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Preface

Overview

This document mainly describes the key points of hardware design and notices for
RK3399Pro processor, aiming to help Rockchip customers shorten the product design cycle,
improving the product design stability and reducing the failure rate. Please refer to the
requirements of this guide to do the hardware design, and suggest to use the relevant core
templates released by Rockchip. If need to modify due to specific reasons, please strictly
follow the design rule of high-speed-digital-circuit and Rockchip Schematic&PCB checklist
requirements.

Chip Type
The corresponding chip type is RK3399Pro in this document.

Intended Audience

This document is mainly suitable for below:

® Product hardware development engineers
® Field application engineers

® Test engineers
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Acronym

Acronym includes the abbreviations of commonly used phrases in this document:

DDR Double Data Rate WU A (R D B AN LA &5
DP DisplayPort wonEEM

eDP Embedded DisplayPort RN B B AL AE Sz 1
eMMC Embedded Multi Media Card R ENEZ S LV e

GPU Graphics Processing Unit KR AL

HDMI High Definition Multimedia Interface e T FE 2 AR T

I12C Inter-Integrated Circuit N EREE S L (I 2 R AT I TS 2
ITAG Joint Test Action Group %Ei&”;‘g ?Iégéi%lﬁﬁg_ggf’“ b
LDO Low Drop Out Linear Regulator ICEZ LA A%

MAC Media Access Control DK P 8 A e N3 i 4

MIPI Mobile Industry Processor Interface Feah b A B R4z 1

NPU Neural-network Process Units PR TG I 25 A R 2%

PMIC Power Management IC FH YR L

PMU Power Management Unit LM S=giil iy

Rockchip Rockchip Electronics Co., Ltd. T B IR A A TR 22 7

SD Card Secure Digital Memory Card KNSR

SDIO Secure Digital Input and Output Card | & ¥ 7Nt

SDMMC Secure Digital Multi Media Card YT Z AR R

SPDIF Sony/Philips Digital Interface Format | SONY. PHILIPSH(+ &4z
SPI Serial Peripheral Interface AT AR EE

TF Card Micro SD Card(Trans-flash Card) ShEICIZE

Type-C USB3.0% St —F 5z 1 hRiE
USB Universal Serial Bus T AT 2

VR Virtual Reality LB s
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1 Introduction

1.1 Overview

RK3399Pro is a low power, high performance processor. Based on Big.Little architecture,
it integrates dual-core Cortex-A72 and quad-core Cortex-A53 with separate NEON
COprocessor.

Equipped with one powerful neural network process unit (NPU), RK3399Pro has strong Al
computing ability and rich interfaces, and also has the advantages to support current
mainstream deep learning frameworks (such as caffe, TensorFlow, etc.), support mainstream
platforms in the market , easy to add customized layer and support INT16/FP16 and so on.

This chipset can be widely used for computing, personal mobile internet devices and other
smart device applications such as industrial tablet, smart commercial display, smart pay, new
retail, human face recognition and so on.

LCDO \ I.GD1‘ Monitor* \

MIPI/eDP/DP
25

ISPO

ISP1 RK3399Pro

125
12C/SPI

I
USB GPIO/PWM

SDMMC SDIO/UART  RGMII/RMII

¥

Figure 1-1 RK3399Pro side Al device solution application
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NDDR 32bits
SDIO/UART

EMMC
RGMII/RMII

RK3399Pro

GPIO/PWM

Figure 1-2 RK3399Pro side Al gateway/server solution application

RK3399Pro embedded CPU and NPU have standalone power supply, interface and logic
units, so they can work separately. CPU is responsible for system operation and application,
when need to do massive parallel computing, such as in deep learning scenario, NPU will join.
They connect to communicate and exchange the computing data via USB interface.

Because CPU and NPU are mutually independent, RK3399Pro design recommendation is
divided into two parts: CPU and NPU. Please refer to the corresponding chapters for design.
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1.2 Block Diagram
| [ Svstem Peripheral | RK3399Pro [ wwww |,

! Clock & Reset '--.-.—.—.-c-l--.-.—.—.---: USB 3.0 DRD |
! “ i Cortex-A72 Dual-Core || Cortex-A53 Quad-Core | | — |
| 5 (48K/32K L1 1/D Cache) (32K/32K L1 1/D Cache) ' ype-C x I
. PLLx 8

| . |

USB HOSTO 2.0

1MB L2 Cache I 512KB L2 Cache

i System register
i

CCI500

CoreSight

I | Pmw(ach) | usic |
! Watchdog x 3 —— |
! Crypto x 2 Cortex-MO Dual-Core |
| 12S/PCM x 3

| USB HOST1 2.0 | I

i SARADC
i TSADC
| Interrupt Controller

NPU SPDIF(8ch) !

1920 Int MAC

UART x 5 |
512KB Internal Buffer

PVTM x 5

12Cx 9

Giga-Ethernet I

Mali-T860MP4 GPU . .
2D E
(256K L2 Cache) Graphics Engine
JPEG Encoder JPEG Decoder
Image Enhancement Dual pipe ISP
Processor
1080p Video Encoder 4K Video Decoder

Dual MIPI-CSI 4 Lane

|

i eDP1.3 4 Lane

|

i Dual MIPI-DSI 4 Lane

DP1.2 4 Lane with HDCP2.2
eMMC5.1 I/F SD3.0/MMC4.5
HDMI2.0 3 Lane with HDCP2.2 Secure efuse
DDR3/DDR3L/LPDDR3/LPDDR4

External Memory Interface

Dual Display Controller Hardware-based DDR frequency scaling Non secure eFuse

Figure 1-3 RK3399Pro Block Diagram
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1.3 Application Block D
1.3.1 AI BOX Application

lagram

DISPLAY INTERFACE

CONNECTOR fxLane
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1250 SDIOO <I> WIFI —\L
T Rockchiz> o rovien

Figure 1-4 RK3399Pro AI BOX Application Block Diagram

Figure 1-4 is the application block diagram of RK3399Pro AI BOX solution. For more

details please refer to the reference design schematic released by Rockchip.
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2 CPU Schematic Desigh Recommendation

2.1 CPU Minimum System Design
2.1.1 CPU Clock Circuit

RK3399Pro CPU internal oscillator circuit and external 24MHz crystal constitute the
internal oscillator clock source, as Figure 2-1 shows:

K40

»
C11021 I I 2 8pk CR402 CDGH]:'N -
Y1100 _ E1101
24MHz < 20P 2 ™
! X1 GND 4 521&1]2 ?D?DQ

At
2 GND %2 0402, 2 | J39

CRY4 3R20X2R50X0R80

C11031 2 8pF

||
C0402 | [COG50V

R17

VCC_0V9 S30—— 1

P18

VCC_1v8 S30— 12

wi

XIN_OSC

XOUT_OSC
PLL_AVDD_OV9

PLL_AVDD_1V8

PLL_AVSS

Figure 2-1 RK3399Pro CPU crystal implementation

A Note

The value of crystal load capacitance should be selected according to the load capacitance value of crystal.
8pF is the capacitance value of crystal used by Rockchip which may not be commonly used.

The system clock can also be generated by digital clock source. The 0.9V compatible clock
source is connected to the XIN_OSC pin.In this mode of operation, the XOUT_OSC pin is left
unconnected and should not be used to source any external components:

Table 2-1 RK3399Pro CPU 24MHz digital clock source

Parameter Spec. Description

Min. Max. Unit

Frequency 24.000000 MHz

Frequency +/-20 ppm Frequency tolerance

Tolerance

Clock 0.9 Y Peak-to-Peak value

amplitude

Operating -20 70 °C

Temperature

ESR / 40 Ohm

The internal oscillator clock source will be switched to the external 32.768 KHz clock
source to reduce the system power consumption when RK3399Pro CPU is in standby mode.
The signal can be acquired from PMIC or external RTC clock source. The clock input is shown

as below:
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C1101 1 || 2 DNP |||.
| [ Co402 |

TEST_CLKOUTO/CLE3ZK_IN/GPIOO_AOD u Egg 11001 R/\/‘ 2 REJ.JIDE 2% /<LLKOUT 32K

Figure 2-2 RK3399Pro CPU standby mode cIocI'< |nput

The 32.768KHz RTC clock parameters are shown as below table:

Table 2-2 RK3399Pro CPU 32.768KHz clock requirement

Parameter Spec. Description

Min. | Max. Unit

Frequency 32.768000 kHz

Frequency +/-30 ppm Frequency tolerance

Tolerance

Clock 1.8 \ Peak-to-Peak value

amplitude

Operating -20 70 °C

temperature

Duty ratio 50 %

2.1.2 CPU Reset Circuit

RK3399Pro CPU internally integrates POR (Power on Reset) circuit, low active, and the
minimum pulse width time is 100 cycles of 24MHz clock (at least 4us), to ensure SoC
operation stably and normally. The reset signal connects 100nF capacitor to eliminate the
jitter to avoid the reset triggered mistakenly. Please place the capacitor close to the chip pin
for layout.

.||| C11001 || 2 100nF U1000D
| C0201 | [XBR 16V
RESET_LS) 440 | \boR

Figure 2-3 RK3399Pro Reset Input

2.1.3 CPU system boot sequence

RK3399Pro CPU support boot from SPI/eMMC/SDMMC, and boot priority from high to low
as below:

® SPI FALSH

® eMMC FLASH

® SDMMC CARD

2.1.4 CPU system initialization configuration signal

RK3399Pro CPU has two important signals which need to be configured before power-on.
They are the 10 supply configuration pin of PMUIO2 power domain and JTAG/SDMMC function
control pin.

RK3399Pro CPU PMUIO2 power domain’s I0 supply needs to be configured, because it
belongs to PMU power domain and the signal will be used during system boots up. When
system boots up, it must specify the default level mode through the hardware configuration,
otherwise it cannot work normally. The pin is shown as below:

[ L

PMUIO2 VOLSEL/GPIOO0_ B d | H38
Figure 2-4 RK3399Pro PMUIO2 pbwer domain level configuration pin

RK3399Pro CPU reuses JTAG function and SDMMC function together to reduce 10, and use
17
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SDMMCO_DET pin to switch the output function, so it also needs to be configured before
power-on, otherwise UART/JTAG without output will influence the debugging in boots up stage,
while SDMMC without output will influence SDMMC boot function. The pin is shown as below:

SDMMCO_DET/GPIO0_A7_u | M= & SDMMCO_DET_L

Figure 2-5 RK3399Pro SDMMCO/JTAG reused control pin

——

The two pins configurations are shown in below table:

Table 2-3 RK3399Pro system initialization configuration signal description
Internl pull
up/down

Name Description

PMUIO2 power domain IO supply configuration pin,
effective only during power-on:

PMUIO2_VOLSEL | pull down 0: PMUIO2 power domain level mode is
1.8V(default).

1: PMUIO2 power domain level mode is 3.0V.

JTAG pin resued control pin:

0: recognized as sd card insertion,
SDMMC/JTAG/UART pin reused as SDMMC output.
1: recognized as SD card not insertion,
SDMMC/JTAG/UART pin reused as JTAG/UART output
(default).

SDMMCO_DET | pull up

2.1.5 CPU JTAG Debug Circuit

RK3399Pro CPU JTAG interface is compliant with IEEE1149.1 standard. PC can connect
with DSTREAM emulator by SWD mode (Two-line mode) to debug A53/A72 core within the
SoC. Or connect with J-link/U-link/Realview-ICE/DSTREAM emulator to debug MO core within
the SoC.

Before connecting the emulator, need to pull SDMMCO_DET pin high, otherwise it can not
enter JTAG debugging mode.The JTAG interface description is shown as below table:

Table 2-4 RK3399Pro JTAG Debug interface signal

Name Description
APJTAG_TCK AP JTAG clock inout, recommend to pull down
APJTAG_TMS AP JTAG mode select input, recommend to pull up
MCUJTAG_TCK MCU JTAG clock inout, recommend to pull down
MCUJTAG_TMS MCU JTAG mode select input, recommend to pull up
PMCUJTAG_TCK PMCU JTAG clock inout, recommend to pull down
PMCUJTAG_TMS PMCU JTAG mode select input, recommend to pull up

2.1.6 CPU DDR Circuit
® 2.1.6.1 Controller Introduction

RK3399Pro CPU DDR controller interface supports JEDEC SDRAM standard, and has

feature following:

B Support DDR3/DDR3L/LPDDR3/LPDDR4 etc. standards;

B Provide two 32bit DDR controller interfaces, each controller interface separately
provides 2 chip select, 2 ODT, 2 CKE, supports data bus bit width 32bit/16bit
configurable, and supports address bus up to 16 bit.

B Support DDR up to 4GB.

B Support low power consumption mode such as Power Down, Self Refresh and so on.

® 2.1.6.2 DDR topological structure and connection method
Take LPDDR3 as an example, RK3399Pro CPU SDRAM topological structure is shown as
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below:

RK339%Prc CPU

DDRO DQ[15:0]
DOR0_DQ[31:16]
DDRO DM[3:0]
DDR( DQSP[3:0]
DDRO_DQSN[3:0]
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CPU DDRCO  DDRO_CLEON
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DORO_CRE[1:0]
DDR0 CS5[1:0]
DDRO_ODTO

YYYY YY YYVVY

DDR1 DQ[15:0]
DDR1 DQ[31:16]
DORL DM[3:0]

DDR1 DQSP[3:0]
DDRL DQSN[3:0]

DDRL_CLEOP
CPU DDRCl  DDRL_CLRON
DORL A[9:0]
DDR1 CKE[1:0]
DDRL_C5[1:0]
DDRL_ODTO

DQ[15:0]
DO[31:16]
DM[3:0]

DQSP[3:0]
DQSN[3:0]

CE
CE#

A[9:0]
CRE[1:0]
cs[1:0]
ODTO

LPDDR3 SDRAMO

YYYY YV YUVYY

DQ[15:0]
DO[31:16]
DM[3:0]

DQSP[3:0]
DQSN[3:0]

CE
CE#

A[9:0]
CRE[1:0]
c5[1:0]
ODT0

LPDDR3 SDRAMI1

Figure 2—-6 RK3399Pro LPDDR3 topological structure

® 2.1.6.3 DDR power up sequence requirement

RK3399Pro CPU DDR controller has 3 groups of power supply:
m DDR_VDD: Supply power for Core of DDR controller, interface I/O and Buffer
B DDR_CLK_VDD: Clock power of DDR controller. It should be consistent with VCC_DDR

level. Recommend to split from VCC_DDR and route separately.
m DDRPLL_AVDD_0V9: analog PLL power of DDR controller. Recommend to be supplied

by LDO separately to ensure a clean clock power.

SDRAM component has two groups of power supply. The power up sequence refers to

JEDEC standard:

DDR3 SDRAM power up sequence is shown as below:
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1. Apply power (RESET# 1s recommended to be maintained below 0.2 x VDD; all other inputs may be
undefined). RESET# needs to be maintained for minimum 200 us with stable power. CKE 1s pulled
“Low™ anytime before RESET# being de-asserted (mun. time 10 ns). The power voltage ramp time
between 300 mv to VDDmin must be no greater than 200 ms; and during the ramp. VDD > VDDQ and
(VDD - VDDQ) < 0.3 volts.

* VDD and VDDQ are driven from a single power converter output, AND

* The voltage levels on all pins other than VDD, VDDQ, VS8, VSSQ must be less than or equal to
VDDQ and VDD on one side and must be larger than or equal to VSSQ and VSS on the other side.
In addition, VTT 15 limited to 0.95 V max once power ramp 15 finished, AND

* Vref tracks VDDQ/2.
OR

+ Apply VDD without any slope reversal before or at the same tume as VDDQ.
» Apply VDDQ without any slope reversal before or at the same time as VIT & Vref

* The voltage levels on all pins other than VDD, VDDQ, VSS. VSSQ must be less than or equal to
VDDQ and VDD on one side and must be larger than or equal to VSSQ and VSS on the other side.

Figure 2-7 DDR SDRAM power up sequence

LPDDR3 SDRAM power up sequence is shown as below:

After... Applicable Conditions

Ta is reached Vppi must be greater than Fpp,—200mV

Vppi and Ppp, must be greater than Vppea—200mV

Vpp1 and Fpp, must be greater than Vppg—200mV

FRres must always be less than all other supply voltages

Figure 2-8 LPDDR3 SDRAM power up sequence
LPDDR4 SDRAM power up sequence is shown as below:
After Applicable Conditions
VDD1 must be greater than VDD2
VDD2 must be greater than VDDQ - 200mV

Ta is reached

NOTE 1 Ta is the point when any power supply first reaches 300mV.

NOTE 2 Voltage ramp conditions in Table 4 apply between Ta and power-off (controlled or uncontrolled).
NOTE 3 Tb is the point at which all supply and reference voltages are within their defined ranges.
NOTE 4 Power ramp duration tINITO (Th-Ta) must not exceed 20ms.

NOTE & The voltage difference between any of Vss and Yssq pins must not excess 100m'.

Figure 2-9 LPDDR4 SDRAM power up sequence

® 2.1.6.4 DDR Support List

RK3399Pro DDR interfaces DDR3/LPDDR3/LPDDR4 support operating frequency up to
800MHz. Please refer to the document {Rockchip DDR Support List) released by Rockchip for
the components available. The document can be downloaded from redmine through below
link:

https://redmine.rockchip.com.cn/projects/fae/documents?tdsourcetag=s pctim aio
msg

2.1.7 CPU eMMC Circuit
e 2.1.7.1 eMMC Controller Introduction

RK3399Pro eMMC interface supports eMMC 5.1 and is also compatible with 4.41, 4.51, 5.0
protocol. The controller supports the features:
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B Support single channel eMMC.
B Support 1-bit, 4-bit and 8-bit mode of data bus width.
B Support eMMC 5.1 protocol, support HS400 mode

® 2.1.7.2 eMMC Topological Structure and Connection Method

Table 2-5 RK3399Pro eMMC interface design

N Internal pull Connection Description(chip side)
ame
up/down method

eMMC_DQ[7:0] | pull up direct _ eMMC data output/input
connection
Series connect | eMMC clock output

eMMC_CLK pull up 220hm resistor

eMMC_CMD pull up direct _ eMMC command output/input
connection

HS400 mode, eMMC strobe clock

Series connect input

eMMC_STRB pull down Configure internal pull down through

22o0hm resistor

software, no need external
down resistor.

pull

e 2.1.7.3 eMMC power up sequence requirement

RK3399Pro eMMC controller has two groups of power supply:
B VCCOV9_EMMC:Core power of eMMC controller

B VCC1V8_EMMC:I/O power of eMMC controller

The power up sequence of RK3399Pro eMMC controller power refers to below:

® VCCOV9_EMMC and VCC1V8_EMMC can be power-on at the same time, however,
recommend to power-up low level power first for the power ESD structure, that is,
VCCOV9_EMMC should be power-on earlier than VCC1V8_EMMC.

1.8 volts +-10% _

vDDQ

0.9 volts +/-10%

VCORE

Figure 2-10 RK3399Pro eMMC controller power up seq.uence

eMMC component has two groups of power supply. The power up sequence refers to JEDEC

standard:

B VCC and VCCQ has no required sequence in power-on

B VCCand VCCQ must be powered up before RK3399Pro CMD command is sent out, and
the power supply must work stably.

B RK3399Pro can power VCC off to reduce the power consumption in sleep mode;

B VCC power must be powered up and work stably before the component is wakened
from sleep mode.
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Supphy woltage
i i e e e St
|
|
|
|
|
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[ [ —

! Command Input pronibited ! Sieep mode ime

Figure 2-11 eMMC component power up/down sequence
® 2.1.7.4 eMMC Support List
RK3399Pro eMMC support list please refer to {(RK eMMCSupportList) released by

Rockchip. The document can be downloaded from redmine through below link:
https://redmine.rockchip.com.cn/projects/fae/documents?tdsourcetag=s pctim aio

msg

2.1.8 CPU SPI Circuit
® 2.1.8.1 SPI Controller Introduction

RK3399Pro CPU has 6 SPI controllers which can be used to connect SPI devices. SPI1 is
used as boot. In Netbook applications, use SPI Flash to save Bios code and boots up the
system. Because Spi Boot has the highest priority, if it is not Netbook application, please do
not connect memory device to SPI1 controller otherwise it may cause system boot

abnormality.

® 2.1.8.2 SPI Topological Structure and Connection Method

Table 2-6 RK3399Pro SPI Interface Design

Internal pull Connection o o
Name Description(chip side)
up/down method
SPI1_TXD Direct
pull up SPI data output
(MOSD connection
SPI1_RXD Direct
pull up SPI data input
(MISO) connection
Series connect
SPI1_CLK pull up SPI clock output
22o0hm resistor
Direct ) _
SPI1_CSnO pull up ) SPI chip select signal
connection

® 2.1.8.3 SPI Power Up Sequence Requirement

SPI controller power up sequence should follow the power up sequence requirement of
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GPIO power domain.
SPI Flash component only has one power, so there is no requirement on power up
seqguence.

2.1.9 CPU GPIO Circuit

RK3399Pro CPU has 5 GPIO types:

1.8V only, fixed 1.8V.

3.3V only, fixed 3.3V.

1.8V/3.0V, configurable 1.8V or 3.0V.

1.8V/3.0V auto, able to automatically configure 1.8V or 3.0V

2.1.9.1 GPIO Driving Capability

RK3399Pro CPU provides different driving capability and operating frequency ranges
according to different GPIOs types.

Table 2-7 RK3399Pro GPIO driving capability

Power GPIO I/O I/O . -
domain type frequenc | frequenc Supported driving capability type
y @1.8V | y @3.xV
PMUIO1 | 1.8V only | 150MHz N/A 5mA,10mA,15mA,20mA
APIO3 1.8V only | 150MHz N/A 5mA,10mA,15mA,20mA
APIO1 3.3Vonly | N/A 125MHz 4mA,7mA,10mA,13mA,16mA,19mA,22mA,26m
A
PMUIO2 | 1.8V/3.0V | 150MHz | 50MHz 3mA,6mA,9mA,12mA
APIO2 1.8V/3.0V | 150MHz 50MHz 3mA,6mA,9mA,12mA
APIO4 1.8V/3.0V | 150MHz 50MHz 3mA,6mA,9mA,12mA
APIO5 1.8V/3.0V | 150MHz 50MHz 3mA,6mA,9mA,12mA
SDMMC \1/'21%03'0 150MHz >OMHz 4mA,6mA,8mA,10mA,12mA,14mA,16mA,18mA

The default driving strength of the following two types GPIO is level 2:

Function for Boot, such as spil, sdmmcO:

Pin F37:GPIO1_A7/SPI1_RXD/UART4_RX;

Pin B39:GPIO1_B0/SPI1_TXD/UART4_TX;

Pin G36:GPIO1_B1/SPI1_CLK/PMCU_JTAG_TCK;
Pin H35:GPIO1_B2/SPI1_CSn0/PMCU_JTAG_TMS;
Pin P32: GPIO4_B0/SDMMCO0_DO/UART2A_RX;

Pin P31: GPIO4_B1/SDMMCO_D1/UART2A_TX;

Pin M34: GPIO4_B2/SDMMCO0_D2/APJTAG_TCK;

Pin H39: GPIO4_B3/SDMMCO0_D3/APIJTAG_TMS;
Pin G40: GPI04_B4/SDMMCO0_CLKOUT/MCUJTAG_TCK;
Pin H40: GPIO4_B5/SDMMC0_CMD/MCUJTAG_TMS;
Function for debugging, such as jtag:

Pin J32:GPIO1_C6/TCPD_VBUS_SOURCEQO;

Pin K32:GPIO1_C7/TCPD_VBUS_SOURCE1;

Pin D36:GPIO1_DO/TCPD_VBUS_SOURCEZ2;

Except the above two types of GPIO, the driving strength of all the other type GPIO is level
1. Please adjust through software according to the actual requirements.

