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V821 Family
The Cost-effective IPC SoC Datasheet

Key Features

Processor Core

e RISC-VCPU,uptolGHz
e RISC-VMCU, up to 600 MHz

Video Encoding/Decoding Performance
e H.264 BP/MP/HP encoding
- Supports I/P frame
- Maximum resolution: 3072 x 3072
e  Multi-stream real-time encoding capability:
- Single-camera
1920x1080@30fps + 640x480@30fps
- Dual-camera
1920x1080@15fps*2 + 640x480@15fps*2
e JPEG encoding/decoding
- Maximum resolution: 8192x8192
- Maximum performance:
1920x1080@60fps
e Supports  simultaneous  operation  of
H.264/MJPEG encoding and MJPEG decoding

ISP

e Maximum resolution:
- Offline: 3456 x 1920
- Online: 1920 x 1920

e Time Division Multiplexing (TDM) mode and
maximum 2-lane multiplexing

Video Input

e 8/10/12-bit width parallel CSkinterfaces
e 1*2-lane/2*1-lane MIPICSI

- Upto 1.0 Gbit/s per lane
- Compliant with MIPI-CSI2 V1.1 and MIPI

DPHY V1.0
- Maximum resolution: 1920x1920
Video Output
e One serial RGB interface, up to 800 x
480@60fps

Audio
e 1DACand1ADC

1 x audio input: MICINP/N

1 x audio output: LINEOUTP/N

Embedded 1 12S/PCM interface, supporting
maximum 16 channels, 8 kHz-384 kHz sample
rate, and 8-bit to 32-bit width

Security

e AES, DES, and 3DES encryption and
decryption algorithms

MD5 and SHA256 tamper proofing

160-bit hardware pseudo random number
generator(PRNG) with 192-bit seed
128-bit hardware true random number
generator(TRNG)

Integrated 2048-bit eFuse for chip ID and
security application

Wi-Fi

Compatible with IEEE 802.11b/g/n standard
Single-band 2.4 GHz 1T1R mode
Integrated LNA, PA, and T/R switch
Security support for WPA/WPA2/WPA3
personal and WPS2.0

Supports STA, SoftAP, STA+SoftAP, and
monitor modes

Memory

e Embedded 64 MB DDR2

e SD2.0,eMMC4.41, and SPI NOR/NAND Flash for
boot

e One SPlinterface, supporting quad DTR mode

Peripherals Interfaces

e 1xUSB2.0DRD,3xSPI,3xTWI, 4 x UART

e 1 x 10/100 Mbit/s Ethernet port with RMII
interface

e 12-ch PWM, 3-ch GPADC

Device Summary

Ordgrable e

Device(s)

V821L2-XXX QFN 88 Pins

V821M2-WXX Body size: 9 mm x 9 mm
V821L2-WXX Maximum height: 0.95 mm

See Table 2-1 Device Differences for details.
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Revision History

Revision | Date Author Description

0.90 November 15,2024 | AWA1896 Initial Version

1. Modify the maximum voltage of VDD-SYS
from 0.99 Vto 1.05Vin Table 5-2
Recommended Operating Conditions.

2. Updatethe Tlrangein Table 5-32
Timing Parameters of Power-Up
Sequence.

0.91 January 9, 2025 AWA1896
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About This Document

Purpose and Scope

The documentation describes features of each module, pin/signal characteristics, current
consumption, interface timing, thermal and package of the V821 family.

Intended Audience
The document is intended for:
e Hardware designers and maintenance personnel for electronics

e Sales personnel for electronic parts and components

Related Documentation

For a complete listing of related documentation and development-support tools for the device,
contact the Allwinner FAE or access the Allwinner Customer Service Platform by visiting
https://open.allwinnertech.com/.

Revision Number Definition

Revision 0.90-0.9x

This document is released based on the design completion products yet to be mass-produced.
Therefore, the information in this document may be modified by reason of mass-produced
verification.

All statements, information and recommendations in this document do not constitute any express
orimplied representation or warranty (including, but not limited to, the warranties of fitness for a
particular purpose, merchantability, non-infringement, and accuracy and completeness of the
document). Allwinner shall not be liable for any person's use of such information or/and this
document.

If you have any questions about the document, please contact us to confirm and obtain the latest
version.
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Conventions

Symbol Conventions

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

Symbol Description
A CAUTION A caution means that damage to equipment is possible.
m NOTE Provides additional information to emphasize or supplement
— important points of the main text.

Table Content Conventions

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

Symbol Description

- The cell is blank.

Numerical System

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

Type Symbol Value

1024

Data capacity 1,048,576

1,073,741,824

1000

Frequency, data rate 1,000,000

QI T 0O | Z|IxN

1,000,000,000

FT/QA/QC Test

All Allwinner chips provided for clients have passed the following tests.

Test Item | Description

FT test is the finished product testing after the chip is packaged, and it is a

FTT
est functional test of all modules for each produced chip.
QA test is a system-level sampling test for good-quality chips. According to the
OA Test application level of the chip, a certain percentage of good-quality chips are

selected for system-level testing to make the chip work in a typical application
scenario, and judge whether the chip works normally in this scenario.
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Test Item | Description

QC test is a module-level sampling test for good-quality chips. According to the
chip application level, a certain percentage of good-quality chips are selected
for module-level functional testing to monitor whether the chip production
process is normal.

QC Test

Copyright©2025 Allwinner Technology Co., Ltd. All Rights Reserved.
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1 Overview

V821 is a highly integrated low-power multi-camera IPC SoC, featuring dual RISC-V architecture
processors. This chip supports real-time dual-camera input and provides 1080P high-definition
video processing capabilities with internal high-performance ISP and H.264 encoder. Additionally,
V821 integrates Wi-Fi, LDO, IRCUT, and audio codec, offering a highly cost-effective IPC solution.
With its excellent ISP processing performance, low power consumption, and high scalability, V821
can be applied in multi-camera IPCs, low-power doorbells, smart locks, and more products.

The following figure shows the system block diagram for the device.

Figure 1-1 System Block Diagram

Video Input RISC-V CPU Wi-Fi Subsystem Wi-Fi Radio

1*271?\/';1'%/' %;S]i’lane - I/D-caChe S
16KB 128KB
8/10/12-bit
RISC-V MCU T/R Switch

Video Output Video & Graphics Processing System Connectivity

G20 DMA/SGDMA USB2.0DRD
Thermal Sensor 10M/100M RMII x 1

R
>

Audio Video Engine
Timer/High Speed Timer
Video Decoder SDI02.0

Audio Codec 1080P@60fps JPEG
Message Box
SPIx3
Video Encoder (Supports SPI Nand/Nor
125/PCM H.264 Spinlock Flash)

TWIx3

Memory Security System Always On

UART x 4
SPI Flash (Quad 1/0) Crypto Engine PMU RTC
) 3-ch GPADC
SD2.0,eMMC4.41 Security ID RCOSC RCCAL

. LOSC DCXO
SiP 64 MB DDR2 Secure Boot 32.768 kHz 40/24 MHz 12-ch PWM

(1) wore

Some modules shown in this block diagram are not offered on all devices, please refer to Table 2-1
for details.
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2 Device Differences

The following table provides the differences of orderable device(s) covered by this document.

Table 2-1 Device Differences

Features V821L2-XXX V821M2-WXX V821L2-WXX
Video Output - - V)
RTC J - J
Integrated Wi-Fi4 - VJ J
Lower-power Wi-Fi - - J

({32

indicates this device does not support this feature.

“J” indicates this device supports this feature.

3 Features

3.1 Processors

e RISC-V CPU (CPUO), up to 1 GHz
- 16 KB I-cache and 16 KB D-cache
- 128 KB L2 cache

e RISC-VMCU (CPU1), up to 600 MHz
- 16 KB I-cache and 8 KB D-cache

3.2 Memory

3.2.1 Boot ROM (BROM)

e On-chip memory
e Supports system boot from the following devices:
- SDbcCard
- eMMC
SPI NOR Flash (Single Mode)
SPI NAND Flash
e Supports mandatory upgrade process through USB

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

Copyright©2025 Allwinner Technology Co., Ltd. All Rights Reserved. 5
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3.2.2

3.2.3

3.2.4

3.3

3.3.1

SDRAM

e SiP64MBDDR2

SD/MMC Host Controller (SMHC)

. SD/MMC Host Controller (SMHC) interfaces
- SMHCO, compliant with the protocol Secure Digital Memory (up to SD2.0)
- SMHCO, compliant with the protocol Multimedia Card (up to eMMC4.41)
- SMHC1, compliant with the protocol Secure Digital I/O (up to SD102.0)
e The SMHCO and the SMHC1 support the following:
- 1-bit or 4-bit data width
- Maximum performance:
» DDR mode 50 MHz@3.3 V10 pad
» SDR mode 50 MHz@3.3 V10 pad
e Supports block size of 1 to 65535 bytes
e Supports hardware CRC generation and error detection

SPI Flash Controller (SPIF)

e Supports multiple SPI modes

Standard SPI

Dual-Input/Dual-Output SPI, and Dual-1/0 SPI
Quad-Input/Quad-Output SPI, Quad-1/0 SPI, and QPI

3-wire SPlwith programmable serial data frame length of 1 bit to 32 bits

e Supports STR mode and DTR mode
e High Speed Clock Frequency
- 150MHz for STR Mode
-  100MHzfor DTR Mode
e Supports mode0, model, mode2 and mode3
e Supports control signal configuration
- Onechip select
- Polarity and phase of the Chip Select (SPIF_CS) and SPI Clock (SPIF_CLK) are configurable

Image Processing

Image Signal Processor (ISP)

e Supports multiple sensors (up to 2) input
e Supports raw8/10/12
e  Maximum resolution

- Online: 1920 x 1920

Copyright©2025 Allwinner Technology Co., Ltd. All Rights Reserved. 6
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3.4

3.4.1

- Offline: 3456 x 1920

Performance of one sensor:

- Online: 2M@38fps (linear)

- Offline: AM@20fps (linear)

Support multiple data stream (up to 4) output

- YUV422/YUV420 output

- Graphics mirror and flip

- 1/16xto 1x scaling down

- Rectangle bounding boxes

Support ISP adjustment tool on the PC (online/offline/remote debugging)

Supports Algorithm Features:

- Crop

- Dynamic Range Compression (DRC)

- Tone Mapping

- Black Level Correction

- Digital Gain

- White Balance

- Len Shading Correction (LSC)

- Gamma Correction

- Defect Pixel Correction (DPC)

-~ Cross Talk Correction (CTC)

- Chromatic Aberration Correction (CAC)

- Noise Reduction (2D/3D)

- Bayer Interpolation

- Sharpness

- Color Enhancement

- Adjustable 3A functions: Automatic White Balance (AWB), Automatic Exposure (AE), and
Automatic Focus (AF)

- SupportsAnti-flick Detection Statistics

- Histogram Statistics

Graphics Processing

Display Engine (DE)

One display output, size up to 1280 x 800@60fps

Two alpha blending channels

One overlay layer in video channel, and has an independent scaler.
Four overlay layers in Ul channel and no scaler support

Supports potter-duff compatible blending operation

Copyright©2025 Allwinner Technology Co., Ltd. All Rights Reserved. 7
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e Inputformat
- Semi-planar of YUV422/YUV420/YUV411
- Planarof YUV422/YUV420/ YUV411
- ARGB8888/XRGB8888/RGB888/ARGB4444/ ARGB1555/RGB565
e Support Frame Packing/Top-and-Bottom/Side-by-Side Full format data.
e SmartColor2.0 for excellent display experience
- Hue gain, saturation gain, and value gain controller
- Fully programmable color matrix
- Dynamic gamma
e Supports write back for verification

3.4.2 Graphic 2D (G2D)

e Supports layer size up to 1280 x 800 pixels
e Theinput formats supporting rotation function are as follows:
- YUV422 (packed, semi-planar and planar format)

YUV420 (semi-planar and planar format)

P010, P210, P410,and Y8

A2R10G10B10,A2B10G10R10, R10G10B10A2, and BI0OG10R10A2

ARGB8888, RGBA8888, XRGB8888, RGBX8888, RGB888, RGB565, ARGB4444, RGBA4444,
ARGB1555, and RGBA5551

ABGR8888, BGRA8888, XBGR8888, BGRX8888, BGR888, BGR565, ABGR4444, BGRA4444,
ABGR1555, and BGRA5551

e Foroutput formats:

- RGB/ARGB color formats: the input and output formats are the same
- YUVformats: the output format will be YUV420 after 90/270 degrees’ rotation, otherwise
the input and output formats are the same
e Multiple rotation types
- Horizontal flip and vertical flip
- 0,90, 180, 0r 270 degrees' rotation in clockwise direction

3.5 Video Engine

3.5.1 Video Decoder

e JPEG baseline decoding
- Supports 1920x1080@60fps
- Maximum decoding resolution: 8192 x 8192
- Supports two channels for output: the prior channel and the second channel
> The prior channel supports online scale-down: 1/2,1/4,1/8,1/16, 1/32
» The second channel supports online scale-down: 1/2,1/4,1/8
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> Thesecond can be enable when the prior channel output format is YUV420 and scale

ratio is 1/1, 1/2 or 1/4, the prior channel scale ratio shall be larger than the second
channel scale ratio.
- Supports translation: YUVV444 to YUV420, YUV422 to YUV420, YUV420T to YUV420, YUV to
RGB
- Supports tile decoding (ROl Decoding, random rectangle region in the JPEG Picture. If tile
decoding mode enable, the second shall be disabled)

3.5.2 Video Encoder

e H.264 BP/MP/HP encoding
- Supports 1920x1080@38fps
- Supports I/P frame type
- Supports CBR, VBR, FIXEDQP, and QPMAP modes
- Supports region of interest(ROI) encoding, a maximum of eight ROIs
- Maximum resolution: 3072x3072
e JPEG baseline encoding
- Supports 1920x1080@60fps
- Supports YUV420, YUV422 and YUV444 format
- Maximum resolution: 8192x8192
e MJPEG baseline encoding up to 1920x1080@60fps

3.6 Video Input Interfaces

3.6.1 MIPICSI

e Complaint with MIPI CSI-2 specification v1.1 and MIPI D-PHY specification v1.0
e Upto 1.0 Gbit/s perlane, 2M@25fps/2M@38fps, size up to 1920 x 1920
e Configurable number of data lanes and sequence of data lanes for MIPI interface:
- 1"2-lane
- 2*1-lane
e Pixel formats
- RAWS, RAW10, and RAW12
- 8-bit YUV420 and YUV422
- RGB888 and RGB565

3.6.2 Parallel CSI

e Supports 8/10/12-bit width
e Supports BT.601, BT.656, and Digital Camera (DC) protocol
e Dual Data Rate (DDR) sample mode with maximum pixel clock of 148.5MHz

Copyright©2025 Allwinner Technology Co., Ltd. All Rights Reserved. 9
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ITU-R BT.656 up to 4-ch 720P@30fps

3.7 Video Output Interfaces

3.7.1 RGB

One RGB interface

- Serial/dummy RGB mode, up to 800 x 480@60fps

- 8-biti8080 interface, up to 800x480@60fps

- Dither function for RGB888, RGB666 and RGB565

- Support BT.656 interface for NTSC and PAL

- Supports Fsync (Frame Synchronization) for camera sensor

3.8 System Peripherals

3.8.1 PMU

Switch and parameter configuration of DCDC/LDO/switch and other power supplies
Opening and closing of each independent internal power supply circuits

DCXO and RF control

Supports power-on, power-off, sleep, wake-up and other usage scenarios. Each usage
scenario is triggered by its own trigger source, and the PMU performs subsequent switching
actions.

3.8.2 Clock Controller Unit (CCU)

Up to 3 CCU controllers (CCU_APP, CCU_AON, CCU_WLAN)

Supports clock configuration.and clock generation for corresponding modules
Supports software-controlled clock gating and software-controlled reset for corresponding
modules

6 PLLs

- PLL_CPU, supporting dynamic FM

- PLL_VIDEO, supporting spread spectrum and decimal division

- PLL_PERI, supporting spread spectrum and decimal division

- PLL_CSI, supporting spread spectrum and decimal division

- PLL_DDR, supporting spread spectrum and decimal division

- PLL_WIFI, supporting integer division and decimal division

3.8.3 Message Box (MSGBOX)

Up to 2 message boxes
- 2 message boxes for communication between two RISC-V cores

Copyright©2025 Allwinner Technology Co., Ltd. All Rights Reserved. 10
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3.8.4

3.8.5

3.8.6

3.8.7

- Each user has one MSGBOX and can only read or write in one communication
4 channels between every 2 users

The FIFO depth of a channel is 8

The FIFO width of a channel is 32 bits

Supports interrupts

Global Power Reset Clock Management (GPRCM)

32.768 kHz clock selection and trimming

Reset configuration

RCO_calibration configuration

PL3-PL7 pin wake-up configuration and PLO-PL2 pin PMC_EN configuration
Over-temperature protection interrupt

Under-voltage protection interrupt and reset

WLAN HIF configuration

One 48-bit counter that could be read and written by software

Up to two alarm clocks (alarm0, alarm1)

- Supports 2 alarm clocks configured as two different working mode

- Supports interrupts of both 2 alarm clock

- Days of the week for alarm1 are configurable

Leap years and common years could be selected via software or automatically calculated via
hardware

Supports calendar timing for counting maximum 256 years. When leap years are calculated
via hardware, counting starts with the year 1990.

