1-bit or 4-bit data width
e  Supports block size of 1 to 65535 bytes
e Internal 1024-Bytes RX FIFO and 1024-Bytes TX FIFO
e  Supports card insertion and removal interrupt

e  Supports hardware CRC generation and error detection

Copyright©Allwinner Technology Co.,Ltd. All Rights Reserved. 5


mailto:50Mhz@3.3V
mailto:50Mhz@3.3V

@LWINVER“ ) )
Confidential

e  Supports descriptor-based internal DMA controller

2.2.4 Video Engine

e Video decoding

H.265 MP@L5.0 up to 4K@30fps or 1080p@60fps
- H.264 BP/MP/HP@L5.0 up to 4K@24fps or 1080p@60fps
- H.263 BP up to 1080p@60fps
- MPEG-4 SP/ASP L5 up to 1080p@60fps
- MPEG-2 MP/HL up to 1080p@60fps
- MPEG-1 MP/HL up to 1080p@60fps
- Xvid up to 1080p@60fps
- Sorenson Spark up to 1080p@60fps
- WMV9/VC-1 SP/MP/AP up to 1080p@60fps
- MIJPEG up to 1080p@30fps
e Video encoding
- JPEG/MIPEG up to 1080p@60fps

- Supports input picture scaler up/down

2.2.5 Video and Graphics

2.2.5.1 Display Engine (DE)

Output size up to 2048 x 2048

e  Supportstwo alpha blending channels for main display and one channel for aux display
e  Supports four overlay layers in each channel, and has an independent scaler

e  Supports potter-duff compatible blending operation

e  Supports LBC buffer decoder

e  Supports dither output to TCON

e Supports input format Semi-planar YUV422/YUV420/YUV411 and Planar YUV422/YUV420/YUV411,
ARGB8888/XRGB8888/RGB888/ARGB4444/ARGB1555/RGB565/palette

e  Supports SmartColor2.0 for excellent display experience
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2.2.5.2

2.2.5.3

- Adaptive detail/edge enhancement
- Adaptive color enhancement
- Adaptive contrast enhancement and fresh tone rectify

Supports write back for aux display

De-interlacer (DI)

Supports YUV420 (Planar/NV12/NV21) and YUV422 (Planar/NV16/NV61) data format
Support video resolution from 32x32 to 2048x1280 pixel
Support Inter-field interpolation/motion adaptive de-interlace method

Performance: module clock 600M for 1080p@60Hz YUV420

Graphic 2D (G2D)

Supports layer size up to 2048 x 2048 pixels
Supports pre-multiply alpha image data
Supports color key

Supports two pipes Porter-Duff alpha blending

Supports multiple video formats 4:2:0, 4:2:2, 4:1:1 and multiple pixel formats (8/16/24/32 bits graphics

layer)

Supports memory scan order option

Supports any format convert function

Supports 1/16x to 32x resize ratio

Supports 32-phase 8-tap horizontal anti-alias filter and 32-phase 4-tap vertical anti-alias filter
Supports window clip

Supports FillRectangle, BitBlit, StretchBlit and MaskBlit

Supports horizontal and vertical flip, clockwise 0/90/180/270 degree rotate for normal buffer

Supports horizontal flip, clockwise 0/90/270 degree rotate for LBC buffer
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2.2.6

2.2.6.1

2.2.6.2

2.2.6.3

Video Output

RGB and LVDS LCD

Supports RGB interface with DE/SYNC mode, up to 1920 x 1080@60fps
Supports serial RGB/dummy RGB interface, up to 800 x 480@60fps
Supports LVDS interface with dual link, up to 1920 x 1080@60fps
Supports LVDS interface with single link, up to 1366 x 768@60fps
Supports i8080 interface, up to 800 x 480@60fps

Supports BT656 interface for NTSC and PAL

RGB888, RGB666 and RGB565 with dither function

Gamma correction with R/G/B channel independence

MIPI DSI

Compliance with MIPI DSI v1.01

Supports 4-lane MIPI-DSI, up to 1280 x 720@60fps and 1920 x 1200@60fps resolution
Supports non-burst mode with sync pulse/sync event, burst mode and command mode
Supports pixel format: RGB888, RGB666, RGB666 loosely packed and RGB565