® 2.1.9.2 GPIO Power

The power pin of GPIO power domain is described as below:

Table 2-8 RK3399Pro GPIO power pin description

Power
domain

GPIO type Pin name Description

PMUIO1

1.8V only PMUIO1_VDD_1V8 | 1.8V power for this domain (group of) GPIO.
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APIO3 1.8V only APIO3_VDD_1V8 | 1.8V power for this domain (group of) GPIO.
APIO1 | 3.3V only ﬁggiﬂggpg 23 Eg;vtegrm this domain (qroup of) GPIO.
MU0z | 1.6v/3.0v PMUIO2_VDD (13'I§I\(/).0r 3.0V power for this domain (group of)
-8V/3. PMUIO2 VDDPST (15PSI\(/)or 1.5V post drive for this domain (group of)
APLOD L 8V/3.0v APIO2_VDD (13.l381\(/).0r 3.0V power for this domain (group of)
-8V/3. APIO2_VDDPST ég\éor 1.5V post drive for this domain (group of)
APLOA L 8V/30v APIO4_VDD é.P81\(/)'or 3.0V power for this domain (group of)
BVI3. APIO4_VDDPST ég\éor 1.5V post drive for this domain (group of)
APLOS | av/3.0v APIO5 VDD C15'|§I\(/).0r 3.0V power for this domain (group of)
BVI3. APIO5_VDDPST C15P81\(/)or 1.5V post drive for this domain (group of)
SOMMCO 1.8V/3.0V SDMMCO_VDD (13'|§I\(/).or 3.0V po.wer for th.is doma.in (group of)
auto Internal post drive for this domain (group of)

SDMMCO_VDDPST

GPIO.

For different applications, please follow the power rules as below:
®m 1.8V only(PMUIO1 and APIO3 power domain)

GPIO- 1. 8V..ONLY

PMUIO1_VDD_1Vv8 O VDD 1V8

Figure 2-12 RK3399Pro GPIO 1.8V only power setting

m 3.3V only(APIO1 power domain)

GPIO 3.3V ONLY

APIO1 VDDPST O VDD 1V8

APIOL VDD O VDD 3V3

Figure 2-13 RK3399Pro GPIO 3.3V only power setting

m 1.8V/3.0V at 1.8V mode(PMUIO2, APIO2, APIO4 and APIOS5 power

24




Rackchip #swsF Rev 1.0

domain

IN CASE 1.8V

PMUTO2_VDDPST Q VDD 1V8

PMUT02_VDD Q VDD 1V8

Figure 2-14 RK3399Pro GPIO 1.8V/3.0V power setting - 1.8V mode

m 1.8V/3.0V at 3.0V mode(PMUIO2, APIO2, APIO4 and APIO5 power
domain)

IN CASE 3VO

PMUTO2 VDDPST O VDD 1V5

PMUTO2 VDD O VDD 3V0

Figure 2-15 RK3399Pro GPIO 1.8V/3.0V power setting — 3.0V mode

®m 1.8V/3.0V auto (SDMMCO power domain)

TF card side should always be supplied 3.0V, and RK3399Pro side TF card interface VDD
default level is 3.0V. When the TF card is inserted, the communication between SDMMCO data
and IO signal is based on 3.0V VDD level. After communicate negotiation, if the TF card is a
SD3.0, which can support USH-I high speed protocol, RK3399Pro will adjust the TF card
interface VDD level to be 1.8V through adjusting the PMIC output.

RK3399Pro built-in VDDPST generation circuit is shown as below. There are a LDO and an
electronic switch inside the SDMMC. When the SDMMC works in 3.0V mode, LDO works and
generates a 1.5V for VDDPST, but the electronic switch doesn’t work. When the SDMMC works
in 1.8V mode, LDO doesn’t work, and the 1.8V required for VDDPST is provided by the
electronic switch of SDMMCO0_VDD.

The selection between LDO and the electronic switch is controlled automatically by
RK3399Pro. Hardware only needs to connect an external 1uF decoupling capacitor to
SDMMCO_VDDPST.
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IN CASE 3V0
+

SDMMCO VDDPST | | “

[ ]

SDMMCO VDD O VDD_SV 0

Figure 2-16 RK3399Pro GPIO 1.8V/3.0V auto power setting - 3.0V mode

IN CASE 1V8

SDMMCO VDDPST | | “
]

LDO
\ A
SDMMCO_VDD {:::)
VDD _1V8

Figure 2-17 RK3399Pro GPIO 1.8V/3.0V auto power setting - 1.8V mode
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2.2 CPU Power Design

2.2.1 CPU Minimum System Power Introduction

® 2.2.1.1 Power Requirement

PLL:PLL_AVDD_0V9. PLL_AVDD_1V8. PMU_VDD_0V9. PMU_VDD_1V8,
DDRxPLL_AVDD_0V9

CPU:VDD_CPU_L. VDD_CPU_B

GPU:VDD_GPU

LOGIC:VDD_LOG. VDD_CENTER

DDR: VCC_DDR. VCC_DDRC
GPIO:PMUIO1_VDD_1V8

® 2.2.1.2 Power up Sequence

Theoretically follow the rule to power up the low voltage earlier than the high voltage

in the same IP and the same voltage in one IP could be powered up at the same time.

There is no sequence requirement between different IPs.
Recommended power up sequence refers to below:
VDD_LOG--->VDD_CENTER--->PLL_AVDD_0V9&PMU_VDD_0V9--->PLL_AVDD_1V8

&PMU_VDD_1V8&PMUIO1_VDD_1V8--->VCC_DDR&VCC_DDRC--->VDD_GPU&VCC_CP

U_B--->VCC_CPU_L

2.2.2 CPU Power Desigh Recommendation

® 2.2.2.1 Standby Circuit Solution

RK3399Pro board level system uses the standby solution and the system consists of
constant power supply area and power-off in standby area which supply power
independently as shown below:

RK3399Pro & 4t

Power off in standby

LITCEU VDD

BIGCFU VDD

CENTERLOGIC VDD

GFU_VDD

NPU_CORE VDD

NFU CPU VDD

NPU_VDD_50
-

NFU_VDD_CEU_50
it

VDD _CPU L 50
i~
WDD CPU B S0
P
VDD_CENTER S0
|
VDD GEU_S0
Jie
7CC_0ve 53
i~
|
S —————————— e
JCC_ 1w 33
P
—-.
—F
VCC_DDR_S3

I

Constantly power supply

FMU_VDD_0V9
FLL_RVDD 0V
DORPLL AVDD (V9

PMU VDD 1V3
PMUIOL_VDD_1V8
PLL_ZVDD_1V8

DDR_VDD
DDR_CLE VDD

NEU EMU VDD_OV3
NEU_PLL_AVDD (VE
NEU_PFLL AVDD (V8

NPU_EMUIOL VDD 1V3
NEU_EMUIOZ_VDD_LV3
NEU_0SC_VDD_1VE
NPU_FLL AVDD 1VE
NPU_PELL AVDD 1V8

NEU LOGIC VDD

NEU_DDR_VDD

NPU_VDD_0VE_53

r———

[t}

Figure 2-18 RK3399Pro Standby Circuit Solution
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The power of the power-off in standby area is controlled by PMIC to turn off each
independent power supply and PMIC_SLEEP_H is used to control other powers to turn off
the power supply in standby mode.

The power of the constant power supply area is directly provided by the power chip
and at least the following 4 groups of power must be always on in standby.

m DDR:VCC_DDR. DDR_CLK_VDD, power for DDR self-refresh

m GPIO:PMUIO1_VDD_1V8, provide IO power for PMUIO1 power domain to

maintain output status and interrupt response.

m LOGIC: PMU_VDD_0V9, provide power for PLL of PMUIO1 power domain to work

®m PLL:DDRPLL_AVDD_0V9, PLL_AVDD_0V9, PLL_AVDD_1V8, PMU_VDD_1VS,

provide power for PLL of PMUIO1 power domain and CPU OSC to work

® 2.2.2.2 PLL Power

RK3399Pro has 10 PLL in CPU as allocated below:

Table 2-9 RK3399Pro Internal PLL Introduction

Quantity | Power status in Standby
PMU/OSC 1 PMU_VDD_0V9. PMU_VDD_1V8 Cannot turn off the
power supply
DDR controller 2 DDROPLL_AVDD_0V9. Can turn off the

DDR1PLL_AVDD_0V9

power supply

Modules inside SoC | 7

PLL_AVDD_O0V9,PLL_AVDD_1V8

Can turn off the
power supply

|

VCC1VE_EFUSE &

VCC_0VE_S30——

VCC_1VE_S30—

Recommend to use a LDO as a separate power supply for PLL, especially when DDR
operating frequency is relatively high, the stable PLL power is helpful for improving the
stability. The decoupling capacitor should be placed close to the pin.

riT |
= PLL_AVDD U

—F18 | iy avoD 1vm

P
| li FLL_AVSS

17
T24

EFUSE

FRMUINIZ_ VOLSELNSHIOU _B1_d

TCPD_VBUS BDIS/GPIOO_B4 d
TCPD_VBUS_FDISITCPD_VBUS_SOURCEGPICO_BS d

PMUICL 1.8V only

g _;< .-;:I: revE_m

GPIOD_B2_d

Ha7 < NPU :"!.\::Er\ el

GPIOD_B3_d

J37

L35 27 PCIE_PERSTS

PMU_vDD_0VS
PMU_VOU— v

PMUIC1_VDD_1v28

Figure 2-19 RK3399Pro PLL Power

DDR1PLL_AVDD_0V9
DDR1_CLK_VDD

H14

G12

OAVDDOV9_DDR1PLL
OVDD_DDR1_CLK

Figure 2-20 RK3399Pro DDR PLL Power

e 2.2.2.3 CPU Power

RK3399Pro uses independent power domains to supply power for CPU and CORE,
VDD_CPU_B_SO0 supplies power for big core A72, and VDD_CPU_L_SO0 supplies power for
little core A53. Both of them support DVFS (Dynamic Voltage Frequency Scaling) function.
Use two separate DC-DC power supply and the peak current could be up to 4.3A/1.6A, so
please do not reduce or delete the capacitors as required in RK3399Pro reference design
schematic. For layout, the high- capacity capacitors should be placed on the back of
RK3399Pro chip (or close to the chip) to ensure that the power ripple is controlled within
100mV to avoid the power ripple abnormality with high load. The capacitor is shown as

below:
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OVDD_CPU_B_S0

C1009

10uF

C0402 Clese to SOC

X5R

av

U1000H
VDD_CPU_L S0 O P2 | urcpu_vpp_1 BIGCPU_VDD_1 [—F33
c1008 oo | LITCPU_VDD_2 BIGCPU_VDD_2 [yrrg
e e e i
Close to soc 32;”2 122 | [ITCPU_VDD_5 BIGCPU_VDD_5 M2
~ =55 LITCPU_VDD_6 BIGCPU_VDD_6 [y ~
LITCPU_VDD_7 BIGCPU_VDD_7 [ 115
BIGCPU_VDD_8 [R5
= BIGCPU_VDD_9 55 L
- BIGCPU_VDD_T0 |35 -
BIGCPU VDD 11

Flgure 2-21 RK3399Pro VDD_CPU Power

VDD_CPU_L_S0

VDD_CPU_B_S0

C1000 C1001 C1002 C1003 C1004 C1005 C1006 c1007
lﬂuF :LzzuF :LmF lﬂ][)nF lﬂ]ﬂnF lﬂ][)nF :Lﬂ][)nF ~| 1nF Note :
CD603 CO603 C0402 C0201 C0201 C0201 C0201 ——C0201 All the
o ¥R ] xR ] xsR [ xsR ] xsR ] xsR _] xsR | XsR
6.3V 6.3V 6.3V 16V 16V 16V 16V 25V should b
power pi

lxm
i

el n
2
2=
2
2
2=
elre

C1011 c1012 Cc1013 C1D14 C1D15 C1D16 c1017 Cc1018 C1[Zl19 C1020
22ufF 22uF 22uF 1uF 100nF ~| 100nF | 100nF 100nF 100nF ~| 1nF
C0603 C0603 C0603 C0o402 C0201 C0201 C0201 C0201 C0201 ——C0201
X5R X5R X5R X5R X5R X5R XSR X5R ol XIR
6.3V 6.3V 6.3V 6.3V 16V 16V 23V

w%%

Figure 2-22 RK3399Pro VDD_CPU Power Decoupling

BIGCPU_VDD_COM is VDD_CPU_B power feedback pin of RK3399Pro, and it should
be connected to FB side of DC-DC power, which can compensate the loss of PCB power
traces impedance and improve the real-time of dynamic adjustment power supply.

LII'\J'LIII_U_'I' L.|'L.I'_I 1 K15
BIGCPU_VDD_12 | o7
BIGCPU_VDD_13
BIGCPU_VDD_com |18 NWDD_CPU_B_FB

Figure 2-23 RK3399Pro VDD _CPU_COM Power Feedback

e 2.2.2.4 GPU Power

RK3399Pro uses DC-DC to supply power separately for GPU, supports DVFS (Dynamic

Voltage Frequency Scaling) function and the peak current could be up

to 4A, so please do

not reduce or delete the capacitors required in RK3399Pro reference design schematic.

For layout, the high-capacity capacitors should be placed on the back

of RK3399Pro chip

(or close to the chip) to ensure that the power ripple is controlled within 100mV to avoid
the power ripple abnormality with high load. The capacitor is shown as below:
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GPU_VDD _1
GPU_VDD_2
GPU_VDD_3
GPU_ VDD 4
GPU VDD 5
GPU VDD 6
GPU VDD _7
GPU_VDD_8
GPU_VDD_9

GPU_VDD_10

GPU_VDD_11

GPU_VDD_12

GPU_VDD_13

GPU_VDD_14

GPU_VDD_15

GPU_VDD_16

GPU_VDD_17

GPU_VDD_18

GPU_VDD_19

GPU_VDD_20

+—OVDD_GPU_SO0

c1021

10uF

—_____C0402 Close to SO0C
X5R

LAY

Figure 2-24 RK3399Pro VDD_GPU Power

VDD_GPU_SD

C1039
22uF
C0603
X5R
6.3V

C1040
22uF
C0603
X5R
6.3V

C1041
22uF
CO0603
XOR
63V

C1042
22uF
— C0603
X5R
6.3V

C1043
22uF
C0603
X5R
6.3V

z%ﬂl
ot |
o |
o |
o |
L |
L |

2

C1044
22uF
C0603
X5R
6.3V

C1045
22uF
CO0603
XOR
6.3V

C1046
22uF
C0603
X5R
6.3V

C1047
1uF
C0402
X5R
6.3V

c1048
| 100nF
C0201
X5R
16V

C1049
100nF
C0201
X5R
16V

C1050
100nF
C0201
X5R
16V

C1051
100nF
C0201
X5R
16V

ZF_
g
]
il
il
il
e

Figure 2-25 RK3399Pro VDD_GPU Power Decoupling

C1052
100nF
Cco201
X5R
16V

C1053
100nF
C0201
X5R
16V

nF

25V

GPU_VDD_COM is GPU_VDD power feedback pin of RK3399Pro, and it should be
connected to FB side of DC-DC power, which can compensate the loss of PCB power traces
impendance and improve the real-time of dynamic adjustment power supply.

GPU_VDD_COM |

| T15

NVDD_GPU_FB

Figure 2-26 RK3399Pro VDD_GPU_COM Power Feedback

® 3.2.2.5 LOGIC Power

C1054

C0201
X5R

The power of RK3399Pro GPU digital logic parts is supplied separately by VDD_LOGIC
and VDD_CENTERLOGIC the two power domains. The power domains include the

following logic sections:
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PD ALIVE CRU, PLL, GRF, TIMER, WDT, GPIO, INTR_ARB
NOC, EFUSE, SRAM, ROM, CRYPTO, GIC, DMAC,
PD PERI LP | DCF, I2S 8CH. SPDIF, UART. 12C, MAILBOX, SPIL
SARADC, TSADC, Cortex-M0

PD PERI HP USB2, SD/MMC, SDIO, PCle
PD EMMC eMMC
PD GMAC GMAC

VD_LOGIC PD_USB3 USB3.0/2.0
PD _EDP eDP
PD VIO MIPI
PD ISPO ISPO
PD ISP1 ISP1
PD_VOPB VOP_BIG
PD VOPL VOP_LIT
PD HDCP HDCP2.2, HDMI, DP, Gasket
PD CENTER | DDRC, Memory Scheduler, DFI MONITOR, CIC
PD VDU RKDEC

VD_CENTER PD _VCODEC | VCODEC
PD IEP IEP
PD RGA RGA

Figure 2-27 RK3399Pro Digital Logic Introduction

VDD LOG S30 » V22 LOGIC VDD 1
LOGIC VDD 2
C1031 Ve

| o Locic Voo

Close to S0OC __Egdﬂﬂi LOGIC:VDD:fr

~ v LOGIC_VDD 6

LOGIC_VDD_7

LOGIC_VDD 8

— LOGIC_VDD 9

- LOGIC_VDD_10

LOGIC_ VDD _11

LOGIC_VDD_12
VDD_CENTER S0 O—# CENTERLOGIC_VDD 1
c1093 CENTERLOGIC_VDD 2
“| Tour CENTERLOGIC_VDD 3
1 CENTERLOGIC VDD 4
1 soCc —__C0402 — —
ome e YER CENTERLOGIC_VDD 5
S Y CENTERLOGIC_VDD 6
CENTERLOGIC VDD 7
CENTERLOGIC_VDD 8

CENTERLOGIC_VDD_9
CENTERLOGIC_VDD_10

Figure 2-28 RK3399Pro Logic Power

VDD_LOG_S3 uses fixed 0.9V level, so use DC-DC to directly supply power as shown below:
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VCCEWO_SYS_S3 L2202 VDD_LOG_S3
"[‘ u2202 |
v 2 YWY . . .
WIN L¥ 3304
- Cc2214 .|| 2 GND IND_303015 - c2215| R2205 - c221 E! C221? c2218 - ca218
10uF 1.324 100pF 100K Z22uF 100nF Z2uF 10uF
COB05 1 2 _ 1 EN FRIOUT 5 0.08ohm — D402 RO402 X5R cD402 XBR XER
o XER R2204 ! o CDG 1% o 8.3V o X5R 8.3V 8.3W
10V 10K SYBOBBAAC a0V o CDB03 18V CDE33 CDe03
— 5% S0T_23_5
RO402 Cc2222 -
~ o - 100nF = = —_ —_
VCC_BUCK5_53 © o402 R2706
X5R 18 200K
1%
= | RO40Z
Q2200 —
AAURILATNA & 2ITD
Figure 2-29 RK3399Pro VDD_LOG Power
VDD_CENTER_S0 VDD_LOG_S3
c1022 C1I]24 Cc1025 C1026 c1027 c1028 c1029 C1030 CWDSZ C1033 C1035 C1036 Cc1037
220F 7| 1uF 100nF | 100nF | 100nF | 100nF | 1nF 22uF 1uF 100nF © 1UDnF 100nF ©| 100nF ©| 1nF
C0603 C0402 Co201 co20 C0201 C0201 C0201 C0603 Co402 C0201 C0201 C0201 ——C0201 c0201
XER o XER o X5R o X5R o X5R o X5R o XER o X5R X5R XSR XSR XSR X5R o X5R
6.3V 6.3V 16Y 16Y 16Y 16Y 25V 6.3V 6.3V 16V 25V

Figure 2-30 RK3399Pro Logic Power Decoupling

® 2.2.2.6 DDR Power

RK3399Pro CPU DDR controller interface supports DDR3/DDR3L/LPDDR3/LPDDR4
protocol. Only need to supply power for DDRIO_VDD and the power level is different for
different DDR components. There are several levels 1.5V/1.35V/1.2V/1.1V to be adjusted.
Please confirm to meet the product design requirement according to the component used.

RK3399Pro DDR controller internally integrates Vref circuit to generate the required
reference voltage Vref_mcu=VCC_DDR/2. The Vref of DRAM side is generated by
resistance divider circuit, Vref _CA=VCC_DDR/2, while Vref_DQ can be adjusted according
to ODT strategy, the corresponding Vref voltage can be adjusted according to the drive

strength and the ODT value.

Take LPDDR3 as an example: At 800MHz frequency, the drive strength of RK3399Pro
chip side is 34.3o0hm, DRAM side ODT is configured as 240ohm, when ODT is enabled,

calculate according to the formula DRAM Vref=0.56*VCC_DDR.

DDRO_DQS1P ég igﬁ DDRO_DQS1P DDRO_RESETN L7 >PDDRO_RST
DDRO_DQS1TM DDRO_DQS1TN RS
U4 DDROPLL_AVDD_0V9 M7 CAVDDOVS_DDROPLL
DDRO_DQS2P éé—w DDRO_DQS2P DDRD CLK_ VDD ——CVDD_DDRO_CLK
DDRO_DQS2M ¢ DDR0_DQS2N L9
P4 DDRO_VDD_1 [T7g "WCC_DDR_S3
DDRO_DQS3P éé—m— DDRO_DQS2P DDRO_VDD_2 [
DDRO_DQS3M{{———— DDRO_DQS3N DDRO_VDD_3 [-Ng
us DDRO_VDD_4 g
7| DDRO_ATBO DDRO_VDD_5 g
DDRO_ATB1 DDRO_VDD_6 [-Rg
V6 DDRO_VDD_7 [Rig
v7 | DDRO_PLL TESTOUT_P DDRO_VDD_8 g
DDRO_PLL_TESTOUT_N DDRO_VDD 9 g
DDRO_VDD_10 j1g
R7 DDRO_VDD_11 (g
DDRO_PZQ DDRO_VDD_12

R1204
240R
R0O402
1%

RK3399PRO

Figure 2-31 RK3399Pro DDR Controller Power
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VCC_DDR_S3
("'.
- _| ca3ea3
R3606 | 100nF
10K —C0402
RO402 | X5R VREFCA_DDRO
o 1% 16V o
- _| c3as | c3es0 C3651
R3610 ~| 100nF 1nF 1nF
10K ——C0402 ——C0402 " —X5R
R0402 | X5R X5R 25V
o] o] o~
o 1% 16V 50V C0201

Rev 1.0
VCC_DDRC
R3607
768R
1% VREFDQ_DDRO
~| RO402 '

- _| cses2 C3653
R36711 1nF 1nF
1K  =—C0402 ——X5R
1% X5R ol 25V

o| RO402 50V C0201

Figure 2-32 RK3399Pro LPDDR3 DRAM VREF Power Design

A Note

As for Vref_DQ design of various components:

LPDDR2 doesn’t support ODT function; LPDDR4 Vref_DQ can be adjusted through software within the

component; DDR3/DDR3L internal pull up/down will occur at the same time when ODT function is enabled,
Vref_DQ- Vref CA=VCC_DDR/2; So only LPDDR3 needs to adjust Vref_DQ separately.