Supports software to update calendar in real time

Supports software to select counting clocks

Supports counting frequency of 32.000 kHz or 32.768 kHz

Spinlock

Supports 32 lock units
Two kinds of lock status: locked and unlocked
Lock time of the processor is predictable (less than 200 cycles)

Thermal Sensor Controller (THS)

Two thermal sensors
Averaging filter for thermal sensor reading
Supports over-temperature protection interrupt and over-temperature alarm interrupt

Copyright©2025 Allwinner Technology Co., Ltd. All Rights Reserved. 11
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Temperature accuracy: £3°C from 0 °C to 100°C, *5°C from -25°C to 125°C

3.8.8 High Speed Timer (HSTimer)

3.8.9 Timer

Single clock source: AHB with normal working frequency of 192 MHz and could provide clocks

with higher accuracy

Supports 7 prescale factors

Configurable 56-bit down timer

Supports 2 timing modes: periodic mode and one-shot mode

Supports the test mode

Generates an interrupt when the count is decreased to 0

Two timers

Alternative count clock: SYS 32k or HOSC. The SYS 32k can be either the internal or
external low-frequency clock, and the external one has more accuracy.

Supports 8 prescale factors

Programmable 32-bit down timer

Supports two timing modes: periodic mode and single counting mode

Generates an interrupt when the count is decreased to 0

Supports AVS

Single clock source: HOSC

Programmable 33-bit up timer

Supports updating the initial value anytime
12-bit frequency divider factor

Supports Pause/Start function

3.9 Audio

3.9.1 Audio Codec

One audio differential microphone input: MICINP/N
One audio lineout output: LINEOUTP/N
One audio analog-to-digital converter (ADC) channel

Supports 16-bit and 20-bit sample resolution
8 kHz to 48 kHz ADC sample rate
95 * 3dB SNR@A-weight, -80 = 3dB THD+N

One audio digital-to-analog converter (DAC) channel

16-bit and 20-bit sample resolution
8 kHz to 192 kHz DAC sample rate
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- SNR = 90dB (A-weight), THD+N < -85dB @Load=10K
e Supports Dynamic Range Controller adjusting the DAC playback and ADC Capture
e  One 128x20-bits FIFO for ADC data receive and one 128 x 20-bits FIFO for DAC data transmit
e Programmable FIFO thresholds
e Supports interrupts and DMA

3.9.2 12S/PCM

e Onel2S/PCM interface
e Compliant with standard Philips Inter-IC sound (I12S) bus specification
- Left-justified, Right-justified, PCM mode, and 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 x32-bit TXFIFO, 64 x 32-bit RXFIFO
e Supports multiple function clocks
- Clock up to 24.576 MHz Data Output of 12S/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 12S/PCM in Master mode (Only if the 10 PAD and
peripheral 12S/PCM satisfy timing parameters)
e Supports TX/RX DMA slave interface
e  Supports multiple application scenarios
- Upto 16 channels (fs = 48 kHz) which has adjustable width from 8 bits to 32 bits
- Sample rate from 8 kHz to 384 kHz (sample rate * channel * slot width < 24.576 MHz)
- 8-bit u-law and 8-bit A-law companded sample
e Supports master/slave mode

3.10 Peripheral Interfaces

3.10.1 USB2.0 DRD

e One USB2.0 DRD (USBO), with integrated USB 2.0 analog PHY
e Complies with USB2.0 Specification
e Static host and device mode
e USB host that supports the following:
- Compatible with Enhanced Host Controller Interface (EHCI) specification, version 1.0
- Compatible with Open Host Controller Interface (OHCI) specification, version 1.0a
- 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 USBdevice that supports the following:
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- High-Speed (HS, 480 Mbit/s), Full-Speed (FS, 12 Mbit/s)

- Up to 8KB+64Bytes FIFO for EPs (including EPO)
e Supports an internal DMA controller for data transfer with memory
e Device and Host controller share an 8KB SRAM and a physical PHY

3.10.2 Ethernet MAC

e Compatible with the IEEE 802.3-2002 standard
e Supports 10/100M bit/s data transfer rates
e Supports RMII PHY interface
- Supports both full-duplex and half-duplex operation
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 2 KBytes of data
- Comprehensive status reporting for normal operation and transfers with errors
e Supports 1 KB TXFIFO for transmission packetsand 2 KB RXFIFO for reception packets
e Programmable interrupt options for different operational conditions
e Support MDIO Interface

3.10.3 UART

e Upto4 UART controllers: UARTO, UART1, UART2, UART3

e Compatible with industry-standard 16450/16550 UARTs

e 5-8data bits, 1/1.5/2 stop bits, programmable parity (even, odd, or no parity)

e Two separate FIFOs: one is RXFIFO, and the other is TX FIFO
- Each of them is 64 bytes for UARTO
- Each of them is 128 bytes for UART1, UART2, UART3

e Supports 8-bit/RS-485 format

e Supports Software/hardware flow control

e Supportsinterrupts and DMA mode

e Supports auto-flow by using CTS & RTS (excluding UARTO)

e Supports TX/RX DMA salve interface

3.10.4 PWM

e Upto1l2 PWM channels
- Supports PWM continuous mode output
- Supports PWM pulse mode output, and the pulse number is configurable
- Output frequency range:
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» 0to 40 MHz (when the clock source is DCXO)
» 0to 100 MHz (when the clock source is APBO clock)

- Various duty-cycle: 0% -100%

- Minimum resolution: 1/65536

Supports dead-zone generator, and the dead-zone time is configurable

Maximum 4 group of PWM channel output

- In group mode, the relative phase of the output waveform for each channel is
configurable

Supports capture input

Supports PWM output and capture input to generate interrupts

3.10.5 SPI and SPI_DBI

Up to 3 SPI controllers: SPIO0, SPI1, and SPI2
SPI0 and SPI1

SPI0 only supports SPI mode, and SPI1 supports both SPI mode and DBl mode

SPI Mode

Multiple SPI modes:

- Master mode and slave mode for standard SPI

- _Master mode for Dual-Output/Dual-Input SPI and Dual I/O SPI

- Master mode for Quad-Qutput/Quad-Input SPI

- Master mode for 3-wire SPI, with programmable serial data frame length of 1 bit to 32 bits
TX/RX DMA Slave interface

Transmit/Receive data FIFO with 8-bit wide and 64-entry

Transmit/ Receive data buffer with 8-bit wide and 4-entry

Supports mode0, model, mode2, and mode3 for master mode and slave mode

Supports control signal configuration

- Oneortwo chip select(s) to support multiple peripherals

- Polarity and phase of the Chip Select (SPI_CS) and SPI Clock (SPI_CLK) are configurable

DBI Mode

DBI Type C 3 Line/4 Line Interface Mode

2 Data Lane Interface Mode

RGB111/444/565/666/888 video format

Maximum resolution of RGB666 240 x 320@30Hz with single data lane

Maximum resolution of RGB888 240 x 320@60Hz or 320 x 480@30Hz with dual data lane
Tearing effect

Software flexible control video frame rate
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SPI2

Multiple SPI modes:

- Master mode and slave mode for standard SPI

- Master mode for Dual-Output/Dual-Input SPI and Dual I/O SPI

- Master mode for Quad-Output/Quad-Input SPI

- Master mode for 3-wire SPI, with programmable serial data frame length of 1 bit to 32 bits
- Camera slave mode for Dual-Input SPI

- Camera slave mode for Quad-Input SPI

TX/RX DMA Slave interface

Transmit/Receive data FIFO with 8-bit wide and 64-entry

Transmit/ Receive data buffer with 8-bit wide and 128-entry

Supports mode0, model, mode2, and mode3 for master mode and slave mode

Supports control signal configuration for master mode and slave mode

- Onechip select

- Polarity and phase of the Chip Select (SPI_CS) and SPI Clock (SPI_CLK) are configurable

3.10.6 Two Wire Interface (TWI)

Up to 3 TWI.controllers: TWIO, TWI1, and TWI2

Compliant with 12C bus standard

master mode and slave mode

7-bit and 10-bit device addressing modes

Standard mode (up to 100 Kbit/s) and fast mode (up to 400 Kbit/s)
Supports multi-master devices

3.10.7 General Purpose ADC (GPADC)

One GPADC with total 3 channels

12-bit sampling resolution and 8-bit effective precision

Maximum sampling frequency up to 1 MHz

Supports three operation modes: single conversion mode, continuous conversion mode,
burst conversion mode

Analoginputrange: 0to 1.8V

Maximum voltage for GPADC pins:

- For GPADCO0-0:3.63V

- For GPADCO0-2 and GPADCO0-3:2.376 V
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3.11 Security

3.11.1 Crypto Engine (CE)

e Supports encryption and decryption algorithms: AES, DES, 3DES, SHA-1, MD5, PRNG,
CRC32/16, and SHA256

e AES/DES/3DES symmetrical algorithm supports ECB/CBC/CTR mode

e AES symmetrical algorithm supports CTS mode and 128/192/256-bit key size

e 160-bit hardware PRNG with 192-bit seed

e 32x32RXFIFO and 32 x 32 TXFIFO

e AHBinterface, supporting CPU access

e DMAinterface, supporting external DMA access

3.11.2 True Random Number Generator (TRNG)

e 128-bit hardware TRNG

3.11.3 Security ID (SID)

e 2048-bit eFuse

e One-timeprogramming

e Supports error bit position correction and ECC checksum
e Read/write protection

e SSKbackup and read/write protection backup

3.12 Wi-Fi Subsystem

3.12.1 Wi-Fi MAC

e 802.11d - Regulatory domain operation

e 802.1le-QoSincluding WMM

e 802.11i-Security including WPA/WPA2/WPA3 compliance
e 802.11w-Supports STA Mode with PMF, SA Query, SAE

3.12.2 Wi-Fi Baseband

e Compatible with IEEE 802.11 b/g/n standard on 2.4 GHz

e Upto20MHzbandwidth

e 802.11n MCSO-7 with data rate up to 72.2Mbps (BPSK, r=1/2 through 64QAM, r=5/6)
e 6M~54M data rate for 802.11g

e DSSS, CCK modulation with long and short preamble

e Short Guard Interval

e LongGuard Interval
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e Supports RXSTBC

3.12.3 Wi-Fi Radio

e Integrated 2.4GHz PA, LNA, and T/R switch

e Internal impedance matching network and harmonic filter allow chip to connect to antenna
directly

e Supports XRADIOTECH s MPD™ technology ensure linearity tracking automatically to
always keep EVM and mask within specifications

e Special Architecture and Device design to keep the reliability of PA and also deliver high
output power (>25dBm)

3.13 Package

QFN 88 Pins, 9 mm x 9 mm body size, 0.95 mm height (maximum)
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4 Pin Description

L1 NOTE

The V821 is configured with different sets of pin characteristic and GPIO multiplexing. The
following takes V821L2-WXX as an example. For the pin description of other devices, see
and

4.1 Pin Characteristics

This section lists the characteristics of the device pins from the following seven aspects.
[1] Pin#: Package pin numbers associated with each signal.
[2] Pin Name: The name of the package pin.
NC means these pins are not connected.
[3] Type: Denotes the signal direction
[ (Input),
O (Output),
I/O (Input/Output),
OD (Open-Drain),
A (Analog),
Al (Analog Input),
AO (Analog Output),
P (Power),
G (Ground)
N/A (Not Applicable)
[4] Pin Reset State: The state of the terminal at reset.
PU: Pull Up
PD: Pull Down
Z: High Impedance
N/A: Not Applicable

[5] Pull Up/Down: Denotes the presence of an internal pull-up or pull-down resistor. Pull-up and
pull-down resistors can be enabled or disabled via software.

PU: Internal pullup

PD: Internal pulldown
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PU/PD: Internal pullup and pulldown

N/A: Not Applicable

[6] Default Buffer Strength: Defines the default drive strength of the associated output buffer.
There are total four levels for buffer strength: 2 mA for levelO; 3 mA for levell; 4 mA for level2; 6 mA
for level3.

N/A means Not Applicable.
[7]11/0 Power Supply: The voltage supplies for the 10 buffers of the terminal.
N/A means Not Applicable.

4.1.1 SDRAM
Table 4-1 SDRAM Pin Characteristics
31 \é;i_Mo P N/A N/A N/A N/A
32 \[/)CRE\'I\“ P N/A N/A N/A N/A
4.1.2 DCXO

Table 4-2 DCXO Pin Characteristics

1 DXIN Al N/A N/A N/A VCC-DCXO
2 DXOUT AO N/A N/A N/A VCC-DCXO
88 VCC-DCXO | P N/A N/A N/A N/A

4.1.3 GPIO Groups

4.1.3.1 PortA

Table 4-3 Port A Pin Characteristics

Pin Pin Reset | Pull Default Buffer

Pin# Typel! |/O Power Supply
Name!2 yp Statel® Up/Down! | Strength'® / PPYY
GPADCO-

35 /O Z PU/PD 4 mA VCC18-MCSI&VCC-PA
2/PAO / / m

36 PA1 I/O Z PU/PD 4 mA VCC18-MCSI&VCC-PA
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Pin Pin Reset | Pull Default Buffer
Pin#l! Typet! I/O Power Supply!
I Name!? yp State” Up/Downl! | Strength!®! / wer suppyy
37 PA2 1/0 Z PU/PD 4 mA VCC18-MCSI&VCC-PA
GPADCO-
38 /O Z PU/PD 4 mA VCC18-MCSI&VCC-PA
3/PA3 / / m
39 PA4 1/0 Z PU/PD 4 mA VCC18-MCSI&VCC-PA
40 PA5 /O Z PU/PD 4 mA VCC18-MCSI&VCC-PA
41 PAG 1/0 Z PU/PD 4 mA VCC18-MCSI&VCC-PA
42 PAT /O Z PU/PD 4 mA VCC18-MCSI&VCC-PA
43 PA8 I/O Z PU/PD 4 mA VCC18-MCSI&VCC-PA
44 PA9 1/0 Z PU/PD 4 mA VCC18-MCSI&VCC-PA
45 PA10 I/O Z PU/PD 4 mA VCC18-MCSI&VCC-PA
46 PA11l 1/0 Z PU/PD 4 mA VCC18-MCSI&VCC-PA
47 PA12 /O Z PU/PD 4 mA VCC18-MCSI&VCC-PA
VCC18-
34 MCSI&VCC-| P N/A N/A N/A N/A
PA
4.1.3.2 PortC
Table 4-4 Port C Pin Characteristics
Pin Reset | Pull Default Buffer
g ; 2] B3l U
Pin# | Pin NamelZ | Typel! Stateld Up/Downt=l | Strengthis I/0 Power Supply!”
VCC33-PMU&VCC33-
16 PCO /O Z PU/PD 4 mA PC
V -PMU&V -
17 PC1 /O Z PU/PD 4 mA PEC33 UEVCE33
VCC33-PMU&VCC33-
18 PC2 /O Z PU/PD 4 mA PC
VCC33-PMU&VCC33-
19 PC3 1/0 Z PU/PD 4 mA o
VCC33-PMU&VCC33-
20 PC4 1/0 Z PU/PD 4 mA o
VCC33-PMU&VCC33-
21 PC5 /O Z PU/PD 4 mA PC
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Pin Reset | Pull Default Buffer
Pin#) | Pin Name2Z | Typel! I/O Power S lyl”
I I YpP Statel”! Up/Downl! | Strength!® / Wersuppy
V -PMU&V -
22 PC6 /O Z PU/PD 4 mA P(éC33 UEVCE33
VCC33-PMU&VCC33-
23 PC7 /O Z PU/PD 4 mA PC
VCC33-PMU&VCC33-
24 PC8 1/O Z PU 4 mA
PC
VCC33-PMU&VCC33-
25 PC9 /O Z PU/PD 4 mA PC
V -PMU&V -
26 PC10 /O Z PU/PD 4 mA P(éC33 UEVCE33
VCC33-PMU&VCC33-
27 PC11 /O Z PU 4 mA
PC
VCC33-PMU&VCC33-
28 PC15 1/0 Z PU/PD 4 mA A
VCC33-PMU&VCC33-
29 FEL/PC16 /O Z PU 4 mA PC
VCC33-
14 PMU&VCC33- | P N/A N/A N/A N/A
PC
4.1.3.3 PortD
Table 4-5 Port D Pin Characteristics
Pin Pin Reset | Pull Default Buffer
Pin#l Typet /O Power Supply!”
n Name!Z ype State!®! Up/Down! | Strengthl®) O TS S
61 PD1 |/O Z PU/PD 4 mA VCC33-PD
62 PD2 I/O Z PU/PD 4 mA VCC33-PD
63 PD3 1/0 Z PU/PD 4 mA VCC33-PD
64 PD4 I/O Z PU/PD 4 mA VCC33-PD
65 PD5 1/0 Z PU/PD 4 mA VCC33-PD
66 PD6 I/0 Z PU/PD 4 mA VCC33-PD
67 PD7 1/0 Z PU/PD 4 mA VCC33-PD
68 PD8 1/0 Z PU/PD 4 mA VCC33-PD
69 PD9 I/O Z PU/PD 4 mA VCC33-PD
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Pin Pin Reset | Pull Default Buffer
Pin# Typel3 I/O Power S Lyl
I Namel!? P Statel” Up/Downl! | Strength!® / Wer Supply
70 PD10 1/0 Z PU/PD 4 mA VCC33-PD
72 PD11 I/O Z PU/PD 4 mA VCC33-PD
73 PD12 1/0 Z PU/PD 4 mA VCC33-PD
4 PD13 I/O Z PU/PD 4 mA VCC33-PD
75 PD14 1/0 Z PU/PD 4 mA VCC33-PD
76 PD15 I/O Z PU/PD 4 mA VCC33-PD
7 PD16 1/0 Z PU/PD 4 mA VCC33-PD
78 PD17 1/0 Z PU/PD 4 mA VCC33-PD
79 PD18 I/O Z PU/PD 4 mA VCC33-PD
80 PD19 1/0 Z PU/PD 4 mA VCC33-PD
82 PD22 I/O Z PU/PD 4 mA VCC33-PD
83 PD23 1/0 Z PU/PD 4 mA VCC33-PD
71 VCC33-PD | P N/A N/A N/A N/A
4.1.3.4 PortlL
Table 4-6 Port L Pin Characteristics
Pin Reset | Pull Default Buffer
Pin#X | Pin Name2 Typel:! I/O Power S Iy
I I yp Statel” Up/Downl! | Strength!® / Wer Supply
10 PMC-ENO/PLO | I/O Z PU/PD 4 mA VCC18-RTC
9 PMC-EN1/PL1 | I/O Z PU/PD 4 mA VCC18-RTC
VCC18-RTC/VCC33-
PMC-EN2/PL2 || Z PU/PD 4 mA
8 CERZY 49 v/ m PMU&VCC33-PC
VCC18-RTC/VCC33-
7 PL3 /O Z PU/PD 4 mA PMU&VCC33-PC
VCC18-RTC/VCC33-
6 X32KIN/PL4 [/O Z PU/PD 4 mA
/ / / m PMU&VCC33-PC
VCC18-RTC/VCC33-
5 X32KOUT/PL5 | I/O Z PU/PD 4 mA
/ / / m PMU&VCC33-PC
VCC18-RTC/VCC33-
4 TEST/PL6W /O Z PU/PD 4 mA
/ / / m PMU&VCC33-PC
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Pin Reset | Pull Default Buffer
Pin#X | Pin Name2 Typel! I/O Power S Iy
I I yp Statel®) Up/Down’! | Strength'® / Wer Supply
VCC18-RTC/V -
3 PL7 /O Z PU/PD 4 mA CCI8-RTC/VCC33
PMU&VCC33-PC
(1) TEST/PL6 pin should be held low during chip boot.
4.1.4 USB
Table 4-7 USB Pin Characteristics
Pin Reset | Pull Default Buffer
Pin# | Pin Name2 | Typel! I/O Power S Iy
! ! yp Statel” Up/Downt! | Strength'® / Wer Supply
VCC33-USB&VCC33-
58 USBO-DM Al/O N/A N/A N/A
AUD
VCC33-USB&VCC33-
59 USBO-DP Al/O N/A N/A N/A
AUD
VCC33-
57 USB&VCC33- | P N/A N/A N/A N/A
AUD
4,15 RF
Table 4-8 RF Pin Characteristics
Pin Pin Reset | Pull Default Buffer
Pin#ll Typel! I/O P il
n Name!Z ype State!”! Up/Down! | Strength!® O PR S
86 ANT A N/A N/A N/A N/A
84 VCC15-TX | P N/A N/A N/A N/A
VCC15-
7 p N/A N/A N/A N/A
8 N / / / /
85 VCC33-RF | P N/A N/A N/A N/A

