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1. Overview

1.1 General description

Kneron KL720 series is an Al SoC targeting smart-home and loT segment with Kneron NPU core inside to

accelerate neural network processing and enabling devices with edge Al ability to achieve Kneron’s Al

everywhere vision.

The NPU core is designed to accelerate major computing layers inside the convolutional neural network

(CNN) and recurrent neural network (RNN), to off-load the heavy computing from traditional CPU or GPU

structure. So, our Al SoC can achieve edge side Al computing with only entry level MCU accompanied with

Kneron NPU core in order to save development cost.

Kneron KL720 series Al SoC is suitable for access control, smart retail, surveillance Al camera, home

appliance, and ready for RGB, NIR, depth image sensors. The system makers can easily to find suitable

image sensors to realize their application and achieve Al everywhere with Kneron KL720 inside.

1.2 Key specification
NPU
Maximum Frequency @ 696 MHz
Peak Throughput of 8-bit mode: 1425 GOPS,
1024MAC/cycle

CPU
ARM Cortex-M4@400MHz for system control

DSP
Tensilica DSP @ 500Mhz for Al assistance

SDRAM
SIP, 128MB, 32-bit LPDDR3-2133

External flash

Up to 128 MB SPI NOR or NAND flash

Supporting OS
CMSIS RTX

Power
Average power consumption:
1.725W@Yolov3_608
B Condition: NPU, DSP, LPDDR3, USB3

device

0.9V core voltage
1.8V or 3.3V I/O voltage (grouped by 10
banks)

Video in interface
2-lane MIPI-CSI-2 RX
DVP

Video out interface
DVP
LCM

Audio Interface
12S
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Peripheral Interface
12C
SPI
UART
USB 3.0 device interface
USB 2.0 host interface
PWM
GPIO
SDIO
SDCARD
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1.3 Block diagram
Here is the KL720 system block diagram. Which descripted the dedicated component for Al SoC indicator.

Figure 1 - Block diagram

USB 2.0 Host SPI_mem

Cortex M4

(System control)

MIPI CSI RX

MIPI CSI RX
KDP720 NPU

GPIO, PWM

LPDDR3 Security eFuse

USB 2.0 Device
LSBE2.0 dual role
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2. Functional Description
2.1 CPU

In order to get the optimized performance and efficiency, there is one Cortex-M4 embedded in KL720-

series. System CPU is designed for the chip operation which is equipped with i-mem of 128KB and d-mem of
128KB. Major work items are serviced RTOS, 10 driver, video input and output, 3™ party application.

2.2 NPU
Kneron’s self-developed 2nd generation NPU is embedded in KL720-series. Its lego-like architecture services
popular CNN models such as TinyYolo, ResNET, Mobilenet. It supports reconfigurable mechanism and can be
updated by OTA.

2.3 DSP

Al computing DSP is used to execute computer vision pre-processing and post-processing functions, while
NPU handles Al computations. Tool chain is used to build DSP code like a general-purpose DSP.

2.4 DRAM

LPDDR3 is embedded in KL720-series to reduce the power consumption. There is single option to use
128MB.

2.5 MIPI CSI RX
KL720-series provides a high-resolution, high-speed and flexible interconnect of the MIPI CSl receiver. It is
compliant with the Camera Serial Interface 2 (CSI-2) and supports the MIPI Alliance specifications. The
supported data rate is up to 1.2 Gbps per data lane and it is scalable from one to two data lanes

2.6 DVP video interface

To link with the general parallel video interfaces in the market, KL720-series provides parallel input interface
for RGB format (RGB-888 / RGB-565) and YUV format (YUV422).

2.7 12C
12C in KL720-series is configurable to be able to serve as a master or slave residing on the 12C bus. The
master is a device that initiates the data transfers on the bus and generates the clock signals to permit the
transfers. During these transfers, any addressed device is considered a slave. Data are transmitted and
received from the 12C bus through a buffered interface. Two wires, the serial data (SDA) and serial clock
(SCL), carry information between devices connected to the bus.

2.8 125

Since 12S is a populate audio format provided by many audio devices, KL720-series provides this interface to
transfer digital audio data.

2.9 UART

UART in KL720-series implements the most common communications protocols. In UART mode of operation
it is backward compatible to the 16550 to support existing communication software.

10
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2.10 USB
There are 2 USB port. One USB 3.0 in KL720-series can be configured as device only. One USB 2.0 in KL720-
series can be configured as host only.

USB controller features:

® Compliance with USB-IF

® Support control, bulk and interrupt transfer
® Support UVCin limited function
o

Internal DMA mode for efficient data transfer

2.11 SPI

There are 3 kinds of SPI in KL720-series. It contains SPI interface controller to execute the SPI Flash
command as ROM and link with other devices. The other SPI interface supports the display. The last one is
general SPI for BT or wireless device.

2.12 GPIO

KL720-series provides a flexible, configurable and programmable general-purpose I/O. The options to
remove or add the interrupt sense, bouncing clock, and pull high/low circuits are programable. The
attributes of each GPIO pin, such as input/output, bypass, interrupt sense, clock source, and pull type can
be programmed to fit the user specification. GPIO also provides a bouncing clock to be used for the de-
bounce input.

2.13 SDIO

KL720-series has a host controller of the SD (Secure Digital) interface which is compliant with the SD physical
layer specification, version 2.0.

2.14 Security Engine

Support security boot and normal boot.
eFuse major

* Support hash algorithm for Public key

* Code encryption key

* Firmware version counter

* Bit map: 512b, 128b
Public Key recommends

* security boot: 128 bits
Code encryption key

* AES: 128 bits
Firmware image rollback counter

* Atleast 32 bits

11
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Block Cipher Algorithms

* AES: ECB, CBC, CTR, OFB

* DES: ECB, CBCECB, CBC
Digest Algorithms

*  HASH: MD5

* AES: XCBC
Authenticated Encryption Algorithms
Authenc (XCBC, CBC)

Figure 2 - Security boot flow-I

HW Reset |

-1 Check =g
*_— ~ BOOT_IPL_SEL
L . ; [5“_ fy/
Boot from SP1 Boot from ROM
Secure Process [XIP moda)

Deaypt SPL
Note: XIP mode is not in

AUTH# . Show MSGH2 thesoape st R nosde:

natch? g . ‘System har

Check
HSPI_IF_ON
(strap) 4
. Set PINMLEX
2. Show MSGH1
3. CPUidE loop infinitely

1. Show MSGHA
Z, .'Sy:_iterl'u hang _

MSG#1:
“Host 5P| interface is enabled. CPU will enter idle mode.”

MSG#2;

“The AUTH number does not match the number in the eFuse.”

“Authentication failed and the system hangs.” Yes, not load Hilbdts
load 5PLT

MSG#3:

“The decryption size exceeds the maximum limit of SPL"
“Booting failed and the system hangs.”

MSG#]:
“The calculated hash value is not same as the value in the header.”
* Authentication failed and the system hangs.” | Secura Process |

12
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Figure 3 - security boot flow-l|

Authentication flow eFuse SoC side

Decryption flow

PC side Tool =0

AES Decryption

AES Encryption

SP| Flash SRAM SHA

2.15 PWM
KL720-series’s internal timer supports the PWM (Pulse Width Modulation) function to generate the PWM
signals for the motor control or power level control.

13
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3. Pin Descriptions

3.1 10 list
Table 1 - 10 list

Feature 9x9 Package 11x11 Package
SPI-Flash 1 1
12C 2 3
SPI(SSP1) 0 1
12S(SSPO) 1 1
SD-CARD 1 1
SD 10 1 1
DPI In 0 1
DPI Out 1 1
UART 2 2
JTAG 1 1
PWM 2 2
DSP JTAG 0 1
GPIO (shared) 21 32
MIPI-RX1 (2 lanes) 0 1
MIPI-RX1 (2 lanes) 0 1
USB2 Host 1 1
USB3 Device 1 1
Embedded DDR 1 1
RTC 1 1
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3.2 Pin mux table