RK3399Pro DDR controller’s internal clock is generated by a separate PLL and PLL needs a
separate power supply (DDROPLL_AVDD_0V9, DDR1PLL_AVDD_0V9) . Need to place a 100nF
decoupling capacitor for each DDR PLL power pin and it should be placed close to the power

supply pin.

RK3399Pro uses VCC_DDR_S3 to supply power for the power supply pin of DDR CLK signal
(DDRO_CLK_VDD, DDR1_CLK_VDD). Recommend to series connect resistors routed star from
the source to avoid the power noise from VCC_DDR_S3 power plane. Need to place a 100nF
decoupling capacitor for each power supply pin and it should be placed close to the power

supply pin.
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VCC_0V9_S3 RE345 AVDDOVY DDRPLL

7 OR ¢

1 W 2 ) DDRxPLL AVDD 0VY
caoz2s &% _| coo14

:|—X5R RK3399Proc SDRAM CTRL

DDRx_CLE_VDD
VCC DDR_ 83  Readq VDD _DDR_CLK
7 OR g
| 1 R0402._ 2
_| ceozs 5% _| co015
1UF 100nF
C0402 ——c0201
X5R X5R
N 1ov N Jov
VCC_DDR_S3 = -
g
| _ _ _ ~ ~ DDRx_VDD
_| coo2s _| coote _| coo17 _| co024 _| Co018 _| €019 _| €9020
22UF 10uF 1uF 100nF 100nF 100nF 100nF
C0603 C0402 C0402 C0201 C0201 C0201 ——C0201
o xR xR [ xsm ] xR | xR ] xR ] X5R

6.3V 4v 10V 10V 10V 10V 10V

Figure 2-33 RK3399Pro DDR Controller Power Design

The DRAM VREF_DQ and VREF_CA of LPDDR3 use a separate VREF voltage reference
circuit. The power of VREF_DQ pin can be supplied by a 1K ohm resistors divider (1%
accuracy), because VREF_CA power is constantly supplied, change to use a 10Kohm
resistors divider (1% accuracy) can reduce the standby power consumption and parallel
connect 100nF capacitor can improve the power following characteristic of VCC_DDR_S3.
Place a 1nF decoupling capacitor close to each reference power pin.
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VCC_DDR_S3
o]
- _| cas4z
R3604 100nF
10K = —C0402
RO402 | X5R VREFCA_DDR
ol 1% 16V 7
VREF CA
o _| ca644 _| caeses
R3608 100nF 1nF LPDDR3 SDRAM
10K = —C0402 ——Co0402
R0402 .| X5R X7R
o 1% eV | sov
VCC_DDRC
o]
R3605
768R
RO402 VREFDQ_DDR
ol 1% o VREF_DQ
- _| c3647 _| cas4s
R3609 1nF 1nF
1K —=—C0402 ——Co0402
R0402 | XTR | XTR
ol 1% 50V 50V

Figure 2-34 RK3399Pro LPDDR3 DRAM VREF Power Design

e 2.2.2.7 GPIO Power
Refer to Section 2.1.9 for GPIO power. Recommend to place a 100nF decoupling capacitor

close to each power pin. For detailed design please refer to RK3399Pro reference design
schematic.

2.2.3 RK809-3 Solution Introduction
e 2.2.3.1 RK809-3 Block Diagram
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® 2.2.3.2 RK809-3 Features

I X X X X X X 4

Input range: 2.7V-5.5V
Accurate battery fuel gauge with two separate battery voltage and current ADC
Real time clock(RTC)
Low standby current of 16uA (at 32KHz clock frequency)
Real ground Headphone driver
1.3W Class D PA without filter inductor
OTP programmable power up/down sequence and voltage
High performance audio codec
One internal PLL

Support microphone input
Support I2S as the digital signal interface for both DAC and ADC
Support Automatic Level Control(ALC),limiter and noise gating
Support programmable digital and analog gains

Audio resolution 16bits to 32bits
Sample rate up to 192KHz

VOC_RTC mest be the highest voltage in the KK

Figure 2-35 RK809-3 Block Diagram
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€ Provides master and slave work mode, software configurable
€ Support 3 I2S formats (normal, left-justified, right-justified)
¢ Support PDM mode (externally input PCLK)
B Power channels:

*

*
*
*
*
*
*
*
*

B Package: 7mmx7mm QFN68

® 2.2.3.3 RK3399Pro+RK809-3 Power Tree

Channel 1: Synchronous BUCK converter, 2.5A max
Channel 2: Synchronous BUCK converter, 2.5A max
Channel 3: Synchronous BUCK converter, 1.5A max
Channel 4: Synchronous BUCK converter, 1.5A max
Channel 5: Synchronous BUCK converter, 2.5A max
Channel 6-7, 9-14: Low dropout regulator, 500mA max

Channel 8: Low dropout regulator with low noise, high power supply rejection
ratio, 100mA max
Channel 15: Switch, 3A max
Channel 16: Switch, 1.5A max

VDD GET 80
JOWER DI AGRAM it 7054525 S
iy TCEAS2S 3 = o
o] otz u
P w ¥ VIO CFY SO0
i = ETROEBAAC H.\:::' VIO _CPD
VDo _LoE Bl =
—. EYBO2URAD a R =
E iyl EYROBSARC
RK_B’ Dg = 3 NFT_WOT O ¥
o - I | VDD_CENTER_20 P ETRORSRAC KT 1pda
oo o
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2 I . | VoD CFO L3l
) B g soemz N -
o vor DoR £3 LPI0EIZARSF ;
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y etandby mode.
~ vooivl_ep_ sl ;
b LOW S
[}
Vooclvi_eva =23 veck wocTo Ivi_el brmrmrmemrms s s s s s s S s S m e s m s s
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Figure 2-36 RK809-3 Power Tree
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® 2.2.3.4 K809-3 Notice

B The recommended matching capacitance of 32.768KHz crystal is 22pF, and users can
fine tune the parameter according to the specification of the crystal used.

ANote

In order to reduce the power consumption, PMIC RTC crystal oscillation is relatively weak, can
not measure the oscillation signal on the XOUT or XIN pin with a normal oscilloscope, or
oscilloscope probe will cause OSC stop working. Please test CLK32K pin if want to measure
32.768K signal.

B VCC_RTC must be powered up first and the voltage value must be the highest one of
the input powers supplying for RK809-3.
B The output capacitance of BUCK1, BUCK2 must be bigger than 30uF to ensure the
good decoupling effect, especially in the case with large current and high dynamic
load, you can appropriately increase the output decoupling capacitance.
B RKB809-3 has the function of USB OTG power supply, short circuit protection, and can
configure 1.0-1.5A output current limit.
B The power on logic directly controlled by input power is: when power input exists,
primary DCDC buck output VCC5V0_SYS and VCC_RTC, the level input to VDC after
external voltage divider circuit is more than 0.55V, and then PMIC starts to work and
output the voltage.
B The power on/off logic controlled by the switch is: PWRON pin embeds pull up resistor,
pull up to VCCRTC, it will automatically power on when detecting the low level over
500ms. After power on, if PWRON pin is pulled down over 6s, it will power off forcely
(usually used for forced power off after system crash, then power on). Before sleep
and resume operation, the low level of PWRON pin should maintain over 20ms.
B RK809-3 work basic condition:
¢ VCC_RTC supply power.
¢ VCC5VO0_SYS supply power.
€ When detecting one of below three cases, RK809-3 will automatically power on:
PWRON pin keeps low level for 500ms, VDC level is over 0.55V, internal RTC Alarm
power on enabled and the time is up.

€ Start the power up process, each sequence interval is 2ms, the next sequence
continues only when the output voltage of last sequence meets the requirement,
until all sequences power up end, and release reset, finish the power up process.
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SNSN 63 1 }égqﬂgz SNSN SVBAT_SNSN
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ExT_eN &0 DPEXT_EN I‘TQE[?:B
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N ol RO402
vDC +
~| cz2237 -
i} 52  PWRON co402 R2230
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Qo -
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Figure 2-37 RK809-3 PWRON Pin

B When RK809-3 detects one of below two cases, it will automatically power off:
¢ 12C write DEVICE_OFF=1
€ PWRON pin keeps low over 6s.
B When RK809-3 starts the power down process, it will pull down reset after one RTC
clock cycle (around 30.5us), and then turn off all power output after 2ms, finish the

power down process.

® 2.2.3.5 RK809-3 Design Instruction

For RK809-3 detailed design instruction, please refer to Rockchip PMIC related design
document (RK809 Application Guide) .

2.2.4 Others

® 2.2.4.1 Over Temperature Protection Circuit

When RK3399Pro CPU occurs over-temperature or crash, the TSADC_INT/GPIO1_A6 pin
of the chip will output high level to reset RK809-3 and control the power off and restart, reset
the whole system while the register is cleared.

E40 CPU_RST NPU L

1_SHUTTER_EN/TCPD_VBUS_SINK_EN/GPIO1_AO_d5ag
SHUTTER_TRIG/TCPD_CCO_VCONN_EN/GPIOT_A1_d—an P e INT L
1_FLASHTRIGIN/TCPD_CC1_VCONN_EN/GPIO1_A2_d S STATUS _CC_INT_
) FLASHTRIGOUT/ISPT_FLASHTRIGOUT/GPIO1 A3 d|Gay AT
_PRELIGHT_TRIG/ISP1_PRELIGHT_TRIG/GPIO1_A4_d 55 ——
AP_PWROFF/GPIO1_A5 d [Eag
TSADC_INT/GPIOT_A6_z a7

SPI1_RXD/UART4_RX/GPIO1_A7 u

LCD_RST_L

= 2ln]

gg PMIC_SLEEP H

ADC_INT_H

Figure 2-38 RK809-3 TSADC_INT_H Over Temperature Protection Output
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R21081 , JQK, 2 R0402 5% 68 | . wank i
R2110 RESET L 67 — 52
CLKOUT 22K 1 5 RESETB [od PWRON
02
5% RKB05 3 _
R2116 1 2 RO0402 5%
~AJRE Q)
i Q2100 R
_ e o WNM2021-3TR
_ SOT_323
-@] sw2101
— <! RESET& —H‘ ’_H—«TSADC INT_H
o™
| R 22117 LH—(( NPU_TSADC_SHUT H
Cz2145 ED2101 © C2146 10K D2100
100nF ESD5451N uF 5% R2118 BATS4C
X5R ESD0402 | BN X5R  R0402 100K SOT 23
16V — = 16V 5%
C0402 C0402 | RO402

Figure 2-39 RK809-3 TSADC_INT_H over Temperature Protection Input

® 2.2.4.2 PMIC SLEEP Circuit

When RK3399Pro is in work mode, the status pin PMIC_SLEEP of the chip will keep low

level output.

When the system enters standby mode, the PMIC_SLEEP pin will output sleep indicating
signal with high level, and then PMIC will enter sleep status controlled by the signal. According
to the configuration of software dts file, some power supply will turn off, and some power
supply will lower down the voltage.

When the system is resumed from standby mode, the PMIC_SLEEP pin will output low level
at the first time, and the PMIC and all the power supply will be back to normal work

EN/ISP1_SHUTTER_EN/TCPD_VBUS_SINK_EN/GPIO1_AD_d g‘;g B .
5/1SP1_SHUTTER_TRIG/TCPD_CCO_VCONN_EN/GPIO1_A1_d-q45 2LCD RST L
3IN/ISP1_FLASHTRIGIN/TCPD_CC1_VCONN_EN/GPIO1_A2_d—r40NPU SLEEP STATUS DET<& 1YPEC_CC_INT_L

ISP0_FLASHTRIGOUT/ISP1_FLASHTRIGOUT/GPIO1_A3_d—S3g — CPUINT NPU

ISPO_PRELIGHT_TRIG/ISP1_PRELIGHT_TRIG/GPIO1_A4_dgig — :

AP_PWROFFIGPIO1_A5_d —F3g ;; PMIC_SLEEP_H "
TSADC_INT/GPIO1_A6_7 —F37 TSADC_INT_H
SPI1_RXD/UART4_RX/GPIO1_A7_u——
R72G
Figure 2-40 RK3399Pro PMIC_SLEEP Output
TP2100 O PMIC_INT_L 7 INT
TP_0.5
TP2102 PMIC_SLEEP_H 49
P05 O = = SLEEP
R2108 1 2 R0402 5% 68
¢ ‘\}% CLK32K
RESET L 67 RESETE
CLKOUT 32K 1
5% RK809-3

Figure 2-41 RK809-3 PMIC_SLEEP Input
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2.2.5 CPU Power Peak Current

Below table shows the peak current test result of the running mode for RK3399Pro EVB,
only for reference. The test conditions are as below:
® APK Version: antutu_benchmark_v7_3d+run.sh

® DDR component: 32bit LPDDR3 K4E6E304EB-EGCF

® Oscilloscope enables the 20MHz bandwidth limitation.

Configuration

+
NPU

1416MHz
1125V

LPDDR3

ITEM | SOC Model | . ¢PY NPU Memory |GPURender| _ CPY DDR Type DDR | Batvoltage
frequency | frequency Frequency Frequency )
Dual-core ATZ Max: CPU DDR
Contex-AT2 1800MHz CPU: CPU: Mas:
+ 120V EV 4G Mail- Max: LPDDR3 800MHz
RK3399Pro | Quad-caore 800MHz TE60MPA 800MHz
Cortex-A53 | AS53 Max: 0.85V NUP 1.075V NPU: NPU DDR

Max:
T86M

Figure 2-42 RK3399Pro EVB Peak Current Test Condition

Table 2-10 RK3399Pro CPU Peak Current Table

PowerName Voltage (V) Peak Current(mA)
VCC5V0_SYS 4.970 3461.0
VCC3V3_SYS 3.291 378.2
VCC_BUCK5_S3 3.302 529.5
VDD_CPU_B_SO 1.220 2429.9
VDD_CPU_L_SO 1.141 654.0
VDD_GPU_SO 1.112 3403.9
VDD_LOG_SO0 0.901 1267.0
VCC_DDR_S3 1.262 845.4
VCC_0V9_S3 0.901 33.9
VCC_1V8_S3 1.792 243.9
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2.3 CPU Function Interface Circuit Design Guide

2.3.1 CPU Memory Card Circuit

RK3399Pro provides a SDMMC interface controller which can support SD v3.0 and MMC
v4.51 protocol, shown as below:

® SDMMC controller has an independent power domain.

® SDMMC multiplexed with the functions such as UART2, JTAG etc., select function
through SDMMCO_DET. For details please refer to section 2.1.4.

® Embedded LDO and electronic switch, SDMMCO_VDDPST pin only needs to externally
connect a 100nF decoupling capacitor to GND, VDD power supply is provided
internally.

® SDMMCO_VDD is IO power, need to externally provide 3.0V power supply (SD 2.0
mode) or 3.0V/1.8V adjustable power supply (SD 3.0 mode).

U1000R
SDMMCO_DO/UART2A_RX/GPIO4_B0_u oz <¢ 3¥SDMMCO_DO/UART2 RX
SDMMCO_D1/UART2A_TX/GPIO4 B1 u sz K 0 SDMMCO_D1/UART2 TX
SDMMCO_D2/APJTAG_TCK/GPIO4_B2_u 39 SDMMCO_D2/JTAG TCK
SDMMCO_D3/APJTAG_TMS/GPIO4 B3 u 55— Riao0— RO SDMMCO DI/JTAG_TMS
SDMMCO_CLKOUT/MUCJTAG_TCK/GPIO4_B4_d g SDMMCO_CLK
SDMMCO_CMD/MCUJTAG_TMS/GPIO4_B5_u [SOMMCT—VDDFST SDMMCO_CMD
R26 @ From internal || 2 | ,
SDMMCO_VDDPST ‘cTe01 100nF 16V | [ C0207 X5R||I
123
v 12 5
SDMMCO 1.8V/3.0V Auto SDMMCO_vDD VCCIO_SD_S0

Figure 2-43 RK3399Pro SDMMC Module Circuit

The pull-up/down and matching design of the SDMMC interface are recommended as
below table:

Table 2-11 RK3399Pro SDMMC Interface Design

Connection
Internal pull method
Name Description(chip side)
up/down (SDR104

high-speed mode)

Series connect
22ohm resistor

SDMMC_DQ[3:0] | Pull up SD data output/input
can be deleted if

the trace is short

Series connect
SDMMC_CLK Pull down SD clock output
22ohm resistor

Series connect
22o0hm resistor )
SDMMC_CMD Pull up | SD command output/input
can be deleted if

the trace is short

2.3.2 CPU Ethernet Port Circuit

RK3399Pro internally integrates a GMAC controller which can externally connect with
different Ethernet PHY to support the 100M/1000M network function. For the detailed design,
please refer to the design documents released by PHY vendors.

In giga mode, the work clock used by PHY needs to be provided by external crystal as
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shown below:

PHY_XTAL11

Y6600
25MHz

CRY4 3R20X2R50X0R80

C6626
12pF
—C0402

1

o

COG 50V

XIN  GND2
2

4

)

3 PHY_XTAL2

GND1XOUT

-—

C6627
12pF
—C0402
CO0G 50V

o

Figure 2-44 Giga PHY Work Clock

In Mega mode, the work clock used by PHY can be provided by MAC controller of
RK3399Pro to save a crystal in PHY side.

MAC_GLK VCC3V3_LAN

e — ¥ 1

AC_MDCLK
2 R0402

PHY_RST

RES0T 1

4
3
2
il

LED_LINK

5 R0402 ||.VCC3V3-LAN

VeCaVa_LAN R65021 10K 5% 2 R0402 Sonyvgozss »
RES031 QNR . 2 RO402 £@ B=EzZ[3Z  ePAD 4{“
o m
fa fzw
| RE5041 QNR . 2 R0402 3 E=E |
31 = a® 20 RA5051 A8%H% 2 R0402 |
¥—35| RX_CLK W' RBIAS It
CRS_DV | I
MAG_RXDV((—R85081 Fe 2 R0402 2| RXCDVIMI_MODE =& praout He———or Proout |
GRS_DVILED_CFG AVDD33 o) _LAN
MAC_RXER((—RBS0T1_RF.% 2 _Ro40 — 32| RX_ERMDIX EN AGND2 |15 (I J—
%—32— COLIPHYADG PFBINT
VCC3V3_LAN RES081 JUR 2 RO402 E:i Si? g? RXD_O/PHYAD1 TD+ 42 }gf
RE5091 22R 5% 2 R0402 3g_| RXD_1/PHYAD2 -
MAC_RXDOL %—35-| RXD_2/PHYAD3 AGND1 (5 I RO+
¥%—30-] RXD_3/IPHYAD4 RD+
RB510 1 5% 2 R0402 40 = 11 RD-
MAC_RXD1{¢: IOGND  _ RD-
= Elx
- QdZo oo
g 111
O S Jjaoooonys
Slafatadatatad-3-3-
mf qmmlhim mf
vCeava LANg——
PHY_TXEN
PHY_TXD0 $5-
PHY_TXD1%%

Figure 2-45 Mega PHY Work Clock

RK3399Pro MAC controller needs two power supply, core voltage is 1.8V (Pin J22) , IO

voltage is 3.3V (Pin J23) , so the IO power supply voltage of PHY needs to be consistent with
the IO level of MAC controller, that is 3.3V.

43



Rackchip iswsT Rev 1.0
-
10001
PHY TXD
MAC_TXD2 2 —_—
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MAC_RXDHSPI4_CSNI/GPIO3 AT U [ Sae— AT DT e RD4[]2 AC_RXD3
MAC_TXD/SPI0_RXD/GPIO3_A4_d 523 R5051 5 Rmnz HY_TXDD PHY TXD
MAC_TXD1/SPI0_TXDIGPIO3_AS_d HY_TXD1
MAC_RXDO/SPI0_CLK/GPIO3_AB_u MAC_RXD0 MAC_MDI
MAC_RXD1/SPI0_CSNO/GPIO3 AT U AC_RXD1
MAC_MDC/SPI0_CSNAGRIO3 B0 u 232? AC. MDCLK
MAC _RXDVIGPIO3 B1 d YMAC_RXDV
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MAC_ MDIC/UART1_ TX/GPIO3 BS u ACMDIO = o0
MAC_RXCLI/UART3 RX/GPIO3_B6_u [y (MAC RXCLK cio
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~
E2g
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MAC_ TXCLK/UART3 RTSN/GPIO3 C1 u ool —MAC_TXCTK R1906T 22R 5% 2 RBSOZWSL . ~pei k=
APION VDDPST 222 oWCC_1¥E_SD
APIOT_ VDD 22— Svecio_3va_so

APIO1 1.3V only

RE339SPRO

Figure 2-46 Mega PHY Work Clock

MAC controller can reset PHY via GPIO, and can also use the RC hardware reset circuit to
do it, it should be noted that the PHY power supply must be controllable if using RC hardware

reset circuit.

OO DINIVIAG ALV UAM LD Mo U | Bz?