Supports continuous and non-continuous lane clock modes

Supports bidirectional communication of all generic commands in LP through data lane 0
Supports low power data transmission

Supports ULPS and escape modes

Hardware checksum capabilities

HDMI

Compatible with HDMI 2.0
Supports DDC and SCDC
Integrated CEC hardware engine

Optional color space converter (CSC): RGB (4:4:4) to/from YCbCr (4:4:4 or 4:2:2)
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e  Video formats:
- All CEA-861-E video formats up to 1080p at 60 Hz and 720p/1080i at 120 Hz
- Optional HDMI 1.4b video formats
»  All CEA-861-E video formats up to 1080p at 120 Hz
» HDMI 1.4b 4K x 2K video formats
» HDMI 1.4b 3D video modes with up to 340 MHz (TMDS clock)
- Optional HDMI 2.0 video formats

>  All CEA-861-F video formats

» Dynamic Range and Mastering InfoFrame (DRM, packet header 0x87)

e  Audio formats:
- Uncompressed audio formats: IEC60985 L-PCM audio 'samples, up to 192 kHz

- Compressed audio formats: IEC61937 compressed audio, up to 1536 kHz (for HDMI 2.0b)/768 kHz

(for HDMI 1.4b)

2.2.6.4 CVBS OUT

e 1-channel CVBS output

Supports NTSC and PAL format

Plug status auto detecting

10 bits DAC output

2.2.7 Video Input

2.2.7.1 Parallel CSI

e  Supports 8-bit digital camera interface (RAWS8/YUV422/YUV420)
e  Supports BT656, BT601 interface (YUV422)

e  Supports ITU-R BT.656 time-multiplexed format up to 2*1080p@30fps in DDR sample mode
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2.2.7.2

2.2.8

2.2.8.1

2.2.8.2

e  Maximum pixel clock of 148.5 MHz
e  Supports de-interlacing for interlace video input
e  Supports conversion from YUV422 to YUV420, YUV422 to YUV400, YUV420 to YUV400

e  Supports horizontal and vertical flip

CVBS IN

e  2-channel CVBS input and 1-channel CVBS decoder
o  Supports NTSC and PAL format

e  Supports YUV422/YUV420 format

e  With 1 channel 3D comb filter

e Detection for signal locked and 625 lines

e  Programmable brightness, contrast, and saturation

e  10-bit video ADCs

System Peripherals

Timer

e The timer module implements the timing and counting functions, which includes timer0Q, timerl,

watchdog, and audio video synchronization (AVS)
e  The timerQ/timerl is a 32-bit down counter. The timer0 and timer1 are completely consistent

e The watchdog is used to transmit a reset signal to reset the entire system when an exception occurs in

the system

e The AVS is used to synchronize the audio and video. The AVS sub-block includes AVSO and AVS1, which

are completely consistent

High Speed Timer (HSTimer)

e The HSTimer module consists of HSTimer0 and HSTimerl. HSTimerO and HSTimerl are down counters that

implement timing and counting functions. They are completely consistent.

e  Configurable 56-bit down timer
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2.2.8.3

2.2.84

e  Supports 5 prescale factors
e The clock source is synchronized with AHBO clock, much more accurate than other timers
e  Supports 2 working modes: periodic mode and single counting mode

e Generates an interrupt when the count is decreased to 0

Platform-Level Interrupt Controller (PLIC)

e  Sampling, priority arbitration and distribution for external interrupt sources

e The interrupt can be configured as machine mode and super user mode

e  Up to 256 interrupt source sampling, supporting level interrupt and pulse interrupt

e 32 levels of interrupt priority

e ‘Maintains independently the interrupt enable for each interrupt mode (machine/super user)

e  Maintains independently the interrupt threshold for each interrupt mode (machine/super user)

e  Configurable access permission for PLIC registers

DMAC

e Upto16-chDMA

e Provides 32 peripheral DMA requests for data reading and 32 peripheral DMA requests for data writing
e Flexible data width of 8/16/32/64-bit

e  Programmable DMA burst length

e  Supports linear and 10.-address modes

e Supports data transfer types with memory-to-memory, memory-to-peripheral, peripheral-to-memory,

peripheral-to-peripheral
e  Supports transfer with linked list
e DRQresponse includes waiting mode and handshake mode
e  DMA channel supports pause function

e  Memory devices support non-aligned transform
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2.2.8.5 Clock Controller Unit (CCU)

e 8PLLs

e  One on-chip RC oscillator

e  Supports one external 24 MHz DCXO and one external 32.768 kHz oscillator

e  Supports clock configuration and clock generation for corresponding modules

e  Supports software-controlled clock gating and software-controlled reset for corresponding modules