4.1.6 Audio Codec

Table 4-9 Audio Codec Pin Characteristics

50 MICINN Al N/A N/A N/A AVCC
49 MICINP Al N/A N/A N/A AVCC
54 LINEOUTN | AO N/A N/A N/A AVCC
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Pin Pin Reset | Pull Default Buffer
Pin#ll Typel2 I/O Power S Ly
I Name? P Statel®) Up/Down! | Strength!® / Wer Supply
53 LINEOUTP | AO N/A N/A N/A AVCC
52 VRA1l AO N/A N/A N/A AVCC
55 AVCC p N/A N/A N/A N/A
51 AGND G N/A N/A N/A N/A
4.1.7 GPADC
Table 4-10 GPADC Pin Characteristics
Pin Pin Reset | Pull Default Buffer
Pin# Typet /O Power Supply!”
n Name!Z ype State!”! Up/Down! | Strength!® O PR S
48 GPADCO-0 | Al N/A N/A N/A AVCC
4,1.8 PMU
Table 4-11 PMU Pin Characteristics
Pin Pin Reset | Pull Default Buffer
Pin# Typet /O Power Supply!”
n Name!Z ype State!”! Up/Down! | Strength!® O PR S
13 VBAT-RTC | P N/A N/A N/A N/A
VCC18-
11 p N/A N/A N/A N/A
RTC / / / /
VCC18-
12 P N/A N/A N/A N/A
- / / / /
VCC28-
56 P N/A N/A N/A N/A
= / / / /
4,19 System
Table 4-12 System Pin Characteristics
Pin Pin Reset | Pull Default Buffer
Pin#ll Typel2 I/O Power S Ly
I Name? P State!®) Up/Down! | Strength!® / Wer Supply
15 VDD-SYSO | P N/A N/A N/A N/A
30 VDD-SYS1 | P N/A N/A N/A N/A
33 VDD-SYS2 | P N/A N/A N/A N/A
60 VDD-SYS3 | P N/A N/A N/A N/A
81 VDD-SYS4 | P N/A N/A N/A N/A
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4.2 GPIO Multiplex Function

The following tables provide a description of the GPIO multiplex function.

m NOTE

For each GPIO, FunctionO is input function; Functionl is output function; Function11 to Function13 are reserved; Function15 is 10 disable function.

4.2.1 PortA
Table 4-13 Port A Multiplex Function
I
Pin Name T(;pe Function2 | Function3 | Function4 | Function5 | Function6 | Function7 | Function8 | Function9 | Function10 | Function14
GPADCO- CLK-
I/0 CSI-SM-VS PWMO0-5 PA-EINTO
2/PAQ / FANOUTO
MIPI-CSI- UART1-
PAl 1/O TWIL1-SCK | TWIO-SCK PWMO0-10 PA-EINT1
MCLKO CTS
MIPI-CSI- UART1-
PA2 1/0 TWI1-SDA | TWIO-SDA PWMO0-11 PA-EINT2
MCLK1 RTS
GPADCO- CLK-
I [-SM-V PWMO- TWIO-SCK ARTI1-TX PA-EINT
3/PA3 /O CSI-SM-VS 0-6 0-SC U EANOUTO 3
PA4 1/0 CSI-SM-HS | PWMO-7 TWIO-SDA | UART1-RX CLK- PA-EINT4
FANOUT1
MIPIA-CSI- | UART2-
PA5 1/O PWMO-8 UART3-TX | TWI1-SCK | SPI2-CSO PA-EINTS
CKON CTS
MIPIA-CSI- | UART2-
PAG6 1/0 CKOP RTS PWMO0-9 UART3-RX | TWI1-SDA | SPI2-CLK PA-EINT6
MIPIA-CSI-
PAT 1/0 DON UART2-TX | UART1-TX | PWMO0-0 TWIO-SCK | SPI2-MOSI PA-EINTY
MIPIA-CSI-
PAS8 1/0 DOP UART2-RX | UART1-RX | PWMO-1 TWIO-SDA | SPI2-MISO PA-EINTS8
i UART3 SPI2
PA9 1/0 DIN/MIPIB- | TWIO-SCK | TWI1-SCK | PWMO0-2 PA-EINT9
CTS HOLD
CSI-DON
MIPIA-CSI- UART3
PA10 1/0 D1P/MIPIB- | TWIO-SDA | TWI1-SDA | PWMO-3 RTS SPI2-WP PA-EINT10
CSI-DOP
MIPIB-CSI-
PA1l I/O CKON TWIL-SCK | TWIO-SCK | PWMO0-4 UART3-TX PA-EINT11
MIPIB-CSI-
PA12 1/0 CKOP TWI1-SDA | TWIO-SDA | PWMO-5 UART3-RX PA-EINT12
42.2 PortC
Table 4-14 Port C Multiplex Function
Pin Name | IO Type | Function2 | Function3 | Function4 | Function5 | Function6 | Function7 | Function8 | Function9 | Function10 | Functionl4
R-JTAGO- UART3-
PCO I/O SDC0-D1 PWMO0-0 TWI2-SCK PC-EINTO
TMS CTS
R-JTAG1- UART3-
PC1 1/0 SDCO0-DO PWMO0-1 TWI2-SDA PC-EINT1
TMS RTS
PC2 I/O SDCO-CLK | UARTO-TX | UART3-TX | PWMO0-2 TWI1-SCK PC-EINT2
R-JTAG1-
PC3 I/O SDCO-CMD TCK UART3-RX | PWMO0-3 TWI1-SDA PC-EINT3
PC4 I/O SDC0-D3 UARTO-RX | UART2-TX | PWMO-4 TWIO-SCK PC-EINT4
R-JTAGO-
PC5 1/0 SDCO0-D2 TCK UART2-RX | PWMO-5 TWI0-SDA PC-EINT5
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Pin Name | IO Type | Function2 | Function3 | Function4 | Function5 | Function6 | Function7 | Function8 | Function9 | Function10 | Function14
FEM-
PC6 1/0 SPIF-WP SPI0-WP PWMO0-6 TWI2-SCK CTRLO SDCO-CLK PC-EINT6
SPIF- SPI0- FEM-
PCT7 | PWMO-7 TWI2-SDA DCO-CMD [-SM-V PC-EINTY
¢ /0 HOLD HOLD 0 S CTRL1 SDCo-C CSI-SMVS ¢
BOOT-
PC8 1/0 SPIF-MOSI | SPI0-MQOSI SELO PWMO0-8 SDCO-DO PC-EINT8
PC9 1/0 SPIF-CLK SPIO-CLK | TWI2-SCK | PWMO0-9 SDCO-D1 PC-EINT9
PC10 1/0 SPIF-CS0 SPI0-CS0 TWI2-SDA | TWIO-SCK | PWMO0-10 | SDCO-D2 PC-EINT10
BOOT-
PC11 1/O SPIF-MISO | SPI0-MISO SEL1 TWIO-SDA | PWMO-11 | SDC0-D3 PC-EINT11
PC15 1/O PWMO0-11 | PWMO0-9 PC-EINT15
FEL/PC16 | 1/O PWMO0-10 CSI-SM-VS | SDCO-RST PC-EINT16
4.2.3 PortD
Table 4-15 Port D Multiplex Function
Pin 10 . . . . . . . . . .
e | e Function2 | Function3 | Function4 | Function5 | Function6 | Function7 | Function8 Function9 | Function10 | Function14
NCSI- SPI1-CSO/DBI-
PD1 1/0 LCD-D3 RMII-RXD1 | PWMO-0 SDC1-D1 TWIO-SCK SPI2-CS0 PD-EINT1
PCLK CSX
NCSI- SPI1-CLK/DBI-
PD2 1/O LCD-D4 RMII-TXCK | PWMO-1 SDC1-DO | TWIO-SDA SPI2-CLK PD-EINT2
MCLK SCLK
NCS| RMII-CRS Y
PD3 I/O LCD-D5 PWMO0-2 SDC1-CLK | TWI1-SCK | MOSI/DBI- SPI2-MOSI PD-EINT3
HSYNC DV
SDO
SPI1-
PD4 1/0 LCD-D6 NESI- RMII-RXDO | PWMO-3 SDC1-CMD | TWI1-SDA MISO/DBI- SPI12-MISO PD-EINT4
VSYNC SDI/DBI-
TE/DBI-DCX
SPI1- P2
PD5 1/O LCD-D7 NCSI-DO RMII-TXDO | PWMO0-4 SDC1-D3 | SPI1-CLK | HOLD/DBI- HOLD PD-EINT5
DCX/DBI-WRX
SPI1-WP/DBI-
PD6 I/O LCD-D10 NCSI-D1 RMII-TXD1 | PWMOQ-5 SDC1-D2 SPI1-MOSI TE / SPI2-WP PD-EINT6
PD7 1/0 LCD-D11 NCSI-D2 RMII-TXEN | PWMO-6 UARTL- SPI1-MISO | R-JTAGI1-TCK 1250- 12S0-DINO PD-EINTTY
CTS DOUTO
UART1- 1250-
PD8 1/O LCD-D12 NCSI-D3 RMII-RXER | PWMO-7 SPI1-CSO | R-JTAGL-TMS 12S0-DIN1 PD-EINT8
RTS DOUT1
12S0-
PD9 1/0 NCSI-D4 RMII-MDC | PWMO-8 UART1-TX | TWI2-SCK | LCD-CLK DOUT2 12S0-DIN2 PD-EINT9
12S0-
PD10 1/O NCSI-D5 RMII-MDIO | PWMO0-9 UART1-RX | TWI2-SDA | LCD-DE DOUT3 12S0-DIN3 PD-EINT10
PD11 1/0 NCSI-D6 RMII- PWMO0-10 | 12S0-MCLK | PWMO0-0 LCD-HSYNC PD-EINT11
EPHY-25M
CLK LCD-
PD12 1/O NCSI-D7 PWMO-2 SPI1-CLK 12S0-BCLK VSYNC/TCON- PD-EINT12
FANOUTO
TRIG
PD13 1/0 NCSI-D8 PWMO-3 SPI1-MOSI | 12S0-LRCK | TWI1-SCK | TCON-FSYNC PD-EINT13
SPI1-CS0/DBI-
PD14 1/O NCSI-D9 PWMO0-4 SPI1-MISO | 12S0-DINO | TWI1-SDA cSX / SPI2-CSO PD-EINT14
PD15 1/0 NCSI-D10 | PWMO-5 SPI1-CSO 1250- TWI2-SCK SPIL-CLK/DBI- SPI2-CLK PD-EINT15
DOUTO SCLK
SPI1-
PD16 I/O NCSI-D11 | PWMO-6 SPI1-CS1 CSI-SM-VS | TWI2-SDA | MOSI/DBI- SPI2-MOSI PD-EINT16
SDO
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Pin 10 . . . . . . . . . .
e | e Function2 | Function3 | Function4 | Function5 | Function6 | Function7 | Function8 Function9 | Function10 | Function14
SPI1-
FEM- MISO/DBI-
PD17 I PWMO-7 PWMO-11 DC1-CLK P12-MI PD-EINT17
/0 0 0 SDCL-C CTRLO SDI/DBI- S S0
TE/DBI-DCX
SPI1-
FEM- SPI2-
PD18 1/0 PWMO0-8 TWI1-SCK | SDC1-CMD HOLD/DBI- PD-EINT18
CTRL1 HOLD
DCX/DBI-WRX
SPI1-WP/DBI-
PD19 1/0 PWMO0-9 TWI1-SDA | SDC1-DO TE / SPI2-WP PD-EINT19
R-JTAGO- FEM-
PD22 I ARTO-TX PWMO-1 DC1-D TWI2-SCK PD-EINT22
/O UARTO TCK 0-10 | SDC1-D3 CTRLO SC
PD23 1/0 UARTO-RX R-JTAGO- PWMO0-11 | SDC1-D2 FEM- TWI2-SDA PD-EINT23
T™MS CTRL1
424 PortlL
Table 4-16 Port L Multiplex Function
10
Pin Name Typ | Function2 | Function3 | Function4 | Function5 | Function6 | Function7 | Function8 | Function9 | Function10 | Functionl4
e
PMC-ENO/PLO | I/O TWI1-SCK PL-EINTO
PMC-EN1/PL1 1/0 TWI1-SDA PL-EINT1
UART2-
PMC-EN2/PL2 | I/O | TWI2-SCK | UART3-TX TS PL-EINT2
UART2-
PL3 1/0 TWI2-SDA | UART3-RX RTS PL-EINT3
X32KIN/PL4 1/0 TWIO-SCK | UARTO-TX | UART2-TX PL-EINT4
X32KOUT/PL5 | 1/0O TWIO-SDA | UARTO-RX | UART2-RX PL-EINTS
TEST/PL6 1/O CSI-SM-VS PL-EINT6
PL7 1/O PL-EINT7
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4.3 Detailed Signal Description

The following tables show the detailed function description of every signal based on the different
interfaces.

[1] Signal Name: The name of every signal.
[2] Description: The detailed function description of every signal.
[3] Type: Denotes the signal direction:

[ (Input),

O (Output),

I/O (Input/Output),

OD (Open-Drain),

A (Analog),

Al (Analog Input),

AO (Analog Output),

A1/0 (Analog Input/Output),

P (Power),
4.3.1 SDRAM
Table 4-17 SDRAM Signal Description
Signal Namel!! | Description!? Typet!
VCC-DRAM DRAM Power Supply P

4.3.2 System Control

Table 4-18 System Control Signal Description

Signal Namel!! | Description!? Typet!