GPIO3 B7MAC_CRSI/CIF_CLKOUTB/UARTS TX_u |

P

Figure 2-47 RK3399Pro MAC Controller Reset

SWPHY_RST

MDIO interface, clock MDC signal and data MIDO signal are used to transmit the control
and status information between MAC controller and PHY. It should be noted that MDIO signal
needs to be pulled up as shown below:

MAC_MDIO R139

1K5 R0402

Figure 2-48

e 2.3.2.11000M MAC

RK3399Pro RGMII MDIO Signal

-VCC_LAN

RK3399Pro supports 10/100/1000M MAC. Now introduce the 1000M GMAC part

design and notices as below:

Table 2-12 RK3399Pro RGMII Interface Design

Internal pull Connection
Name Description
up/down method

Series connect

MAC_TXCLK Pull up 22ohm  resistor | Reference clock for data output
close to MAC side
Series connect

MAC_RXCLK Pull up 22ohm resistor | Reference clock for data input
close to PHY side
Series connect

MAC_TXD[3:0] Pull down Data output
22ohm resistor
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close to MAC side

Series connect

MAC_RXD[3:0] Pull up 22o0hm resistor | Data input
close to PHY side
Series connect
MAC_TXEN Pull up 22o0hm resistor | Data output enable
close to MAC side
Series connect
MAC_RXDV Pull down 22ohm  resistor | Receive data valid indication
close to PHY side
MAC_MDC Pull up Direct connection | Configure interface clock
MAC_MDIO Pull up Direct connection | Configure interface I/0
Series connect
MAC_CLK Pull up 22ohm resistor | MAC main clock input, 125MHz

close to PHY side

B On RGMII interface output/input signal line, the TX_CLK and RX_CLK frequency is 125
MHz. In order to achieve the transmission rate of 1000 Mb, TXD and RXD signal lines
are sampled in the bilateral edge of the clock. Data enable signal (MAC_TXEN,
MAC_RXDV) must be enabled before data transmit is valid.

e 2.3.2.2100M MAC
RK3399Pro supports 10/100/1000M GMAC. Now introduce the 100M MAC part design and

notices as below:

Table 2-13 RK3399Pro RMII Interface Design

Name Internal pull Connection Description
up/down method

Series connect

MAC_TXCLK Pull up 22ohm resistor | Reference clock for data output
close to MAC side
Series connect

MAC_RXCLK Pull up 220hm resistor | Reference clock for data input
close to PHY side
Series connect

MAC_TXD[1:0] Pull down 22ohm resistor | Data output
close to MAC side
Series connect

MAC_RXD[1:0] Pull up 22ohm resistor | Data input
close to PHY side

MAC_TXEN Pull up Series connect | Data output enable
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22ohm resistor
close to MAC side

Series connect
MAC_RXDV Pull down 22ohm resistor | Receive data valid indication

close to PHY side

MAC_MDC Pull up Direct connection | Configure interface clock

MAC_MDIO Pull up Direct connection | Configure interface I/O

Series connect
MAC_CLK Pull up 22ohm resistor | MAC main clock output, 50MHz
close to MAC side

B On RMII interface output/input signal line, the MAC_CLK frequency is 50MHz; it is
reference clock for RMII data output/input and sampling the data once every clock
cycle. Data enable signal (MAC_TXEN, MAC_RXDV) must be enabled before data
output is valid.

® In 10/100M RMII mode, it should be noted that the PHY_CRS_DV must be connected
to MAC_RXDV of RK3399Pro, but not MAC_CRS pin.

eyl

X1

R2602 1 2 10K 5%

L1
. N
vee AN G R0402 2o

R2603 1 2 DNPR0402 ED

| —Rzs0a 2 DNPR0402
31
[ _MAC RXDV_ | 1 2 R2605 22R 5% CRS_DV] | 32 | RX_CLK
R0402 33 ﬂ.DMLMlI.M.QD.LI
i _WHATSR v_Jonn_u?) EER S R e S O AP
GPIO3_B1/MAC_RXDV_d | £53 > MAC_RXDV

Figure 2-49 RK3399Pro RMII Interface MAC_RXDV

2.3.3 CPU USB Circuit

RK3399Pro CPU includes two USB 2.0 controllers and two USB 3.0 controllers, a USB 2.0
controller and a USB 3.0 controller used together can compose a complete USB 3.0 (or Type-C)
interface.

VAN

When USB 2.0 controller and USB 3.0 controller are used in conjunction, need to follow the
rule that the USB 2.0 PHYO should match with USB 3.0 PHY0 and USB2.0 PHY1 should match
with USB 3.0 PHY1.

e 2.3.3.1USB 2.0

RK3399Pro USB 2.0 includes USB2.0 PHYO, USB2.0 HOSTO, USB2.0 HOST1 and
USB2.0 OTG1 the four USB controllers and there are four USB 2.0 interfaces in total.
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U1000G
USB2.0_PHYO0 TYPECOD_DP iﬂ% < SPTYPECO DP
TYPECO DN TYPECO_DM
— ATI1T
TYPECO_ID agi7 _ . _
TYPECO _U2VBUSDET {{TYPECO_U2VBUSDET
N40 2 1
USBO_RBIAS R1400 26N T% roaoz |
Figure 2-50 RK3399Pro USB 2.0 PHYO
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Y24 R1423 Yo RO402
USB20_AVDD_3V3 OVCCIO_3V3_S0

1 usBZ.0 oTEl
i AT14 USB20_OTG_DP
i USB20_OTG1_DP =54 USBE20 OTG DM

USB20_OTG1_DN [~aE7e
USB20_OTGT_ID FagT7
USB20_OTG1_VBUS o5 O TPt

N39
USB1_RBIAS R1401 13'\F{\(?u quz”I

Flgure 2-51 RK3399Pro USB 2.0 HOSTO&HOST1&0TG1

Please note for design:
® USB2.0_PHYO interface is default used as system firmware download port which must
be reserved for debugging.

J2500

VBUS USB20_micro
o USB20MicroS MUDS_10MGF_T
(-] |
a \—1 ‘\".USB -+ ™
5 ) - :
TG DMK L, R25001 R2R5% 2 R0402 T OTG_DM_J Zlow ¢ ¢
= oP
c2500 e Gt Uss D0 R 2 RpC2 Hio o
—| 1ouF 3 mrvr_4 L0020 :"" s | _ GND @
——coe03 DNF - 1 w| ~
10V o7, J R25021 22R5% 2 R0402 J_ U500 ED2500
N xsr OTE-PRK D l EspsineF | W W = ESD5451K
SOT_23 ESD0402
) AR
] 1
_— ™
p— ‘ p— —
l = ‘ = =
: CJj<3pF '

Figure 2-52 RK3399Pro USB Connection Socket

® USB2.0 OTGL1 is used as the communication port of CPU and NPU, connected to NPU
by default, and cannot be extended to be other USB.

® USB_ID has an internal 200K pull up resistor, pull up to USB_AVDD_1V8, so OTG is
default used as Device mode.

® USB_VBUS (USB_DET) is used as USB insertion detection, and it means there is USB
inserted when detecting high level.
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VBUS_TYPECO O0— 1 A A2 s D)TYPECO_U2VBUSDET
R2606 - _
10K R2607 ~| C2609
5% 20K ——100nF
R0402 5% | Co402
[ R0402 7| xsR
_| 18v

Figure 2-53 RK3399Pro USB Insertion Detection

® USB controller configuration reference resistor R1400 should select the resistor with 1%
accuracy, because it will affect the USB amplitude and influence the quality of eye

diagram.
| N40 2 1
USED_F{E!IAS| B1400 237 V1% RD402 ||'

Figure 2-54 RK3399Pro USB20 Controller Reference Resistance 1

IF Un ~

| N39 1 2 |
RT40T 123 "M% RD4E12|||'

USB1_HBIAS*

Figure 2-55 RK3399Pro USB20 Controller Reference Resistance 2

® The controller 0.9V/1.8V power needs to series connect 1ohm resistor to avoid the
damage caused by surge.

SB20 AV ove 5
USB20_AVDD_0V9 V24 USB20 AVDD E14221 1R, 5% 2 R0402

DD 0 VCCA 0V9_SO

USB20_AVDD_1V8 OV
USB20_AVDD_1v4 ggj — R1d231 (< 2 Roanz Qv CC_1VE_SO
USB20_AVDD_3V3

COVCCIO 3V3 S0
Figure 2-56 RK3399Pro USB Controller Power Anti-surge

In order to improve USB performance, the decoupling capacitor of the controller
power should be placed close to the pin.

In order to suppress EMI, Common mode choke can be reserved in signal line and
select to use resistor or common mode choke according to the actual situation during

debugging.
_ 1 2 TYPECO DM J
. TR = =
TYPECO_DM> T RoE20 2R R0402 5%
1 2
. FB2601
3 =~~~ 4 90R-100M
ROA02
N . 1 2 TYPECO DP J
TYPECO_DP “"R2621 2YR R0402 5%

Figure 2-57 RK3399Pro USB Reserved Common Mode Choke

USB2.0 interface pull up/down and matching design are recommended as below
table:
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Table 2-14 RK3399Pro USB2.0 Interface Design

Name

Connection method

Description

TYPECO_DP/DM

Series connect

2.2ohm resistor

USB2.0 OTGO input/output, can compose
Type-CO0 interface with USB3.0 PHYO

TYPECO_ID

Direct connect,

internal pull up

USB2.0 OTGO ID recognition, no need to
connect for Type-C interface
Need to use for Micro-B interface

TYPECO_U2VBUSDET

Resistor voltage

divider detection

USB2.0 OTGO insertion detection

USBO_RBIAS

USB2.0 PHYO configuration reference
133ohm connected to GND,

effective for HOSTO and OTGO

resistor,

USB20_HOSTO_DP/DM

Direct connection

USB2.0 HOSTO input/output

USB20_HOST1_DP/DM

Direct connection

USB2.0 HOST1 input/output

USB20_OTG1_DP/DM

Direct connection

USB2.0 OTG1 input/output, can compose
Type-C1 interface with USB3.0 PHY1

USB2.0 OTG1 ID recognition, no need to

UsB20_OTG1 _ID NA connect for Type-C interface
Need to use for Micro-B interface
USB20_OTG1_U2VBUSDET | NA USB2.0 OTG1 insertion detection

USB1_RBIAS

USB2.0 PHY1 configuration reference
133ohm connected to GND,
effective for HOST1 and OTG1

resistor,

® 2.3.3.2USB 3.0

RK3399Pro USB 3.0 includes TYPEC_PORTO and USB3.0 PHY two interfaces.
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TYPEC PORTO

TYPECO_TXIP a5 TYPECO_TX1P
TYPECO_TX1M TYPECO TXIN
TYPECO_RX1P vl PECO_RX1P
TYPECO RX1M QOTYPECO_RXIN
TYPECO_TX2P e TYPECO TX2P
TYPECD_TX2M TYPECO_TX2N
TYPECO_RX2P Ao (STYPECO_RX2P
TYPECD_RX2M PECO_RX2N
TYPECO_RCLKP %
TYPECO _RCLKM
TYPECO_CC1 Rt
TyPECO_cc2 FAHA
TYPECO_AUXP Attt TYPECO_SBU1
TYPECD_AUXM TYPECO_SBU2
TYPECO_AUXP_PD_PU Aol TYPECO_SBU1_DC
TYPECO_AUXM_PU_PD TYPECO_SBU2_DC
TYPECO_U3vBUsDET FAH18 _TP1404
AD19 1 2
TYPECO_REXI rTan ey % oAz
TYPECO_REXT cc [FRE19
TYPECD_AVDD_0V9_1 ﬁ—o\fc&_ﬂvs_su

TYPECO_AVDD_0V9 2
TYPECO_AVDD_1V8

TYPECO_AVDD_3V3

AA1B

AB18

RK3399PRO

| AATB Svece 1ve So
| AB18  ~vcclo 3vs_So

Figure 2-58 RK3399Pro USB3.0 TYPEC_PORTO

Only For
Internal Use

C1402
100nF

c020€1
VED

USB30_AVDD_0V9_1
USB30_AVDD_0V9 2

USB30_AVDD_1V8

Y21

oz —$—OVCCA 0v9_SO0

AAZT

AA22

| AAZT Avec_1vs_So

OVCCIO_3V3_S0

USB30_AVDD_3V3_1

RK3395FRO

Figure 2-59 RK3399Pro USB3.0 PHY

_________________ USET_RBIAS | R1407 133K % Roa0z]|"
i USB3.0
USB30 TXIP AY 16 USB30_TX1P
B USB30 TX1M
UsSB30_Tx1m AW1E
USB30_RX1P [Ay15 ™ USB30RXTM
USB30_RX1M =
USB30 REXT

AE21R14031 499R . 2 R[M[iﬁj%
|

VCCA_0V9_SD VCC_1V8_S0

C1e
100

CO:
WAL

-

USB3.0 interface pull up/down and matching design are recommended as below

table:
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Table 2-15 RK3399Pro USB3.0 Interface Design

Name

Connection method

Description

TYPECO_TX1P/TX1M

100nF

coupling connection

capacitor

USB3.0 PHYO SuperSpeed output data 1

TYPECO_TX2P/TX2M

100nF

coupling connection

capacitor

USB3.0 PHYO SuperSpeed output data 2

TYPECO_RX1P/RX1M

Direct connection

USB3.0 PHYO SuperSpeed intput data 1

TYPECO_RX2P/RX2M

Direct connection

USB3.0 PHYO SuperSpeed intput data 2

USB3.0 PHYO external reference clock, not

TYPECO_RCLKP/RCLKM NA
used
USB3.0 PHYO embedded CC control signal,
TYPECO_CC1/CC2 NA
not used
100nF capacitor

TYPECO_AUXP/AUXM

coupling connection

USB3.0 PHYO auxiliary signal

TYPECO_AUXP_PD_PU

NA

USB3.0 PHYO auxiliary signal DC bias

TYPECO_AUXM_PU_PD NA USB3.0 PHYO auxiliary signal DC bias
TYPECO_U3VBUSDET NA Not used
TYPECO_ REXT USB3.0 PHYO configuration reference
resistor, 499R connected to GND
USB3.0 PHYO embedded CC control signal
TYPECO_REXT_CC NA configuration reference resistor, 499R
connected to GND, not used.
100nF capacitor

USB30_TX1P/TX1M

coupling connection

USB3.0 PHY1 SuperSpeed output data

USB30_RX1P/RX1M

Direct connection

USB3.0 PHY1 SuperSpeed intput data

USB30_REXT

USB3.0 PHY1 reference

resistor, 499R connected to GND.

configuration

Usage note:

B CC1/CC2 is embedded CC controller signal, current reference design is using
external CC/PD detection chip, so it is not used so far.

B USB 3.0 and USB 2.0 should be collocation used, in order to achieve the USB
protocol compatible.

m If use USB 3.0 Type-A interface, default to use TYPECO_TX1P/TX1M and
TYPECO_RX1P/RX1M as SSTX and SSRX signal, TYPECO_TX2P/TX2M and
TYPECO_RX2P/RX2M cannot be used to separately support USB 3.0 Type-A

interface.

B USB controller configuration reference resistor should select the resistor with 1%
accuracy, and it will affect USB amplitude and influence the quality of eye

diagram.
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| - i
USB30_REXT AE21R1403 1 49 2 R0O4 ﬁ'1fo

W21 S
Figure 2-60 RK3399Pro USB30 Controller Reference Resistance

®m In order to suppress EMI, common mode choke can be reserved in signal line and
select to use resistor or common mode choke according to the actual situation
during debugging.

e 2.3.3.3 USB Type-C

USB Type-C interface should include a USB 2.0 OTG interface and a USB 3.0 interface.
The reference design is shown as below:

UPDATE PORT (TYPECO)

TYPECD_S8U1_DC oot J00, 2 ROOM 5% VBUS_TYPECD C o vBUs 1

HEH
B
@
(%)

#

TyPEco ey 028011 || 2 100nF o2t XERpey  TYPEC ALXP o
T..=E5=.—asuﬂ§5‘m 2 1D0nF _CO20] o K = YPEC CCi

. —— e el
i R260G, ROG04
TvPECO Sauz Doy P28 T 00K . 2 ROV EE 5 M o M
™

RO201™, RO
5% & TYPECD DM J
TPECL OF 1

wE BB

!

- R C23021
TYPECD_TX h;a—mm—
TYPECD_TX1P
T-'F"ECII_:,;‘Clhéé EFI SSRX1_N HOLE 2 ——X
TYPECD_RX1P

TYPECD_ THIN
TYPECO_THIF

100nF CI2MH XA 16 TYPECTXIN A3
TInF G ¥R 16V TYFECTRIR Az | SSTX1N

[ S

C26041

100nF G001 X5R 18V TYPECTXIM B
; C05 1

TIInF oA KR 18V TYFECTP B | SSTXZ N
A1 GND_E1 |[-£3

TYPECTXIN T-..PEE.«:-I—:':.‘}Erggg AT | SSRXZ N GHD_E2 =
TYPECTXIP TYPECD Rz

Lo | v

s
g miee GHD1 GND E5
VPECD RRIP Ao eno2 GNDES |25
TYPECH_RXIN | GND3 GND_ET |-o

{IROOXORS0 - USE_TYPEC_115H0

Figure 2-61 USB Type-C Interface

B The coupling capacitor of TX signal line should be placed close to the interface, the
coupling capacitor of RX signal line is provided by the device.

2.3.4 CPU DP Circuit

RK3399Pro CPU USB3.0 PHY built-in DP (Display Port) controller, when determine to
connect DP device, it can be connected directly without the control of USB protocol. The

specific connection is divided into two cases: direct connect with DP device or DP conversion
IC; or use USB Type-C cable to connect.

For the connection relationship in schematic, please make sure to follow the order in the
table of this section to design.

® 2.3.4.1 Device Direct Connection

In netbook product or industry application, DP panel or DP port conversion may be
used, in this case, only need to connect the Type-C interface to the DP port according to
the order of the signal.
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Table 2-16 RK3399Pro DP Interface Design

Name Connection method Description

100nF capacitor

TYPECO_TX1P/TX1M Correspond to DP_TX2P/TX2N
coupling connection
100nF capacitor

TYPECO_TX2P/TX2M ) _ Correspond to DP_TX1P/TX1N
coupling connection
100nF capacitor

TYPECO_RX1P/RX1M ) _ Correspond to DP_TX3P/TX3N
coupling connection
100nF capacitor

TYPECO_RX2P/RX2M . Correspond to DP_TXO0P/TXON
coupling connection
100nF capacitor

TYPECO_AUXP/AUXM coupling connection, | Correspond to DP_AUX auxiliary signal

and provide DC bias

JB500

DisplayPort
TYPECO szp} CAR001 2 100nF CO201 X5R 10V DP_Tx0P J | .12 ML LanaQ+
1 |7 GND_2
CB5011 2 100nF CO201 XSR 10V DP_TxOM_J 3 -
TYPECO RXZNYS ML_Lane0-
TYPECH TX2FY% CA503 1 2 100nF CO0201 X5R 10V DP_THiP_J | 45 g
c85021 || 2 100nF C0201 xsR 10v  DP_TxN_J! |_ § | GND_5
TYPECO_TXZNYS ML_Lanei-
TYPECO TX1F5%, CB504 1 3 _100nF_C0201 X5R 10V DF 1520 ] | ; MLanezs &
CH5051 2 100nF C0201 X5R 10V DP_Txan_J! |7 GND_8 o
TYPECO_TX1M ML_Lane2- B
TYPECD—R’”pg( CR506 1 2 _100nF_C0201 X5R 10V DF_T%3F J|| 11 M Laeze 3
oP_Txan_J GND_11 =
TYPECO_RXINS) CH507 1 2 100nF CO201 X5R 10V oF oM, ! 12 ML Cnea. B
RBS001_JO0K5% 2 R0402 TE CONFIGE 14 Config1 H
'} OF_AUXF_J Config2
TvPECﬁ_SBm(h » casosl 712 T0ONF_} 12 Aux s GND_AT ik
TYPECO SEU2 C85091 2 100nF  _ DP_AUXN J”_ 1? GMND_16 GND_AZ
-SBU2LL D C0201 ¥5R 10V I OF_HPD_J AUX CH- GND_A3 =53
Hot Plug GND_A4
WEC3V3_DP O R85011_A00K5% 2 RO402 vecaa pp DF_PWR_RET ;3 Retum
L DPO DP_PWR_3V3 L
DP_HPD L R85021 JK 5% 2 R0402 _PWR_ =
RAS03
100K
RO402
o 5%
DP_COMNFIG1 R85041 QR 5% 2 R0402
DP CONFIG2 R85051 RNR . 2 R0402 I||,
I
DF_PWR_RET (yTPes00

Figure 2-62 USB Type-C Converted to DP Port

® 2.3.4.2 Cable Connection

In the application of split VR, it will occur that DP host uses USB Type-C cable to
connect with the device, and the glass device uses DP converted to MIPI to output the
image signal. Since the TX and RX in the USB Type-C cable are cross-over, need to do
cross-processing for the signals on the device.

Table 3-15 is the Type-C cable connection relationship defined by the USB protocol:
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Table 2-17 USB Full Function Type-C Standard Cable

USB Type-C Plug #1 Wire USB Type-C Plug #2
. Wire . .
PiN Signal Numbe Signal Pin Signal
Name r Name Name
Al1,B1,A12,B1 | GND 1[16] GND_PWRrt1[GND_PWRrt2 | A1,B1,A12,B1 | GND
2 ] 2
A4,B4,A9,B9 Vbus 2[17] PWR_Vbus1[PWR_Vbus2] A4,B4,A9,B9 Vbus
A5 CC 3 CC A5 CC
B5 Vconn 18 PWR_Vconn B5 Vconn
A6 Dpl 4 UTP_Dp A6 Dp1l
A7 Dn1 5 UTP_Dn A7 Dnil
A2 SSTXpl | 6 SDPp1 B11 SSRXp
1
A3 SSTXnl | 7 SDPn1 B10 SSRXn
1
B11l SSRXp |8 SDPp2 A2 SSTXpl
1
B10 SSRXn |9 SDPn2 A3 SSTXnl1
1
B2 SSTXp2 | 10 SDPp3 Al1l SSRXp
2
B3 SSTXn2 | 11 SDPn3 Al10 SSRXn
2
Al1l SSRXp |12 SDPp4 B2 SSTXp2
2
Al10 SSRXn 13 SDPn4 B3 SSTXn2
2
A8 SBU1 14 SBU_A B8 SBU2
B8 SBU2 15 SBU_B A8 SBU1
Shell Shield Braid Shield Shell Shield

So RK3399Pro chip side is connected as shown in below table:

Table 2-18 RK3399Pro DP Interface Desigh — Chip Side

Name

Connection method

Description

TYPECO_TX1P/TX1M

100nF

coupling connection

capacitor

Correspond to DP_TX2P/TX2M

TYPECO_TX2P/TX2M

100nF

coupling connection

capacitor

Correspond to DP_TX1P/TX1M

TYPECO_RX1P/RX1M

Direct connection

Correspond to DP_TX3P/TX3M

TYPECO_RX2P/RX2M

Direct connection

Correspond to DP_TXO0OP/TX0OM

TYPECO_AUXP/AUXM

100nF

coupling

capacitor

connection,

and provide DC bias

Correspond to DP_AUX auxiliary signal

VR glass side is connected as shown in below table:
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Table 2-19 RK3399Pro DP Interface Designh — VR Glass Side

Name Connection method Description

100nF capacitor

TYPEC_TX1P/TX1M . . Correspond to DP_TX3P/TX3M
coupling connection
100nF capacitor

TYPEC_TX2P/TX2M _ _ Correspond to DP_TX0P/TXOM
coupling connection

TYPEC_RX1P/RX1M Direct connection Correspond to DP_TX2P/TX2M

TYPEC_RX2P/RX2M Direct connection Correspond to DP_TX1P/TX1M
100nF capacitor

TYPEC_AUXP/AUXM coupling connection, | Correspond to DP_AUX auxiliary signal

and provide DC bias

2.3.5 CPU Audio Circuit

RK3399Pro provides two groups of standard 12S interface, supporting master or slave
mode. They all support the highest sampling rate up to 192 kHz, bit rate from 16 bits to 32
bits.