Table 2 - Pin mux table 1/2

10 Port Name PKG9x9 |PKG11x11| 10 Bank Mode0 DIR Mode1 DIR Mode2 DIR Mode3 DIR
X_DPI_PCLKI i Bank0 by ExtReg | DPI_PCLKI I |DPI_PCLKI | |DPI_PCLKI | |DPI_PCLKI [
X_DPI_VSI v DPI_VSI I |DPI_vsI | |DPI_vsI | |DPI_vSI I
X_DPI_HSI v DPI_HSI I |DPI_HSI | |DPI_HSI | |DPI_HSI I
X_DPI_DEI v DPI_DEI | |DPI_DEI | |DPI_DEI | |DPI_DEI I
X_DPI_DATAI[0] v DPI_DATAI[0] I |DPI_DATAI[0] | |DPI_DATAI[0] | |DPI_DATAI[0] I
X_DPI_DATAI[1] v DPI_DATAI[1] | |DPI_DATAI[1] | |DPI_DATAI[1] | |DPI_DATAI[1] I
X_DPI_DATAI[2] v DPI_DATAI2] | |DPI_DATAI[2] | |DPI_DATAI[2] | |DPI_DATAI[2] I
X_DPI_DATAI[3] v DPI_DATAI[3] | |DPI_DATAI[3] | |DPI_DATAI[3] | |DPI_DATAI[3] I
X_DPI_DATAI[4] v DPI_DATAI[4] | |DPI_DATAI[4] | |DPI_DATAI[4] | |DPI_DATAI[4] I
X_DPI_DATAI[5] v DPI_DATAI[5] | |DPI_DATAI[5] | |DPI_DATAI[5] | |DPI_DATAI[S5] I
X_DPI_DATAI[6] v DPI_DATAI[E] | |DPI_DATAI6] | |DPI_DATAI[E] | |DPI_DATAI[6] I
X_DPI_DATAI[7] v DPI_DATAI[7] | |DPI_DATAI[7] | |DPI_DATAI[7] | |DPI_DATAI[7] I
X_DPI_DATAI[8] i DPI_DATAI[8] | |DPI_DATAI8] | |DPI_DATAI[8] | |DPI_DATAI[8] I
X_DPI_DATAI[9] v DPI_DATAI[9] | |DPI_DATAI[9] | |DPI_DATAI[9] | |DPI_DATAI[9] I
X_DPI_DATAI[10] v DPI_DATAI[10] | |DPI_DATAI[10] | |DPI_DATAI[10] | |DPI_DATAI[10] I
X_DPI_DATAI[11] v DPI_DATAI[11] | |DPI_DATAI[11] | |DPI_DATAI[11] | |DPI_DATAI[11] I
X_DPI_DATAI[12] v DPI_DATAI[12] | |DPI_DATAI[12] | |DPI_DATAI[12] | |DPI_DATAI[12] I
X_DPI_DATAI[13] v DPI_DATAI[13] | |DPI_DATAI[13] | |DPI_DATAI[13] | |DPI_DATAI[13] I
X_DPI_DATAI[14] v DPI_DATAI[14] | |DPI_DATAI[14] | |DPI_DATAI[14] | |DPI_DATAI[14] I
X_DPI_DATAI[15] v DPI_DATAI[15] | |DPI_DATAI[15] | |DPI_DATAI[15] | |DPI_DATAI[15] I
X_SPI_CS_N v v Bankl byI0 [SPI_CS_N O |SPI_CS_N o [sPi_cs N O [sPI_CS N o
X_SPI_CLK v v SPI_CLK O |SPI_CLK o [sPIL_cLK 0 |SPI_CLK o
X_SPI_DO v v SPI_DO 0 |sPI_DO o [sPI_DO 0 |sPI_DO o
X_SPI_DI v v SPI_DI I |SPI_DI I |sPLDI | |SPI_DI I
X_SPLLWP_N \ i SPLWP_N O |SPI_WP_N o [sPL_wP_N SPLWP_N o
X_SPI_HOLD_N \ v SPI_HOLD_N O |SPI_HOLD_N O [SPI_HOLD_N O |SPI_HOLD_N o
X_I2C0_CLK \ v 12C0_CLK 110 [12C0_CLK 110 |12C0_CLK 110 {160 I
X_I2C0_DATA \ v [2C0_DATA 110 [12C0_DATA 110 |12C0_DATA 110 {160 I
X_MCLK \ v MCLK 0 |MCLK o |mcLk 0 [McLK o
X_SSP0_CLK \ v SSPO_CLK 110 [SSPO_CLK 110 |SSPO_CLK /0 |SSPO_CLK 110
X_SSP0_CS0 v v SSPO_CS0 110 |SSP0_CS0 110 |SSPO_CS0 /0 |SSPO_CSO0 110
X_SSPO_CS1 v SSPO_CS1 110 [SSP0_CS1 | |sspPo_cst | |ssPo_cst I
X_SSPO_DI v v SSPO_DI I |ssPo_bI I |ssPo_bi I |ssPo_DI I
X_SSP0_DO v v SSPO_DO 0 |SSP0_DO o [sspo_po 0 |ssPo_DO o
X_UARTO_TX v v UARTO_TX O |UART1_TX O |UART1_TX O |UART1_TX o
X_UARTO_RX v v UARTO_RX I |UART1_RX I |UART1_RX I 160 I
X_TRACE_CLK i Reserve O |UART1_DCD I |UART1_DCD 1 |10 I
X_TRACE_DATA[0] v Reserve O |UART1_DTR O |UART1_DTR 0 |1b0 I
X_TRACE_DATA[1] v Reserve O |UART1_DSR | |UART1_DSR I |1b0 I
X_TRACE_DATA[2] v Reserve O |UART1_RTS O |UART1_RTS 0 |1b0 I
X_TRACE_DATA[3] v Reserve O |UART1_CTS | |UART1_CTS | |UART1_CTS I
X_UART1_RI v UART1_RI I |UART1_RI | |UART1_RI | |UART1_RI I
X_I12C1_CLK v 12C1_CLK 110 [12C1_CLK 110 |12C1_CLK 110 {160 I
X_I2C1_DATA v 12C1_DATA /0 [12C1_DATA 110 |12C1_DATA 110 {160 I
X_SSP1_CLK v SSP1_CLK 1/0 |DPI_DATAO[13] o [ssP1_cLk /0 |SSP1_CLK 110

15
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_ PKG 9x9 |PKG11x11| 10 Bank DIR Mode2 DIR Mode3 DIR
X_SSP1_CS v v O [ssPi_cs /0 |SSP1_CS 110
X_SSP1_DI v v O [ssP1_DI SSP1_DI I
X_SSP1_DO v v o [ssP1_poO SSP1_DO o
X_SSP1_DCX v v 0 [ssP1_bDcx SSP1_DCX o

v v O |DSP_JTAG_TDO

v v

v v

v v

v v

v v DSP_JTAG_TRST_N

v v DSP_JTAG_TDI

v v DSP_JTAG_TMS

v v DSP_JTAG_TCK

v v UART1_TX

v v UART1_RX

v v

v v

v v

v v

v v

v v
X_I12C2_CLK v 12C2_CLK 12C2_CLK 12C2_CLK 1/0 |60 I
X_I12C2_DATA v 12C2_DATA 110 [12C2_DATA 110 |12C2_DATA 110 {160 I
X_DSP_TRSTN v DSP_JTAG_TRST_N | I |UARTO_TX O |UARTO_TX 0 |10 I
X_DSP_TDI v DSP_JTAG_TDI I |UARTO_RX I |UARTO_RX I |10 I
X_DSP_TDO v DSP_JTAG_TDO O |UARTO_IRDA RX_H | | |UARTO_IRDA RX_H | I |10 I
X_DSP_TMS v DSP_JTAG_TMS | |UARTO_IRDA RX_L | | [UARTO_IRDA RX_L | I |10 I
X_DSP_TCK v DSP_JTAG_TCK UARTO_IRDA_TX UARTO_IRDA_TX O |MCU_JTAG_TDO o
S B o [roo |
X_JTAG_TRSTN v v Bank4 33V) |MCU_JTAG_TRST_N | | |HSPI_CLK I |HSPI_CLK I |1b0 I
X_JTAG_TDI v v MCU_JTAG_TDI I |HSPI_cs I |HSPIcs I |10 I
X_JTAG_TMS v v MCU_JTAG_TMS I |HSPI_DI I |HSPLDI I |60 I
X_JTAG_TCK v v MCU_JTAG_TCK I |HSPI_DO O [HsPI_DO 0 |10 I
X_SD1_D3 v v SD1_D3 /0 |SD1_D3 1/0 |SD1_D3 /0 |SD1_D3 10
X_SD1_D2 v v SD1_D2 1/0 {SD1_D2 1/0 |SD1_D2 /0 |SD1_D2 110
X_SD1_D1 v v SD1_D1 1/0 [SD1_D1 1/0 |SD1_D1 /0 [SD1_D1 110
X_SD1_D0 v v SD1_DO 1/0 {SD1_DO 1/0 |SD1_DO /0 |SD1_DO 110
X_SD1_CMD \ v SD1_CMD 1/0 {SD1_CMD 1/0 |SD1_CMD /0 |SD1_CMD 110
X_SD1_CLK v v SD1_CLK 0 |SD1_CLK 0 [sD1_cLk 0 |SD1_CLK o
X_SD0_D3 v v SD0_D3 1/0 {SD0_D3 1/0 |SD0_D3 /0 |SDO_D3 110
X_SDO0_D2 v v SD0_D2 1/0 {SD0_D2 1/0 |SDO_D2 /0 |SDO_D2 110
X_SD0_D1 v v SDO_D1 1/0 [SDO_D1 1/0 |SDO_D1 110 [SDO_D1 110
X_SD0_DO v v SDO0_DO 1/0 {SDO_DO 1/0 |SDO_DO /0 |SDO_DO 110
X_SD0_CMD v v SDO_CMD 1/0 |SDO_CMD 1/0 |SDO_CMD /0 |SDO_CMD 110
X_SD0_CLK v v SDO_CLK SDO_CLK SDO_CLK SDO_CLK
X_SDO_CARD_PWN v v SDO_CARD_PWREN | O |SDO_CARD_PWREN SDO_CARD_PWREN SDO_CARD_PWREN
X_SDO_CARD_DET v v SDO_CARD_DET | |SDO_CARD_DET | |SDO_CARD_DET | |SDO_CARD_DET I
X_JTAG_TDO v v MCU_JTAG_TDO O |SDO_W_PORT I |SDo_w_PORT | |SDO_W_PORT I
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Table 3 - Pin mux table 1/2