2.2.8.6 Thermal Sensor Controller (THS)

®  One thermal sensor located in CPU
e Temperature accuracy: £3°C from 0°C to +100°C, +5°C from -25°C to +125°C
e  Averaging filter for thermal sensor reading

e  Supports over-temperature protection interrupt and over-temperature alarm interrupt

2.2.8.7 LDO Power

e  Integrated 2 LDOs (LDOA, LDOB)
e |DOA: 1.8V power output, LDOB: 1.35 V/1.5 V/1.8 V power output
e LDOA for 10 and analog module, LDOB for SDRAM

e Inputvoltageis2.4Vto3.6V

2.2.8.8 RTC

e Implements time counter and timing wakeup

e Provides a 16-bit counter for counting day, 5-bit counter for counting hour, 6-bit counter for counting

minute, 6-bit counter for counting second
e  External connect a 32.768 kHz low-frequency oscillator for count clock
e Timer frequency is 1 kHz
e Configurable initial value by software anytime

e  Supports timing alarm, and generates interrupt and wakeup the external devices
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e 8 general purpose registers for storing power-off information
2.2.8.9 Reset

e Integrated internal reset

e Reset D1 or other IC

2.2.9 Audio Interfaces

2.2.9.1 Audio Codec

Two audio digital-to-analog (DAC) channels

- Supports 16-bit and 20-bit sample resolution

- 8 kHzto 192 kHz DAC sample rate

- 100 £ 2 dB SNR@A-weight, -85 + 3 dB THD+N

Two audio outputs:

- One stereo headphone output: HPOUTL/R

- One stereo differential lineout output: LINEOUTLP/N and LINEOUTRP/N

Three audio analog-to-digital (ADC) channels

- Supports 16-bit and 20-bit sample resolution

- 8kHzto 48 kHz ADC sample rate

- 951 3dB SNR@A-weight, -80 + 3dB THD+N

Five audio inputs:

- Three differential microphone inputs: MICIN1P/1N, MICIN2P/2N, MICIN3P/3N
- One stereo LINEIN input: LINEINL/R

- One stereo FMIN input: FMINL/R

Stereo headphone driver

- 95+ 3 dB SNR@A-weight

- Output Level 0.55 Vrms@10 kQ/THD+N -77 + 3 dB, 0.37 Vrms@16 Q/THD+N -40 dB
Supports Dynamic Range Controller adjusting the DAC playback and ADC recording

One 128x20-bits FIFO for DAC data transmit, one 128x20-bits FIFO for ADC data receive

Programmable FIFO thresholds

Copyright©Allwinner Technology Co.,Ltd. All Rights Reserved.
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2.2.9.2

2.2.9.3

2.29.4

e  Supports interrupts and DMA
12S/PCM
e Three I12S/PCM external interfaces (1250, 1251, 1252) for connecting external power amplifier and MIC ADC
e  Compliant with standard Philips Inter-IC sound (12S) bus specification
- Left-justified, Right-justified, PCM mode, and Time Division Multiplexing (TDM) format
- Programmable PCM frame width: 1 BCLK width (short frame) and 2 BCLKs width (long frame)
e  Transmit and Receive data FIFOs
- Programmable FIFO thresholds
- 128 depth x'32-bit width TXFIFO and 64 depth x 32-bit width RXFIFO
e  Supports multiple function clock
- Clock up to 24.576 MHz Data Output of 125/PCM in Master mode (Only if the 10 PAD and Peripheral
12S/PCM satisfy Timing Parameters)
- Clock up to 12.288 MHz Data Input of 125/PCM in Master mode
e  Supports TX/RX DMA slave interface
o Supports multiple application scenarios
- Up to 16 channels (fs = 48 kHz) which has adjustable width from 8-bit to 32-bit
- Sample rate from 8 kHz to 384 kHz (CHAN = 2)
- 8-bit u-law and 8-bit A-law companded sample
e Supports master/slave mode
DMIC
e  Supports maximum 8 digital PDM microphones
e  Supports sample rate from 8 kHz to 48 kHz