Test Test Signal I

Boot Process Select

Jump to the Try Media Boot process when FEL is high level, or

FEL .
else enter into the mandatory upgrade process.
For details, see
Boot Media Select 0
BOOT-SELO .
For details, see
Boot Media Select 1
BOOT-SEL1

For details, see
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4.3.3 RTC&PLL

Table 4-19 RTC&PLL Signal Description

Signal Name!!! | Description!? Typel
X32KIN 32.768 kHz Crystal Clock Input Al
X32KOUT 32.768 kHz Crystal Clock Output AO
4.3.4 DCXO
Table 4-20 DCXO Signal Description

Signal Name!!! | Description!? Typel!
DXIN Digital Compensated Crystal Oscillator Input Al
DXOUT Digital Compensated Crystal Oscillator Output AO
VCC-DCXO Digital Compensated Crystal Oscillator Power Supply P

4.3.5 Clock Fanout

Table 4-21 Clock Fanout Signal Description

Signal Name!!! | Description!? Typel

Internal Clock Fanout

CLK-FANOUTO | Optional Frequency: 32 kHz, 12 MHz, 16 MHz, 24 MHz, 25 MHz, 27 | O
MHz

Internal Clock Fanout
CLK-FANOUT1 | Optional Frequency: 32 kHz, 12 MHz, 16 MHz, 24 MHz, 25 MHz,27 | O

MHz
43.6 RF
Table 4-22 RF Signal Description

Signal Namel!! | Description!? Typet!
ANT Antenna of RF A
FEM-CTRLO Front End Module Control, TX-EN /O
FEM-CTRL1 Front End Module Control, RX-EN /O
VCC15-TX RF TX Power Supply, Typical 1.5V P
VCC15-ANA RF Analog Power Supply, Typical 1.5V P
VCC33-RF RF PA 3.3V Power Supply P
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43.7 PMU
Table 4-23 PMU Signal Description
Signal Name!!! | Description!? Typel
VBAT-RTC RTC Power Input P
VCC18-RTC LDO RTC 1.8 V Power Output P
VCC18-LDO LDO 1.8 V Power Output P
VCC28-LDO LDO 2.8 V Power Output P
43.8 PMC

Table 4-24 PMC Signal Description

Signal Name!!! | Description!? Typel
PMC-ENO LDO/DCDC Enable 0
PMC-EN1 LDO/DCDC Enable 0
PMC-EN2 LDO/DCDC Enable 0]

4.3.9 SD Card/SDIO/eMMC
Table 4-25 SD Card/SDIO/eMMC Signal Description

Signal Namel!l | Description!? Typet!
SDCO-CMD SD Card/eMMC Command Output/Response Input I/0, 0D
SDCO-CLK SD Card/eMMC Clock Output 0
SDCO-RST SD Card/eMMC Reset 0
SDCO0-DO SD Card/eMMC Data Input/ Output 0 I/O
SDCO-D1 SD Card/eMMC Data Input/ Output 1 1/O
SDC0-D2 SD Card/eMMC Data Input/ Output 2 1/O
SDCO0-D3 SD Card/eMMC Data Input/ Output 3 1/O
SDC1-CMD SDIO WIFI Command Output/Response Input 1/0, 0D
SDC1-CLK SDIO WIFI Clock Output 0
SDC1-DO SDIO WIFI Data Input/ Output 0 1/O
SDC1-D1 SDIO WIFI Data Input/ Output 1 1/0
SDC1-D2 SDIO WIFI Data Input/ Output 2 1/O
SDC1-D3 SDIO WIFI Data Input/ Output 3 I/O
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4.3.10 USB
Table 4-26 USB Signal Description
Signal Name!!! | Description!? Typel
USBO0-DM USBO Differential Data (Negative) Al/O
USBO-DP USBO Differential Data (Positive) Al/O
VCC33-USB USB2.0 DRD 3.3V Power Supply P
4.3.11 12S/PCM
Table 4-27 12S/PCM Signal Description
Signal Name!!! | Description!? Typet!
12S0-MCLK 12S0 Master Clock 0
[2S0-LRCK 12S0/PCMO0 Sample Rate Clock/Sync I/O
12S0-BCLK 12S0/PCMO Bit Rate Clock /0
12S0-DINO 12S0/PCMO Serial Data Input 0 I
[12S0-DIN1 12S0/PCMO Serial Data Input 1 I
12S0-DIN2 12S0/PCMO Serial Data Input 2 I
12S0-DIN3 12S0/PCMO Serial Data Input 3 I
12S0-DOUTO 12S0/PCMO Serial Data Output 0 0]
12S0-DOUT1 12S0/PCMO Serial Data Output 1 0
12S0-DOUT2 12S0/PCMO Serial Data Output 2 0]
12S0-DOUT3 12S0/PCMO Serial Data Output 3 0]
4.3.12 Audio Codec
Table 4-28 Audio Codec Signal Description
Signal Namel!! | Description!? Typet!
MICINN Microphone Differential Negative Input Al
MICINP Microphone Differential Positive Input Al
LINEOUTN Lineout Differential Output (Negative) AO
LINEOUTP Lineout Differential Output (Positive) AO
AVCC Power Supply for Analog Part P
VRA1 Internal Reference Voltage AO
AGND Analog Ground G
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Signal Namel!! | Description!? Typet!
VCC33-AUD Audio 3.3V Power Supply P
4.3.13 GPADC
Table 4-29 GPADC Signal Description
Signal Namel!! | Description!? Typet!
GPADCO0-0 General Purpose ADCO Input 0 Al
GPADCO0-2 General Purpose ADCO Input 2 Al
GPADCO-3 General Purpose ADCO Input 3 Al
4.3.14 MIPI CSI
Table 4-30 MIPI CSI Signal Description

Signal Name!!! | Description!? Typel!
MIPI-CSI-

MIPICSIAM k
MCLKO CS aster Cloc 0
MIPIA-CSI-
CKON MIPI CSI A Differential Receive Clock Signal (Negative) Al
MIPIA-CSI-CKOP | MIPI CSI A Differential Receive Clock Signal (Positive) Al
MIPIA-CSI-DON | MIPI CSI A Data Line 0 Input (Negative) Al
MIPIA-CSI-DOP | MIPI'CSI A Data Line 0 Input (Positive) Al
MIPIA-CSI-DIN | MIPI CSI A Data Line 1 Input (Negative) Al
MIPIA-CSI-D1P | MIPI CSI A DataLine 1 Input (Positive) Al
MIPI-CSI-

MIPI CSI B Master Clock 0
MCLK1
MIPIB-CSI-
CKON MIPI CSI B Differential Receive Clock Signal (Negative) Al
MIPIB-CSI-CKOP | MIPI CSI B Differential Receive Clock Signal (Positive) Al
MIPIB-CSI-DON | MIPI CSI B Data Line 0 Input (Negative) Al
MIPIB-CSI-DOP | MIPI CSI B Data Line 0 Input (Positive) Al
CSI-SM-HS CSl Horizontal SYNC 0]
CSI-SM-VS CSl Vertical SYNC/Frame SYNC 0
VCC18-
MCSIQVCC-PA MIPI CSlI/Port A Power Supply P
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4.3.15 Parallel CSI
Table 4-31 Parallel CSI Signal Description
Signal Name!!! | Description!? Typel
NCSI-PCLK Parallel CSI Pixel Clock Input I
NCSI-MCLK Parallel CSI Master Clock Output 0
NCSI-HSYNC Parallel CSI Horizontal Synchronous Input I
NCSI-VSYNC Parallel CSI Vertical Synchronous Input I
NCSI-DO Parallel CSI Pixel Data 0 I
NCSI-D1 Parallel CSI Pixel Data 1 I
NCSI-D2 Parallel CSI Pixel Data 2 I
NCSI-D3 Parallel CSI Pixel Data 3 I
NCSI-D4 Parallel CSI Pixel Data 4 I
NCSI-D5 Parallel CSI Pixel Data 5 I
NCSI-D6 Parallel CSI Pixel Data 6 I
NCSI-D7 Parallel CSI Pixel Data 7 I
NCSI-D8 Parallel CSI Pixel Data 8 I
NCSI-DS Parallel CSI Pixel Data 9 I
NCSI-D10 Parallel CSI Pixel Data 10 I
NCSI-D11 Parallel CSI Pixel Data 11 I
4.3.16 LCD
Table 4-32 LCD Signal Description
Signal Name!!! | Description!? Typel
LCD-CLK LCD Clock 0
LCD-VSYNC LCD Vertical Synchronization 0
LCD-HSYNC LCD Horizontal Synchronization 0
LCD-DE LCD Data Enable 0
TCON-FSYNC Frame Synchronization Signal for TCON and Sensor 0
TCON-TRIG Screen Trigger Signal I
LCD-D3 LCD Data Input/Output 3 1/O
LCD-D4 LCD Data Input/Output 4 1/0
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Signal Namel!! | Description!? Typet!
LCD-D5 LCD Data Input/Output 5 1/0
LCD-D6 LCD Data Input/Output 6 I/O
LCD-D7 LCD Data Input/Output 7 1/O
LCD-D10 LCD Data Input/Output 10 I/O
LCD-D11 LCD Data Input/Output 11 I/O
LCD-D12 LCD Data Input/Output 12 1/O
4.3.17 Ethernet MAC
Table 4-33 Ethernet MAC Signal Description
Signal Namel!! | Description!? Typet!
RMII-TXCK RMII Transmit Clock I
RMII-RXER RMII Receive Error I
RMII-CRS-DV RMII Carrier Sense Receive Data Valid I
RMII-TXEN RMII Transmit Enable 0
RMII-EPHY-25M | EMAC PHY 25 MHz Clock Qutput 0]
RMII-MDC RMII Management Data Clock 0
RMII-MDIO RMII'Management Data Input/ Output 1/O
RMII-RXDO RMII Receive Data 0 I
RMII-RXD1 RMII Receive Data 1 I
RMII-TXDO RMII Transmit Data 0 0
RMII-TXD1 RMII Transmit Data 1 O
4.3.18 SPI&SPI DBI
Table 4-34 SPI&SPI DBI Signal Description
Signal Namel!! | Description!? Typet!
SPI0-CSO SPI0 Chip Select 0 (Active Low) 1/0
SPI0-CLK SPIO Clock 1/O
SPI10-MOSI SPI0 Master Data Out, Slave Data In /O
SPI0-MISO SPI0 Master Data In, Slave Data Out 1/0
SPIO-WP fSOPrIgx\;r;tlenlz)r;):zitcizouna(dA(c)tliJ\t/SuL:w)/ Serial Data Input and Output /0
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Signal Name!*!

Description!?

Type'l

SPI0 Hold Signal/ Serial Data Input and Output for Quad Input or

SPI0-HOLD I/O
Quad Output /
SPI1-CSO SPI1 Chip Select 0 (Active Low) I/O
SPI1-CS1 SPI1 Chip Select 1 (Active Low) 1/0
SPI1-CLK SPI1 Clock 1/0
SPI1-MOSI SPI1 Master Data Out, Slave Data In I/O
SPI1-MISO SPI1 Master Data In, Slave Data Out /O
SPIL-WP SPI1 Write Protection (Active Low)/ Serial Data Input and Output /0
for Quad Input or Quad Output
SPILHOLD SPI1 Hold Signal/ Serial Data Input and Output for Quad Input or /0
Quad Output
SPI2-CS0 SPI2 Chip Select 0 (Active Low) [/O
SPI2-CLK SPI2 Clock I/O
SPI2-MOSI SPI2 Master Data Out, Slave Data In 1/O
SPI2-MISO SPI2 Master Data In, Slave Data Out 1/0
spio-ufff SPI2 Write Protection (Active Low)/ Serial Data Input and Output /0
for Quad Input or Quad Output
y SPI2 Hold Signal/ Serial Data Input and Output for Quad Input or /0
Quad Output
DBI-CSX Chip Select Signal (Active Low) 1/0
DBI-SCLK Serial Clock Signal I/O
DBI-SDO Data Output Signal /O
Data Input Signal
DBI-SDI . . _ /0
The data is sampled on the rising edge and the falling edge.
Tearing Effect Input
DBI-TE It is used to capture the external TE signal edge. Therisingand | I/0
falling edge is configurable.
DCX pin is the select output signal of data and command.
DBI-DCX DCX = 0: register command; I/O
DCX = 1: data or parameter.
When DBI operates in dual data lane format, the RGB666 format
DBI-WRX 1/0

2 can use WRX to transfer data
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4.3.19 SPI Flash
Table 4-35 SPI Flash Signal Description
Signal Name!!! | Description!? Typel
SPIF-CSO SPI Peripheral Chip Select Signal, Low Active 0
SPIF-CLK SPI Master Mode Clock Output 0
SPIF-MOSI SPI Master Data Out, Slave Data In 1/0
SPIF-MISO SPI Master Data In, Slave Data Out 1/0
SPIF-WP SPI Write Protection (Active Low) 1/0
SPIF-HOLD SPI Hold Signal 1/O
4.3.20 UART
Table 4-36 UART Signal Description
Signal Namel!! | Description!? Typet!
UARTO-RX UARTO Data Receiver I
UARTO-TX UARTO Data Transmitter 0
UART1-CTS UART1 Clear to Send I
UART1-RTS UART1 Request to Send 0
UARTI1-RX UART1 Data Receiver I
UART1-TX UART1 Data Transmitter 0]
UART2-CTS UART2 Clear to Send I
UART2-RTS UART2 Request to Send 0
UART2-RX UART2 Data Receiver I
UART2-TX UART2 Data Transmitter 0
UART3-CTS UART3 Clear to Send I
UART3-RTS UART3 Request to Send 0
UART3-RX UART3 Data Receiver I
UART3-TX UART3 Data Transmitter 0
4.3.21 PWM
Table 4-37 PWM Signal Description
Signal Name!!! | Description!? Typel!
PWMO0-0 PWMO0 Wave Output /Capture Wave Input 0 I/O
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Signal Namel!! | Description!? Typet!
PWMO-1 PWMO Wave Output /Capture Wave Input 1 1/0
PWMO0-2 PWMO0 Wave Output /Capture Wave Input 2 I/O
PWMO0-3 PWMO Wave Output /Capture Wave Input 3 I/O
PWMO0-4 PWMO0 Wave Output /Capture Wave Input 4 I/O
PWMO0-5 PWMO Wave Output /Capture Wave Input 5 I/O
PWMO0-6 PWMO Wave Output /Capture Wave Input 6 1/0
PWMO-7 PWMO0 Wave Output /Capture Wave Input 7 I/O
PWMO0-8 PWMO Wave Output /Capture Wave Input 8 1/O
PWMO0-9 PWMO Wave Output /Capture Wave Input 9 I/O
PWMO0-10 PWMO Wave Output /Capture Wave Input 10 I/O
PWMO0-11 PWMO Wave Output /Capture Wave Input 11 1/0
4.3.22 TWI
Table 4-38 TWI Signal Description
Signal Namel!! | Description!? Typet!
TWIO-SCK TWIO Serial Clock Signal I/O
TWIO-SDA TWIO Serial Data Signal 1/O
TWI1-SCK TWI1 Serial Clock Signal I/O
TWI1-SDA TWI1 Serial Data Signal 1/O
TWI2-SCK TWI2 Serial Clock Signal I/O
TWI2-SDA TWI2 Serial Data Signal I/O
4.3.23 JTAG
Table 4-39 JTAG Signal Description
Signal Namel!! | Description!? Typet!
R-JTAGO-TMS CPUO JTAG Mode Select 1/O
R-JTAGO-TCK CPUO JTAG Clock Signal I
R-JTAG1-TMS CPU1 JTAG Mode Select 1/O
R-JTAGL-TCK CPUL JTAG Clock Signal I
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4.3.24 Interrupt

Table 4-40 Interrupt Signal Description

Signal Name!!! | Description!? Typel
PA-EINTO Port A Interrupt I
PA-EINT1 Port A Interrupt I
PA-EINT2 Port A Interrupt I
PA-EINT3 Port A Interrupt I
PA-EINT4 Port A Interrupt I
PA-EINTS Port A Interrupt I
PA-EINT6 Port A Interrupt I
PA-EINT7 Port A Interrupt I
PA-EINTS8 Port A Interrupt I
PA-EINT9S Port A Interrupt I
PA-EINT10 Port A Interrupt I
PA-EINT11 Port A Interrupt I
PA-EINT12 Port A Interrupt I
PC-EINTO Port C Interrupt I
PC-EINT1 Port C Interrupt I
PC-EINT2 Port C Interrupt I
PC-EINT3 Port C Interrupt I
PC-EINT4 Port C Interrupt I
PC-EINTS5 Port C Interrupt I
PC-EINT6 Port C Interrupt I
PC-EINT7 Port C Interrupt I
PC-EINT8 Port C Interrupt I
PC-EINT9 Port C Interrupt I
PC-EINT10 Port C Interrupt I
PC-EINT11 Port C Interrupt I
PC-EINT15 Port C Interrupt I
PC-EINT16 Port C Interrupt I
PD-EINT1 Port D Interrupt I
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Signal Namel!! | Description!? Typet!
PD-EINT2 Port D Interrupt I
PD-EINT3 Port D Interrupt I
PD-EINT4 Port D Interrupt I
PD-EINT5 Port D Interrupt I
PD-EINT6 Port D Interrupt I
PD-EINTY Port D Interrupt I
PD-EINTS8 Port D Interrupt I
PD-EINT9S Port D Interrupt I
PD-EINT10 Port D Interrupt I
PD-EINT11 Port D Interrupt I
PD-EINT12 Port D Interrupt I
PD-EINT13 Port D Interrupt I
PD-EINT14 Port D Interrupt I
PD-EINT15 Port D Interrupt I
PD-EINT16 Port D Interrupt I
PD-EINT17 Port D Interrupt I
PD-EINT18 Port D Interrupt I
PD-EINT19 Port D Interrupt I
PD-EINT22 Port D Interrupt I
PD-EINT23 Port D Interrupt I
PL-EINTO Port L Interrupt I
PL-EINT1 Port L Interrupt I
PL-EINT2 Port L Interrupt I
PL-EINT3 Port L Interrupt I
PL-EINT4 Port L Interrupt I
PL-EINTS5 Port L Interrupt I
PL-EINT6 Port L Interrupt I
PL-EINT7Y Port L Interrupt I
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5 Electrical characteristics

5.1 Parameter Conditions

5.1.1 Minimum and Maximum Values

Unless otherwise specified the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage, and frequencies by tests in production on 100%
of the devices with ambient temperature at Ta=25°C and Ta = Ta max.