10 Port Name PKG9x9 |PKG11x11| 10 Bank Mode4 DIR Mode5 DIR Mode6 DIR Mode7 DIR
X_DPI_PCLKI v Bank0 by ExtReg |DPI_PCLKI | |DPI_PCLKI | |DPI_PCLKI | |DPI_PCLKI I
X_DPI_VSI v DPI_VSI I |DPI_vsI | |DPI_vSI I |DPI_vs I
X_DPI_HSI v DPI_HSI | |DPI_HSI | |DPI_HSI | |DPI_HSI I
X_DPI_DEI v DPI_DEI | |DPI_DEI | |DPI_DEI | |DPI_DEI I
X_DPI_DATAI[0] v DPI_DATAI[0] | |DPI_DATAI[0] | |DPI_DATAI[0] | |DPI_DATAI[0] I
X_DPI_DATAI[1] i DPI_DATAI[1] | |DPI_DATAI1] | |DPI_DATAI1] | |DPI_DATAI1] I
X_DPI_DATAI[2] v DPI_DATAI2] | |DPI_DATAI2] | |DPI_DATAI2] | |DPI_DATAI2] I
X_DPI_DATAI[3] v DPI_DATAI[3] | |DPI_DATAI[3] | |DPI_DATAI[3] | |DPI_DATAI[3] I
X_DPI_DATAI[4] v DPI_DATAI[4] | |DPI_DATAI4] | |DPI_DATAI4] | |DPI_DATAI4] I
X_DPI_DATAI[5] v DPI_DATAI[5] | |DPI_DATAI[5] | |DPI_DATAI[5] | |DPI_DATAI[5] I
X_DPI_DATAI[6] v DPI_DATAI[E] | |DPI_DATAI[E] | |DPI_DATAI[E] | |DPI_DATAI[E] I
X_DPI_DATAI[7] v DPI_DATAI[7] | |DPI_DATAI[7] | |DPI_DATAI[7] | |DPI_DATAI[7] I
X_DPI_DATAI[8] v DPI_DATAI[8] | |DPI_DATAI[8] | |DPI_DATAI[8] | |DPI_DATAI[8] I
X_DPI_DATAI[9] v DPI_DATAI[9] | |DPI_DATAI[9] | |DPI_DATAI9] | |DPI_DATAI[9] I
X_DPI_DATAI[10] v DPI_DATAI[10] | |DPI_DATAI[10] | |DPI_DATAI[10] | |DPI_DATAI[10] I
X_DPI_DATAI[11] v DPI_DATAI[11] | |DPI_DATAI[11] | |DPI_DATAI[11] | |DPI_DATAI[11] I
X_DPI_DATAI[12] v DPI_DATAI[12] | |DPI_DATAI[12] | |DPI_DATAI[12] | |DPI_DATAI[12] I
X_DPI_DATAI[13] i DPI_DATAI[13] | |DPI_DATAI[13] | |DPI_DATAI[13] | |DPI_DATAI[13] I
X_DPI_DATAI[14] v DPI_DATAI[14] | |DPI_DATAI[14] | |DPI_DATAI[14] | |DPI_DATAI[14] I
X_DPI_DATAI[15] v DPI_DATAI[15] | |DPI_DATAI[15] | |DPI_DATAI[15] | |DPI_DATAI[15] I
X_SPI_CS_N \ v Bankl by IO [SPI_CS_N o [sPI_cs N O [sPI_Cs N o [sPI_cs N o
X_SPI_CLK \ v SPI_CLK O [sPI_CLK O [SPI_CLK 0 [sPI_CLK o
X_SPI_DO \ v SPI_DO o [sPI_DO o [sPI_DO o [sPI_DO o
X_SPI_DI v v SPI_DI I |sPLDI I |sPLDI I |sPLDI I
X_SPLLWP_N v v SPLWP_N o [sPL_wP_N SPI_WP_N o [sPL_wP_N
X_SPI_HOLD_N v v SPI_HOLD_N O [SPI_HOLD_N SPI_HOLD_N O [SPI_HOLD_N
X_I12C0_CLK v v o |12co_cLk 110 o |ePIo_0 7o)
X_I2CO_DATA v v O |12c0_DATA 110 o |ePIO_1 7o)
X_MCLK v v MCLK o |mcLk o [McLk o |mcLk o
X_SSPO_CLK \ i SSPO_CLK 1/0 |SSPO_CLK 110 |SSPO_CLK 1/0 |SSPO_CLK 110
X_SSP0_CS0 \ v SSPO_CS0 110 |SSPO_CS0 110 |SSPO_CS0 1/0 |SSPO_CS0 110
X_SSP0_CS1 v SSPO_CS1 | |ssPo_cst | |sspPo_cst | |ssPo_cst 110
X_SSP0_DI \ v SSPO_DI | |ssPo_bi | |ssPo_Di | |ssPo_bi [
X_SSP0_DO \ v SSPO_DO o [ssPo_po 0 [ssPo_DO o [ssPo_po o
X_UARTO_TX \ v UART1_TX O |UART1_TX o o |GPIO_15 110
X_UARTO_RX v v UART1_RX I |UART1_RX [ o |GPIO_16 110
X_TRACE_CLK v UART1_DCD I |uART1_DCD I o |ePIO_17 110
X_TRACE_DATA[0] v UART1_DTR O |UART1_DTR o o |ePIO_18 110
X_TRACE_DATA[1] v UART1_DSR I |UART1_DSR | o |ePIO_19 110
X_TRACE_DATA[2] v UART1_RTS O |UART1_RTS o o |GPIO_20 110
X_TRACE_DATA[3] v UART1_CTS I |UART1_CTS ! o |ePIo_21 110
X_UART1_RI i UART1_RI I |UART1_RI ! o |GPIO_22 110
X_I12C1_CLK \ v UARTO_TX O [MCU_JTAG_TRST N| | o |ePIO_2 110
X_I2C1_DATA \ v UARTO_RX | |MCU_JTAG_TDI | o |ePIO_3 110
X_SSP1_CLK \ v SSP1_CLK 110 |SSP1_CLK 0 [ssP1_cLK 110 |SSP1_CLK 110
X_SSP1_CS \ v SSP1_CS 110 |SSP1_Cs SSP1_CS 110 |SSP1_Cs 110
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_ PKG 9x9 | PKG 11x11| 10 Bank Mode4 DIR Mode5 DIR Mode6 DIR Mode? DIR
X_SSP1_DI v v SSP1_DI | |ssp1_pi o |sspP1 pi | |ssp1_pi |
X_SSP1_DO v v SSP1_DO o |ssp1 Do o [ssp1 Do o [ssP1 Do o
X_SSP1_DCX v v SSP1_DCX SSP1_DCX o [ssP1_box o |ssP1_bex

v v 12C0_DATA 1o | o | o |epio_27

v v o o o

v v o o o

v v o o o

v v 0| o | 0|

v v o] o] o]

v v o] o] o]

v v o] o] o]

v v o] o] o]

v v o] o] o]

v v o] o | o]