1250_SCLK/GPIO3_D0_d
1250_LRCK_RX/GPI03_D1_d
1280_LRCK_TX/GPI03_D2_d
1250_SDIO/GPIO3_D3_d

AL
4 d
5_d
_d

¢GSENSOR_INT_L

1250_SDI1SDO3/GPIO3_D
1250_SDI2SDO2IGPIO3 D5 AAG I280 Reserve For MIC array

1250_SDI3SDO1/GPIO3_D6
[250_SDO0/GPIO3_D7_d ¢ COMP_INT_H

12S_CLK/GPIOA_AQ_d 351 s5_C
12C1_SDA/GPIO4_A1_u [-ye < _i
<

12C1_SCL/GPIO4_A2_u
AF3
1251_SCLK/GPIO4_A3_d ga7 281_ uLKa-For RE809 codec
1281_LRCK_RX/GPIO4_Ad d 31 3 7 251_LRCK
12S1_LRCK_TX/GPIO4_A5_d = o
251_SDIO/GPIOA_AB_d [aae— 120t R 5% w0402 %f-i'l_i-DI
1251_SDODIGPIO4_AT d 251_sDO

. AAS v
APIOS_VDDPST cisa 1 CiEod GVCC_1V8_S0
| vs 100nF | 100nF
APIO5_VDD C0201 ——C0201
o X8R ] xem
RK3399PRO 16V 16V

APIOS 1.8v/3.0V

Figure 2-63 RK3399Pro I2S Module

e 2.3.5.11I2S0

1250 interface contains 1 SDI0,1 SDOO0 and 3 SDIxSDOx interfaces, so it can flexibly
configure SDIx and SDOx interface, support up to 8 channels input / 2 channels output
or 2 channels input / 8 channels output at the same time. In order to meet the
asynchronous sampling rate requirement of audio recording and playing, it provides two
groups of frame clock (LRCKTX, LRCKRX). Need to pay attention to that, if SDOx and
SDIx only refer to one group of frame clock, prefer to use LRCKTX as their common clock.

Need to pay attention to that, the I2S interface belongs to APIO5 power domain, and
it is set to supply power for VCC_1V8_SO0 by default. If I2S peripheral 10 level is 3.3V,
need to adjust the power supply, and match with the relative IO level of the power
domain.
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RK3399-Socket

GPIO3_D0/I12S0_SCLK_d
GPIO3_D1/2S0_LRCK_RX_d
GPIO3_D2/12S0_LRCK_TX_d [y~

GPIO3_D3712S0_SDI0_d
GPIO3_DA4/12S0_SDI1SDO3_d
GPIO3_D5/12S0_SDI2SD02_d
GPIO3_D6/12S0_SDI3SDO1_d

Rev 1.0
12S0_SCLK/GPIO3_DO_d [res
1250_LRCK_RX/GPIO3_D1_d Fays
I2S0 LRCK_TX/GPIO3 D2 d Y7
250_SDIO/GPIO3_D3_d |41
12S0_SDI1SDO3/GPIO3 D4 d ARG
1250_SDI2SDO2/GPIO3_D5_d [AR3
1250_SDI3SDO1/GPIO3 D6 _d INE
1250 _SDOWNGPIO3 D7 d
Figure 2-64 RK3399Pro 1250 Module
AG3
250_SCLK
e >z:250'LRCK RX
S280_LRCK_TX
1250_SDI0
P glzso:son
e 331280_SDI2
e 250_SDI3
$51280_SDO

GPIO3_D7/12S0_SDOO0_d

Figure 2-65 RK3399Pro 1250 8 Channel Input and 2 Channel Output

U1000J

RK3399-Socket

GPIO3_D0/12S0_SCLK_d
GPIO3_D1/12S0_LRCK_RX_d

GPIO3_ D4/I280 SDI1SDO3 d
GPIO3_D5/1280_SDI2SD02_d
GF'IO3 DG!I2SO SDI3SDO1 d

SH280_SCLK

{1280_LRCK_RX

- _LROR_RAd TAJ2
GPIO3_D2/12S0_LRCK_TX_d [v7 OI280_LRCK_TX
GPIO3_D3/12S0_SDI0_d AE5 é:ggg_gg:j ;
2’:'62 >I250_SDO2
AHT SH280_SDO1
SH250_SDO0

GPIO3_D7/12S0_SDO0_d

Figure 2-66 RK3399Pro 1250 2 Channel Input and 8 Channel Output

I12S0 interface pull up/down and matching design are recommended as below table:

Table 2-20 RK3399Pro 1250 Interface Design

Internal pull Connection
Name Description(chip side)
up/down method
Series connect | I2S system clock output, supply for
I12S_CLK Pull down
22o0hm resistor [12S0&I2S1 working
Series connect
1250_SCLK Pull down 1250 bit clock output
22o0hm resistor
Series connect
I12S0_LRCK_TX/RX | Pull down 1250 channel select input/output
220hm resistor
Series connect
1250_SDI0 Pull down 1250 data input channel 0
220hm resistor
1250 _SDI1SDO3 Pull down Series connect | I2S0 data input channel 1/output
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22o0hm resistor

channel 3

Series connect | I2S0 data input channel 2/output
I1250_SDI2SD02 Pull down

22ohm resistor channel 2

Series connect | I2S0 data input channel 3/output
I12S50_SDI3SDO1 Pull down

22o0hm resistor channel 1

Series connect
1250 _SDOO0 Pull down 1250 data output channel 0

22ohm resistor

e 2.3.5.21I2S81

1251 supports 2 channels input and 2 channels output, and can be used as PCM
interface. Connect to RK809 Codec I2S interface by default.

APIO5 1.8V/3.0V

125 CLK/GPIO4_A0_d
12C1_SDA/GPIO4_A1_u [yp

ACT7

AG1

12C1_SCL/GPIO4_A2_u 373

1251 SCLK/GPIO4_A3 d
12581 LRCK_RX/GPIO4_A4 d
1251 LRCK_TX/GPIO4 A5 d

[2S1_SDIO/GPIO4_A6 d
1251 SDO0/GPIO4_AT7 d

AP105_VDDPST

APIO5_VDD

1251_SCLK emmSgie For RK809 codec

AAT

12S_CLK
{ SS12¢1_sDA_1vs
12C1 SCL V8
<

1251_LRCK

AH1

AD6

7 p)
RT501 “OR 5% R0402

RK3399PRO

16V

1251_SDI
A 1251_SDO
AAS X )
—1Ci503 | Ci504 OVCC_1V8_ S0
Y8 100nF 100nF
co201 C0201
ol XOR | X5R

16Y

Figure 2-67 RK3399Pro 1251 Module

12S1 interface pull up/down and matching design are recommended as shown in

below table:
Table 2-21 RK3399Pro 1251 Interface Design
Internal pull Connection
Name Description (chip side)
up/down method
1251 SCLK Series connect | I2S1 bit clock output
Pull down
PCM_CLK 22ohm resistor PCM clock
I12S1_LRCK_TX/RX pull d Series connect | I2S1 channel select input/output
ull down
PCM_SYNC 22o0hm resistor PCM data frame synchronous
I12S1_SDIO Series connect | I2S1 data input channel O
Pull down
PCM_IN 22o0hm resistor PCM data input
1251_SDOO0 Series connect | I12S1 data output channel 0
Pull down
PCM_OUT 22o0hm resistor PCM data output

® 2.3.5.3 Codec
RK809-3 has embedded Codec, connected with RK3399Pro through I12S interface.
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Figure 2-68 RK809-3 Codec Circuit

cosn?| cosnz

The HPSNS output from Codec is used as an internal Offset reference and needs to be
connected to GND, which is connected with GND at the headset to reduce the level
difference with the headphone GND. The traces should be accompanied in the middle of
HPR/HPL to avoid the interference from other signals. If the Codec's GND is on the same
complete GND plane as the headset GND, and the components layout is close, it can be
connected directly to the GND plane.

VCC_1v8_S3 ¢ 1 2 HP_sNs ¢ R
— VA Wmm ‘ l J7000
PHONE_DET_H (£, — : . 'll\ g '.[
O icnoz 7004 0% 02 5% Y
~

Ha A
o402 1 2 1A
el . LA

XER 205 0¥ Ha02 5 MICZINGZ, X 7

CTIA

PI-3538
PJ7_PJ3536
eo7o0cW, ED7001W, ED7002 ED7003
ESD545j ESD545 ESD5451N ESD5451N
ESD040Z| ESDOS0Z| ESD0402 ESD0402
™ ™~

= 100R — = =
VCCIO_3V0_SD0 ¢ RD“UZ

‘ll 22K
C7001 TuF )(5 E3\¢' co402 5%

RO402

C7000 8.8k
10nF 5%
10K CO402 RO402

HEADPHONE P oo I

ADCE_HP_HooK R?JW
R0z T

Figure 2-69 RK809-3 Headphone Circuit
Codec embedded Mono filter free speaker drive circuit can provide the drive strength

of 1.3W@8ohm, which can meet the requirement of mono channel application with small
power, the trace is simple, and can save the additional cost of external power amplifier.
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SPEAKER

SPKN_OUT > -
CTO04
B20pF
COG
50V
.|| co402
CTO08
Ba0pF
COG
50V
J C0402

1

J7001
1

2

SPKP_QUT.

"H Enm% EGa02n =

"H ED?O% EG402n NG

Figure 2-70 RK809-3 Speaker Circuit

2
CONZN_1X2_2R00_V_P_DIP
CONZM_1X2_2R00_V P _DIP

When use the embedded power amplifier to do the mic array loop back, the
recommended loop back circuit is as below, after voltage division and filter, output
differential loop back signal to the audio ADC interface of RK809-3, complete A/D
conversion by RK809-3 and then transmit back to RK3399Pro through I2S interface.

i 1
oot o 1
: Flaced ele ! PK_MINLLE_P T
= 1 2 1 E L 2
SPRMINLE Sy Favann —(De0a 1 5A 25% I SPR_MINI LB i|P
1 1B0R-100M '
1 - JACK_i500_2P
< N 1~ 2
SPEMINLN 3 | FETI0I L0603 15A Z5% T
| 180R-100M c7a00| c7am o
| 1F 7| tnF I
1 ——coG e I
1 | 25V | 28V i
e eeeeeeeea T H
- o o
ED7300  ECT30N
ESD5451N ESD5451N
ESD0402  ESD0402
CTI08
100nF
7300 R4 RT304 RO402 co402
sk _MiNLLE P 51K 1 2 1% "1 2 1% N1 |2 XSRAEY
-] - AN |
c7a0z ——crae B
=z wf 10F LohepK_ LB L
™ a2sv 257
ci402 cod0z
o c7aes o cras
204F 10F
L e —EPK_LB_R
REEY | v crao?
Co402 cod02 100nF
RT305 RO402 co402
SPK_MINLLE "1 2 1%

Figure 2-71 RK809-3 Speaker Circuit

NHote: 8ohm/1.3W
Speaker Output

Hote:
Differential Input to ADC of RES09-1
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Figure 2-72 RK809-3 RK3399Pro Loop Back Path

If the embedded Mono speaker drive circuit of Codec cannot meet the drive strength
requirement, external separate analog/digital power amplifier can be connected, and the
loop back also can refer to the above circuit. Need to pay attention to that Ra\Rb
resistance should be adjusted according to the output level of the separate power
amplifier, to make the max level measured at A/B points is not bigger than the input limit
value of ADC, which is recommended to be less than 500mV based on debugging status.

For Stereo requirement, ADC of RK809-3 should be configured as two channels of
single-end input to meet the requirement of two channels of loop back. In order to be
compatible with different types of power amplifier, the loop back collection point is place
at LINEOUT side. Adjust according to the requirement of algorithm or use external ADC to
do the loop back collection.

LINEOUT_R LINEQUT_L
R7242 R7T243
22K 22K
5% 5%
| FEMDZ o ROD4OZ
CT2452 _“_ 1 _100nF SPK_LE R C7247 2 _H_ 1 100nF SPK_LE L
Codnz X5k 16V Co402 KSR 16V
| craea - | CT6 -
1nF nF
——XTR R7244
ol 25V 47K .
codo2 1% Codoz 1%
| RO402 e RO402
,lll * .||| ! ]
I [

i

|

]

|

1

I

]

|

]

I

]

XTR RT249 .
25v é A.TK :
]

|

1

Loopback from LineQut |
]

|

]

|

]

|

]

|

Figure 2-73 RK809-3 Stereo Loop Back
e 2.3.5.4 MIC
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MIC circuit is shown as Figure 3-64. Select appropriate voltage divider R7105 and
R7106 according to the electret microphone specifications.
If use analog interface MEMS MIC, please refer to the recommended design circuit.

Microphone

vCCavo_PMmup—R71041 T00R% 2 RQ402

C7103
| 1uF
Co402 R7105
o 1OV 22K
X5R RO402
| 9% MICT100
— MIC-4020
MIC1_INZL ETI05 MIC2_4020
| 100pF 1
c0402
coG 2
' sov .
MICZ_INL, =
ED7T103 ED7104 ™
ESD5451 ESD5451M%, RT106
ESD0402 ESD0402 22K
RO402
] ] ] 5%

Figure 2-74 Differential Microphone

MIC

R7007
100R
veelo_3vo_so o— 1 PR 2
CT003 _ _
1uF
C0402 R7008
X5R 22K MICT000
6.3V RO402 MIC-4020
— 5%, MIC2 4020
T
MICT_IN (K ’ s 1
C7005 _ T 2
220pF ED7004
C0402 ESD5451N
C0G ESD0402
50V
o

Figure 2-75 Single-end Microphone

If use digital interface MEMS, RK3399Pro only provides the analog microphone
solution input by ADC. For the solution, need to place ADC close to the analog MIC, and
convert the analog signal into digital signal as soon as possible for transmission to
improve the anti-interference ability of the whole input path.
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In multi-mic application, may connect multiple external ADC at the same time, need
to note that the trace of I12S CLK should use Daisy Chain topology connection, shorten the
branch of each node as much as possible, and both sides of the signal (especially CLK)
should be surrounded by GND while routing and layout.

For the static electricity protection of analog mic, it is also useful to place ESD
component close to MIC or series connect resistance with signal line.

WEE_MICA
Q ceM 1 || 2 v:.mazl-l_ MICEDD
oOnF | [63V  X5R| SPHEE11LRSH-1
5 MEHAR LA TISHICE
VoD WY TRTE
CEO4 1 || 2 XS5R _ 1
Tn 71 Bav 1 ouT EDE00 2 |||.
cBos 1 || 2 cmlll ] - ESD547T1x |
10pF coabz || 50w | 2] anp ESDO402
T esbE 1 ] 2 X5R 3 GSD; \
470nF Coanz | | B3V L
[ VEE MICA =

Figure 2-76 Analog Microphone

2.3.6 CPU Video Circuit

RK3399Pro has embedded video controller, supporting eDP/HDMI/MIPI-DSI three kinds of
video output modes.
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Figure 2-77 RK3399Pro Video Output Interface

2.3.6.1 eDP

® The reference resistor R1704 of eDP controller should select the resistor with 1%
accuracy, and it will affect the signal quality of eye diagram.

® The coupling capacitor of EDP_TXn signhal should be placed close to output side, that
is connect side.
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Figure 2-78 RK3399Pro eDP Module
® 2.3.6.2 HDMI OUT Mode
RK3399Pro provides an HDMI interface, supporting HDMI 2.0 protocol:
U1000K
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Figure 2-79 RK3399Pro HDMI Module
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The reference resistor R1702 of HDMI controller should select the resistor with 1%
accuracy, and it will affect the signal quality of eye diagram.

HDMI interface CEC circuit should pay attention to the level anti-irrigation design.
For details, please refer to RK3399Pro reference design schematic.

VCCIO 3VD S0 VCCEVD SYS S3
0O )
R8204
27K
5% -
~| RO402
HDMI CEC 2 TTT 3 HDMI PORT CEC
s
Q8202 I_H'I
25K3018
SOT_323

Figure 2-80 HDMI CEC Anti-irrigation Circuit

RK3399Pro 12C doesn’t support 5V, DDC/I2C bus need to add level conversion
circuit.

VCC5V0_SYS_S3

0
D8200
W B5819WS
VCCIO_3V0_S0 SOD_323
(8]
e ———
R8201
15K
R0402
o 5%
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Q8200
2SK3018
SOT_323
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R8203
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R0O402 R0402
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Figure 2-81 HDMI DDC Level-shift circuit
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B The four groups of differential signals of HDMI need to have ESD protection. The
ESD component should be placed close to HDMI port. The recommended
capacitance should be less than 0.4pF.

u8200
TPD4EO5U06 /SRC0524P
SON10_2R50X1R0O0X0RS50

MRIE
1§

HDMI PORT CEC 1 INT OUT1 10  HDMI PORT CEC

DDC SCL 2 IN2 OUT2 9 DDC SCL

DDC_SDA 4 IN?’EE OUT3 7 DDC_SDA

HDMI PORT HPD 5 IN%E oUT4 6 HDMI _PORT HPD
T

Figure 2-82 HDMI ESD protection

® 2.3.6.3 MIPI-DSI Mode

RK3399Pro has 2 embedded MIPI-DSI controllers MIPI_DSIO and MIPI_DSI1.
MIPI_DSI1 multiplexed with MIPI_CSI1, so only one function can be used at the same
time, and need to configure the corresponding input/output mode through software when
used.

IR R v

MIPI TXO
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Figure 2-83 RK3399Pro MIPI-DSIO Module
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Figure 2-84 RK3399Pro MIPI-DSI1 Module

Please note for design:
B The reference resistor of MIPI-DSI controller should select the resistor with 1%
accuracy, and it will affect the signal quality of eye diagram.

MIPI_TX0_REXT |
Figure 2-85 RK339§I;r‘onMIPI-DSIE) ControllernReference Resistance

| AF12R1700 1 %\”2 1% RO0402 |||I
I

Lt}
MIF’I_TX’HRX’]_REXT' AF11  R17041 402K, 2 1% R{M[Iﬁ'

| AmAn A i |

Figure 2-86 RK3399Pro MIPI-DSI1 Controller Reference Resistance

B In single MIPI output work mode, must use MIPI-DSIO controller, that is MIPI_TXO0
group, and MIPI-DSI1 cannot be used separately.

B In dual MIPI output work mode, MIPI TX0 and MIPI TX1/RX1 channels can be
exchanged with the whole group according to the requirements of layout and
routing.

m  MIPI_TX_AVDD_1V8 and MIPI_TX/RX_AVDD_1V8 are the same power on chip
package, so must use the same power supply. In order to avoid the damage of
surge, 1.8V power of MIPI controller needs to series connect 1ohm resistor.

LR LU N P LT R Ly | W W II"

MIPI_TX0_AVDD_1v8 | AB12 L 2 OVCC_1v8_S0

2
[100nF X5R 16V C02 |1|
Figure 2-87 RK3399Pro MIPI-DSIO Power Supply

AC10

1 2 :
MIPL_TX1/RX1_AVDD_1V8 =% TET % RO207 VCC_1v8_50
1 2
C1702

| 100nF X5R 16V HJ(EQ[H

Figure 2-88 RK3399Pro MIPI-DSI1 Power Supply

® In order to improve MIPI performance, the coupling capacitor of the controller
power should be placed close to the pin.
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2.3.7 CPU Camera Circuit

e 2.3.7.1 USB CAMERA
For USB CAMERA, please refer to the USB design method in section 2.3.3

e 2.3.7.2 MIPI CSI1

RK3399Pro has two embedded MIPI-CSI controller MIPI_CSIO and MIPI_CSI1, both
embedded ISP processor, can be used at the same time for dual MIPI input. MIPI_CSI1
multiplexed with MIPI_DSI1, so only one function can be used at the same time and need
to configure the corresponding input/output mode through software before using.

MIPI EX0

MIPI TX1l/RX1

MIPI_RX0_DOP
MIPI_RX0_DON

MIPI_RX0_D1P
MIPI_RX0_D1N

MIPI_RX0_D2P
MIPI_RX0_D2N

MIPI_RX0_D3P
MIPI_RX0_D3N

MIPI_RX0_CLKP
MIPI_RX0_CLKN

MIPI_RX0_REXT

MIP|_RX0_AVDD_1V&

MIPI_TX1/RX1_DOP
MIPI_TX1/RX1_DON

MIPI_TX1/RX1_D1P
MIPI_TX1/R¥X1_D1N

MIPI_TX1/RX1_D2P
MIPI_TX1/R¥X1_D2N

MIPI_TX1/RX1_D3P
MIPI_TX1/R¥X1_D3N

MIPI_TX1/RX1_CLKP
MIPI_TX1/RX1_CLKEN

MIPI_TX1/RX1_REXT

MIPI_TX1/RX1_AVDD_1V&

| L |
C1700 | [T00nF X&5R 16V cazq“'

AWS

NPI_RX0_DOP
AYS g AIPI_RX0_DON
AW4 .

NPI_RX0_D1P
AY4 g NPI_RX0_D1N
AW2

NPI_RX0_D2P
AW1 § NPI_RX0_D2N
Av2

NPI_RX0 D3P
AV 3 NIPI_RX0_D3N
AW3

NPI_RX0_CLKP
AY3 g NIPI_RX0_CLKN
AF14 R17031 402K 2 RO0402 I

1%
AB14 1 2 v

1700 1% %% R0201 VeC_1ve_so
1 2
T1701 | [100nF X5R 16V H:@zm

ANZ NPI_TX1/RX1_DOP
ANT AIPI_TX1/RX1_DON
AP2 NPIL_TX1/RX1_D1P
AP1 NP TX1/RX1_DIN
AT2 .

NPI_TX1/RX1_D2P
AT1 g;% IPI_TX1/RX1_D2N
iﬂﬁ NPI_TX1/RX1_D3P

NPI_TX1/RX1_D3N
ARZ NPI_TX1/RX1_CLKP
AR1 NPI_TX1/RX1_CLKN
AF11  R17041 402K. 2 1% RO4 ﬁ
AC10

RK3399PRO

1 2
R1710 1 % RO201 VCC_1VE_S0

1|2 I
C1702 | [100nF X5R 16V Hﬁfnzm

Figure 2-89 RK3399Pro MIPI-CSI Module

Please note for design:
B The reference resistor of the controller should select the resistor with 1% accuracy,
and it will affect the signal quality of eye diagram.