Data based on characterization results, design simulation, and/or technology characteristics are
indicated in the table footnotes and are not tested in production.

5.1.2 Typical Values

Unless otherwise specified, the typical data are based on Ta =25 °C. They are given only as design
guidelines.

5.1.3 Temperature Definitions

e Ambient Temperature— the temperature of the surrounding environment.

e Junction Temperature— the hottest temperature of the silicon chip inside the package.

e Absolute Maximum Junction Temperature— the temperature beyond which damage occurs
to the device. The device may not function or meet expected performance at this temperature.

e Recommended Operating Temperature— the junction temperature at which the device
operates continuously at the designated performance over the designed lifetime. The
reliability of the device may be degraded if the device operates above this temperature. Some
devices will not function electrically above this temperature.

5.2 Absolute Maximum Ratings

Absolute Maximum Ratings are those values beyond which damage to the device may occur. The
following table specifies the absolute maximum ratings.

A CAUTION

Stresses beyond those listed under Table 5-1 may affect reliability or cause permanent damage to
the device. These are stress ratings only. Functional operation of the device at these or any other
conditions beyond those indicated under section 5.3 Recommended Operating Conditions is not
implied. Exposure to absolute maximum rated conditions for extended periods may affect device
reliability.
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Table 5-1 Absolute Maximum Ratings
Supply Name Description Min( Max® | Unit
AVCC Power Supply for Analog Part -0.3 2.16 v
VBAT-RTC Power Supply for Analog -0.3 6.5 v
VCC15-ANA Power Supply for RF -0.3 2.16 v
VCC15-TX Power Supply for RF -0.3 2.16 V
- MIPI CSI Power Suppl

xEE-IF?AMw& Digital Port A POW:rp y 03 e WY
VCe3s3- Power Supply for USB
USB&VCC33- -0.3 3.96 %
AUD Power Supply for Audio
\éEACUE;;\_/ ccaa.pc | Digital Port C Power -0.3 3.96 \
VCC33-PD Digital Port D Power -0.3 3.96 v
VCC33-RF Power Supply for RF -0.3 3.96 v
VCC-DCXO Power Supply for DCXO -0.3 2.16 V
VCC-DRAM Power Supply for DRAM 10 and DDR2 -0.3 2.1 V
VDD-SYS Power Supply for System -0.3 1.05 v
Y | Human Body Model (HBM)® -2000 +2000 \Y

Charged Device Model (CDM)® -600 +600 v

Latch-up I-test performance current-pulse PASS

injection on each 10 pin®
i Latch-up over-voltage performance voltage PASS

injection on each 10 pin®

(1) The min/max voltages of power rails are guaranteed by design, not tested in production.

(2) Electrostatic discharge (ESD) to measure device sensitivity/immunity to damage caused by

electrostatic discharges into the devices.

4

3) Level listed above is the passing level per ESDA/JEDEC JS-001-2023.
Level listed above is the passing level per ESDA/JEDEC JS-002-2022.

(3)
(4)
(5) Based on JESD78F; each deviceis tested with IO pin injection of 2200 mA at room temperature.
(6) Based on JESD78F; each device is tested with a stress voltage of 1.5 x Vddmax at room
temperature.
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5.3 Recommended Operating Conditions

The following table describes operating conditions of the device.

m NOTE

Logic functions and parameter values are not assured out of the range specified in the
recommended operating conditions.

Table 5-2 Recommended Operating Conditions

Uni
Supply Name Description Min Typ Max N ol
AVCC Power Supply for Analog Part 1.764 | 1.8 1.836 |V
VBAT-RTC Power Supply for Analog 2.1 33 6.0 V
VCC15-ANA Power Supply for RF 1.4 1.5 1.98 V
VCC15-TX Power Supply for RF 1.4 1.5 1.98 v
- MIPI CSI Power Suppl
VCC18-MCSI& PPl 171 18 198 y
VCC-PA Digital Port A Power
VCE3s3- Power Supply for USB
USB&\VCC33- . 3.07 33 3.63 %
AUD Power Supply for Audio
VCC33-
Digital Port CP 2.97 3.3 3.63 v
PMU&VCC33-pC | o T = rOWer
VCC33-PD Digital Port D Power 2.97 33 3.63 %
VCC33-RF Power Supply for RF 2.97 33 3.63 v
VCC-DCXO Power Supply for DCXO 1.71 1.8 1.89 v
1.7 1.8 1.95 V
VCC-DRAM Power Supply for DRAM 10 and DDR2
1.425 15 1.575 vV
VDD-SYS Power Supply for System 0.9 - 1.05 %

(1) In system hibernation scenarios, V821L2-WXX supports a minimum recommended operating

voltage of 0.8V.
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5.4 GPIO DC Electrical Characteristics

The following table summarizes the GPIO DC electrical characteristics of the device.
Table 5-3 DC Electrical Characteristics
(VCC: VCC-PA/VCC33-PC/VCC33-PD)

Symbol | Parameter Min Typ | Max Unit
Vin High-Level Input Voltage 0.7*vcC - 1.1*VCC %
VIL Low-Level Input Voltage -0.3 - 0.3*vCC %
PCO-PC16 9 15 21 kQ
Output Pull-up | PD1, PD2,PD4,
R 19. 46.2 kQ
P Resistance PD5, PD6 98 33 6
Other GPIOs 60 100 | 140 kQ
PCO-PC16 9 15 21 kQ
Output Pull-
PD1, PD2, PD4,
Rep down 19.8 33 46.2 kQ
. PD5, PD6
Resistance
Other GPIOs 60 100 | 140 kQ
lin High-Level Input Current - - 10 uA
e Low-Levelinput Current - - 10 uA
Vo High-Level Qutput Voltage VCC-0.3 - VCC %
VoL Low-Level Qutput Voltage 0 - 0.2 %
loz Tri-State Output Leakage Current | -10 - 10 uA
Cin Input Capacitance - - 5 pF
Cour Output Capacitance - - 5 pF

PD22 pin and PD23 pin support IR-CUT driver. The following table shows the driving capacity of
PD22 pin and PD23 pin when IC-CUT function is enabled.

Table 5-4 The Driving Capacity of PD22 And PD23 When IR-CUT Function Enabled
VCC:VCC33-PD=3.3V

Driving Strength | Parameter Min Max Unit
High-Level Output Voltage VCC-1.7 - %
LevelO Low-Level Output Voltage - 0.97 %
Maximum Output Current 30 40 mA
High-Level Output Voltage VCC-1.2 - %
Levell
Low-Level Output Voltage - 0.75 %
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Driving Strength | Parameter Min Max Unit
Maximum Output Current 60 70 mA
High-Level Output Voltage VCC-0.9 - %
Level2 Low-Level Output Voltage - 0.61 %
Maximum Output Current 85 95 mA
High-Level Output Voltage VCC-0.8 - %
Level3 Low-Level Output Voltage - 0.5 %
Maximum Output Current - 100 mA
5.5 SMHC Electrical Characteristics
The SMHC electrical parameters are related to different supply voltage.
Figure 5-1 SMHC Voltage Waveform
i
A%
Veeq
input I v I output
pu OH / high level
high level | gt feve
Vm ‘
undefined
Vi
input
low level VoL output
, ,v lowlevel
Vss t
Table 5-5 shows 3.3V SMHC electrical parameters.
Table 5-5 3.3 V SMHC Electrical Parameters
Symbol | Parameter Min Typ Max Unit
VDD Power voltage 2.7 - 3.6 Y
VccQ |/O voltage 2.7 3.6 \Y
Von Output high-level voltage | 0.75 * Ve - - v
VoL Output low-level voltage | - - 0.125*Veeq |V
ViH Input high—level voltage 0.625* VccQ - VccQ +0.3 \Y
Vie Input low-level voltage Vss - 0.3 - 0.25 * Veeq v
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5.6 GPADC Electrical Characteristics

Table 5-6 lists the GPADC electrical characteristics.
Table 5-6 GPADC Electrical Characteristics

Parameter Min Typ Max Unit

ADC Resolution - 12 - bits

Full-scale Input Range |0 - AVCC v

Effective Precision - 8 - bits

Sampling Rate - - 1 MHz

Conversion Time - 13 - ADC Clock Cycles

5.7 Audio Codec Electrical Characteristics

Test Conditions

VDD-SYS =0.9V, AVCC = 1.8V, Ta =25 °C, 1 kHz sinusoid signal, DAC fs = 48 kHz, ADC fs = 16 kHz,
input gain = 0 dB, 16-bit audio data unless otherwise stated.

Table 5-7 Audio Codec Typical Performance Parameters

T
Symbol | Parameter Test Conditions Min py Max | Unit

DAC to LINEOUTLP(R=100K)

0.5

DAC Full-scale 0dBFS 1kHz - A - Vrms
Path

SNR(A-weighted) | Odata - 95 |- dB

THD+N 0dBFS 1kHz - |85 |- dB

MICIN via ADC

Output Level - 907 | - mFFS

. MICP=3.2Vpp/2,MICN=3.2Vpp/2,
SNR(A- hted - % |- dB
(Aweighted) | 1417, 0dB Gain

THD+N - -85 | - dB
ADC Output Level - 907 | - mFFS
Path SNR(A-weighted) MICP=1.6450Vpp/2,MICN=1.650V i 05 |- dB

pp/2, 1kHz, 6dB Gain
THD+N - -85 | - dB
Output Level - 907 | - mFFS
. MICP=1.165Vpp/2,MICN=1.165V
SNR(A- hted - 95 |- dB
(A-weighted) | | 1khz, 9dB Gain
THD+N - |85 |- dB
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Symbol | Parameter Test Conditions Min p Max | Unit
Output Level - 907 | - mFFS
MICP=0.823Vpp/2,MICN=0.823V
SNR(A-weighted) Pp/2,MI - los |- dB
pp/2, 1kHz, 12dB Gain
THD+N - -85 |- dB
Output Level - 907 | - mFFS
. MICP=0.586Vpp/2,MICN=0.586V
SNR(A- hted - 94 | - dB
(A-weighted) | | 1khz, 15dB Gain
THD+N - |84 |- dB
Output Level - 907 | - mFFS
. MICP=0.415Vpp/2,MICN=0.415V
NR(A- h - 2 |- B
SNR(A-weighted) | ) 1khz, 18dB Gain S d
THD+N - | -84 |- dB
Output Level - 906 | - mFFS
. MICP=0.294Vpp/2,MICN=0.294V
SNR(A- hted - 0 |- B
(A-weighted) pp/2, 1kHz, 21dB Gain J a
THD+N - |83 - dB
Output Level - 906 | - mFFS
. MICP=0.209Vpp/2,MICN=0.209V
SNR(A- hted - 88 |- dB
(A-weighted) | | 1khz, 24dB Gain
THD+N - |81 |- dB
Output Level - 906 | - mFFS
, MICP=0.1504Vpp/2,MICN=0.1504
SNR(A- hted - 86 |- dB
(A-weighted) |\ /> 1kHz, 27dB Gain
THD+N - -80 | - dB
Output Level - 906 | - mFFS
. MICP=0.1040Vpp/2,MICN=0.1040
NR(A- h - - B
SNR(A-weighted) '\, > 1kHz, 30dB Gain 83 d
THD+N - |17 - dB
Output Level - 906 | - mFFS
. MICP=0.0745Vpp/2,MICN=0.0745
SNR(A- hted - 80 |- dB
(A-weighted) |\ > 1kHz, 33dB Gain
THD+N - -75 | - dB
Output Level - 906 | - mFFS
. MICP=0.0528pp/2,MICN=0.0528V
SNR(A- hted - 78 | - dB
(A-weighted) pp/2, 1kHz, 36dB Gain
THD+N - -13 | - dB
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5.8 Clock Electrical Characteristics

5.8.1 High Frequency Reference Clock

Table 5-8 External Reference Clock Specifications

Symbol Parameter Min. Typ. Max. Unit
Clock input f list usi
ock input frequency list using ] 40/24 ] MHz
an external clock source
I:IN
Clock input f list usi
ock input frequency listusinga | 40/24 ) MHz

XTAL and the built-in oscillator

Tolerance on input frequency
F -20 - +20
INTOt without trimming Ppm

Tstable Clock stabilization time - - 10 ms

Input leakage current, both for
I LEAk .. - - 1 UA
analog and digital

5.8.1.1 Clock Source Detection

An integrated automatic detection mechanism detects the clock source from the connections of
the DXIN-and DXOUT pins:

e When an external reference clock source is used, the clock input pin is DXIN. This device
supports both an analog and digital source. An analog source shall be AC coupled to DXIN
while a digital source shall be DC coupled to DXIN. In both cases, DXOUT shall be floating.

e When a XTAL and the built-in oscillator are used, the XTAL shall be DC coupled to DXIN and
DXOUT.

5.8.1.2 External Clock Source

Table 5-9 External Clock Requirements

Symbol Parameter Min. Typ. Max. | Unit

AC coupled signal

Fin Frequency - 40/24 - MHz

Peak-to-peak voltage range of the

0.6 1.0 1.5 %
AC coupled analog input

Vep

Total harmonic content of the
Ni . : ! - - 25 | dBc
input signal
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Symbol Parameter Min. Typ. Max. | Unit
DC coupled signal
. 0.3"1.
Vie input low voltage on DXIN 0 - 5 %
Vin input high voltage on DXIN 0.7*15 |- 1.5 %
Tr/Ts 10%-90% rise and fall time - - 5 ns
Duty Cycle | Cycle-to-cycle 40 50 60 %
Both analog and digital signals
Ref clock @ 24/40 MHz, 2.4 GHz
802.11b/g/n operation
Ph @1 kHz -125
a5 . i dBc/Hz
Noise @10 kHz -135
@100 kHz -145
@1 MHz -145
5.8.1.3 External XTAL and Built-in Oscillator
Table 5-10 External High Frequency Crystal Characteristics Requirements
Symbol Conditions | Min. Typ. Max. Unit
Frequency Range - 40/24 - MHz
ESR - - 60 Q
. Single-
C talt 0 - 254 F
R ended P
Load Capacitance! - 16 27 pF
Oscillator Tuning Range? +/-20 +/-50 +/-70 ppm
Crystal F A t
rys 'a requency Accuracy a 95 o¢ 10 ) +10 opm
Nominal Temp.
Crystal Drift Due to -20to
-10 - +10 ppm
Temperature +85°C
Crystal Pull Ability 10 i 150 Epm/ P
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5.8.2

5.8.2.1

5.8.2.2

||_|_ | NoTE

1. The load capacitance value (Cioad) and shunt capacitance value(Cshunt) depends on XTAL model.
DXOUT and DXIN pin have inside capacitance (Cin xtal), SO external added load capacitance value
(PCB Welding Capacitance) Cioad_ext = Cioad * 2 - Cinxtal = Cpcb = Cshunt * 2, Cpeb is PCB parasitic
capacitance (single-ended). Cin_xat has tuning range about 25.4pF, which is controlled by software.

2. Tuning range depends on XTAL load capacitance requirement, typical case is based on
24/40MHz XTAL, 16pF Cload.

Low Frequency Reference Clock

This device uses low frequency reference clock for option. It can use an external low frequency
crystal, or a built-in oscillator, or internal RCOSC. The external crystal and a built-in oscillator is
used during power save modes.

External XTAL and Built-in Oscillator

Table 5-11 External Low Frequency Crystal Characteristics Requirements

Symbol Conditions Min. Typ. Max. Unit
Nominal Frequency - - 32.768 - KHz
Load Capacitance! - - - - pF
Cshuntl - - 2 - pF

||_|_ | NoTE

The load capacitance value (Cioad) and shunt capacitance value (Cshunt) depends on LXTAL model,
external added load capacitance value (PCB Welding Capacitance) Cioad_ext = Cioad * 2 - Cpcb - Cshunt *
2, Cpeb is PCB parasitic capacitance (single-ended).