v v o = o

v v o o o

v v o | | o | o |epPio 28 10

v v o | | o | o |epPio 29 1o

v v o | [ o | o |ePio_30 110

v v o | o | o |ePio_31 o
X_12C2_CLK v Reserve I [mMcu_sTtac TMs | o |epio_4 1o
X_2C2_DATA v Reserve MCU_JTAG_TCK o |ePio 5 1o
X_DSP_TRSTN v 12C1_CLK 10 |Reserve o |ePio_10 1o
X_DSP_TDI v 12C1_DATA 10 |Reserve o |ePio_11 1o
X_DSP_TDO v 12C2_CLK Reserve o |ePio 12 o
X_DSP_TMS v 12C2_DATA Reserve o |ePio_13 o
X_DSP_TCK A% Reserve Reserve O [GPIO_14 110
_ v v 12C0_CLK o |epPio 26 o
X_JTAG_TRSTN v v Bankd (33V) |SSPO_CS0 HSPI_CLK o |epPi0 6 o
X_JTAG_TDI v v SSPO_CS1 I |Hspics | o |epi0 7 o
X_JTAG_TMS v v SSPO_DI I |HsPipi | o |epPio s o
X_JTAG_TCK v v SSPO_DO o |Hspipo ) o P09 o
X_SD1_D3 v v SD1_D3 10 |SD1_D3 10 |sD1_D3 10 |SD1_D3 1o
X_SD1_D2 v v SD1_D2 10 |sp1_p2 10 |sp1_p2 10 |sp1_p2 1o
X_SD1_D1 v v SD1_D1 10 |SD1_D1 10 |SD1_D1 10 |SD1_D1 1o
X_SD1_DO v v SD1_DO 10 |SD1_Do 10 |SD1_Do 10 |SD1_DO 1o
X_SD1_CMD v v SD1_CMD 10 |SD1_cMD 10 |sp1_cmp 10 |SD1_cMD o
X_SD1_CLK v v SD1_CLK o [sp1_cLk o [sp1_cLk o [sp1_cLk o
X_SD0_D3 v v SDo_D3 110 |SDo_b3 110 |spo_b3 110 |SDo_b3 o
X_SD0_D2 v v SDO_D2 110 |sDo_p2 10 |spo_b2 110 |spo_p2 o
X_SD0_D1 v v SDO_D1 10 |SD0_D1 10 |sD0_D1 110 |SD0_D1 o
X_SDO_DO v v SDO_DO 110 |SD0_DO 110 |sDo_po 110 |SD0_DO o
X_SDO_CMD v v SDO_CMD 110 |SD0_CMD 10 |sDo_cmp 110 |SD0_CMD 1o
X_SDO_CLK v v SDO_CLK SDO_CLK SDO_CLK o |spo_cLk )
X_SDO_CARD_PWN v v SDO_CARD_PWREN| O |SDO_CARD_PWREN o |ePio_23 o
X_SDO_CARD_DET v v SDO_CARD_DET I |spo_caArD_DET | o |ePio_24 1o
X_JTAG_TDO v v SDO_W_PORT I |spo_w_PorT | o |ePio_25 1o
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3.3 Signal Description

Table 4 - Signal description

Signal Name

Description

Boot setting

X_OM

System mode setting
0: Normal mode
1: Test mode, don’t used on normal operation

X_OSCL_SEL

Select SCU clock source.
0: 32.768KHz from OSC pad.
1: OSC 100KHz from internal OSC.

BK1_LS3V

|0 bank1 voltage select.
0: v18.
1:V33

BK2_LS3V

|0 bank2 voltage select.
0: v18.
1:V33

BOOT_IPL_SEL

Share with X_JTAG_TDO
0: Boot from SPI NOR (XIP mode)
1: Boot from ROM

BOOT_SPL_SEL[1:0]

Share with X_SSP1_DQO, X_SSP0_DO
00: SPL is specified by UART

01: SPL is located in SPI NOR flash
10: SPL is located in SPI NAND flash
11: SPL is from USB.

Share with X_UARTO_TX

HSPI_IF_ON 0: Normal.
1: Reserve, don’t used on normal operation
Clock/Reset
X_RESET_N Chip full reset
X_WAK_BTN Base domain wake up
X_OSCRTC_IO 32.768KHz crystal 10
X_OSCRTC_IN 32.768KHz crystal Input
X_0SC12M_IN 12.000MHz crystal 10
X_0SC12M_I0 12.000MHz crystal Input
Power switch control
X_PSW_BAS Base power domain enable. ‘1’: enable, ‘0’: disable
X_PSW_NOM Normal power domain enable. ‘1’: enable, ‘0’: disable
X_PSW_UHO USB2 power domain enable. ‘1": enable, ‘0’: disable
X_PSW_UDR USB3 power domain enable. ‘1’: enable, ‘0’: disable
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Signal Name

Description

X_PSW_DCK KGD power domain enable. ‘1’: enable, ‘0’: disable
X_PSW_NPU NPU and DSP power domain enable. ‘1’: enable, ‘0’: disable
X_PSW_MRX MIPI power domain enable. ‘1": enable, ‘0’: disable
X_PSW_EXT External power domain enable. ‘1’: enable, ‘0’: disable
USB 2.0/ USB3.0
X_USB2_DP USB2 DP signal
X_USB2_DM USB2 DM signal
X_USB2_DRVVBUS USB2 VBUS power enable
X_USB2_VBUS USB2 VBUS power detect.
X_USB2_RREF USB2 current source. It needs to connect the 4.7-kQ + 1% resistor

X_USB3_SSTXA

USB3 SSTXA signal, default connect to SSTX-

X_USB3_SSTXB

USB3 SSTXB signal, default connect to SSTX+

X_USB3_SSRXA

USB3 SSRXA signal, default connect to SSRX-

X_USB3_SSRXB

USB3 SSRXB signal, default connect to SSRX+

X_USB3_DP USB3 DP signal
X_USB3_DM USB3 DM signal
X_USB3_DRVVBUS USB3 VBUS power enable
X_USB3_VBUS USB3 VBUS power detect.
X_USB3_RREF USB3 current source. It needs to connect the 4.7-kQ + 1% resistor
X_USB3_ID USB3 ID pin. ‘0’: Host, ‘1’: Device

SPI flash
SPI_CLK Serial clock
SPI_CS_ N Chip select, active low
SP1_DI Data input /100
SPI_DO Data output /101
SPI_WP_N |02 (for SPI flash quad-mode)
SPI_HOLD_N |03(for SPI flash quad-mode)

DPI output
DPI_PCLKO Pixel clock
DPI_VSO Vertical sync
DPI_HSO Horizontal sync
DPI_DEO Data enable
DPI_DATAO[11:0] Pixel data[11:0]

DPIl input
DPI_PCLKI Pixel clock
DPI_VSI Vertical sync
DPI_HSI Horizontal sync
DPI_DEI Data enable

DPI_DATAI[15:0]

Pixel data[15:0]
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JTAG_TRSTN JTAG reset

JTAG_TDI JTAG data input

JTAG_TMS JTAG mode select or SWDIO
JTAG_TCK JTAG clock or SWCLK
JTAG_TDO JTAG data out
. osme
DSP_TRSTN JTAG reset

DSP_TDI JTAG data input

DSP_TDO JTAG data output

DSP_TMS JTAG mode select

DSP_TCK JTAG clock

12C0_CLK 12CO SCL, open drain

12CO_DATA 12C0 SDA, open drain

12C1_CLK 12C1 SCL, open drain

[2C1_DATA I2C1 SDA, open drain

12C2_CLK 12C2 SCL, open drain

12C2_DATA 12C2 SDA, open drain

SSPO_CLK Serial clock

SSPO_CSO Chip select 0 @SSP and SPI mode, FS @ 12S mode
SSPO_CS1 Chip select 1 @SSP and SPI mode, not used @ 12S mode
SSPO_DI Data input

SSPO_DO Data output

PWMO

SSP1_CLK Serial clock

SSP1_CS Chip select @SSP and SPI mode, FS @ 12S mode
SSP1_DI Data input

SSP1 DO Data output

SSP1_DCX Data/CMD flag

Pulse width modulation 0 output

PWM1

UARTO_TX

Pulse width modulation 1 output

UARTO Data output

UARTO_RX

UARTO Data input
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Signal Name

Description

UART1_TX UART1 Data output
UART1_RX UART1 Data input
GPIO interface
GPIO_* Programmable general-purpose input/output
SD card interface
SDO_CLK Clock
SDO_CMD Command

SDO_CARD_PWN

Card Power enable control

SDO_CARD_DET

Card detect

SDO_DJ3:0] Data[3:0]
SDIO interface
SD1_CLK Clock
SD1_CMD Command
SD1_DJ[3:0] Data[3:0]
DDR PHY/ KGD
ZQ DDR PHY ZQ, it needs to connect the 240 Q + 1% resistor to GND
X_DDR_zQ KGD ZQ, it needs to connect the 240 Q + 1% resistor to GND
oDT KGD ODT signal, suggest connect the 1K Q resistor to VCC120_DDR
VREF_CA KGD VREF_CA
VREF_DQ KGD VREF_DQ
X_DDR_ATO DDR PHT test pin, please floating it.

X_DDR_DTO[1:0]

DDR PHT test pin, please floating it.