One Wire Audio (OWA)

One OWA TX and one OWA RX

Compliance with S/PDIF interface
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IEC-60958 and IEC-61937 transmitter and receiver functionality
- IEC-60958 supports 16-bit, 20-bit, and 24-bit data formats

- IEC-61937 uses the IEC-60958 series for the conveying of non-linear PCM bit streams, each sub-frame
transmits 16-bit

TXFIFO and RXFIFO

- One 128x24bits TXFIFO and one 64x24bits RXFIFO for audio data transfer
- Programmable FIFO thresholds

Supports TX/RX DMA slave interface

Supports multiple function clock

- Separate clock for OWA TX and OWA RX

The clock of TX function includes 24.576 MHz and 22.579 MHz frequency

The clock of RX function includes 24.576*8MHz frequency
Supports hardware parity on TX/RX

- Hardware parity checking on the receiver

- Hardware parity generation on the transmitter

Supports channel status capture on the receiver

Supports channel sample rate capture on the receiver
Supports insertion detection for the receiver

Supports channel status insertion for the transmitter

Supports interrupts and DMA

2.2.10 Security System

2.2.10.1 Crypto Engine (CE)

Supports Symmetrical algorithm for encryption and decryption: AES, DES, TDES
- Supports ECB, CBC, CTS, CTR, CFB, OFB mode for AES

- Supports 128/192/256-bit key for AES

- Supports ECB, CBC, CTR mode for DES/TDES

Supports Hash algorithm for tamper proofing: MD5, SHA, HMAC

- Supports SHA1, SHA224, SHA256, SHA384, SHA512 for SHA
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- Supports HMAC-SHA1, HMAC-SHA256 for HMAC

- Supports multi-package mode for MD5/SHA1/SHA224/SHA256/SHA384/SHA512
e  Supports Asymmetrical algorithm for signature verification: RSA

- RSA supports 512/1024/2048-bit width
e  Supports 160-bit hardware PRNG with 175-bit seed
e  Supports 256-bit hardware TRNG

e Internal DMA controller for data transfer with memory

2.2.10.2 Security ID (SID)

Supports 2 Kbits eFuse

o  Backup eFuse information by using SID_SRAM
e  Burning the key to the SID

e Reading the key use status in the SID

e Loading the key to the CE

2.2.11 External Peripherals

2.2.11.1 USB DRD

e One USB 2.0 DRD (USBO0), with integrated USB 2.0 analog PHY
o ' Complies with USB2.0 Specification
e  Supports USB Host function
- Compatible with Enhanced Host Controller Interface (EHCI) Specification, Version 1.0
- Compatible with Open Host Controller Interface (OHCI) Specification, Version 1.0a
- Supports High-Speed (HS, 480 Mbit/s), Full-Speed (FS, 12 Mbit/s), and Low-Speed (LS, 1.5 Mbit/s)
- Supports only 1 USB Root port shared between EHCI and OHCI
e  Supports USB Device function
- Supports High-Speed (HS, 480 Mbit/s) and Full-Speed (FS, 12 Mbit/s)

- Supports bi-directional endpoint0 (EPO) for Control transfer

Copyright©Allwinner Technology Co.,Ltd. All Rights Reserved.
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- Up to 10 user-configurable endpoints (EP1+, EP1-, EP2+, EP2-, EP3+, EP3-, EP4+, EP4-, EP5+, EP5-) for

Bulk transfer, Isochronous transfer and Interrupt transfer

- Up to (8 KB + 64 Bytes) FIFO for all EPs (including EPO)

- Supports interface to an external Normal DMA controller for every EP
e  Supports an internal DMA controller for data transfer with memory
e  Supports High-Bandwidth Isochronous & Interrupt transfers
e  Automated splitting/combining of packets for Bulk transfers
e  Supports point-to-point and point-to-multipoint transfer.in both Host and Peripheral modes
e Includes automatic ping capabilities
e  Soft connect/disconnect function
o  Performs all transaction scheduling in hardware
e Power optimization and power management capabilities

e Device and host controller share a 8K SRAM and a physical PHY.