Internal RCOSC Reference Clock Source

This device has an integrated RC oscillator low frequency reference clock source inside. This clock
is calibrated by CPU clock source from high frequency reference. RCOSC takes effect automatically
when there is no external crystal.
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5.9 Wi-Fi 2.4G RF Receiver Specification

Test Condition: VBAT=5V, VCC15-ANA= 1.5V, Temperature=25 °C
Table 5-12 Wi-Fi 2.4G RF Receiver Specifications

Performance

Symbol Description
Min. Typ. Max. Unit
Frequency Range frz:ze;::;annel 2412 | 2442 2484 | MHz
1Mbps DSSS - -97 -95 dBm
RX Sensitivity 2Mbps DSSS - -95.2 932 | dBm
(802.11b) 5.5Mbps CCK - -93.1 91.1 | dBm
11Mbps CCK - -90 -88 dBm
6Mbps OFDM - -93.1 91.1. | dBm
9Mbps OFDM - -92 90 dBm
12Mbps OFDM - 91 -89 dBm
RX Sensitivity 18Mbps OFDM 2 -88 -86 dBm
(802.11g) 24Mbps OFDM | -85.5 835 | dBm
36Mbps OFDM - -82.1 -80.1 | dBm
48Mbps OFDM - -78.0 760 | dBm
54Mbps OFDM - -76.7 747 | dBm
MCS 0 - -92.7 -90.7 | dBm
MCS 1 - -89.5 875 | dBm
MCS 2 - -87.1 -85.1 | dBm
RX Sefisitivity MCS 3 - -84.4 824 | dBm
(802.11n,20MHz) | Mcs 4 - -81.2 792 | dBm
MCS 5 - 771 751 | dBm
MCS 6 - -75.3 733 | dBm
MCS 7 - -74 72 dBm
6 Mbps OFDM - 0.0 - dBm
Maximum Receive | 54 Mbps OFDM - -1.0 - dBm
Level MCS0 - -3.0 - dBm
MCS7 - -1.0 - dBm
1 Mbps CCK 41 43 - dBc
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Performance
Symbol Description
Min. Typ. Max. Unit
11 Mbps CCK 36 38 - dBc
BPSK rate 1/2, 6 Mbps 29 31 ] dBe
OFDM
64QAM rate 3/4, 54 Mbps
Receive Adjacent QAM rate 3/4, P> |15 17 - dBc
- OFDM
Channel Rejection
HT20, M BPSK
0, MCS 0, BPSK rate )8 30 ) dBe
1/2
HT20, MCS 7, 64QAM
0, MCS 7, 64QAM rate 9 1 ) dBc
5/6
_|_ || NOTE
The minimum limit considers the variation of process, voltage and temperature.
5.10 Wi-Fi 2.4G RF Transmitter Specification
Test Condition: VBAT=5V, VCC15-ANA= 1.5V, Temperature=25 °C
Table 5-13 Wi-Fi 2.4G RF Transmitter Specifications
Performance
Symbol Description
Min. Typ. Max. | Unit
F
cauency Center channel frequency 2412 2442 2484 | MHz
Range
1Mbps DSSS 20.7 21.2 - dBm
11Mbps CCK 20.9 214 - dBm
TX output
Power with 6Mbps OFDM 17.7 18.2 - dBm
mask and EVM | 54Mbps OFDM 16 16.5 - dBm
compliance!
HT20, MCS O 17.7 18.2 - dBm
HT20, MCS 7 155 16 - dBm
1Mbps DSSS - -22.2 -20.2 | dB
11Mbps CCK - -21.8 -19.8 | dB
TXEVM
6Mbps OFDM - -26.3 -24.3 | dB
54Mbps OFDM - -27.7 -25.7 | dB
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Performance
Symbol Description
Min. Typ. Max. | Unit
HT20,MCS 0 - -26.8 -24.8 | dB
HT20, MCS 7 - -31.7 -29.7 | dB
Carri
arrier ‘ ] ] 40 dBc
Suppression
Accuracy of Closed-loop control across all
-1.5 - +1.5 dB
Power Control | temperature ranges and channels
dBm/M
2nd Harmonic - -41 - m/
Harmonic Hz
Output Power dBm/M
3rd Harmonic - -31 - Hy

:_L—]] NOTE

1. Referto IEEE 802.11 specification for Tx spectrum limits:
802.11b mask (18.4.7.3)
802.11g mask (19.5.4)
802.11g EVM (17.3.9.6.3)
802.11n HT20 mask (20.3.21.1)
802.11n HT20 EVM (20.3.21.7.3)

2. The minimum limit considers the variation of process, voltage and temperature.

5.11 Wi-Fi Power Consumption

Table 5-14 Wi-Fi Power Consumption

Test Condition: Temperature=25°C, VBAT=4.2V, VCC15-ANA= 1.5V

MCU Wi-Ei Test Condition Performance
Symbol TX/RX
State | State (Signaling Mode) Min | Typ® | Max | Unit
1M DSSS 17dBm | - 492 - mA
11IM CCK 17dBm | - 504 - mA
ACTIVE | ACTIVE | ACTIVE | TX
6M OFDM | 16dBm | - 347 - mA
54M OFDM | 16dBm | - 349 - mA
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MCU Wi-Ei Test Condition Performance
Symbol TX/RX
State | State (Signaling Mode) Min | Typ® | Max | Unit
HT20
’ 16dB - 4 - A
MCSO 6dBm 349 m
HT20
’ 15dBm | - 346 - mA
MCS7
1M DSSS,
1B 17dBm | - 403 - mA
null frame
ACTIVE .
RX listen - - 27.2 - mA
RX
1M DSSS - - 27 - mA
Z\T(AND SLEEP DTIM1 . . 630 |- uA
PS DTIM3 - - 282 - pA
RX
Mode DTIM8 - - 180 |- LA
DTIM10 - : 166 - pA
OFF - - - - 107 |- WA
HIBERN
FF FF - - - - 118 |- A
aTion | © © 8 H
(1) Actual Wi-Fi power consumption will be affected by PVT.
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5.12 Interface Timing Characteristics
5.12.1 SMHC Interface Timing
5.12.1.1 HS-SDR Mode
[ 1] nore
|0 voltage is 3.3V.
Figure 5-2 SMHC HS-SDR Mode Output Timing Diagram
< tCK
tOSKEW
€
tODLY
CLK [ B
CMD, DATA ¥)% ; X b
Table 5-15 SMHC HS-SDR Mode Output Timing Constants
Parameter Symbol Min | Typ Max Unit
CLK
Clock frequency tCK 0 50 50 MHz
Duty Cycle DC 45 50 55 %
Qutput CMD, DATA(referenced to CLK)
CMD, Data output delay time toODLY - 025 | 0.5 Ul
Data output delay skew time tOSKEW - - 0.884 | ns
(1) The Unit Interval (Ul) is 1-bit nominal time. For example, UI=20 ns at 50 MHz.
(2) Thedriver strength level of GPIO is 2 for test.
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Figure 5-3 SMHC HS-SDR Mode Input Timing Diagram

tCK

tISKEW

tIDLY

CLK

CMD, DATA X

Table 5-16 SMHC HS-SDR Mode Input Timing Constants

Parameter Symbol Min Typ Max Unit
CLK

Clock frequency tCK 0 50 50 MHz
Duty Cycle DC 45 50 55 %

Input CMD, DATA(referenced to CLK 50MHz)

Data input delay in SDR-mode. It includes
the PCB delay time of Clock, the PCB delay

tIDLY - - 20 ns
time of Data and the data output delay of
Device
Data input skew time in SDR mode tISKEW - - 0.858 | ns

The driver strength level of GP1O'is 2 for test.

5.12.1.2 HS-DDR Mode

Figure 5-4 SMHC HS-DDR Mode Output Timing Diagram

< >
tOSKEW_DDR
<>
{ODLY DDR/
CLK ____
CMD, DATA X
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Table 5-17 SMHC HS-DDR Mode Output Timing Constants

Parameter Symbol Min | Typ Max Unit
CLK

Clock frequency tCK 0 50 50 MHz
Duty Cycle DC 45 50 55 %

Output CMD, DATA(referenced to CLK)

CMD, Data output delay time in DDR

tODLY-DDR - 0.25 0.25 Ul
mode

Data output delay skew time tOSKEW - - 0.884 | ns

(1) The Unit Interval (Ul) is 1-bit nominal time. For example, UI=20 ns at 50 MHz.
(2) Thedriver strength level of GPIO is 2 for test.

Figure 5-5 SMHC HS-DDR Mode Input Timing Diagram

_ tCK

tISKEW_DDR
L
tIDLY DDR

CLKk ____ |

CMD, DATA 3¢ X

Table 5-18 SMHC HS-DDR Mode Input Timing Constants

Parameter Symbol Min Typ Max Unit
CLK

Clock frequency tCK 0 50 50 MHz
Duty Cycle DC 45 50 55 %

Input CMD, DATA(referenced to CLK 50MHz)

Data input delay in DDR mode. It includes
the PCB delay time of Clock, the PCB delay

tIDLY-DDR - - 8.3 ns
time of Data and the data output delay of
Device
Data input skew time in DDR mode tISKEW-DDR | - - 0.858 | ns

The driver strength level of GPIO is 2 for test.
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5.12.2 LCD Interface Timing
Figure 5-6 HV_IF Vertical Timing
: VT e e H
§ZZZZIIZZIZIIZIIZQE}EZIZZZZZ::ZI::I; """"" %
Qoo VRRWITTTTy ; :
Vsync :
L : > ’ y /—
Hsync
1 Il Uit U
D[23..0] Vertical invalid data period - Vertical invalid data period
Odd/Even field
T T TIEIERIREIRERRERRPOREE: N e ccceccccec e X
oo YORW Ly E
Vsync E
— VBP ' -

1//2 4,98 o oTTTTTTTE 1-----------------------). H
H |<->| e H : ) , /_:

Hsync : L4 J U 77 U U u 7‘ | | 7 |

D[23..0] Vertical invalid data period - Vertical invalid data period

Even field
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Figure 5-7 HV_IF Horizontal Timing

Hsync

DCLK

D[23..0]

DE

Hsync

DCLK

D[7..0]

DE

| {

Invalid

=
os)
N

><

> XX

Serial Mode Horizontal Timing:

Table 5-19 LCD HV_IF Timing Constants

E HT ;
--...----..----...----..----...---...----...---...----...---...----..-;k
Eww;”’ """"" >
: Tdcky :
I 7 I 1
—< Invalid )( D1 X D2 X D3 X:---XE@i
Parallel Mode Horizontal Timing:
E-_____"_____-_____ I | U S B iRt H
‘ s f
: L sy —
ip¥pis B i
' AR LGN

Parameter Symbol Min Typ Max Unit
DCLK Cycle Time tDCLK 114 - - ns
Hsync Period Time tHT - HT+1 - tDCLK
Hsync Width tHSPW - HSPW+1 - tDCLK
Hsync Back Porch tHBP - HBP+1 - tDCLK
Vsync Period Time tvT - VT/2 - tHT
Vsync Width tVSPW - VSPW+1 - tHT
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Parameter Symbol Min Typ Max Unit
Vsync Back Porch tVBP - VBP+1 - tHT

4) LDE: LCD data enable.
5) LCD[7..3], LCD [12..10]: 8 Bit RGB/YUV output from input FIFO for panel.

1) Vsync: Vertical sync, indicates one new frame.
2) Hsync: Horizontal sync, indicate one new scan line.

(1)
(2)
(3) DCLK: Dot clock, pixel data are sync by this clock.
(4)
(5)

5.12.3 MIPI CSI Interface Timing

Figure 5-8 MIPI CSI Interface Timing

mmmmomq@m—/

—

|
Caoture
15T Data Bit

Table 5-20 MIPI CSl Interface Timing Constants

Parameter

Description

Min

Typ

Unit

Teik-miss

Timeout for receiver to detect
absence of Clock transitions and
disable the Clock Lane HS-RX.

60

ns (1),(6)

Teik-post

Time that the transmitter continues
to send HS clock after the last
associated Data Lane has
transitioned to LP Mode. Interval is
defined as the period from the end of
THS-TRAIL to the beginning of Tcik-

TRAIL.

60ns + 52*UI

ns (5)

TCLK-PRE

Time that the HS clock shall be driven
by the transmitter prior to any
associated Data Lane beginning the
transition from LP to HS mode.

Ul (5)

TCLK»PREPARE

Time that the transmitter drives the
Clock Lane LP-00 Line state
immediately before the HS-0 Line
state starting the HS transmission.

38

95

ns (5)

TCLK-SETTLE

Time interval during which the HS

receiver should ignore any Clock Lane

95

300

ns | (6),(7)
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Parameter

Description

Min

Typ

Max

Unit

Notes

HS transitions, starting from the
beginning of TCLK-PREPARE.

TeLk-TERM-EN

Time for the Clock Lane receiver to
enable the HS line termination,
starting from the time point when Dn
crosses Vi, vax.

Time for Dn
to reach

VTERM-EN

38

ns

Teik-TRAIL

Time that the transmitter drives the
HS-0 state after the last payload clock
bit of a HS transmission burst.

60

ns

Teik-prepare +

Teik-zero

TCLK-PREPARE + time that the
transmitter drives the HS-0 state prior
to starting the Clock.

300

ns

Tp-TERM-EN

Time for the Data Lane receiver to
enable the HS line termination,
starting from the time point when Dn
crosses Vi wax.

Time for Dn
to reach

V1ERM-EN

35ns +
4*UI

Teor

Transmitted time interval from the
start of Tus traiL OF Teik.TralL, tO the start
of the LP-11 state following a HS
burst.

105ns +
n*12*Ul

THS-EXIT

Time that the transmitter drives LP-11
following a HS burst.

100

ns

THS-PREPARE

Time that the transmitter drives the
Data Lane LP-00 Line state
immediately before the HS-0 Line
state starting the HS transmission

40ns + 4*Ul

85ns +
6™ Ul

ns

Ths-prePare +

Ths-zero

Tys prepare + time that the transmitter
drives the HS-0 state prior to
transmitting the Sync sequence.

145ns +
10*UI

ns

THS—SETTLE

Time interval during which the HS
receiver shall ignore any Data Lane
HS transitions, starting from the
beginning of Ts.prepare.

The HS receiver shall ignore any Data
Lane transitions before the minimum
value, and the HS receiver shall
respond to any Data Lane transitions
after the maximum value.

85ns + 6*UlI

145ns +
10*UI

ns
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Parameter

Description Min Typ | Max Unit | Notes

Ths-skip

Time interval during which the HS-RX
should ignore any transitions on the
Data Lane, following a HS burst. The
end point of the interval is defined as
the beginning of the LP-11 state
following the HS burst.

40 ns (6)

THS-TRAIL

Time that the transmitter drives the .
. . . max(n*8*Ul,
flipped differential state after last (2),

60ns + ns
payload data bit of a HS transmission |
burst 47Ul

Tin

100 ns (5)

Tiex

Transmitted length of any Low-Power

50 4), (5
state period ks ), )

Ratio Tipx

Ratio of Tipxmaster)/ Tiexistave) between

2 2
Master and Slave side /3 3/ ns

Tra-cer

Time that the new transmitter drives
the Bridge state (LP-00) after
accepting control during a Link
Turnaround.

5T ipx ns (5)

Tra-co

Time that the transmitter drives the
Bridge state (LP-00) before releasing | 4*Tyipx ns (5)
control during a Link Turnaround.

TTA-SURE

Time that the new transmitter waits
after the LP-10 state before
transmitting the Bridge state (LP-00)
during a Link Turnaround.

Tiex 2" Tipx ns (5)

Twakeup

Time that a transmitter drives a Mark-
1 state priorto a Stop statein orderto | 1 ms | (5)
initiate an exit from ULPS.

||_|_ | NoTE

The minimum value depends on the bit rate. Implementations should ensure proper
operation for all the supported bit rates.

If a>b then max (a, b) = a otherwise max (a, b) =b.
Where n =1 for Forward-direction HS mode and n =4 for Reverse-direction HS mode.

TLPX is an internal state machine timing reference. Externally measured values may differ
slightly from the specified values due to asymmetrical rise and fall times.
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(5) Transmitter-specific parameter.
(6) Receiver-specific parameter.

(7) The stated values are considered informative guidelines rather than normative requirements
since this parameter is untestable in typical applications.