MIPI RX

X_MPRXO0_CKP MIPIO differential clock lane+
X_MPRX0_CKN MIPI0 differential clock lane-
X_MPRX0_DPO MIPIO differential data lane 0+
X_MPRX0_DNO MIPIO differential data lane O-
X_MPRX0_DP1 MIPIO differential data lane 1+
X_MPRX0_DN1 MIPIO differential data lane 1-
X_MPRX0_RBIAS MIPIO RBIAS, it must connect the 2k Q resistor (+1%) to GND
X_MPRX1_CKP MIPI1 differential clock lane+
X_MPRX1_CKN MIPI1 differential clock lane-
X_MPRX1_DPO MIPI1 differential data lane 0+
X_MPRX1_DNO MIPI1 differential data lane O-
X_MPRX1_DP1 MIPI1 differential data lane 1+
X_MPRX1_DN1 MIPI1 differential data lane 1-

X_MPRX1_RBIAS

MIPI1 RBIAS, it must connect the 2k Q resistor (+1%) to GND
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3.4 Power supply pin
€ TFBGA 9x9 power supply ball assign

Table 5 - TFBGA 9x9 power supply ball assign

C13,C14,D3,D4,D13,D14,E4,E5,E6,E7,E8,E9,E13,
E15,F3,F5,F6,F7,F8,G3,G7,G8,G9,G13,H4,H5,H7,
H13,)5,17,18,]12,114,K3,K4,K8,K12,K14,L3,L4,L5,

Pin name Description Pin no. Power Domain
VCCO9A_PLLO_6 PLL power F13 X_PSW_BAS
VCCO9A_PLL1 F9
VCCO9A_PLL4 J9
VCCO9A_PLL5 N10
VCCO9A_RX_USB3 USB 3 RX power D12 X_PSW_BAS
VCCO9A_TX_USB3 USB 3 TX power D10 X_PSW_BAS
VCCO9K_PHY DDR PHY digital power K7, L7, P7, P8 X_PSW_BAS
VCC120_DDR DDR PHY 10 power D2,E2,E3,G6,H6,16,M6,M7,N6,N7,P3,P4,P5,P6 X_PSW_BAS
VDD2_CA_KGD12A DDR PHY 10 power H1,H2,]1,12,13,]4 X_PSW_BAS
VCCK_BNU BAS, NOR, USB2, USB3 core E10,E14,F10,F11,F14,G10,H10,J10,L15,M12,M13, X_PSW_BAS
power M14
VCCK_NPU DSP, NPU core power F12,F15,G11,G12,G14,G15,H11,H12,H14,H15,)11, X_PSW_NPU
J13,J15,K11,K13,K15,L12,L14,M10,M11,N11,N12,
N13,N14,E10,E14,F10,F11,F14,G10,H10,J10,L15,
M12,M13,M14
VCCK_0OSC12M OSC core power E11 Always on
VDD1_KGD18A KGD core power K1 X_PSW_BAS
VCC18A_DDR_PLL DDR PHY PLL power H8 X_PSW_BAS
VCC18A_TDCO TDC power K9 X_PSW_BAS
VCC18A_USB2 USB2 analog power B6 X_PSW_BAS
VCC18A_USB3 USB3 analog power B12 X_PSW_BAS
VCC18A_VQPSO 1 Efuse power J17 X_PSW_BAS
VCC18I0_RTC RTC power c7 Always on
VCC18UD_BK Pin mux I/O power K17,L.16,M15,N15,R11,R12 X_PSW_BAS
VCC18UD_USB USB2,3 10 power B8 X_PSW_BAS
VCC33A_USB2 USB2 analog power D6 X_PSW_BAS
VCC33A_USB3 USB3 analog power C10 X_PSW_BAS
VCC3I0_BKO_1 10 bank 0,1 power G16,H16,J16,K16 X_PSW_BAS
VCC3I0_BK2 10 bank 2 power P13 X_PSW_BAS
VCC3I0_BK3 10 bank 3 power P14,P15 X_PSW_BAS
VCC3I0_BK4 10 bank 4 power P10,P11 X_PSW_BAS
VCC3I0_USB USB 2,3 10 power Al10 X_PSW_BAS
VREF_CA KGD CA VREF K2 X_PSW_BAS
VREF_DQ KGD DQ VREF F4 X_PSW_BAS
GND18A_TDCO TDC Ground L9
GND Ground Al1,A12,A15,A17,B3,B7,B15,C3,C4,C5,C8,C9,C11,
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L8,L10,L11,L13,M3,M4,M5,M8,N3,N4,N5,N9,P9,
R5,R6,R14,R15,U1,U17
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€ TFBGA 11x11 power supply ball assign

Table 6 - TFBGA 11x11 power supply ball assign

Pin name Description Pin no. Power Domain
VCCO9A_PLLO_6 PLL power H13 X_PSW_BAS
VCCO9A_PLL1 H9
VCCO9A_PLL2_3 E13
VCCO9A_PLL4A L9
VCCO9A_PLL5 R10
VCCO9A_RX_USB3 USB 3 RX power E11 X_PSW_BAS
VCCO9A_TX_USB3 USB 3 TX power E10 X_PSW_BAS
VCCO9K_PHY DDR PHY digital power M7,N7,T7,T8 X_PSW_BAS
VCCO09A_MPRXO0 MIPIO PHY analog power C13 X_PSW_BAS
VCC09A_MPRX1 MIPI1 PHY analog power Cil6 X_PSW_BAS
VCC120_DDR DDR PHY 10 power E3,F3,G3,H7,)J7,K6,L6,R4,R5,T3,T4,T5,U3,U4,U X_PSW_BAS
5
VDD2_CA_KGD12A DDR PHY IO power H4,14,K3,K4,L3,L4 X_PSW_BAS
VCCK_BNUM BAS,NOR,USB2,USB3,MIPI G10,G11,G14,H10,H14,J10,K10,L10,N15,P12, X_PSW_BAS
core power P13,P14
VCCK_NPU DSP,NPU core power H12,H15,J11,J12,)14,)15,K11,K12,K14,K15,L11 X_PSW_NPU
,L13,L15,M11,M13,M15,N12,N14,P10,P11,R1
1,R12,R13,R14
VCCK_0OSC12M OSC core power H11 Always on
VDD1_KGD18A KGD core power K1 X_PSW_BAS
VCC12A_MPRX0 MIPIO PHY analog power C14 X_PSW_BAS
VCC12A_MPRX1 MIPI1 PHY analog power C18 X_PSW_BAS
VCC18A_DDR_PLL DDR PHY PLL power K8 X_PSW_BAS
VCC18A_TDCO TDC power M9 X_PSW_BAS
VCC18A_USB2 USB2 analog power ES X_PSW_BAS
VCC18A_USB3 USB3 analog power C10 X_PSW_BAS
VCC18A_VQPSO_1 Efuse power L17 X_PSW_BAS
VCC18I0_RTC RTC power E7 Always on
VCC18UD_BK Pin mux I/O power M17,N16,P15,R15,U11,U12 X_PSW_BAS
VCC18UD_USB USB2,3 10 power c4 X_PSW_BAS
VCC18A_MPRX0 MIPIO PHY analog power C12 X_PSW_BAS
VCC18A_MPRX1 MIPI1 PHY analog power A15 X_PSW_BAS
VCC33A_USB2 USB2 analog power F6 X_PSW_BAS
VCC33A_USB3 USB3 analog power c9 X_PSW_BAS
VCC3I0_BKO0_1 10 bank 0,1 power J16,K16,L16,M16 X_PSW_BAS
VCC3I0_BK2 10 bank 2 power T13 X_PSW_BAS
VCC3I0_BK3 10 bank 3 power T14,T15 X_PSW_BAS
VCC3I0_BK4 10 bank 4 power T10,T11 X_PSW_BAS
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Pin name Description Pin no. Power Domain
VCC3I0_USB USB 2,3 10 power c5 X_PSW_BAS
VREF_CA KGD CA VREF 13 X_PSW_BAS
VREF_DQ KGD DQ VREF 16 X_PSW_BAS
GND18A_TDCO TDC Ground N9

GND Ground A1,A4,A11,A19,A21,AA1,AA21,B11,B19,C3,C6

,C7,C8,C11,C15,D19,E4,E6,E8,E9,E12,E14,E15,
E16,E17,E19,F4,F5,F8,F9,F10,F12,F13,F14,F15,
F16,F17,F19,G4,G5,G6,G7,G8,G9,G13,G15,G1
6,G17,G19,H5,H6,H8,H16,H17,H19,]8,]9,]13,)
17,119,K5,K7,K13,K17,K19,L5,L7,L8,L12,L14,L1
9,M5,M8,M12,M14,M19,N3,N4,N5,N6,N8,N1
0, N11,N13,N17,N19,P3,P4,P5,P6,P7,P8,P16,
P17,P19,R3,R6,R7,R8,R9,R16,R17,R19,T6,T9,
T16,T17,T19,U6,U7,U8,U9,U14,U15,Ul6,U17,
U19,V3,vV19,W3,W4,W5W6W7,W8W9I,W10,
W11,wW12,W13,W14W15W16W17,W18,W19
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3.5 Ball map

Table 7 - TFBGA 9x9 ball map
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Table 8 - TFBGA 11x11 ball map
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4. Power Mode

4.1 Introduction
In order to provide power efficient solution, there are four power planes in RTC, CPU, DSP &
NPU, DDR.

4.2 Power mode

4.2.1 RTCmode
Only RTC power plane is active in this mode.

4.2.2 Default mode
This mode is triggered by wakeup signal. PSW_CPU will be active to enable PMIC (on
board) to power to CPU power plane. Therefore, RTC and CPU power planes are active
in this mode.