MIPI_RX0 REXT |

| AF14 R17031

A& v oA

02K._2 R0402 |||.
% |

Figure 2-90 RK3399Pro MIPI-CSIO Controller Reference Resistance

AAn

MIF’I_T){HRX“I_F{EXTI AF11  R17041 402K, 2 1% Rﬂﬂr[Iﬁl

A L |

Figure 2-91 RK3399Pro MIPI-CSI1 Controller Reference Resistance
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B In order to avoid the damage of surge, the power of MIPI-CSI controller needs to
series connect 1ohm resistance.

| AB14 1 2
MIPI_RX0_AVDD_1V8 F,]mg N Igucc_ws_sn
e e 1 ]2
G707 | [T00nE X5R 16V |010201

Figure 2-92 RK3399Pro MIPI-CSIO Power Supply
.-
MIPI_TX1/RX1_AVDD 1va ACTO =] 101 m ERDE{IH oVCC_1v8_S0

1 1] 2
C1702 | [100nF X5R 16V JL0201

Figure 2-93 RK3399Pro MIPI-CSIO Power Supply

B In order to improve MIPI-CSI performance, the coupling capacitor of the
controller power should be placed close to the pin.

e 2.3.7.3 CIF CAMERA

APIO2_VDD is the power domain of CIF interface, and it can support 1.8V and 2.8V. Please
select the corresponding power supply for IO (1.8V or 2.8V) in the application according to the
actual needs. Be noted that I2C pull-up level must be consistent with it otherwise the camera
would not work normally.

U1000P
, D33 :
VOP_DO/CIF_D0/12C2_SDA/GPIO2_AQ_u 57 IF_DO CIF_CL
VOP_D1ICIF_D1/12C2_SCLIGPIO2_A1_u [ £33 IF_D1 —

VOP_D2/CIF_D2/GPIO2_A2_d £33 IF_D2
VOP_D3/CIF_D3/GFPIO2_A3_d 533 IF_D3
VOP_D4/CIF_D4/GPIO2_Ad_d =50 IF_D4
VOP_DS/CIF_D5/GPIO2_A5_d 352 IF_D5
VOP_DB/CIF_D6IGPIO2_A6_d 535 IF_D6
VOP_DT/CIF_DT7/12C7_SDAIGPIO2_AT_u IF_D7
VOP_CLK/CIF_VSYNC/2C7_SCL/GPIO2_BO_u ggg IF_VSYNC
SPI2_RXDICIF_HREF/I2C6_SDA/GPIO2_B1_u |55 IF_HREF
SPI2_TXD/CIF_CLKIN/I2C6_SCL/GPIO2_B2_u [-£34 =T TR OUTKCIF_CLKI
SPI2_CLK/NVOP_DENICIF_CLKOUTA/GPIO2_B3_u [£35 = -
SPI2_CSND/GPIC2_B4_u ~»DVE_PDNO_H
APIO2_VDDPST |24 s OVCC1V8_DVP_S0
K23
APIOZ 1.8V/3.0V API02_VDD c1900 _| c1901
| 100nF 7| 100nF
RK3399PRO ——X5R X5R
16V 16v
' coz201 | coz01

Figure 2-94 RK3399Pro CIF Module

2.3.8 CPU ADC Circuit

RK3399Pro uses ADC_IN2 of SARADC as the sampling port of key value input and
multiplexed with Recovery mode button (no need to update LOADER) as shown below. If the
system already has images, pull down ADKEY_IN when system boots up, keep ADC_IN2 level
as 0V, then RK3399 will enter Rockusb flashing mode. When PC recognizes the USB device,
release the button to make ADC_IN2 back to high level (1.8V), then the firmware can be
downloaded to SOC.

68



RockchiD :swnF Rev 1.0

A Note

Tablet, BOX and VR products all use this upgrading method, while Netbook uses EC flashing
which requires the servoboard flashing tool.

RK3399Pro SARADC sampling range is 0-1.8V and the accuracy is 10bits. The key array is
in parallel, and the key value can be adjusted by adding or reducing the key and tunning the
proportion of the divider resistor to accomplish the multiple-key input to meet the customers’
product requirements. It is recommended that the values between any two keys must be
bigger than +/-35, that is the central voltage difference must be bigger than 123mV.

U1000Q
SARADC 1.8V only
ADC_IND 2T
ADC_IN1 22—
ADC_IN2 128 «capc2 KEY N
ADC_IN3 | Y27 ¢ ADC3_HP_HOOK
ADC_IN4 [RAZE
ADC5_BOARD
ADC_INS AA27  ADCSE_BOARD_ID
AA24 ,
ADC_AVDD EGET OVCC_1V8_S0
100nF
——C0201
RK3390PRO X5R
|18V

T
Figure 2-95 RK3399Pro SAR-ADC Module

2.3.9 CPU SDIO/UART Circuit

RK3399Pro supports SDIO 3.0 interface WIFI/BT module as shown below. It should be
noted that the SDIO and UART controllers’s power supply is 1.8V when using WIFI/BT modules
with SDIO and UART interfaces, so IO level of the modules must also support 1.8V.

UARTO_RX/GPIO2_C0_u iJEg <{ UARTO_RXD BT
UARTO_TX/GPIO2_C1_u [FART >UARTD_T><D_BT
UARTO_CTSN/GPIO2_C2_u [FAwig {UARTO_CTS_BT
UARTO_RTSN/GPIO2_C3_u [Fapg - UARTO_RTS_BT
SDIO0_DO/SPI5_RXD/GPIO2_C4_u [—5rs S SDIOD_DO
SDIO0_D1/SPI5_TXD/GPIO2_C5_u [FaGa S SDIO0_D1
SDIO0_D2/SPI5_CLK/GPIO2_C6_u 35 S SDIO0_D2
SDIO0_D3/SPI5_CSNO/GPIO2 C7_u [~ar7 < SDIO0_D3
SDIO0_CMD/GPI02_D0_u [Fa=7 SDIO0_CMD
SDIOD_CLKOUT/TEST_CLKOUT1/GPI02_D1_u [-ajs SDIO0_CLK
SDIO0_DETN/PCIE_CLKREQN/GPIO2_D2_u —aRg BT_WAKE_L
SDIO0_PWREN/GPIO2_D3_d [~AFg WIFI_REG_ON_H
SDIO0_BKPWR/GPI02_D4_d BT_REG_ON_H
ABS
APIO3 1.8V only APIO3_VDD_1V8 OVCC_1v8_S3

RK3399PRO
Figure 2-96 RK3399Pro SDIO/UART Module
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e 2.3.9.1SDIO

SDIO interface pull up/down and matching design are recommended as below table:

Table 2-22 RK3399Pro SDIO Interface Design

Internal pull Connection
Name Description (chip side)
up/down method

Series connect
22ohm resistor

SDIOO0_DQn[0:3] | Pull up SDIO data output/input
can be deleted if

the trace is short

Series connect
SDIOO0_CLK Pull down SDIO clock output
22o0hm resistor

Series connect
22ohm resistor

SDIO0_CMD Pull down SDIO command output/input
can be deleted if

the trace is short

® 2.3.9.2 UART

UART interface pull up/down and matching design are recommended as below table:

Table 2-23 RK3399Pro UART Interface Design

Internal pull Connection
Name Description (chip side)
up/down method
UARTO_RX Pull up Direct connection | UART1 data input
UARTO_TX Pull up Direct connection | UART1 data output
UARTO_CTSn Pull up Direct connection | UART1 permission output signal
UARTO_RTSn Pull up Direct connection | UART1 request output signal

2.3.10 CPU UART Debug Circuit

RK3399Pro Debug UART?2 is reused with SDMMC interface, and you can externally connect
UART-to-USB conversion board for debugging when needed.

SWD JTAG
L8100 |”—O TP9100 TP_10
0 DAITAG TC RO100 1 Z2R 5% 2 R04D2 1 [ P01 TP_10
™S R9101_1 2 R04D2 2 [ it TRO02 TP_10
IMCO_CMD R9102_1 2 RO:02 31 emo -
- Veeav3_sp_s) o———— £ vop
SDMMCO_CLKS CLK
7| vss TP9103 TP_10
SDMN ART2 g ROT04 T 2055% 2 RO402 g OATAD e s
SoMMCO_DUUARTZTX . S gl _
SDMMCO_DET _| 0
G1
11
N P |”—O TPO105 TP_10
Hf
e TFCRTO1 000D UART DEBUG
= TF9_CKTO1_009D
eootos | = | =| - | - ESD5341N ESD0402

Figure 2-97 RK3399Pro UART2 Reuse Relationship

Please select the port number of the board which is connected to PC, the baud rate selects
1.5M, and Flow control RTS/CTS doesn’t need to select. If PC embedded DB-9 port doesn’t
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support high speed mode, please use the USB-to-serial port conversion method.

Session Options - serial-com3 X
Category:
~ Connection Serial Options
Logon Actions
Serial The port may be manually entered or selected from the list.
v Terminal _ ‘
« Emulation COM3 USB Serial Port
Modes Baud rate: Flow control
Emacs —— [ |pTR/DSR
Mapped Keys Data bits: 8 v
Advanced [ |RTS/CTS
v Appearance Parity: None ™ [ ] XON/XOFF
ANSI Color .
Window Stop bits: 1 ~
Log File
Printing
XfY/Zmodem

Serial break length: |100 2 milliseconds

Figure 2-98 RK3399Pro Serial Port Configuration

2.3.11 CPU Digital Audio Circuit

SPDIF is the abbreviation for Sony/Philips Digital Interface Format, which is referred to
SONY and PHILIPS digital audio interface. The SPDIF is divided into two kinds of coaxial and
optical fiber, in fact, the transmitted signal is the same, but the carrier is different, the
interface and connector appearance are also different. But the optical signal transmission
does not consider the interface level and impedance problems, and the interface is flexible and
the anti-interference ability is stronger.

RK3399Pro provides a SPDIF output interface, support maximum 24bits interpretation.
The maximum transmission rate of optical fiber SPDIF connector determines the highest
sampling rate of SPDIF. If the maximum transmission rate of optical fiber SPDIF connector is
16Mbps, the sampling rate can only reach 96 KHz. The sampling rate would support 192 KHz
only when the optical fiber SPDIF connector supports 25Mbps.

The optical fiber SPDIF output circuit is shown as below. The signal traces need to be
accompanied by ground traces.

SPDIF_TX R25141 3 2 RO402
£ CZ515
| zzpF
——Co4n2 Jz2s01
o COG DLT11504
N sov OFJ5_DOT 003

vecsvo_svs o—R25151 10R . 2 f040

C2516
10uF

— LET:
2 iwm 22
3

C2517

1 100nF
COBOS ——C0402

T xem XER

S T I T

Figure 2-99 SPDIF Using Optical Fiber

i
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The digital audio output coaxial interface circuit is shown as below. The signal traces need
to be separated by coupling capacitors, otherwise there is a risk of buring the chip when the
device end level doesn’t match.

Coaxial SPDIF OUT

Figure 2-100 SPDIF Using Coaxial

2.3.12 CPU PCle Circuit

PCIe is the abbreviation for PCI-Express. It is the latest bus and interface standard.
RK3399Pro CPU supports PCle V2.1 protocol and has the following features:
® Support Root Complex (RC) and End Point (EP)
® Support 4x/2x/1x mode, respectively have 4 pairs of TX and RX differential lines.
® Signal data channel supports signal transmission rate up to 2.5GTb/s, with 8b/10b
form, so the maximum signal rate is 250MB/s.
® Work in full-duplex mode, and support data transmission rate up to 10GTb/s, that is
1GB /s.
® Support spread Spectrum Clock, SSC
The analog power PCIE_AVDD_0V9 and PCIE_AVDD_1V8 are RK3399Pro CPU PCle
controller’s power supply. Recommend to power up PCIE_AVDD_0V9 earlier than
PCIE_AVDD_1VS8.
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U1000d
FOTEZ. PCIE_TXD_P m' HTE CIE_TXOP
PCIE_TX0_N CIE_TXON
PCIE_RXD_P ﬁg ({PCIE_RxOP
PCIE_RXD_N PCIE_RXON
PCIE_TX1_P gg i;;CIE_T::-’.F'
PCIE_TX1_N CIE_TX1N
PCIE_RX1_P Hgg ((PCIE_RX1P
PCIE_RX1_M FCIE_RX1N
PCIE_TX2_P :% ;gEEIE_T x2p
PCIE_TXZ_N CIE_TX2N
PCIE_RXZ_P jr—;g PCIE_RX2P
PCIE_RXZ N PCIE_RX2N
PCIE_TXZ_P b";g §§FEIE_T::-’.§='
PCIE_TX3 N PCIE_TXAN
v . .
PCIE_RX3_P (35 £{PCIE_RX3P
PCIE_RX3_N PCIE_RX3N
PCIE_RCLK_100M_P i? igFglE_:tEF_EufP
PCIE_RCLK_100M_M PCIE_REF_CLKM
PCIE_AVDD_0VE 22 O VO VD53
PCIE_AVDD_1vs 2 o O VCC_1VE_S3

RK3I398PRO | c1400 _| c1401

100nF 100nF

CO201 ——Co201

X5R XER
R R BT,

Figure 2-101 RK3399Pro PCIe Module

® The coupling capacitor of TX signal should be placed close to PCle connector. RX
capacitor is provided by device end.

O A bulk decoupling capacitor (greater than 10 UF) i1s recommended on each power supply used
within a device on the add-in card. This bulk decoupling capacitor should be in close proximity
to the add-in card device.

Figure 2-102 PCIe JEDEC Coupling Capacitor Place Requirement
® In the application, please pay attention to the PCle device power supply. If it is SSD

storage, the power consumption is relatively high; while the power consumption of
network card devices is relatively low.
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C83081

2 100nF

C0201 XaR 10V

% B12
B13

PCIE_TX0O P

B14

PCIE_TX0PS>
PCIE_TXONSS,

83091

2 100nkF

0201 XaR 10V

PCIE_TX0 N

B15

PCIE_TX1P

C83101

2 100nkF

PCIE_PRSNT >

C0201 XaR 10V

Bi16

B17

B18

I S

PCIE_TX1 P

RSVD B12
GND_B13
HSOp(0)
HSON(0)
GND_B16
PRSNT2# 1

GND_B18 4

E19

ca3ll1

2 100nF

C0201 X5R 10V

PCIE_TX1_N

B20

PCIE_TX1N S

PCIE_TX2P>»

ca3fz

2 100nF

C0201 X5R 10V

B21

B22

PCIE_TX2 P

B23

c83131

2 100nF

C0201 X5R 10V

PCIE_TXZ N

B24

PCIE_TX2N §

PCIE_TX3P%

c83141

2 100nF

C0201 X5R 10V

B25

-——

B26

PCIE_TX3 P

B27

PCIE TX3NSS

c83151

2 100nF

C0201 XaR 10V

PCIE_TX3 N

B28

VCC3V3_PCIEC

R8303 1

B29

0K 5% 2 R0402 PCIE PRSHT

: B30
B31

B32

Figure 2-103 PCIe TX Coupling Capa_cﬁor

HSOp(1)
HSOn(1)
GND_B21
GND_B22
HSOp(2)
HSON(2)
GND_B25
GND_B26
HSOp(3)
HSOn(3)
GND_B29
RSVD_B30
PRSNT2# 2
GND_B32

ud
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3 NPU Schematic Desigh Recommendation

3.1 NPU Minimum System Design

3.1.1 NPU Clock Circuit

RK3399Pro NPU clock is separated from CPU PLL frequency and no need to connect
external crystal as shown below:

- TN INr AT

REFCLK_OUT 2 || 1 Y40
C1130 | [100nF X5R 16V C0402

NPU_OSC_24M_IN

UaNL Y39 | NPU_OSC_24M_OUT

Figure 3—1 RK3399Pro NPU Crystal Connection Method and Component Parameter

When RK3399Pro NPU is in standby mode, it will switch the internal clock source to PVTM
separated from the internal PLL frequency, and automatically generate the 32.768KHz clock to
reduce the system clock frequency so as to lower down the system power consumption. The
clock isn’t provided externally as shown below:

ILUI_UI—I!_UI‘I L o B B L | ol | AU-\jZ

— —_ —_ ! 1 Z R Tl
CLKIO_32K/NPU_GPIG0_C2 [33 —Ri722 DNP~ ~  R0202 <L CLKOUT_32K

Figure 3-2 RK3399Pro NPU Standby Clock Input
The clock parameters of the external 32.768KHz RTC are shown in below table:

Table 3-1 RK3399Pro NPU 32.768KHz Clock Requirement

Parameter Specification Description

Min. | Max. Unit

Frequency 32.768000 kHz

Frequency +/-30 ppm Frequency tolerance

Tolerance

Work -20 70 °C

Temperature

Duty Ratio 50 %

3.1.2 NPU Reset Circuit

RK3399Pro internally integrates POR (Power on Reset) circuit, effective with low level, and
C1100 is used for debouncing, please place it close to RK3399Pro. To make the chip stable and
work normally, the shortest reset time required is 100 times of 24MHz main clock cycles, that
is at least 4us.

C1112
100nF
X5R
I|||1EV 2 || 1 U1000wW
IC0402 | | l osc
NPU RESET L P30 NPU_NPOR

Figure 3-3 RK3399Pro NPU Reset Input

3.1.3 NPU System Boot Load Sequence

RK3399Pro NPU system boot load sequence priority from high to low is:
® SPI FALSH
® USB OTG
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3.1.4 NPU System Initialization Configuration Signal

The OSC configuration pin of RK3399Pro NPU is an important signal which needs to be
configured before powering up. In application, select t
PU clock input source through this pin.

NPU_VCC_1V8_53 CA NPU_OSC_VDD_1v8

NOTE: AE32 - ee
DSC_BPASS=0: 24M CRYSTAL g '|| AA3g | NPU_OSC_VSS_1
7 NPU_OSC_VSS_2

0SC_BPASS=1: EXTERNAL 24M CLE IN.
1 . 2 NPU_OSC BPASS Y31 N .
NPU_VCC_1V8_S3 O (o 30 ROam2 NPU_OSC_BPASS

: AJ31
Rt : NPU_VDD_DVB_SS (HW NPU PLL AVDD 0OWV&8

Figure 3-4 RK3399Pro NPU PMUIO2 Power Domain Level Configuration Pin

The configuration method of this pin is shown in below table.

Table 3-2 RK3399Pro NPU System Initialization Configuration Signal Description

Signal name Inﬁg;r&ilwpnull Description
NPU OSC selection pin:
NPU_OSC_BPASS | Pull down 0: system 24MHz crystal clock (default)
1: external 24MHz clock input.

3.1.5 NPU JTAG Debug Circuit

RK3399Pro NPU JTAG interface is compliant with IEEE1149.1 standard. PC can be
connected with DSTREAM emulator by SWD mode (two-line mode) to debug Core within the
SoC.

JTAG interface is described as below table:

Table 3-3 RK3399Pro NPU JTAG Debug Interface Signal

Name Description
JTAG_TCK JTAG clock input, recommend to pull down.
JTAG_TMS JTAG mode selection input, recommend to pull up.

3.1.6 NPU DDR Circuit
® 3.1.6.1 DDR Controller Introduction

RK3399Pro NPU DDR controller interface is compliant with JEDEC SDRAM standard,

and the controller has the following features:

B Support DDR3/DDR3L/LPDDR3 etc. standards.

B Provide a 32bit DDR controller interface, the controller interface separately
provides 2 CS and 2 ODT, support data bus bit width, support the address bus up
to 16bit.

m  Support DDR size up to 4GB.

B Support Power Down, Self Refresh etc. low power consumption modes.

® 3.1.6.2 DDR Topological Structure and Connection Method

Take LPDDR3 as an example, RK3399Pro SDRAM topological structure is shown as
below:
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RK3399Proc NPU
DDR_DQ[0:15] DQ[15:0]
DDE_DO[16:31] DQ[31:16]
DCR DM[0:3] DM[3:0]
DOR_DOSE[0:3] DQSP[3:0]
DOR_DOSN[0:3] DQSH[3:0]
DDR_CLEP W CE
NEU DLRC DLR_CLEN B R LPDDR3
DR R[0:9] B R[G:0]
DOR C5[0:1] e C5[1:0]
DLE._CEE P CEE[1:0]
DR ODT[0:1] ODT

240R

NPU_VCC_DDR_S3

Figure 3-5 RK3399Pro NPU LPDDR3 Topological Structure

® 3.1.6.3 DDR Power Up Sequence Requirement

RK3399Pro NPU DDR controller has two groups of power supply:
m NPU_VCC_DDR: supply power for DDR controller Core, interface I/O and buffer
® NPU_VREFO_DDR: DDR controller internal reference power output, can supply for

VREF_DQ and VREF_CA of component end.
SDRAM component includes two groups of power supply, and for the power-up

sequence please refer to respective JEDEC standards:

DDR3 SDRAM power-up sequence is shown as below:

OR

LPDDR3 DRAM power-up sequence is shown as below:

Apply power (RESET# is recommended to be maintained below 0.2 x VDD, all other inputs may be
undefined). RESET# needs to be maintained for minimum 200 us with stable power. CKE 15 pulled

“Low" anytime before RESET# being de-asserted (min. time 10 ns). The power voltage ramp time

between 300 mv to VDDmin must be no greater than 200 ms; and during the ramp, VDD > VDDQ and

(VDD - VDDQ) < 0.3 volts.

* VDD and VDDQ are driven from a single power converter output, AND

* The voltage levels on all pins other than VDD, VDDQ, VSS, VSSQ must be less than or equal to
VDDQ and VDD on one side and must be larger than or equal to VSSQ and VSS on the other side.

In addition, VTT is limited to 0.95 V max once power ramp 1s finished, AND

+ Vref tracks VDDQ/2.

» Apply VDD without any slope reversal before or at the same time as VDDQ.
» Apply VDDQ without any slope reversal before or at the same time as VIT & Vref.
* The voltage levels on all pins other than VDD, VDDQ, VSS, VSSQ must be less than or equal to

VDDQ and VDD on one side and must be larger than or equal to VSSQ and VSS on the other side.

Figure 3-6 DDR3 SDRAM Power-up Sequence
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After...

Applicable Conditions

Ta is reached

Vppi must be greater than Fpp,—200mV

Vppi1 and Vpp, must be greater than Vppea—200mV

Vpp1 and Vppy must be greater than Vppg—200mV

VRes must always be less than all other supply voltages

Figure 3-7 LPDDR3 SDRAM Power-up Sequence

e 3.1.6.4 DDR Support List

The maximum operating frequency of RK3399Pro NPU DDR interfaces DDR3/LPDDR3
is up to 800MHz. For the approved components, please refer to {Rockchip DDR Support

List)

below link:
https://redmine.rockchip.com.cn/projects/fae/documents?tdsourcetag=s pctim_aio

document released by Rockchip which can be downloaded from redmine through

msg

3.1.7 NPU SPI Circuit
® 3.1.7.1 SPI Controller Introduction

RK3399Pro NPU has a SPI controller which can be used to connect SPI device as boot.
SPI controller power supply NPU_VCCIOS5 will affect the system boot, so the power supply
must be always on even if SPI controller is not used. SPI_CSN also cannot be pulled down.