2.2.11.2 USB HOST

e One USB 2.0 HOST (USB1), with integrated USB 2.0 analog PHY

o  Complies with USB2.0 Specification

e  Supports USB2.0 Host function
- Compatible with Enhanced Host Controller Interface (EHCI) Specification, Version 1.0
- Compatible with Open Host Controller Interface (OHCI) Specification, Version 1.0a

- Supports High-Speed (HS, 480 Mbit/s), Full-Speed (FS, 12 Mbit/s) and Low-Speed (LS, 1.5 Mbit/s)

Device
- Supports only 1 USB Root port shared between EHCI and OHCI

e Aninternal DMA Controller for data transfer with memory

2.2.11.3 EMAC

e One EMAC interface for connecting external Ethernet PHY

e 10/100/1000 Mbit/s Ethernet port with RGMII and RMII interfaces
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e  Compliant with IEEE 802.3-2002 standard
o  Supports both full-duplex and half-duplex operation

e Provides the management data input/output (MDIO) interface for PHY device configuration and

management with configurable clock frequencies
e  Programmable frame length to support Standard or Jumbo Ethernet frames with sizes up to 16 KB
e  Supports a variety of flexible address filtering modes
e  Separate 32-bit status returned for transmission and reception packets
e  Optimization for packet-oriented DMA transfers with frame delimiters
- Supports linked-list descriptor list structure

- Descriptor architecture, allowing large blocks of data transfer with minimum CPU intervention; each

descriptor can transfer up to 4 KB of data
- Comprehensive status reporting for normal operation and transfers with errors
e 4 KB TXFIFO for transmission packets and 16 KB RXFIFO for reception packets

e  Programmable interrupt options for different operational conditions

2.2.11.4 UART

Up to 6 UART controllers (UARTO, UART1, UART2, UART3, UART4, UARTS5)
e UARTO, UART4, UARTS: 2-wire; UARTY, UART2, UART3: 4-wire
e Compatible with industry-standard 16450/16550 UARTs
e  Supports IrDA-compatible slow.infrared (SIR) format
e Two separate FIFOs: oneiis RX FIFO, and the other is TX FIFO
- Each of them is 64 bytes (For UARTO)
- Each of them is 256 bytes (For UART1, UART2, UART3, UART4, and UARTS5)
e The working reference clock is from the APB bus clock
- Speed up to 4 Mbit/s with 64 MHz APB clock
- Speed up to 1.5 Mbit/s with 24 MHz APB clock
e 5to 8 data bits for RS-232 characters, or 9 bits RS-485 format
e 1,1.50r2 stop bits

e  Programmable parity (even, odd, or no parity)
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Supports TX/RX DMA slave controller interface

Supports software/hardware flow control
e  Supports RX DMA Master interface (Only for UART1)

e  Supports auto-flow by using CTS & RTS (Only for UART1/2/3)

2.2.11.5 Two Wire Interface (TWI)

e Upto4 TWI controllers (TWIO, TWI1, TWI2, TWI3)

Compliant with 12C bus standard

e  Supports standard mode (up to 100 kbit/s) and fast mode (up to 400 kbit/s)

Supports 7-bit and 10-bit device addressing modes

Supports master mode or slave mode

e  Master mode features:

- Supports the bus arbitration in the case of multiple master devices
- Supports clock synchronization and bit and byte waiting

- Supports packet transmission and DMA

Slave mode features:

- Interrupt on address detection

e The TWI controller includes one TWI engine and one TWI driver. And the TWI driver supports packet

transmission and DMA mode when TWI works in master mode

2.2.11.6 SPland SPI_DBI

e Upto 2 SPI controllers (SP10, SPI1)
e The SPIO only supports SPI mode; The SPI1 supports SPI mode and display bus interface (DBI) mode
e  SPImode:

Full-duplex synchronous serial interface

Master/slave configurable

ModeO to Mode3 are supported for both transmit and receive operations

8-bit wide by 64-entry FIFO for both transmit and receive data
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- Polarity and phase of the Chip Select (SPI-CS) and SPI Clock (SPI-CLK) are configurable

- Supports 3-wire/4-wire SPI

- Supports programmable serial data frame length: 1-bit to 32-bit

- Supports Standard SPI, Dual-Output/Dual-Input SPI, Dual 10 SPI, Quad-Output/Quad-Input SPI
DBl mode:

- Support