4.2.3 Full function mode
All the power planes are active to support full functions in this mode.

4.2.4 Retention mode
Enter this mode by turn off the power of DSP& NPU power plane from Full function
mode. RTC, CPU and DDR power planes are active in this mode.

4.2.5 Deep retention mode
In this mode, DDR keeps self-refresh state to keep the data in DDR. RTC and DDR are
active in this mode.

4.2.6 Power Domain

Figure 4 - Power domain

Vrte Vosc Vbase Vnorm Vmipi Vusb(HOST) Vusb(DRD) Vcomp_eng
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4.2.7 Power switch (on board) diagram

Figure 5 - Power switch diagram
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5. Electrical Characteristics
5.1 Absolute Maximum Ratings

Table 9 - Absolute Maximum Ratings

Parameter Symbol Min Max Units
Supply Core Voltage V09 -0.5 1.26 \Y
Supply 10 Voltage @ V33=3.3V V33 -0.5 4.6 \Y
Supply 10 Voltage @ V33 =1.8V V33 -0.5 2.8 \Y
10 Signal Voltage @ V33 =3.3V VIO -0.5 4.6 \Y
10 Signal Voltage @ V33 =1.8V VIO -0.5 2.8 \Y
ESD (human body mode) ESD-HBM 11 KV
ESD (machine mode) ESD-MM +30 \Y
Latch-Up +100 mA
Storage Temperature Tstorage -40 150 C
Operation Temperature Toperate 0 70 T
Junction Temperature Tjunction -40 125 T

1 The voltage depends on different power group

*  Permanent device damage may occur if the absolute maximum ratings are exceeded
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5.2 Recommended operating conditions

Table 10 - Recommended operating conditions

Power pin

Description

Min.

Typ.

Max.

Unit

VCC33A_USB2
VCC33A_USB3
VCC3I0_BKO_1
VCC3I0_BK2
VCC3I0_BK3
VCC3I0_BK4
VCC3I0_USB

I0(digital 10, USB) power supply

3.135

3.3

3.465

VCC18A_DDR_PLL
VCC18A_TDCO
VCC18A_USB2
VCC18A_USB3
VCC18A_VQPSO_1
VCC18I0_RTC
VCC18UD_BK
VCC18UD_USB
VDD1_KGD18A

Efuse, USB and DDR power supply

1.71

1.8

1.89

VDD2_CA_KGD12A
VCC120_DDR

DDR PHY and KGD power supply

1.2

1.25

1.3

VCCO9A_PLLO_6
VCCO9A_PLL1
VCCO9A_PLL4
VCCO9A_PLL5
VCCO9K_PHY
VCCO9A_TX_USB3
VCCO9A_RX_USB3
VCCK_BNU
VCCK_NPU
VCCK_0SC12M

PLL, core and USB power supply

0.9

0.945

0.99
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5.3 DC electrical characteristics

Table 11 - DC electrical characteristics

Symbol [Description Note Min. [Typ. [Max. |Unit
V33 |3.3V I/O and RTL-power domain [VCC33A_USB2 3.135| 3.3 |3465| V
power supply VCC33A_USB3
VCC3I0_BKO_1
VCC310_BK2
VCC310_BK3
VCC3I0_BK4
VCC310_USB
Tj Operating junction temperature  |Tjunction -40 25 125 °C
Vi Input low voltage @V33=3.3V LVTTL 0.8 1.1 Vv
Vih  |Input high voltage @V33=3.3V LVTTL 1.58 2.0 \Y
Vi Schmitt-trigger negative-to LVTTL 0.8 11 \Y,
threshold voltage @V33=3.3V
Vis Schmitt-trigger positive-to- LVTTL 1.58 2.0 \Y
threshold voltage @V33=3.3V
Vo |Output low voltage @V33=3.3V |loi=2mA~8mA 04 V
Von |Output high voltage @V33=3.3V |lon = 2mA~8mA | 2.4 Y
Rpu | Input pull-up resistance Vin = 0V 20 40 100 KQ
Rpa | Input pull-down resistance Vin = V33 20 40 100 KQ
lin Input leakage current in = V33 or OV +1 10 | pA
loz Tri-state put leakage current - 11 10 pA
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5.4 USB electrical characteristics

Table 12 - USB 3.2 Gen1 Electrical Characteristics of Transmitter

Symbol Description Condition Min. Typ. Max. Unit
ul Unit interval - 199.94 200 200.06 ps
VTX-DIFF-PP Differential peak-to-peak TX voltage 2 * |V1xp - Vxn|, measured at 800 - 1200 mV
swing the TX near end
Vrx-DIFF-Pp_Low Low-power differential peak-to-peak 2 * |[V1xp - V1xn|, measured at 400 - 1200 mV
TX voltage swing the TX near end
V/TX-DE-RATIO TX de-emphasis level - 3.0 - 4.0 dB
R1x-DIFF-DC DC differential impedance - 72 - 120 Q
Caccouring  AC coupling capacitor - 75 - 200 nF
TTx-DJ-FAR Far-end TX deterministic jitter o Deterministic jitter = - 0.43 ul
assuming only the dual-
Dirac distribution
e Measured at TP1 and after
receiver equalization
function
TTX-RJI-FAR Far-end TX random jitter Measured at the TP1 and - - 0.23 ul
after receiver equalization
function by using the CP1
pattern at 10"'2 BER
TTX-TJ-FAR Far-end TX total jitter Measured at the TP1 and after - - 0.66 ul
receiver equalization
(TJ=DJ +RJ)
VTDR The voltage change allowed during Total amount of the voltage - - 600 mV

the receiver detection

change during TX-Detect-RX

Table 13 - USB 3.2 Gen1 Parameters of Normative Spread Spectrum Clocking (SSC)

Symbol Description Condition Min. Typ. Max. Unit
Tssc-MoD-RATE Modulation rate - 30 - 33 kHz
Tssc-FrEQ- SSC deviation - +0/-4000 - +0/-5000 ppm
DEVIATION

Tssc-SLEW-RATE SSC slew rate - - - 10 ms/s
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Table 14 - USB 3.2 Gen1 Electrical Characteristics of LFPS

Symbol Description Condition Min. Typ. Max. Unit

Treriod Period of the LFPS signal - 20 - 100 ns

Vem-Ac-LFPs AC common-mode voltage of the - - - 100 mV
LFPS signal

Vrx-niFrprLrps  Differential peak-to-peak LFPS 2% |Vixp - Vrxn| 800 - 1200 mV
voltage swing

Vrx-DIFF-PP-LFPs-LP  Low-power differential peak-to- 2 |Vxp - Vixn| 400 - 600 mV
peak LFPS voltage swing

TRISE-FALL-2080 Rise/Fall time of the LFPS signal - - - 4.0 ns

Duty cycle Duty cycle of the LFPS signal - 40 - 60 %

Table 15 - USB 3.2 Gen1 Electrical Characteristics of Receivers

Symbol Description Condition Min. Typ. Max. Unit
ul Unit interval - 199.94 200 200.06 ps
Rrx-nc Receiver common-mode impedance - 18 - 30 Q
RRx-DIFF-DC Receiver DC differential impedance - 72 - 120 Q
Vrx-LrpspeT-DIFF-PP  LFPS detect threshold - 100 - 300 mV

Table 16 - USB 3.2 Gen1 Input Jitter Requirements for Testing RX Tolerance

Symbol Description Condition Min. Typ. Max. Unit

F1 Tolerance corner - - 4.9 - MHz

Jry Random jitter - - 0.0121 - Ul rms
Jry_P-P Random jitter peak-to-peak at 1012 - - 0.17 - Ul p-p
JPJ_500KHZ Sinusoidal jitter - - 2.0 - Ul p-p
JPy_1MHZ Sinusoidal jitter - - 1.0 - Ul p-p
Jpy_2MHz Sinusoidal jitter - - 0.5 - Ul p-p
Jry_F1 Sinusoidal jitter - - 0.2 - Ul p-p
JPy_s50MHZ Sinusoidal jitter - - 0.2 - Ul p-p

Note: SSC should be added to the testing equipment at all time.
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Table 17 - USB 2.0 Transceiver DC Electrical Characteristics