5.12.4 Parallel CSl Interface Timing

Figure 5-9 Parallel CSI Data Sample Timing

PCLK

|
P
PATA 7/
|
|
|

Table 5-21 Parallel CSI Interface Timing Constants

Parameter Symbol Min Typ Max Unit
Pclk period togriod 6.73 - - ns
Pclk frequency 1/tperiod - - 148.5 | MHz
Pclk duty thigh-evel/ tperiod 40 50 60 %
Data input setup time tast 0.6 - - ns
Data input hold time tahd 0.6 - - ns

5.12.5 Ethernet MAC Interface Timing

Figure 5-10 RMII Receive Timing

 TREF CLK
REF CLK
— TholdR
RX_ER R ‘ Smmes ’ Semmms ’ R !
TsetupR
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Figure 5-11 RMII Transmit Timing

REF_CLK

TREF CLK
-

TholdT

— TsetupT

Table 5-22 RMII Timing Parameters

Parameter | Description Min | Typ | Max | Unit
Trer Lk Reference Clock Period - 20 - ns
Tduty REF_CLK duty cycle 35 65 %
TsetupT TXD/TXEN to REF_CLK setup time 4 ns
TholdT TXD/TXEN to REF_CLK hold time 2 ns
TsetupR RXD/CRS_DV/RX_ER to REF_CLK setup time 4 ns
TholdR RXD/CRS_DV/RX_ER to REF_CLK hold time 2 ns

5.12.6 SPI Interface Timing

Figure 5-12 SPI Writing Timing

MOsI

cst * |
ts(cs) -
SCLK W/
ta(mo) - —ty(mo)
MSB F
[

¢th(CS)h

LSB

MISO

Figure 5-13 SPI Reading Timing

CS#

Internal
SCLK
Actual
SCLK

Leftoffset2.4 ns W/

t(mi) g th(mi)

MISO

MSB

MOSI
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Table 5-23 SPI Timing Constants

Parameter Symbol Min Typ Max Unit
CS# Active Setup Time ts(cs) - 270 - ns
CS# Active Hold Time tn(cs) - 270 - ns
Data output Delay Time ty(mo) - TW/2-3 - ns
Data output Hold Time th(mo) - TM/2-3 - ns
Data In Setup Time ts(mi) 0.2 - - ns
Data In Hold Time th(mi) 0.2 - - ns
(1) Tisthe cycle of clock.
5.12.7 SPI-DBI Interface Timing
Figure 5-14 DBI 3-line Serial Interface Timing
CSX ¢ > D tesh >
tCSS --------------
Ly tWC/th »
scL — . —
. twn/tral i/ i >
N V] turh/tran
sol ’
(write) ><
tace @N
SDO :
(read) / \
Table 5-24 DBI 3-line Serial Interface Write Timing Parameters
Signal Parameter Symbol Min Max Unit
CSX Chip select setup time tess 15 ns
Write cycle twe 16 ns
SCL Control pulse “H” duration twrh 7 ns
Control pulse “L” duration tuwn 7 ns
Data setup time tas 70 ns
SDI/SDO
Data hold time tat 7w ns
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Signal Parameter Symbol Min Max Unit
Note:
Range of required clock frequency: 0-60 MHz.
Table 5-25 DBI 3-line Serial Interface Read Timing Parameters
Signal Parameter Symbol Min Max Unit
CSX Chip select setup time tesh 60 ns
Read cycle trc 150 ns
SCL Control pulse “H” duration tedn 60 ns
Control pulse “L” duration tral 60 ns
Read access time trace 100 50 ns
SDI/SDO
Output disable time tod 150 50 ns
Note:
Range of required clock frequency: 0-6.67 MHz.
Figure 5-15 DBI 4-line Serial Interface Timing
CSX - > ~ tesh >
tCSS -------------
DCX
scL =
twrl/trdl ¢ »
SDI
(write)
SDO
(read)
Table 5-26 DBI 4-line Serial Interface Write Timing Parameters
Signal Parameter Symbol Min Max Unit
CSX Chip select setup time tess 15 ns
Address setup time tas 10 ns
DCX
Address hold time tan 10 ns
SCL Write cycle twe 16 ns
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Signal Parameter Symbol Min Max Unit
Control pulse “H” duration twrh 7 ns
Control pulse “L” duration twn 7 ns
Data setup time tas 7w ns
SDI/SDO Data hold time tat 70 ns
Output disable time tod 150 50 ns
Note:
Range of required clock frequency: 0-60 MHz.
Table 5-27 DBI 4-line Serial Interface Read Timing Parameters
Signal Parameter Symbol Min Max Unit
CSX Chip select setup time tesh 60 ns
Address setup time tas 10 ns
DCX
Address hold time tan 10 ns
Read cycle trc 150 ns
SCL Control pulse “H” duration tidn 60 ns
Control pulse “L” duration tral 60 ns
Read access time trace - 50 ns
SDI/SDO
Output disable time tod 150 50 ns
Note:
Range of required clock frequency: 0-6.67 MHz.
5.12.8 UART Interface Timing
Figure 5-16 UART RX Timing
Register Setting:
Data length(DLS in LCR[1:0]) = 3 (8bit)
Stop bit length(STOP in LCR[2]) = 1 (2bit)
Parity enable(PEN in LCR[3]) =1
RX start >< data >< parity >< stop
R[))(:_:_I;O w vaild data
- tRXSSF————————————»
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Figure 5-17 UART nCTS Timing

X start data parity stop start

nCTS \

- [

tDCTS tACTS

Figure 5-18 UART nRTS Timing

Register Setting:
RTS Trigger level(RT in FCR[7:6]) = 3 (De-asserted nRTS when FIFO valid data number reach FIFO depth-2)

RX FIFO o
DATA NUM FD"3 AD-2 N w 0

nRTS

tDRTS tARTS

Note (1): FD: FIFO Depth

Table 5-28 UART Timing Constants

Parameter Symbol Min Typ | Max Unit
RX start to RX FIFO tRXSF 10.5*BRPW | - 11*BRPW | ns
Delay time of de-asserted nCTS to TX
tDCTS - - BRPW ns

strat
Step time of asserted nCTS to stop next

pme. P tACTS | BRPW/4 |- |- ns
transmission
Delay time of de-asserted nRTS tDRTS - - BRPW ns
Delay time of asserted nRTS tARTS - - BRPW ns

(1) BRP: Baud-Rate Period.
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5.12.9 TWI Interface Timing
Figure 5-19 TWI Timing
SDA | % /
| C Tow T 4 <—_>
! | Tsu-
SCK_:_ | DA
3 % > «
> | «
i ' Thd-STA  Thd-DAT Thigh
START
Table 5-29 TWI Timing Parameters
Standard mode Fast mode
Parameter Symbol Unit
Min Max Min Max
SCK clock frequency | Fsck 0 100 0 400 kHz
Setup Time In Start Tsu-STA | 4.7 - 0.6 - us
Hold Time In Start Thd-STA | 4.0 - 0.6 - us
Setup Time In Data Tsu-DAT | 250 - 100 - ns
Thd-
Hold Time In Data d 5.0 - - - us
DAT
Setup Time In Stop Tsu-STO | 4.0 - 0.6 - us
SCK Low level Time | Tlow 4.7 - 13 - us
SCK High level Time | Thigh 4.0 - 0.6 - us
SCK/SDA Falli
e relling Tf . 300 20 300 ns
Time
SCK/SDARising Time | Tr - 1000 20 300 ns
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5.12.10 12S/PCM Interface Timing

5.12.10.1 Data Output timing of 12S/PCM in Master mode

The Data Output timing of 12S/PCM in Master mode and the Data Input timing of Peripheral
I2S/PCM in Slave mode show in Figure 5-20.

Figure 5-20 Data Output Timing of I12S/PCM in Master Mode

L
LRCK |
(M_ouT)

12S/PCM

d(LRCK To_PAD(M)) —N =

BCLK
(M_ouT) TABCLK_To_fPAD(M))

d(DOUT_To_PAD(M)) —», ¢—

S X B I)( X X X

Td(PAD(M)_To_PAD(S)) —»h<—
n

Td(PAD(S)_To_LRCK) —»| |&—

LRCK | :
(S_IN) | |

' Ts(LRCK) |Th(LRCK) !

m O ek [\ T/ TR

Pripheral
128/PCN | s(DIN) _y Th(DIN)

o X A ¢ K X X

Td(PAD(S)_To_DIN) —> =

I0 PAD

The Data Output timing parameters of 12S/PCM in Master mode and The Data Input timing
parameters of Peripheral 12S/PCM in Slave mode show in Table 5-30.

Table 5-30 Data Output Timing Parameters of 12S/PCM in Master Mode

Parameter Min Max Skew Units
Sequence requirement of internal signal of 12S/PCM in Master mode

T4(LRCK_To_PA | LRCK to PAD(M) / T1<6.5

D(M)) Delay (restriction)

Ta(BCLK_To_PA | BCLK to PAD(M) / T2<6.5(restricti | Twl<2.5(require | NS
D(M)) Delay on) ment)

T4(DOUT_To_PA | DOUT to PAD(M) / T3<6.5(restricti

D(M)) Delay on)

Sequence requirement of the 10 pad of 12S/PCM in Master mode connecting to the
external |10 pad of Peripheral 12S/PCM in Slave mode

LRCK PAD(M) to ,
T4*<7.0(est
LRCKPAD(S) |/ on) (estima
T4(PAD(M)_To_ | Delay Tw2*<L0(requir |
PAD(S)) BCLK PAD(M) to <7 Ofesti ement)
<
BCLKPAD(S) |/ 57<T.0festima
tion)
Delay
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Parameter Min Max Skew Units
DOUT PAD(M) t
(M) to T6*<7.0(estima
DIN PAD(S) / .
tion)
Delay

Sequence requirement of internal signal of Peripheral 12S/PCM i

n Slave mode

T4(PAD(S)_To_L | PAD(S) to LRCK T7*<6.5(assum
/ .
RCK) Delay ption) Tw3*<2.5(requir
ns
T4(PAD(S)_To_B | PAD(S) to BCLK ) T8*<6.5(assum | ement)
CLK) Delay ption)
Tu(PAD(S)_To_D | PAD(S)toDIN | T9"<6.5(@ssum | /
IN) Delay ption)
LRCK Set T10* |
T.(LRCK) P O"fanal ), / ns
Slack ysis)
T11* |
Th(LRCK) LRCK Hold Slack . (ana / / ns
ysis)
T12* |
T(DIN) DIN Setup Slack | 2. @nal |, / ns
ysis)
T13* [
Th(DIN) DIN Hold Slack | -+ (@nal ) / ns
ysis)
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5.12.10.2 Data Input timing of 12S/PCM in Master mode

The Data Input timing of 12S/PCM in Master mode and the Data Output timing of Peripheral
I2S/PCM in Slave mode show in Figure 5-21.

Figure 5-21 Data Input Timing of 12S/PCM in Master Mode

L]
LRCK |
12S/PCM (M_ouT)

TCRCK To_PAD(M)) —N =

BCLK
(M_ouT) TABCLK_To_PAD(M)) |<_

10 PAD Td(PAD(M)_To_PAD(S)) —>||<—

Td(PAD(S)_To_LRCK) _>| f— .
LRCK | X
(S_IN) . I

S(LRCK) |Th LRCK

e Bt J \_/ M\ / /
Td(RAD(S)_T CLK

125/PCM (51N °

d(DOUT_To_PAD(S) —pi |e—

o, X X X X X X

Td(PAD(S)_To_PAD(M)) —b::i—

10 PAD
Td(PAD(M)_To_DIN) —p 1e—

o X X e A A A

| >
Ts(DIT\TI Th(DIN)

12S/PCM
BCLK
(M_OuT)

The Data Input timing parameters of 12S/PCM in Master mode and The Data Output timing
parameters of Peripheral 12S/PCM in Slave mode are shown in Table 5-31.

Table 5-31 Data Input Timing Parameters of 12S/PCM in Master Mode

Parameter Min Max Skew Units
Sequence requirement of internal signal of 12S/PCM in Master mode
Td(LRCK_To_PAD(M | LRCKto . Twl<2.5
T1<6.5 t )
) PAD(M) Delay / (requirement) ns
Td(BCLK.To_PAD(M | BCLK t (estimati
( =To_PAD( © / T2<6.5(requirement) ns
) PAD(M) Delay on)
Sequence requirement of the 10 pad of 12S/PCM in Master mode connecting to the
external 10 pad of Peripheral 12S/PCM in Slave mode
LRCK PAD(M) T3*<7.0(requiremen *
to LRCK o q ng <l
Td(PAD(M)_To_PAD | PAD(S) Delay / .
) BCLK PAD(M) T4*<7.0(requiremen | (estimati
to BCLK SAIEd
t) on)
PAD(S) Delay
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Parameter Min Max Skew Units
Sequence requirement of internal signal of Peripheral 12S/PCM in Slave mode
Tw3*<2.
5
Td(PAD(S)_To_LRC | PAD(S) to / T5*<6.5(requiremen s
K) LRCK Delay t) o
(estimati
on)
Td(PAD(S)_To_BCL | PAD(S) to / T6*<6.5(requiremen s
K) BCLK Delay t)
Td(DOUT_To_PAD(S | DOUT to / T7*<6.5(requiremen / s
) PAD(S) Delay t)
LRCK Set T8* [
Ts(LRCK) etup | T8(analys | / ns
Slack is)
LRCK Hold T9* |
Th(LRCK) © To%(analys | / ns
Slack is)

Sequence requirement of the 10 pad of 12S/PCM in Master mode connecting to the
external 10 pad of Peripheral 12S/PCM in Slave mode

DOUT PAD(S
Td(PAD(S)_To_PAD( (S) T10*<7.0(requireme
to DIN PAD(M) ' | / / ns
M)) nt)
Delay
Sequence requirement of internal signal of 12S/PCM in Master mode
PAD(M) to DIN T11<6.5 i
Td(PAD(M)_To_DIN) (M) to / <6.5(requiremen | ns
Delay t)
DIN Setup T12*(anal
Ts(DIN) Slack ysis) / / ns
T13* [
Th(DIN) DIN'Hold Slack | T+ @l | / ns
ysis)
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5.13 Power-Up and Power-Down Sequence

5.13.1 Power-Up Sequence

The following figure shows an example of the power on sequence for this device.

Figure 5-22 Power-Up Sequence

1.5V

VCC-DRAM

3.3V

VBAT-RTC

VCC33-PMU 7,
T 1.8V
90%

T1

VCC18-RTC J
VCC-DCXO Tow 0.9v
| T
10% 5

VDD-SYS

DCX0-40M
or-24M

T3 | T4 |

VCC18-LDO

—i—J NOTE

e Thereis nopower-up step requirement between VCC-DRAM and other power supplies.

e VDD-SYS is powered by external DC-DC devices. The actual settle time of VDD-SYS is
determined by the specific device used.

e The start-oscillation time of the DCXO is determined by the specific device used.

The following table represents the timing parameters of the power-up sequence.

Table 5-32 Timing Parameters of Power-Up Sequence

Parameters Description Min | Typ | Max | Unit

10 Delay from VBAT-RTC/VCC33-PMU start 80 Us
ramp-up to VCC18-RTC/VCC-DCXO stable

Delay from VCC18-RTC/VCC-DCXO stable to
T1 11 - 3.5 ms
VDD-SYS start ramp-up.

T2 Delay from VDD-SYS stable to DCXO stable 0 - - ms

Delay from VDD-SYS stable to VCC18-LDO

T3 250 |- 35.0 | ms
start ramp-up

T4 VCC18-LDO settle time 50 - 150 us
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The following figure shows an example of the power down sequence for this device.

After the VBAT-RTC and VCC33-PMU become lower than 2.0 V, the DCXO starts to stop
oscillating; VCC18-RTC, VDD-SYS, and VCC18-LDO start to ramp down.

e Nospecial restriction for VCC-DRAM.

Figure 5-23 Power-Down Sequence

VCC-DRAM

VBAT-RTC
VCC33-PMU o\

VCC18-RTC

VDD-SYS

DCX0-40M
or -24M

VCC18-LDO
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6

6.1.1

6.1.2

Temperature and Thermal Characteristics

Temperature

The following tables describe the temperature of the device

Table 6-1 Operating and Storage Temperature

Symbol | Parameter Min Max Unit
V821M2-WXX
-30 70 °C
T, Ambient Operating Temperature | V821L2-WXX
V821L2-XXX -30 80 °C
Tste Storage Temperature -55 125 °C

Table 6-2 Junction Temperature

Recommended Operating Temperature (T;)) | Absolute Maximum
Chi . Unit
: Min Max Junction Temperature
V821 -30 115 125 °C

Package Thermal Characteristics

The maximum chip junction temperature (T, max) Must never exceed the values given in Table 6-2
Junction Temperature.

Failure to maintain a junction temperature within the range specified reduces operating lifetime,
reliability, and performance, and may cause irreversible damage to the system. It is useful to
calculate the exact power consumption and junction temperature to determine which the
temperature will be best suited to the application. Therefore, the product should include thermal
analysis and thermal design to ensure the operating junction temperature of the device is within
functional limits.

The following tables show the thermal resistance characteristics of the device. These data are
based on JEDEC JESD51 standard, because the actual system design and temperature could be
different from JEDEC JESD51, these simulating data are a reference only and may not represent
actual use-case values, please prevail in the actual application condition test.

Table 6-3 Package Thermal Characteristics

Symbol | Parameter Min TypW® Max Unit
Junction-to-Ambient Thermal

0.1 une ! : 30.38 i °C/W
Resistance

0.5 Junction-to-Board Thermal Resistance | - 14 - °C/W

0.c Junction-to-Case Thermal Resistance | - 3.66 - °C/W
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(1) Reference document: JESD51-2 Integrated Circuits Thermal Test Method Environment
Conditions - Natural Convection (Still Air). Available from www.jedec.org.