SPI0_MISO/NPU_GFIO
SPIG_CSN/NPUZGFIO

SPI0_CLK/NPU_GPIO1_B7

NPU_PMUIO2_VDD

.................................

NPU VCCIOS 1.8V/3.3V

SPI10_MOSI/NPU_GPIO1_B

O

WHTE TCTALS 4 arw/a v

Figure 3-8 RK3399Pro NPU SPI Controller Power Supply

® 3.1.7.2 SPI Topological Structure and Connection Method

SPI interface pull up/down and matching design are recommended in below table:

Table 3-4 RK3399Pro NPU SPI Interface Design

Internal pull Connection o )
Name Description (chip end)
up/down method
Direct
SPI0_MOSI Pull up ) SPI data output
connection
Direct
SPIO_MISO Pull up ) SPI data input
connection
Direct ) ] _
SPIO_CSN Pull up ) SPI chip selection signal
connection
SPIO_CLK Pull down Series connect | SPI clock output
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22o0hm resistor

e 3.1.7.3 SPI Power-up Sequence Requirement

SPI controller power-up sequence requirement should comply with the requirement of
GPIO power domain power-up sequence, and must supply power constantly.

SPI Flash component only has one power, so there is no requirement on power-up
sequence.

3.1.8 NPU GPIO Circuit

RK3399Pro NPU has two kinds of GPIO:
® 1.8V only, configure fixed 1.8V level.

® 1.8V/3.3V, can configure 1.8V or 3.3V level.

® 3.1.8.1 GPIO Drive Strength

RK3399Pro NPU provides different drive strength and operating frequency ranges for
different GPIOs:

Table 3-5 RK3399Pro NPU GPIO Drive Strength

Power GPIO I/0 f 1/0 Support drive strength Default drive
: requency
domain type frequency @3.0V type strength
@1.8V '

NPU 1.8V only | 150MHz N/A 2mA,4mA,8mA,12mA 2mA
PMUIO1
NPU 1.8V/3.3V | 150MHz 50MHz 2mA,4mA,8mA,12mA 2mA
PMUIO2
NPU 1.8V/3.3V | 150MHz 50MHz 2mA,4mA,8mA,12mA 4mA
VCCIO5
NPU 1.8V/3.3V | 150MHz 50MHz 2mA,4mA,8mA,12mA 8mA
VCCIO6

e 3.1.8.2 GPIO Power

The power pin of GPIO power domain is described as below:

Table 3-6 RK3399Pro NPU GPIO Power Pin Description

Power GPIO . —
. Pin name Description

domain type

NPU 1.8V onl NPU_PMU_VDD_0VS8 0.8V power for this domain (group of) GPIO.
PMUIO1 ' Y NPU_PMUIO1_VDD_1V8 | 1.8V post drive for this domain (group of) GPIO.
NPU 1.8Vv/3.3V 1.8V or 3.3V power for this domain (group of)
PMUIO2 NPU_PMUIO2_VDD GPIO.
NPU 1.8V/3.3V 1.8V or 3.3V power for this domain (group of)
VCCIOS NPU_VCCIOS GPIO.
NPU 1.8V/3.3V 1.8V or 3.3V power for this domain (group of)
VCCIO6 NPU_vCCIO® GPIO.

Please follow the power rule as below in different applications:

®m 1.8V only (PMUIO1 and APIO3 power domain)
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GPTO 1.8V ONLY

NPU_PMUIO1 VDD 1V8 O NPU VC C_lVB_S 3

Figure 3-9 RK3399Pro NPU GPIO 1.8V only Power Setting

m 1.8V/3.3V at 1.8V mode (PMUIO2, VCCIO5 and VCCIO6 power domain)

GPTO 1.8V/3 .3V IN CASE 1.8V

NPU_VGCIO O NPU VCC 1V8 53

Figure 3-10 RK3399Pro NPU GPIO 1.8V/3.3V Power Setting - 1.8V Mode

m 1.8V/3.3V at 3.3V mode (PMUIO2, VCCIO5 and VCCIO6 power domain)

GPTO1.8V/3. 3V IN CASE 3.3V

NFU_VCCTO (0 NPU VCCIO 3V3 S3

Figure 3-11 RK3399Pro NPU GPIO 1.8V/3.3V Power Setting - 3.3V Mode
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3.2 NPU Power Design

3.2.1 NPU Minimum System Power Introduction

e 3.2.1.1 Power Requirement

®m  PLL:NPU_PLL_AVDD_0V8. NPU_PPLL_AVDD_0V8. NPU_OSC_VDD_1V8.
NPU_PLL_AVDD_1V8. NPU_PPLL_AVDD_1VS8.
CPU:NPU_CORE_VDD. NPU_CPU_VDD
LOGIC:NPU_LOGIC_VDD
DDR:NPU_DDR_VDD
B GPIO:NPU_PMU_VDD_0V8. NPU_PMUIO1_VDD_1V8
e 3.2.1.2 Power-up Sequence

Theoretically follow the rule to power up the low voltage earlier than the high voltage
in the same IP and the same voltage in one IP could be powered up at the same time.
There is no sequence requirement among different IPs.

Refer to the recommended power-up sequence as below:

NPU_VDD_LOG_SO&NPU_VDD_0V8--->NPU_VCC_1V8&NPU_VCC_DDR--->NPU_VD
D_CPU--->NPU_VDD

3.2.2 NPU Power Desigh Recommendation

e 3.2.2.1 Standby Circuit Solution

RK3399Pro board level system uses the standby solution and the system consists of
constant power supply area and power-off in standby area which supply power
independently as shown below:

The power-off in standby area is controlled by respective GPIO to turn on and turn off

RK3399Pro & 4i
Power off in standby
VDD _CEU L 50
m~ LITCEU VDD
VDD _CEU B 50
—— P EIGCEU VDD
VDD _CENTER S0 NEU VDD S0
= = W CENTERLOGIC VDD NEU CORE VDD [ —
VDD _GEU S0 NEU_ VDD CEU S0
B GET_VID NEU_CEU_VDD ot
Constantly power supply
7CC_0V9_S3 NPU VDD OV3 53
M| MU VDD OV9 NEU_PMU_VDD_0V3 it
——————= FLL AVDD 079 NEU PLL AVDD OVE  [ef—————

- —————— W~ DDRELL AVDD (V9 NEU_PELL AVDD OV  —————
7cC_1v8_S3 NEU_VCC_1VA 53
— P EMT VDD _1VE NEU PMUIOL VDD 1v3 (= —

W= PMUTOL VDD 1VE NEU PMUTOZ VDD 1V [el—————
L= FLL AVDD 1VE WEU_05C VDD 1va ——————————
¥CC_DDR_S3 NPU PLL AVDD 1VE  (slb—————
P DDR VDD NEU PFLL AVDD 1v3 (————————
I—h- DDR_CLE_VDD T NEU VDD LoG S0
NEU TOGIC VDD ot}
- - NFU_VCC_DDR 53
NEU_DDR_VDD i

Figure 3-12 RK3399Pro NPU Standby Circuit Solution

the power supply.
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The constant power supply area is controlled by respective GPIO to turn on the power

supply, and at least the following 4 groups of power supply must be always on in standby.
®m DDR:NPU_VCC_DDR, supply power for DDR self-refresh.

B  GPIO. PLL:NPU_VDD_0OV8&NPU_VCC_1V8, supply I0 power for PMUIO power
domain to maintain output status and interrupt response, supply power for PLL
and CPU OSC working

B LOGIC:NPU_VDD_LOG, supply power for chip logic and bus working

® 3.2.2.2 PLL Power

Recommend to use a LDO as a separate power supply for PLL within RK3399Pro,
especially when DDR operating frequency is relatively high, the stable PLL power is helpful
for improving the stability. The decoupling capacitor should be placed close to the pin.

RN N XN L R Y - -

AJ31

....................................................................................................... NPU_\'}DD—DV&_SS C AGSD NPU_PLL_A“-"’DD_GVB
NPU_PPLL_AVDD 0V8

AF31

NPU_VCC_1V8_S3 Ar31| NPU_PPLL_AVDD_1V8

NPU_PLL_AVDD_1V8

'I\ AG31 NPU_PLL_AVSS
NPU VCC_1V8 S3 NPU VDD 0V8 S3  NPU VCC_1V8 S3

o o 0

C1116 c1119 C1120
| 100nF | 100nF | 100nF
——X5R ——X5R ——X5R
o 18V o 16V o 18V

C0201 Cco201 C0201 RK3399PR0O

Figure 3-13 RK3399Pro NPU PLL Power

e 3.2.2.3 NPU Power

RK3399Pro NPU uses independent power domain to supply power, NPU_VDD_CPU is
the core power supply of NPU, and the current is relatively small, fixed 0.85 is enough.
NPU_CORE_VDD supply power for NPU, support DVFS dynamic voltage frequency scaling
function, use separate DC-DC power supply, and the peak current can reach up to 2.1A, so
please do not reduce or delete the capacitors in the reference design schematic. For layout,
place the big capacitors on the back of RK3399Pro (or close to the SoC) to ensure that the
power ripple is controlled within 80mV to avoid the power ripple abnormality with high
load. The capacitor is shown as below:
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NPU_CORE_VDD_1
NPU_CORE_VDD_2
NPU_CORE_VDD_3
NPU_CORE_VDD_4
NPU_CORE_VDD_5
NPU_CORE_VDD_6
NPU_CORE_VDD_7
NPU_CORE_VDD_8

NPU_CORE_VDD_COM

NPU_CPU_VDD_1
NPU_CPU_VDD_2

:JH22?? . . O NPU_VDD_S0
AK2T C1073 1059
ALZ7 T| 2uF 7| 2ouF
AM27 XoR X5R
AJ28 6.3V 6.3V
AK28 cos03 ™ CO603
AL28
AM28 1073 and C1053 must be
>>NPU—VDD—FB placed under RE3399Pro chip
and close NPU pin. :
AH30 e e
2130 ? ONPU_VDD_CPU_S0
M ANRG

Figure 3-14 RK3399Pro NPU VDD_CPU Power

MPU_VDD_S0
s

_| c1o80 _| cioer _| cioe2 _| cioe3 _| cioes C1065 C 1066 C1067 C1068
100nF 100nF 100nF 100nF 00nF 100nF 100nF | 100nF ~ | 4.7uF
——xsR KER NER HER T —XSR XER XA ¥ER B3V
18V 18V 168V 16V 18V 18V 16V 168V XER
™ cozo cozo1 | cozor Y| co2od cozot ™ cozon ™ cozor ™| cozo c0402
NPU_VDD_LOG_SO NPU_VDD_CPU_SO
C1058 c1057 _| c1pse _| cw7o _| com
100nF 100RF 100nF 100nF 100nF
XER X5R %ER XER X8R
18V 18V 168V 18V 18v
™ cozoi cozo1 ™| cozot ™ cozor ™ cozm
MNote:

All the Power filter capacitors

should be placed close to the
power pins of RE339%99Pro

Figure 3-15 RK3399Pro NPU VDD_CPU Power Decoupling

NPU_CORE_VDD_COM is NPU_CORE_VDD power feedback pin of RK3399Pro and it
should be connected to FB side of DC-DC power, which can compensate the loss of PCB
power traces impedance and improve the real-time of dynamic adjustment power supply.

NPU_CORE;VDD_COMI

| Am2s

S>NPU_VDD_FB

Figure 3-16 RK3399Pro NPU VDD_CPU_COM Power Feedback

e 3.2.2.4 LOGIC Power
RK3399Pro NPU digital logic part power is supplied separately by NPU_LOGIC_VDD.
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AN31
AL37| NPU_LOGIC_VDD_1

AKa1 | NPU_LOGIC_VDD_2
- AliaT| NPU_LOGIC_VDD_3
NPU_LOGIC_VDD_4

NPU_VDD_LOG S0 0— o

C1055
22uF

. ol A —
6.3V

c0603 TP1001
TP 0.5

= Q

Figure 3-17 RK3399Pro NPU Logic Power

VDD_LOG_S3 uses fixed level 0.8V, so use DC-DC to supply power directly as shown
below:

VCC5V0_SYS_S3 L2205 NPU_VDD_LOG_S0

Y YTY Y
VIN X 3.3uH

c2241 || GND \ND_303015 c224% 02243 C2244 C2245 C2246
| 10uF 1.32A 100pF 2 R2212 7 22uF 100nF 220F 7| 10uF

0805 5 0.080hm —Cod02) a2k X5R J*cnaoz X5R X5R
of XorNPUPWREN 23 EN FB/OUT COG 6.3V X5R 63v [ 63y
10V SYBO0BGAAC 50V Ros0z | ooe0s & oy coeo3 ™| coeo3
SOT 23 5

= FB=0.6V

2||1

SY8085=24,34 peak ) R2213 - - -
Default:0.8 V 240K

1%
- R0O402

Figure 3-18 RK3399Pro NPU VDD_LOG Power

-

i NPU_VDD_LOG_S0
0
E » -

C1056 C1057 C1058

! | 100nF 7| 100nF T | 100nF
——X5R ——X5R ——X5R
16V 16V 16V

! N co201 T co201 | coz01

-

Figure 3-19 RK3399Pro NPU Logic Power Decoupling

® 3.2.2.5 DDR Power

RK3399Pro NPU DDR controller interface supports DDR3/DDR3L/LPDDR3 level
standards. Only need to supply power for NPU_DDR_VDD and the power level is different
for different DDR components. There are several levels 1.5V/1.35V/1.2V to be adjusted.
Please confirm to meet the product design requirement based on the component used.
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AU29 NPU_DDR_VDD_1 -anae ONPU_VCG_DDR_S3
NPU_DDR_DQS3P E/ %E NPU_DDR_DQS3P NPU_DDR_VDD_2 —zp35
NPU_DDR_DQS3N  {{ NPU_DDR_DQS32N NPU_DDR_VDD_3 (aRaq
NPU_DDR_VDD_4 —ar33
i AR36 NPU_DDR VDD 5 —aRas
NPU_DDR_DMO  {{——aniag | NPU_DDR_DMO NPU_DDR_VDD_6 (agag
NPU_DDR_DM1 —ATaa | NPU_DDR_DM1 NPU_DDR_VDD_7 —3p5g
NPU_DDR_DM2  {{——35— NPU_DDR_DM2 NPU_DDR_VDD_8

NPU_DDR_DM3 K | NPU_DDR_DM3 AN33

NPU_DDR_AVSS ﬁ

RK3399PRO —

Figure 3-20 RK3399Pro NPU DDR Controller Power

RK3399Pro NPU DDR controller internally integrates Vref circuit to generate the
required reference voltage Vref_mcu=VCC_DDR/2 and provide it to DRAM. The Vref of
DRAM side can also be generated by resistance divider circuit, Vref_CA=VCC_DDR/2,
while Vref_DQ can be adjusted according to ODT strategy, and the corresponding Vref
voltage can be adjusted according to the drive strength and the ODT value.

Take LPDDR3 as an example: At 800MHz frequency, the drive strength of RK3399Pro
NPU chip side is 34.3o0hm, DRAM side ODT is configured as 240ohm, when ODT is enabled,
calculate according to the formula DRAM Vref=0.56*VCC_DDR.

----------1 __________

NPU_VCC_DDR_S3
e

NPU_VCC_DDR_S3
0

1
-

! [ I

1 jro———meoaa ] )

I - canzg b | | | R3103 c3tidy

1 R3102 © 100nF g ] | 1 10K T 10EInF'

1 10K = =X5R ) 1 ] R0O402 ——X5R

i ROAD2 | 16V i) NPU_VREFCA DOR | H 1% o 16y NPUﬁVgEFDQﬁDDR NPU_VERFO_DDR

I o 1% cu402l H ? 1 1 ~ codo2) ; , , ,

! it L ) Reid O5% Rod2 R3106 0K 5% R0402

] - c3sy B catg | | - ca1i7y

1 R3106 :_wl]nFl ] | nF | 1 R3107 ~| 100nF

1 10K ——X5R 1! X5R 1 | 13K ——X5R -

i RO402 | 16V 14 o 2V 1 i RO402 | 16V _| cans

I o 1% co402l H coz01 g i o 1% co402) Close to |

: : ' ] 1 pin J11 T

1 = —= ! = : 1 —= = : S co201

1 ] 1

| Put Together :. Close to 1 | Put Together | L

' {1 pin H o : =
Vih=vCC Rockchip rohour
Vil=VCC*Ron/ (Ron+Rodt) B T
VREFDQ DDR=(Vih+Vil) /2 Project: | RK3399Pro Ref V10

File: 31.NPU RAM LPDDR3 1x3

eg:VCC=1.2V,Ron=34ohm, Rodt=2400hm -
s0,Vih=1.2V,Vil=0.149V,VREFDQ DDR=0.674%" ey, November 2, 2040

Figure 3-21 RK3399Pro NPU LPDDR3 DRAM VREF power supply

VAN

As for Vref_DQ design of various components:
DDR3/DDR3L internal pull up/down will occur at the same time when ODT function is enabled,
Vref_DQ=Vref_CA=VCC_DDR/2; so only LPDDR3 needs to adjust Vref_DQ separately.

The DRAM VREF_DQ and VREF_CA of LPDDR3 use a separate VREF voltage reference
circuit. The power of VREF_DQ pin can be supplied by a 1K ohm resistors divider (1%
accuracy), or by NPU_VREFO_DDR output from NPU DDR controller which voltage range
can be adjusted by software. Because VREF_CA power is constantly supplied, use a
10Kohm resistors divider (1% accuracy) can reduce the standby power consumption and
parallel connect 100nF capacitor can improve the power following characteristic of
VCC_DDR_S3. Place a 1nF decoupling capacitor close to each reference power pin.
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NPU_VCC_DDR_S3
]
T _| coo31
R8348 100nF
10K ——C0402
RO402 _,| X5R NPU_VREFCA_DDR
ol 1% 16V @
VREF CA
- _| coo30 _| coo29
R8349 100nF 1nF
10K ——C0402 ——C0402
R0O402 | X5R X7R
o 1% T tev | sov
LPDDR3 SDRAM
S - L for RK3399Pro NPU
NPU_VCC_DDR_S3
&
R8346
768R
NPU_VREFO_DDR  Rrg3s50 RO402 NPU_VREFDQ_DDHR
Q OR ol 1% @ VREF_DQ
) 1 _R0402, 2
_| co03z 5% _
1uF _| coozs _| coo0z7
C0402 R8347 1nF 1nF
| X5R 1K —=—C0402 ——C0402
10v R0O402 | X7R | XTR
ol 1% 50V 50V

Figure 3-22 RK3399Pro NPU LPDDR3 DRAM VREF Power supply

® 3.2.2.6 GPIO Power

GPIO power refers to section 3.1.8. Recommend to place a 100nF decoupling
capacitor for each pin and place it close to the power pin. For detailed design, please refer
to RK3399Pro reference design schematic.

3.2.3 NPU Over-temperature Protection Circuit

When RK3399Pro NPU occurs over-temperature or crash, the
TSADC_SHUT/NPU_GPIOO0_A®6 pin of the chip will output high level to reset RK809-3 and
control the power off and restart, reset the whole system while the register is cleared.

N

NPU PMUIC1l 1.8V only
U30

NPU_GPIO0_A2_d |—T55—
SLEEP_STATUS/NPU_GPIO0_A4_d |22 NPL _SLEEP STATUS

TSADC_SHUT/NPU_GPIO0_A6_z AR >> NPU_TSADC_SHUT_H
NPU_PMU_VDD_0V8 AP0 ONPU_VDD_0V8_S3
NPU_PMUIO1_VDD_1V8 APZD ONPU_VCC_1Vv8_S3

Figuré_§;_2_3‘ Rk3-3_§'9‘Pr6"N PU_TSADC_SHUT_H Over-temperature Protection Output
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R2108 1 2 R0402 5% 63 T oc
'\}QF)"‘ CLK32K J_C()z
R2110 RESET L 67 5 52 100
CLKOUT 32K 1 2 RESETB PWRON A EETE
402 X5F
5% RK809-3
R2116 1 2 R0402 5%
ARG SW2100
. Q2100 PWRON
_ ol o WNM2021-3TR
_ SOT_323
w@| swzio1
- RESE —_|p| 2 (TSADC_INT_H
~ N L1 2 _ 3 I
1
Vl* R2117 LH—<1 ¢ NPU_TSADC_SHUT_H
L ™
c2145 ED2107 C2146 10K D2100
100nF ESD5451N | WF 5% R2118  BATS4C
X5R  ESD0402 | e X5R  R0402 100K SOT_23
16V = = ol 18V 5%
C0402 C0402 RO402

Figure 3-24 RK809-3 NPU_TSADCSHUT_H Over-temperature Protection Input

3.2.4 NPU Power Peak Current

Below table shows the peak current test result of the running mode for RK3399Pro EVB,
only for reference. The test conditions are as below:
® APK version: antutu_benchmark_v7_ 3d+run.sh

® DDR component: 32bit LPDDR3 K4E6E304EB-EGCF

® Oscilloscope enables the 20MHz bandwidth limitation.

cPU NPU GPU DDR Bat voltage
TEM | SOCModel | 00 | Cvency | Memory [GPURender| o S | DDRType | . 08 & {\ﬂt 9
Dual-core AT2 Max: CPU DDR
) Cortex-A72 1800MHz CPU: CPU: Max:
il + 1.20V Max: 4G — Max: LPDDR3 | 800MHz
R c?ounaedxc,:frses A3 Max: Bg?ahsﬂ\jz NUP- T860MP4 810?;1;'\5 NPU: NPU DDR
+ 1416MHz 2G LPDDR3 Max:
NPU 1125v 786M
Figure 3-25 RK3399Pro EVB Peak Current Test Condition
Table 3-7 RK3399Pro NPU Peak Current Table
PowerName Voltage (V) Peak Current(mA)
NPU_VDD_CPU_SO 0.870 191.0
NPU_VDD_SO 0.874 2047.0
NPU_VDD_LOG_SO0 0.865 279.9
NPU_VCC_DDR_S3 1.294 520.4
NPU_VDD_0V8_S3 0.860 63.9
NPU_VCC_1V8_S3 1.789 106.6
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3.3 NPU Function Interface Circuit Design Guide

3.3.1 NPU USB Circuit

RK3399Pro NPU includes a USB 2.0 controller and a USB 3.0 controller, and they can
compose a complete USB 3.0 interface when used together.