Symbol Description Condition Min. Typ. Max. Unit
Input levels for High-Speed
VHsDIFF High-Speed differential input [Viop) - Viom)) 300 - - mV
sensitivity Measured at the connection as an
application circuit
Vhscum High-Speed data signaling - -50 - 500 mV
common-mode voltage range
Vhssa High-Speed squelch detection  Squelch is detected. - - 100 mV
threshold :
Squelch is not detected. 200 - - mV
VHsbsc High-Speed disconnection Disconnection is detected. 625 - - mV
detection threshold
etection thresho Disconnection is not detected. - - 525 mV
Output levels for High-Speed
Vhsol High-Speed idle-level output - -20 - 20 mV
voltage (Differential)
VHsoL High-Speed low-level output - -20 - 20 mV
voltage (Differential)
Vhuson!!  High-Speed high-level output - 360 400 440 mV
voltage (Differential)
VcHIRPY Chirp-J output voltage - 700 - 1100 mV
(Differential voltage)
VCHIRPK Chirp-K output voltage - -900 - -500 mV
(Differential voltage)
Iop/om Allowable output current of When the termination is 45 Q +10% 14.55 17.78 21.79 mA
DP/DM lines
Terminations for High-Speed
ZHsDRV Driver output resistance Equivalent resistance used for the 40.5 45 49.5 Q
internal chip
ZHSTERM Differential impedance - 76.5 90 1035 Q

[7]1 The driven lines of High-Speed Test_J and Test_K are removed as certification requirements in January 2010.
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Table 18 - USB 2.0 Transceiver AC Electrical Characteristics
Symbol Description Condition Min. Typ. Max. Unit

Driver characteristics (High-Speed mode)

THsDRAT High-Speed TX data rate - 479.76 - 480.24 Mbps
THsDRAT High-Speed RX data rate - 479.76 - 480.24 Mbps
trsr 8 High-Speed differential rise time 10% ~ 90% 100 - - ps
trsr @ High-Speed differential fall time 10% ~ 90% 100 - - ps

Driver timing (High-Speed mode)

- Driver waveform requirement Please refer to the eye pattern Please follow template 1 in the USB 2.0
of template 1. specification.

Receiver timing (High-Speed mode, Template 4, USB 2.0 specification)

- Data source jitter and receiver  Please refer to the eye pattern Please follow template 4 in the USB 2.0
jitter tolerance of template 4. specification.

Table 19 - USB 1.1 Transceiver DC Electrical Characteristics

Symbol Description Condition Min. Typ. Max. Unit

Input levels for Low-/Full-Speed

ViH High-level input voltage Driven 20 - - V

ViHz High-level input voltage Floating 2.7 - 3.6 \%

Vi Low-level input voltage - - - 0.8 \%

Vo Differential input sensitivity [Vior) - Viowm)| 0.2 - - Y

Vem Differential common-mode Including the VoI range 0.8 - 25 \Y
voltage

Input levels for Single-ended receiver

VsE1 Single-ended receiver threshold - 0.8 - 2.0 \%

Output levels for Full-Speed/Low-Speed

VoL Low-level output voltage - 0 - 0.3 \Y

Von High-level output voltage - 28 - 3.6 \Y,

Terminations

RPU1 Pull-up resistor during idle Equivalent resistance used for 900 - 1575 Q

the internal chip

RPU2 Pull-up resistor during Equivalent resistance used for 1425 - 3090 Q
transmitting the internal chip

RPD Pull-down resistance Equivalent resistance used for 14.25 - 24.80 kQ

the internal chip

[8] USB-IF relaxes the rise and fall time edge values of 300 ps (2133 V/us) and 100 ps (6400 V/us) for High-Speed signaling, and no
waivers should be granted for edge rates faster than 100 ps.
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Table 20 - USB 1.1 Transceiver AC Electrical Characteristics

Symbol Description Condition Min. Typ. Max. Unit

Driver characteristics (Full-Speed mode)

Troraths  Full-Speed TX data rate - 11.994 - 12.006 Mbps

TroRATE Full-Speed RX data rate - 11.970 - 12.030 Mbps

trr Rise time CL=50pF 4.0 - 20 ns
10% ~ 90% of [Von - VoL|

tre Fall time CL=50pF 4.0 - 20 ns

90% ~ 10% of |Von - VoL|

Driver characteristics (Low-Speed mode)

TioratHs ~ Low-Speed TX data rate - 1.49925 - 1.50075 Mbps

TLoRATE Low-Speed RX data rate - 1.47750 - 1.52250 Mbps

tr Rise time CL =200 pF ~ 600 pF 75 - 300 ns
10% ~ 90% of [Von - Vo|

tLe 1 Fall time CL =200 pF ~ 600 pF 75 - 300 ns

90% ~ 10% of |Von - Vou|

Driving timing (Full-Speed mode)

propagation delay For the detailed descriptions of - - 15 ns
(VI, FSEO, OE to DP, DM) VI, FSEO, and OE, please refer
to the USB 1.1 specification.

TrpeoP Source jitter from differential - -2.0 - 5.0 ns

transitions to SEO transition
Tr1 Receiver jitter To the next transition -18.5 - 18.5 ns
Tir2 Receiver jitter For the paired transition -9.0 - 9.0 ns
TreopT Source SEOQ interval of EOP - 160 - 175 ns
TreOPR Receiver SEO interval of EOP - 82 - - ns
TrsT Width of the SEO interval during - - - 14 ns

differential transition

Driving timing (Low-Speed mode)

Tipeopr Source jitter from differential - -40 - 100 ns
transition to SEO transition

Tir1 Receiver jitter To next transition -75 - 75 ns

Tur2 Receiver jitter For the paired transition -45 - 45 ns

TieopT Source SEOQ interval of EOP - 1.25 - 1.5 us

TLEOPR Receiver SEO interval of EOP - 670 - - ns

Tist Width of the SEO interval during - - - 210 ns

differential transition

Not specified: Low-Speed delay time is dominated by slower tir or tir.

[9] This measurement continues to be informational for FS and LS. However, this measurement is required for HS.
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Symbol Description Condition Min. Typ. Max. Unit
Receiver timing (Full-Speed mode)

tPLH(rev) Receiver propagation delay For the detailed descriptions of - - 18 ns
tPHL(rev) (DP; DM to RX_RCV) RCV, please refer to the

USB 1.1 specification.

trLHsingle)  Receiver propagation delay - - - 18 ns

tpLsngey  (DP; DM to RX_DP, RX_DM)
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5.5 MIPI electrical characteristics
Table 21 - MIPI DC Electrical Characteristics of HS Receiver
Parameter Description Min. Typ. Max. Unit Note
Vemrxoc) Common-mode voltage in the HS 70 - 330 mV 1,2
receive mode
ViotH Differential input high threshold - - 40 mV -
voltage
VioTL Differential input low threshold voltage  -40 - - mV -
ViiHs Single-ended input high voltage - - 460 mV 1
Vius Single-ended input low voltage -40 - - - 1
V1ERM-EN Single-ended threshold voltage for HS - - 450 mV -
termination enable
Zp Differential input impedance 80 100 125 Q -

1. The values listed exclude the possible additional RF interference of 100-mV peak sine wave beyond 450 MHz.
2. The values listed include the ground difference of 50 mV between the transmitter and receiver as well as the static

common-mode level tolerance, and variations below 450 MHz.

Table 22 - MIPI AC Electrical Characteristics of HS Receiver

Parameter Description Min Nom Max Units Note
AV oyrxHF) Common-mode - - 100 mV 2
interference beyond
450 MHz
AV eyrxLr) Common-mode 50 . 50 mv 1

interference beyond
50 MHz ~ 450 MHz

Cem Common-mode - - 60 pF 3
termination
Notes:
1. The values listed exclude the “static” ground shift of 50 mV.

AVcemrxHr) is the peak amplitude of a sine wave superimposed on the receiver inputs.

3. For higher bit rate, a 14-pF capacitor is needed to meet the common-mode return loss specification.
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Table 23 - MIPI DC Electrical Characteristics of LP Receiver

Parameter Description Min. Typ. Max. Unit Note
ViH Logic 1 input voltage 740 - - mV -
Vi Logic 0 input voltage is not at the ULP state. - - 550 mV -
ViL-uLps Logic 0 input voltage is at the ULP state. - - 300 mV -
Vhyst Input hysteresis 25 - - mV -

Table 24 - MIPI AC Electrical Characteristics of LP Receiver

Parameter Description Min. Typ. Max. Unit Note
€spiKE Input pulse rejection - - 300 Vps 1,2,3
Twin-rx Minimum pulse width response 20 - - ns 4
Vit Peak interference amplitude - - 200 mV -
fint Interference frequency 450 - - MHz -
Notes:
1. Time-voltage integration of a spike will be above Vi at the LP-0 state or below Vi4 at the LP-1 state.
2. An impulse of less than this value will not change the receiver state.
3. In addition to the required glitch rejection, implementers must ensure the rejection of known RF interferers.
4. An input pulse of greater than this value must toggle the output
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5.6 Power on/off sequence
Always-on Power domain

Table 25 - Always-on power list

Symbol Power
VI8 VCCI18I0 RTC
V09 VCCK_OSCI12M

Figure 6 - Always-on power on sequence

V18 /

V09 /

* Power-on:
power supply ramp time: > 100us
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BNU Power domain

Table 26 - X PSW_BAS power list

Symbol

Power

V33

VCC3IO_USB

VCC33A_USB3

VCC33A_USB2

VCC3IO_BK4

V33/V18

VCC3IO_BKO_1

VCC3IO_BK2

VCC3IO_BK3

V18

VCC18UD_USB

VCCI18UD_BK

VCCI8A _VQPSO0_1

VCCI8A_USB3

VCCI8A_USB2

VCCI8A_TDCO

VCCI18A_DDR_PLL

VCCI8A _MPRXO0

VCCI8A_MPRX1

VDD1_KGD18A

V12

VCC120_DDR

VDD2_CA_KGDI12A

V09

VCCO9K_PHY

VCCO09A _TX USB3

VCCO9A_RX_USB3

VCC09A _PLLS

VCCO09A _PLL4

VCCO9A_PLL1

VCCO09A PLLO 6

VCCK_BNUM

VCCO09A_MPRXO0

VCCO9A_MPRX1
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Figure 7 - BNU domain power supply ramp time requirement

V33

V18

V12
V09

[\

gL =

171

* Power-on:
power supply ramp time: > 100us

Figure 8 - BNU domain power up sequence requirement

: | V33 .