(2) The testing PCB is 4 layers, 114.5 mm x 76.2 mm body, and 1.6 mm thickness. Ambient
temperature is 25 °C.
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7 Pin Assighment

7.1.1 PinMap

The following figures show the QFN 88 Pins, 9 mm x 9 mm, 0.35 mm pin pitch pin map.

7.1.1.1 V821L2-XXX

Figure 7-1 V821L2-XXX Pin Map
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7.1.1.2 V821M2-WXX/V821L2-WXX

Figure 7-2 V821M2-WXX/V821L2-WXX Pin Map
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7.1.2 Package Dimension

The following figure shows the top, bottom, and side views of the QFN 88 package.

Figure

PIN 1 CQRNER—/

7-3 Package Dimension
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SEATING PLANE
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TOP VIEW SIDE VIEW
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-
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3 ATTACH PAD
= |
= i
=
]
=
e B
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88X b £/
[&beb@ICIATE]
BOTTOM VIEW

SYMBOL MIN NOM MAX

TOTAL THICKNESS A 0.85 0.9 0.95

STAND OFF A 0 0.02 0.05

MOLD THICKNESS A2 — 0.7 —

L/F THICKNESS A3 0.203 REF

LEAD WIDTH b 012 017 0.22

X D 9 BSC

BODY SIZE - F ST

LEAD PITCH e 0.35 BSC

o sizE I X b2 6.4 6.5 6.6
| Y E2 6.4 6.5 6.6

LEAD LENGTH L 0.3 0.4 0.5

LEAD TIP TO EXPOSED PAD EDGE K 0.85 REF

PACKAGE EDGE TOLERANCE aae 0.1

MOLD FLATNESS cce 0.1

COPLANARITY ace 0.08

LEAD OFFSET bbb 0.07

EXPOSED PAD OFFSET Hi 0.1

NQTES
1.REFER TO JEDEC MO-—2:

0—220;
2.COPLANARITY APPLIES TO LEADS, GORNER LEADS AND DIE ATTACH PAD;
3.BAN TO USE THE LEVEL 1 ENVIRONMENT—RELATED SUBSTANCES;

4.FINISH; Cu /EP - SnB~20s
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8 Carrier, Storage and Backing Information

8.1 Carrier

The following table shows matrix tray carrier information.

Table 8-1 Matrix Tray Carrier Information

Item Color Size Note

322.6 mm x 135.9 mm x 7.62
Tray Black | * mmx 2o mmx 260 Qty/Tray

Vacuum packing

Sil Including HIC and
WY 540 mm x 300 mm x 0.14 mm nciuding Hit- an

Alumi foil b
uminum foil bags white desiccant

Printing: RoHS symbol

Pearl cotton cushion

White 12 mm x 680 mm x 185 mm
(Vacuum bag)

Pearl cotton cushion Left-Right:
(The Gap between ) 12 mm x 180 mm x 85 mm
White
vacuum bag and Front-Back:
inner box) 12 mm x 350 mm x 70 mm
[ Printing: RoHS symbol
Inner Box White 396 mm x 196 mm x 96 mm
10 Tray/Inner box
Carton White 420 mm x 410 mm x 320 mm 6 Inner box/Carton

The following table shows packing quantity.
Table 8-2 Packing Quantity Information

: Tray/Inner | Full Inner Inner Full Carton
S l S ty/T
ampre 1€ Qty/Tray Box Box Qty Box/Carton Qty
V821 9mmx9 mm 260 10 2600 6 15600
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The following figure shows tray dimension drawing.

Figure 8-1 Tray Dimension Drawing
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8.2 Storage

Reliability is affected if any condition specified in section 8.2.2 and section 8.2.3 has been exceeded.

8.2.1 Moisture Sensitivity Level (MSL)

A package's MSL indicates its ability to withstand exposure after it is removed from its shipment
bag, a low MSL device sample can be exposed on the factory floor longer than a high MSL device
sample. Table 8-3 defines all MSL.

Table 8-3 MSL Summary

MSL Out-of-bag floor life Comments

1 Unlimited <30°C/85%RH
2 1year <30°C/ 60%RH
2a 4 weeks <30°C/ 60%RH
3 168 hours <30°C/60%RH
4 72 hours <30°C/ 60%RH
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MSL Out-of-bag floor life Comments

5 48 hours <30°C/60%RH
5a 24 hours <30°C /60%RH
6 Time on Label (TOL) <30°C/60%RH
_|_| NOTE

The device samples are classified as MSL3.

8.2.2 Bagged Storage Conditions

The following table defines the shelf life.
Table 8-4 Bagged Storage Conditions

Packing Mode Vacuum packing

Storage Temperature 2026°C

Storage Humidity 40%D60%RH

Shelf Life 12 months

8.2.3 Out-of-bag Duration

It is defined by the device MSL rating. The out-of-bag duration is as follows.
Table 8-5 Out-of-bag Duration

Storage Temperature 2026°C
Storage Humidity 40%P60%RH
Moisture Sensitive Level 4

(MSL)

Floor Life 168 hours

For no mention of storage rules in this document, refer to the latest /PC/JEDEC J-STD-020C.

8.3 Baking

It is not necessary to bake chips if the conditions specified in section 8.2.2 and section 8.2.3 have
not been exceeded. It is necessary to bake chips if any condition specified in section 8.2.2 and
section 8.2.3 has been exceeded.

It is necessary to bake chips if the storage humidity condition has been exceeded, we recommend
that the device sample removed from its shipment bag for more than 2 days shall be baked to
guarantee production.
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Baking conditions: 125°C, 8 hours, nitrogen protection. Note that the baking should not exceed 1
times due to a risk of deformation.

\,\"wﬂe‘l
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9 Reflow Profile

All Allwinner chips provided for clients are lead-free RoHS-compliant products.

The reflow profile recommended in this document is a lead-free reflow profile that is suitable for
pure lead-free technology of lead-free solder paste. If customers need to use lead solder paste,
contact Allwinner FAE.

The following figure shows the appropriate reflow profile.

Figure 9-1 Lead-free Reflow Profile

Temperature

i/

Soak o Reflow | down

D > €— >

Al

Time

Table 9-1 Lead-free Reflow Profile Conditions

QTI typical SMT reflow profile conditions (for reference only)

Step Reflow condition
N2 purge reflow usage (yes/no) Yes, N2 purge used

Environment
If yes, 02 ppm level 02 <1500 ppm
Preheat t t

A reheat ramp up temperature 55 9¢ - 150 °C
range

B Preheat ramp up rate 1.5-2.5°C/s

C Soak temperature range 150°C->190°C

D Soak time 80-110s

E Liquidus temperature 217°C

F Time above liquidus 60-90 s

G Peak temperature 240-250°C
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QTI typical SMT reflow profile conditions (for reference only)

Step Reflow condition

H Cool down temperature rate <4°C/s

The method of measuring the reflow soldering process is as follows.

Fix the thermocouple probe of the temperature measuring line at the connection point between
the pin (solderable end) of the packaged device and the pad by using high-temperature solder
wire or high-temperature tape, fix the packaged device at the pad by using high-temperature tape
or other methods, and cover over the thermocouple probe.

Figure 9-2 Measuring the Reflow Soldering Process

. Adi t pack Printed
Spacing jacent package wiring
board

e

Measurement
point B

Thermocouples

m NOTE

To measure the temperature of the QFP-packaged chip, place the temperature probe directly at
the pin.

Measurement point A

If possible, the more accurate measuring way is to drill the packaged device, or drill the PCB, and
fix the thermocouple probe through the drilled hole at the pad.
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10 Part Marking

10.1 V821L2-XXX

The following figure shows the V821L2-XXX marking.

Figure 10-1 V821L2-XXX Marking

Pin No.1 Identifier

The following table describes the V821L2-XXX marking definitions.

Table 10-1 V821L2-XXX Marking Definitions

No. Marking Description Fixed/Dynamic
1 ALLWINNER Allwinner logo or name Fixed

2 V821L2-XXX Product name Fixed

3 LLLLLLL Lot number Dynamic

4 XXXXX Date code Dynamic
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10.2 V821M2-WXX
The following figure shows the V821M2-WXX marking.
Figure 10-2 V821M2-WXX Marking
1
( Auwiwer
V821 2
M2-WXX
e LLLLLLL XXXXX
Pin No.1 Identifier
3 4
The following table describes the V821M2-WXX marking definitions.
Table 10-2 V821M2-WXX Marking Definitions
No. Marking Description Fixed/Dynamic
1 ALLWINNER Allwinner logo or name Fixed
2 V821M2-WXX Product name Fixed
3 LLLLLLL Lot number Dynamic
4 XXXXX Date code Dynamic
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10.3 V821L2-WXX

The following figure shows the V821L2-WXX marking.

Figure 10-3 V821L2-WXX Marking

Pin No.1 Identifier

The following table describes the V821L2-WXX marking definitions.

Table 10-3 V821L2-WXX Marking Definitions

No. Marking Description Fixed/Dynamic
1 ALLWINNER Allwinner logo or name Fixed

2 V821L2-WXX Product name Fixed

3 LLLLLLL Lot number Dynamic

4 XXXXX Date code Dynamic
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Copyright©2025 Allwinner Technology Co., Ltd. All Rights Reserved.

This documentation is the original work and copyrighted property of Allwinner Technology Co., Ltd
( “Allwinner” ). No part of this document may be reproduced, modify, publish or transmitted in any form
or by any means without prior written consent of Allwinner.

Trademarks and Permissions

Allwinner and the Allwinner logo (incomplete enumeration) are trademarks of Allwinner Technology Co.,
Ltd. All other trademarks, trade names, product or service names mentioned in this document are the
property of their respective owners.

Important Notice and Disclaimer

The purchased products, services and features are stipulated by the contract made between Allwinner
Technology Co., Ltd ( “Allwinner” ) and the customer. All or part of the products, services and features
described in this document may not be within the purchase scope or the usage scope. Please read the
terms and conditions of the contract and relevant instructions carefully before using, and follow the
instructions in this documentation strictly. Allwinner assumes no responsibility for the consequences of
improper use (including but not limited to overvoltage, overclock, or excessive temperature).

The information in this document is provided just as a reference or typical applications, and is subject to
change without notice. Every effort has been made in the preparation of this document to ensure accuracy
of the contents. Allwinner.is not responsible for any damage (including but not limited to indirect,
incidental or special loss) or any infringement of third party rights arising from the use of this document.
All statements, information, and recommendations in this document do not constitute a warranty or
commitment of any kind, express or implied.

No license is granted by Allwinner herein express or implied or otherwise to any patent or intellectual
property of Allwinner. Third party licences may be required to implement the solution/product. Customers
shall be solely responsible to obtain all appropriately required third party licences. Allwinner shall not be
liable for any licence fee or royalty due in respect of any required third party licence. Allwinner shall have
no warranty, indemnity or other obligations with respect to third party licences.
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Allwinner Technology Co., Ltd.
No.9 Technology Road 2, High-Tech Zone,

Zhuhai, Guangdong Province, China

Contact US:
Service@allwinnertech.com

www.allwinnertech.com

Copyright©2025 Allwinner Technology Co., Ltd. All Rights Reserved.

91



	Key Features
	Revision History
	Content
	Figures
	Tables
	About This Document
	1 Overview
	2 Device Differences
	3 Features
	3.1 Processors
	3.2 Memory
	3.2.1 Boot ROM (BROM)
	3.2.2 SDRAM
	3.2.3 SD/MMC Host Controller (SMHC)
	3.2.4 SPI Flash Controller (SPIF)

	3.3 Image Processing
	3.3.1 Image Signal Processor (ISP)

	3.4 Graphics Processing
	3.4.1 Display Engine (DE)
	3.4.2 Graphic 2D (G2D)

	3.5 Video Engine
	3.5.1 Video Decoder
	3.5.2 Video Encoder

	3.6 Video Input Interfaces
	3.6.1 MIPI CSI
	3.6.2 Parallel CSI

	3.7 Video Output Interfaces
	3.7.1 RGB

	3.8 System Peripherals
	3.8.1 PMU
	3.8.2 Clock Controller Unit (CCU)
	3.8.3 Message Box (MSGBOX)
	3.8.4 Global Power Reset Clock Management (GPRCM)
	3.8.5 RTC
	3.8.6 Spinlock
	3.8.7 Thermal Sensor Controller (THS)
	3.8.8 High Speed Timer (HSTimer)
	3.8.9 Timer

	3.9 Audio
	3.9.1 Audio Codec
	3.9.2 I2S/PCM

	3.10 Peripheral Interfaces
	3.10.1 USB2.0 DRD
	3.10.2 Ethernet MAC
	3.10.3 UART
	3.10.4 PWM
	3.10.5 SPI and SPI_DBI
	3.10.6 Two Wire Interface (TWI)
	3.10.7 General Purpose ADC (GPADC)

	3.11 Security
	3.11.1 Crypto Engine (CE)
	3.11.2 True Random Number Generator (TRNG)
	3.11.3 Security ID (SID)

	3.12 Wi-Fi Subsystem
	3.12.1 Wi-Fi MAC
	3.12.2 Wi-Fi Baseband
	3.12.3 Wi-Fi Radio

	3.13 Package

	4 Pin Description
	4.1 Pin Characteristics
	4.1.1 SDRAM
	4.1.2 DCXO
	4.1.3 GPIO Groups
	4.1.3.1 Port A
	4.1.3.2 Port C
	4.1.3.3 Port D
	4.1.3.4 Port L

	4.1.4 USB
	4.1.5 RF
	4.1.6 Audio Codec
	4.1.7 GPADC
	4.1.8 PMU
	4.1.9 System

	4.2 GPIO Multiplex Function
	4.2.1 Port A
	4.2.2 Port C
	4.2.3 Port D
	4.2.4 Port L

	4.3 Detailed Signal Description
	4.3.1 SDRAM
	4.3.2 System Control
	4.3.3 RTC&PLL
	4.3.4 DCXO
	4.3.5 Clock Fanout
	4.3.6 RF
	4.3.7 PMU
	4.3.8 PMC
	4.3.9 SD Card/SDIO/eMMC
	4.3.10 USB
	4.3.11 I2S/PCM
	4.3.12 Audio Codec
	4.3.13 GPADC
	4.3.14 MIPI CSI
	4.3.15 Parallel CSI
	4.3.16 LCD
	4.3.17 Ethernet MAC
	4.3.18 SPI&SPI DBI
	4.3.19 SPI Flash
	4.3.20 UART
	4.3.21 PWM
	4.3.22 TWI
	4.3.23 JTAG
	4.3.24 Interrupt


	5 Electrical characteristics
	5.1 Parameter Conditions
	5.1.1 Minimum and Maximum Values
	5.1.2 Typical Values
	5.1.3 Temperature Definitions

	5.2 Absolute Maximum Ratings
	5.3 Recommended Operating Conditions
	5.4 GPIO DC Electrical Characteristics
	5.5 SMHC Electrical Characteristics
	5.6 GPADC Electrical Characteristics
	5.7 Audio Codec Electrical Characteristics
	5.8 Clock Electrical Characteristics
	5.8.1 High Frequency Reference Clock
	5.8.1.1 Clock Source Detection
	5.8.1.2 External Clock Source
	5.8.1.3 External XTAL and Built-in Oscillator

	5.8.2 Low Frequency Reference Clock
	5.8.2.1 External XTAL and Built-in Oscillator
	5.8.2.2 Internal RCOSC Reference Clock Source


	5.9 Wi-Fi 2.4G RF Receiver Specification
	5.10 Wi-Fi 2.4G RF Transmitter Specification
	5.11 Wi-Fi Power Consumption
	5.12 Interface Timing Characteristics
	5.12.1 SMHC Interface Timing
	5.12.1.1 HS-SDR Mode
	5.12.1.2 HS-DDR Mode

	5.12.2 LCD Interface Timing
	5.12.3 MIPI CSI Interface Timing
	5.12.4 Parallel CSI Interface Timing
	5.12.5 Ethernet MAC Interface Timing
	5.12.6 SPI Interface Timing
	5.12.7 SPI-DBI Interface Timing
	5.12.8 UART Interface Timing
	5.12.9 TWI Interface Timing
	5.12.10 I2S/PCM Interface Timing
	5.12.10.1 Data Output timing of I2S/PCM in Master mode
	5.12.10.2 Data Input timing of I2S/PCM in Master mode


	5.13 Power-Up and Power-Down Sequence
	5.13.1 Power-Up Sequence
	5.13.2 Power-Down Sequence


	6 Temperature and Thermal Characteristics
	6.1.1 Temperature
	6.1.2 Package Thermal Characteristics

	7 Pin Assignment
	7.1.1 Pin Map
	7.1.1.1 V821L2-XXX
	7.1.1.2 V821M2-WXX/V821L2-WXX

	7.1.2 Package Dimension

	8 Carrier, Storage and Backing Information
	8.1 Carrier
	8.2 Storage
	8.2.1 Moisture Sensitivity Level (MSL)
	8.2.2 Bagged Storage Conditions
	8.2.3 Out-of-bag Duration

	8.3 Baking

	9 Reflow Profile
	10 Part Marking
	10.1 V821L2-XXX
	10.2 V821M2-WXX
	10.3 V821L2-WXX