L Tpwr_startup_io | -

. Td3  J90%

I

I 1 |

| | |

i i E V18

! Td2 ! ;

I :.‘__——b-

: COTd1 ! -90% i V12

| 1 P o0% /! i V09
X_PSW_BAS T ;

|

ov

Td1: 2 0ms
Td2: =0ms
Td3: 2 0ms

NPU power domain

Table 27 - NPU power domain list

Symbol

Power

V09

VCCK_NPU
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Figure 9 - NPU power supply ramp time

VoS

Power-on:
power supply ramp time: > 100us
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5.6 Reset sequence

Figure 10 - Reset sequence

S0 ?_:

VCC18I0_RTC T e i
scu_clk (100KHz) : N nn nn nn nn nn
TII'IST_L:I'J;’
¥_RESET_M {
1 RST_HIGH Ttom.p_
X_PSW_BAS
VCCK_BNU a3
Tﬂ-n'r_:tarlu!
VCC3I0_BK* °F
strap pin latch Il
X_OSCA2M (1 2MHz)_ N ) Jumn
E TDSCH
scu_pllen /
TP_l
scu_divrst_n
Thus ¢
E— s
scu_hreset_n
Table 28 - Reset sequence timing.

Symbol Description Min Typ Max Units Comment

Treosc_stable RCOSC stable time 110 us

TRrsT Low Hardware reset low duration 67 us It needs to keep low:

B Three cycles of scu_clk to
make sure the reset event
for de-glitch circuit.

TRST HIGH Hardware reset high duration 715 us It needs to keep high: At

B least thirty-two cycles of
scu_clk to release the
reset for the de-bounce
circuit.

Thootup_en Bootup enable time 160 us
Towr startup_io  Power switch enable to 10 power ready 3 ms
ToscH 12MHz Crystal pad stable time 10 ms
TruL PLLO Locking time 190 us
Thus_rst Bus reset release time 10.8 us
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6. Thermal information

Table 29 - Thermal information: HBFCCSP 9x9

Package Power(W) |0JA( C /W)

6JB( C Iw)

eJc( C Iw)

HBFCCSP 9x9 206 @ 0 m/s

6.07

0.9

The testing JEDEC PCB is based on 4 layers, 101.5x 114.5 mm, 1.6 mm Thickness (JEDEC JESD51-9)

Table 30 - Thermal information: HBFCCSP 11x11

Package Power(W) |8JA( C /W)

6JB( C W)

ejc( C Iw)

HBFCCSP 19.6 @ 0 m/s

6.12

0.88

The testing JEDEC PCB is based on 4 layers, 101.5 x 114.5 mm, 1.6 mm Thickness (JEDEC JESD51-5)
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7.

Package information

7.1 Package Dimension

Figure 11 - TFBGA 9x9 Package
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ymbao
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Figure 12 - TFBGA 11x11 Package
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8.

Ordering information

8.1 Top marking

O

{@neron

KL720B342

XXXXX-XXX
YYWW1B

8.2 Ordering information

KL720B3421B

<+— Product No.

Lot No.

<+—1 Date code & version

Chip version

DDR size and type
42: 1024Mb

Package type & 10 config.

B3: WB-FCCSP 269
B4: WB-FCCSP 386

*  Note: KL720B3421A is no longer for order.

Chip family
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9. Appendix

9.1 Reflow information

Figure 13 - Reflow profile
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Table 31 - Classification Reflow Profiles

Profile

Sn-Pb Eutectic Assembly

Pb-Free Assembly

Preheat and soak

Min. temperature (TSmin)
Max. temperature (TSmax)
Time (tSmin to tSmax) (ts)

100 °C
150 °C
60 ~ 120 seconds

150 °C
200 °C
60 ~ 120 seconds

Average ramp-up rate (Tsmax to Tp)

3 °C/second (Max.)

3 °C/second (Max.)

Liquid temperature (TL)
Time at liquid (tL)

183 °C
60 ~ 150 seconds

217 °C
60 ~ 150 seconds

Peak package body temperature (Tp)*

Please refer to the
classification temperature in
Table 4.1 of IPC/JEDEC J-
STD-020E - Classification
Temperatures.

Please refer to the
classification temperature in
Table 4.2 of IPC/JEDEC J-
STD-020E - Classification
Temperatures.

Time (t,)** within 5 °C of the specified
classification temperature (Tc)

20** seconds

30** seconds

Average ramp-down rate (Tp to TSmax)

6 °C/second (Max.)

6 °C/second (Max.)

Time to peak temperature from 25 °C

6 minutes (Max.)

8 minutes (Max.)

* Tolerance for peak profile temperature (T,) is defined as a supplier minimum and a user maximum.
** Tolerance for time at peak profile temperature (1) is defined as a supplier minimum and a user maximum.

Note 1: All temperatures refer to the center of the package, measured on the package body surface that is facing up
during assembly reflow (e.g. live-bug). If parts are reflowed in other than the normal live-bug assembly reflow
orientation (i.e. dead-bug), T, shall be within £2°C of the live-bug T, and still meet the Tc requirements,
otherwise, the profile shall be adjusted to achieve the latter. To accurately measure actual peak package body
temperatures, please refer to JEP140 for recommended thermocouple use.

Note 2: All components in the test load shall meet the classification profile requirements.

Note 3: SMD packages classified to a given moisture sensitivity level by using Procedures of Criteria defined within
any previous version of J-STD-020, JESD 22-A112 (Rescinded), IPC-SM-786 (Rescinded) do not need to be
reclassified to the current revision unless a change in classification level or a higher peak classification

temperature is desired.
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Table 32 - IPC/JEDEC J-STD-020E: SnPb Eutectic Process — Classification Temperatures (Tc)

Package Thickness Volume (mm?) <350 Volume (mm3) =350
<2.5mm 235°C 220°C
=2.5mm 220°C 220°C

Note 1: Previously classified SMDs should only be reclassified by the manufacture. Users should refer to the
“Moisture Sensitivity” label on the bag to determine at which reflow temperature the SMD packages were
classified.

Note 2: Unless labeled otherwise, level 1 SMD packages are considered to eb classified at 220°C.

Note 3: If supplier and user agree, components can be classified at temperatures other than those in Table of
IPC/JEDEC J-STD-020E SnPb Eutectic Process and Pb-Free Process.

Table 33 - IPC/JEDEC J-STD-020E: Pb-Free Process — Classification Temperatures (Tc)

Package Thickness Volume (mm?3) <350 Volume (mm3) 350~2000 Volume (mm3) =350
<1.6mm 260°C 260°C 260°C
1.6mm~2.5mm 260°C 250°C 245°C
=2.5mm 250°C 245°C 245°C

Note 1: At the discretion of the device manufacturer, but not the board assembler/user, the maximum peak body
temperature (Tp) can exceed the values specified in the Table of IPC/JEDEC J-STD-020E SnPb Eutectic
Process and Pb-Free Process. the use of higher T, does not change the classification temperature Tc.

Note 2: Package volume excludes external terminates (e.g. balls. Bumps. Lands, leads) and/or nonintegral heat heat
sinks.

Note 3: The maximum component temperature reached during reflow depends on package thickness and volume.
The use of convection flow processes reduces the thermal gradients between packages. However, thermal
gradients due to differences in thermal mass of SMD packages may still exist.

Note 4: Moisture sensitivity levels of components intended for use in a Pb-free assembly process shall be evaluated
using the Pb-free classification temperatures and profiles defined in Table of IPC/JEDEC J-STD-020E - SnPb
Eutectic Process and this appendix, whether or not Pb-free.

Note 5: SMD packages classified to a given moisture sensitivity level by using Procedures or Criteria defined within
any previous version of J-STD-020, JESD22-A112 (rescinded), IPC-SM-786 (rescinded) do not need to be
reclassified to the current version unless a change in classification level or a higher peak classification
temperature is desired.
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