U1000Y

NPU USB OTG/HOST

NPU_USB2_OTG_DP
NPU_USB2 OTG DM

NPU_USB2_OTG_ID
NPU_USB2_OTG_VBUS

NPU_USB2_AVDD_0V8
NPU_USB2_AVDD_1v8
NPU_USB2_AVDD_3V3

AL33 NPU_VCC_1Va

RO402

R14091 M 2

AK33

NPU USB3/PCIE2.0 PHY

NPU_PCIE_TXOP/USB3_SSTXP
NPU_PCIE_TXON/USB3_SSTXN

NPU_PCIE_RXOP/USB3_SSRXP
NPU_PCIE_RXON/USB3_SSRXMN

AC39

NPU_PCIE TXOP/INPU_USB3_SS

C1420  100nF 1

ONPU_VDD_0V8_S3
ONPU_VCC_1v8_S3
SNPU_VCCIO_3V3_s3

16V X5R

AC36 NPU OTG P R1406 1 2\??\1(% 2 R0201 USB20_OTG_DP NPU_VDI
AC37 NPU OTG M _R1407 1 W 2 R0201 USB20 OTG DM

C1418
AC35 TF"MU?OTFLU.S | 100nF
AC34 R14101 47K 5% 2 RO0402 ONPU_VCCIO _3V3_S3 )Eig%m
AJ33 NPU VDD 0V8 R14081 1R.5% 2 R0402 sy

Co201 USB30_RX1P

AC40

NPU_PCIE_TXON/NPU_USB3_SSTXN

C1427  100nF 1

16V X5R

C02017 USB30_RXTM

AD39

NPU_PCIE_RXOP/NPU_USB3_SSRXP

C1422  100nF 1

16V X5R

Co201 USB30_TX1P Default USB3.0

AD40

NPU_PCIE_RXON/NPU_USB3_SSRXN

rofra (ofro

C1423  100nF 1

16V X5R

0201 USB30_TXTM

Figure 3-26 RK3399Pro NPU USB Module

Please note for design:
® USB interface as the communication port between CPU and NPU can only be

connected to CPU, used to load images.
® USB3 multiplexed with PCIE, default used as USB function.
® USB_VBUS (USB_DET) is used to detect USB insertion, need to be pulled up

externally.

Wy uUJaus wia

NPU_USB2 OTG VBUS |

| AC34

R14101 W2 RO402 ™~

P s L e e T

ONPU_VCCIO_3V3_S3

Figure 3-27 RK3399Pro NPU USB Insertion Detection

® USB controller configuration reference resistor should select the resistor with 1%
accuracy, and it will affect the USB amplitude and influence the quality of eye

diagram.

b Lol Rl W | sy o ) g L L VL

NPU_PCIE/USB3_RBIAS

AD34

| AHA7

1 2 |
R1418 2K M% Rﬂ4ﬂ2|||'

Figure 3-28 RK3399Pro NPU USBO Controller Reference Resistance

® In order to avoid the damage caused by surge, the 0.8V/1.8V power of the controller
needs to series connect 1ohm resistance.

AJ33 NPU_VDD_0V8

R1408 1 2 RO0402

NPU_USB2_AVDD_0V8

AL33 NPU_VCC_1v8

R14091 2 R0402

ONPU_VDD_0V8_S3

NPU_USB2_AVDD_1V8

AK33

AL

ONPU VCC_1v8 S3

NPU_USB2_AVDD_3V3

ONPU_VCCIO_3V3_S3

Figure 3-29 RK3399Pro NPU USB Controller Power Anti-surge

® In order to avoid the damage caused by surge, need to series connect 2.2ohm
resistance on OTG_DP/DM signal.

NPU USB2 OTG_DP
NPU_USB2_OTG DM

AC36 NPU OTG P

R1406 1

AC37 NPU OTG M  R1407 1

2 R0201 UsSB20 OTG_DP

2 R0201 UsSB20_OTG_DM

Figure 3-30 RK3399Pro NPU USB Reserved Common Mode Choke

® In order to improve USB performance, the decoupling capacitor of the controller
power should be placed close to the pin.
® There should be coupling capacitor on TX/RX traces.
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USB2.0 interface pull up/down and matching design are recommended in below table:

Table 3-8 RK3399Pro NPU USB2.0 Interface Design

Name Connection method Description
NPU USB2.0 OTGO input/output, can
Series connect
NPU_USB2_OTG_DP/DM compose Type-CO interface with USB3.0
2.2ohm resistor
PHYO
NPU USB2.0 OTGO ID recognition, not
NPU_USB2_ OTG_ID Vacant
used
NPU_USB2_OTG_VBUS | External pull up NPU USB2.0 OTGO connection detection
100nF capacitor
USB3_SSTXP/N ) ) NPU USB3.0 SuperSpeed output data
coupling connection
100nF capacitor
USB3_SSRXP/N NPU USB3.0 SuperSpeed input data

coupling connection

USB2.0 PHY1 configuration reference
USB3_RBIAS resistor, 133o0hm connected to GND, valid
for HOST1 and OTG1

3.3.2 NPU PCle Circuit

RK3399Pro NPU PCle supports PCle V2.1 protocol, and can be used to replace USB3.0 to
communicate with CPU. It has below features:

® Support Root Complex (RC) and End Point (EP)

® Support 2x/1x mode, respectively have 2 pairs of TX and RX differential lines.

® Signal data channel supports signal transmission rate up to 2.5GT/s and 5.0GT/s, with

8b/10b form, so the maximum signal rate is 500MB/s.

The analog power NPU_PCIE_VCCA_0V9 and
NPU_PCIE_VCCD_1V8&NPU_PCIE_VCCA_1V8 are RK3399Pro NPU PClIe controller’s power
supply. Recommend to power up PCIE_VCCA_0VO first.

NPU USB3/PCIE2.0 PHY
AC39 NPU_PCIE_TXOP/NPU_USB3 SSTXP 1420  100nF 1
NPU_PCIE_TXOP/USB3 SSTXP ~BCIE TXON/NFU USH3 S5

NEU PCIE TXONAISES SSTXN ACAD _NPU_PCIE_TXON/NPU USB3 SSTXN _C1421100nF 1

16V X5R  C0201 USB30_RX1P
16V X5R  C0201 USB30_RX1TM

M|k L L

AD39 NPU_PCIE_RXOP/NPU_USB3 SSREXP  C1422  100nF 1

NPU_PCIE_RXDP/USB3_SSRXP 5CIE REARS RS .
NPU B GIE RXON/USBS—SShu | AD40_NPU_POIE RXONNPU_USB3_SSRXN _C1423  100nF 1

16V X5R  C0201 USB30_TX1P Defau
16V X5R  C0201 USB30_TX1M

NPU_PCIE_TX1P Fraas
NPU PCIE TXIN [FRAST

NPU_PCIE_RX1P
NPU_PCIE_RX1IN Y3

NPU_PCIE_REFCLKP
NPU_PCIE_REFCLKN AB40

AD34 1 2 | NPU_VDD OVS §3  NPU_VCC_1V8_S:
NPU_PCIE/USB3_RBIAS RTATE oK M R0402||I- o o)
AH33
NPu_PC\E.JUSBS_VCCA_ogs AC33 _| ciats _| c1a17
NPU_PCIE/USB3_VCCD_OVE ~gca5 100nF 100nF
NPU_PCIE/USB3_VDDREF_0V8 ONPU_VDD_0V8_S3 c0201 ©0201
NPU_PCIE/USB3_VCCA_1V8 LA oNPU_veC_1ve_s3 o™ )1(25 o )1(555

RK3399PRO

Figure 3-31 RK3399Pro NPU PCIe Module

3.3.3 NPU UART Circuit
RK3399Pro NPU supports to use UART for software debugging.
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NPU_VCCIO5 AP27 NPU UART DEBUG
| TP1106
NPU VCCIO6 1.8V/3.3V '|| QO TP_1.0
AJ22 R11401 J00R 5%2 R0402 NPU UART2 TX  TP1107
UART2_TX/NPU_GPIO4_A2_ul=ARe>—R 11411 j(ﬁgg%z R0402 NPU_UARTZ R TB1108 8 P10
UART2_RX/NPU_GPIO4_A3_U[~AK5T 71103 TP_1.0
JTAG_TCK/NPU_GPIO4_A4_u[~AR23 TPT105 8 TP_1.0 o~ o
JTAG_TMS/NPU_GPIO4_A5_u TP_1.0 ED1100 ED1101
SWD JTAC DEBUG ESD5451 ESD5451N

NPU_VCCIO6

Figure 3-32 RK3399Pro NPU SDIO/UART Module

— —

UART interface pull up/down and matching design are recommended as below table:

Table 3-9 RK3399Pro NPU UART Interface Design

Internal pull Connection
Name Description (chip side)
up/down method
UART2_RX Pull up Direct connection | UART2 data input
UART2_TX Pull up Direct connection | UART2 data output

You can externally connect UART-to-USB conversion board for debugging when needed.
Please select the port number of the board which is connected to PC, the baud rate selects
1.5M, and Flow control RTS/CTS doesn’t need to select. If PC embedded DB-9 port doesn’t
support high speed mode, please use the USB-to-serial port conversion method.

Session Options - serial-com3

Category:

~ Connection Serial Options
Logon Actions

Serial The port may be manually entered

X

or selected from the list.

v Terminal :
+ Emulation COM3 USB Serial Port
Modes Baud rate: Flow control
Emace [ ]DTR/DSR
Mapped Keys Data bits: 8 v
Advanced [ |RTS/CTS
v Appearance Parity: None ~ |:| XON/XOFF
ANSI Color .
Window Stop bits: 1 ~
Log File
Printing
XfY/Zmodem
Serial break length: IE 2 milliseconds

Cancel

Figure 3-33 RK3399Pro NPU Serial Port Configuration
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4 Thermal Desigh Recommendation

4.1 Thermal Simulation

For RK3399Pro TFBGA395L package, we can get the thermal simulation report using the
Finite Element Modeling (FEM) method based on EVB 8-layer PCB. This report is based on the
JEDEC JESD51-2 standard; the system design and environment for the application may be
different from the JEDEC JESD51-2 standard and need to do analysis according to the
application conditions.

A Note

Thermal resistance is the reference value of the PCB without the heat sink. The specific temperature is
related to the board design, size, thickness, material and other physical factors.

4.1.1 Result Summaries

The thermal simulation result is shown as below table:

Table 4-1 RK3399Pro Thermal Simulation Report

(EHs-FeBGA) | POWSr(W) | 0.CC/W) 615 °C/W) B, CC/W)
EVB PCB 8 20.71 10.66 1.94

4.1.2 PCB Description

PCB structure used for thermal simulation is shown as below table:

Table 4-2 RK3399Pro PCB Sturcture for Thermal Simulation

PCB Dimension (L x W) 201.8 x 137.8mm
PCB Thickness 1.6mm

EVB PCB Number of Cu Layer 8-layers
Dielectric FR4

4.1.3 Terminology

The terminologies in this chapter are explained as below:
® TJ: The maximum junction temperature;

® TA: The ambient or environment temperature;

® TC: The maximum compound surface temperature;

® TB: The maximum surface temperature of PCB bottom;
® P: Total input power
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The thermal parameter can be define as following
1. Junction to ambient thermal resistance, 61, defined as:

I;-T
Oy = JP 5 ; (1) R >

Tg Ta

Thermal Dissipation of EHS-FCBGA

Figure 4-1 B]A Definition

2. Junction to case thermal resistance, 8;c, defined as:

T7;-T
Orc= JP < ; (2)

PashieReieRel EvReBeEvEe,

™~
N
OO0 O0OO0OPOOO O

Attach a block with constant

femperature onto package.

Figure 4-2 8]C Definition

3. Junction to board thermal resistance, 85, defined as:

I;-T
O = JP £ ; (3)

1§

Attach a block with constaﬁt\“““‘

temperature

Figure 4-3 6]B Definition

4.2 SoC Internal Thermal Control Method
4.2.1 Thermal Control Strategy

In the Linux kernel, define a set of temperature control framework linux Generic Thermal
System Drivers. It can control the temperature of the system through different strategies, and
there are three currently commonly used strategies as below:

® Power-allocator: Introduce PID (proportional - integral - differential) control,

according to current temperature, dynamically allocate power for the modules, and
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convert power into frequency, so as to achieve the effect of limiting the frequency
according to the temperature.

® Step-wise: According to current temperature, limit the frequency step by step

® Userspace:Do not limit the frequency.

RK3399Pro has embedded T-sensor to detect the chip temperature, the default policy is to

use Power-allocator strategy, and the working state can be divided into the following cases:

® When the temperature exceeds the set value:
B The temperature trend rises, start to decrease the frequency.
B The temperature trend drops, start to increase the frequency.

® When the temperature drops to the set value:
B The temperature trend rises, the frequency does not change.
B The temperature trend drops, start to increase the frequency.

® When the frequency rises to the highest, but the temperature is still under the set
value, CPU frequency is no longer limited by thermal control, and changed to be
controlled by system load.

® When the frequency is down, the chip is still over-temperature (such as poor heat
dissipation) more than 95 degrees then the software will trigger a restart; If failure to
restart due to deadlock or other reasons makes the chip temperature more than

100 °C, it will trigger the chip internal OTP_OUT signal to PMIC for direct shutdown.
Refer to Section 2.2.5.1 for specific actions.

A Note

The temperature trend is obtained by comparing the two temperatures collected continuously.
When the device temperature does not exceed the threshold, collect the temperature once every
second. When the device temperature exceeds the threshold, collect the temperature once every
20ms and limit the frequency.

4.2.2 Thermal Control Configuration

RK3399Pro SDK can respectively provide temperature control strategy for CPU and GPU.
For the specific configuration, please refer to "Rockchip Thermal Development Guide” released
by Rockchip.

93



Rackchip #swsF Rev 1.0

5 ESD/EMI Protection Design

5.1 Overview

The chapter gives recommendations for ESD / EMI protection design in the RK3399Pro
product design to help customers improve the anti-static and anti-electromagnetic
interference levels of their products.

5.2 Terminology

The terminologies in this chapter are explained as below:

ESD: Electro-Static Discharge
EMI: Electro Magnetic Interference

5.3 ESD Protection

To ensure a reasonable mold design; need to reserve ESD components for port and
connector parts.

PCB layout should do a good job in the protection and isolation for sensitive parts.
PCB layout should try to place RK3399Pro and the core components in the middle of
the PCB, if it can not be placed in the middle of the PCB ,need to ensure that the shield
is away from the PCB edge at least more than 2MM and can be reliably connected to
GND.

PCB layout should be designed according to the function module and the signal flow,
the sensitive parts should be independent from each other, and the parts which are
easy to be interfered should be isolated.

Require to reasonably place ESD components, generally place them at the source,
that is, ESD components should be placed in the position of interfaces or the
electrostatic discharge area.

The parts need to be placed away from the edge of the PCB and keep a certain
distance from the connectors.

The PCB surface must have a good GND loop, and the connectors must have a good
GND connection loop on the surface layer. The shield should be connected with the
surface GND, and need to add as many vias as possible to GND in the position of the
shield cover welding. In order to do this, there should be no traces of connectors
routing in the surface layer, and do not appear a wide range trace cutting off the
copper.

The PCB surface edge should have no traces and have as many vias as possible to
GND.

When it is necessary, do a good isolation between the sighal and GND.

Expose as much copper as possible, in order to enhance the electrostatic discharging
effect, or add conductive cotton and other remedial measures.

5.4 EMI Protection

There are three elements of electromagnetic interference: interference source,
coupling channel and sensitive equipment. We can not deal with the sensitive
equipment; so we can only deal with EMI through the interference source and the
coupling channel. To solve the EMI problem, the best way is to eliminate the
interference source, if it can not be eliminated, find the way to cut off the coupling
channel or avoid the antenna effect.

The PCB interference source is generally difficult to be completely eliminated, and can
be dealt with through filter, ground, balance, impedance control or improve the signal
quality (such as termination) and other methods. Generally various methods will be
used synthetically, but good grounding is the most basic requirement.

The commonly used material to deal with EMI includes the shielding cover, special
filters, resistors, capacitors, inductors, beads, common mode inductance / magnetic
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ring, absorbing materials, spread spectrum parts and so on.

® The filter selection principle: If the load (receiver) is high impedance (generally the
single-ended signal interface is high impedance, such as SDIO, RBG, CIF, etc.), then
select the capacitive filter parallel connected into the trace; if the load (receiver) is low
impedance (such as power output interface), then select the inductive filter
component series connected into the trace. The use of the filter should not make the
signal quality beyond its SI permissible range. Differential interfaces usually use
common mode choke to suppress EMI.

® The PCB shielding measures should be well-grounded otherwise it may cause
radiation leakage or shielding measures to form the antenna effect. The connector
shield should meet the relevant technical standards.

® RK3399Pro can use spread spectrum function by modules. The degree of the spread
spectrum depends on the signal requirements of the relevant part. Refer to

RK3399Pro spread spectrum description for the specific measures.

® The LAYOUT requirements of EMI are highly consistent with ESD. The
above-mentioned layout requirements of ESD are mostly applicable for EMI
protection. Besides, add the following requirements:

B Ensure the signal integrity as much as possible.

B The differential signal should do the isometric and tight coupling to ensure the
differential signal symmetry; try to minimize the differential signal and the clock
dislocation, to avoid conversion to the common mode signal which will cause EMI
issues.

B Plug-in electrolytic capacitors and other components with metal shell should avoid
coupling the interference signal to produce radiation. Also need to avoid the
interference signal of the components coupling from the shell to other signals.
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6 Welding Process

6.1 Overview

RK3399Pro is the ROHS directive certification products, that is, Lead-free products. This
chapter regulates the RK3399Pro SMT basic settings of the temperature for customers. It
mainly introduces the process control when customers use RK3399Pro to do the re-flow solder:
mainly lead-free process and mixed process.

6.2 Terminology

The terminologies in this chapter are explained as below:

® |ead-free: Lead-free process.

® Pb-free: Lead-free process; all components (mainboard, all IC, resistance, capacitors,
etc.) are lead-free components, and use pure lead-free process with the lead-free
solder paste.

Reflow profile: Reflow soldering temperature curve.

ROHS: Restriction of Hazardous Substances.

SMT: Surface Mount Technology.

Sn-Pb: Tin-lead mixed process; means to use lead solder paste and have both
lead-free BGA and lead IC hybrid welding process.

6.3 Re-flow Solder Requirement

6.3.1 Solder Paste Ingredient Requirement

The proportion of solder alloy and flux is 90%: 10%; volume ratio: 50%: 50%, solder
paste refrigerated temperature is 2 ~ 10 °C, and should be put in room temperature to

recover the temperature before using. It will take 3 ~ 4 hours to recover and need to make a
record.

The solder paste needs to be stirred before brushing the board. Manually stir for 3-5
minutes or mechanically stir for 3 minutes. After stirring, it will present a natural vertical flow
shape.

6.3.2 SMT Re-flow Profile

As RK3399Pro chip uses environmental protection material, recommend to use Pb-Free
process. The reflow profile below is only the recommended value required by the JEDEC
J-STD-020D process. Customers need to adjust according to the actual production situation.

Profile Feature Sn-Pb Eutectic Assembly Pb-Free Assembly
Preheat & Soak
Temperature min (T .. 100 °C 150 *C
Temperature max (T, 150 °C 200 °C
Time (Tomin 10 Tomas) (L) 60-120 seconds 60-120 seconds
Average ramp-up rale 3 “C/second max. 3 *C/second max.
(Tomax 10 T)
Liquidous temperature (T,) 183 °C 217 *C
Time at liquidous (1) 60-150 seconds 60-150 seconds
Peak package body temperature (T ) See classification termp in Table 4.1 See classification temp in Table 4.2
Time (t_)** within 5 *C of the specified . e
classifigation temperature (T.) 20 saconds 30" seconds
Average ramp-down rate (T, to T,,.,) 6 “C/second max. 6 “C/second max.
Time 25 °C to peak temperature 6 minutes max. 8 minutes max.

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

Figure 6—1 Reflow Profile Classification
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Package Volume mm? Volume mm? Volume mm?
Thickness <350 350 - 2000 =2000
<1.6 mm 260 °C 280 °C 260 °C
1.6 mm - 2.5 mm 260 °C 250 °C 245 °C
=2.5 mm 250 °C 245 °C 245 °C

Figure 6-2 Lead-free Process Component Package Heat-resistant Standard

e

Supplier'l'p £ PN

1

=

t

Max. Ramp Up Rate = 3°C/s
Max. Ramp Down Rate = 6°Cis

¥

Temperature —>

L
;

/ "
25

k——  Time25°C to Peak

Time =
IPC-020d-5-1
Figure 6-3 Pb-free Reflow Profile
6.3.3 SMT Recommended Reflow Profile
Rockchip recommended SMT reflow profile is shown as below:
Step 1 Step 2 Step 3 Step 4
Board Preheat Soak Time Peak Reflow & Time Above 220 °C Cool Down

Start with solder joint temp <

After nozzle is lowered

Solder Joint Temp 230 - 250°C

Substrate MAX Temperature

0.5-2.5° C/ Sec.

40°C prior to peak reflow Above 2217°C 60 - 90 sec <€260°C
(Soak Time: Paste dependant; consult | Max delta-t of solder joint temperature at peak Die Peak Temperature <300°C
paste manufacturer) reflow £10°C

Rising Solder Joint Temp: Cooling Ramp Rate

Ramp Rate 200 to 220°C

-0.5 to - 2.0°C/sec

Board Preheat Solder Joint
Temp:
125 -150°C

Critical Ramp Rate (205.46'215°C):
0.35 - 0.75°C/sec,

Peak Temp Range,
and Time Above 2217°C spec’s met.

PCB'tand/pad temperature
needs to'be at 100 - 130°C
+5°C when removing board
from rework machine bottom
heater at end of compgnent
removal operation or <80°C
when using stand alone PCB
Pre-Heater for PCB land/pad
site dress operation.

Preheat with
bottom heater,
before nozzle
is lowered

Nozzle has lowered to reflow
component

Nozzle is down during
peak reflow

Nozzle raises to home
position when solder joint
reaches peak temp range

Figure 6-4 Pb-free Reflow Profile Recommended Parameter
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7 Packaging and Storage Condition

7.1 Overview

The chapter regulates RK3399Pro storage and usage specification to ensure the safety
and correct usage of the product.

7.2 Terminology

The terminologies in this chapter are explained as below:
® Desiccant: A material used to adsorb moisture.

® Floor life: The longest time allowing the product exposed in the environment, from
unpacking the moisture barrier bag to SMT.

® HIC: Humidity Indicator Card.

MSL: Moisture Sensitivity Level.

MBB: Moisture Barrier Bag

Rebake: Bake again.

Solder Reflow

Shell Life: The storage expiration.

Storage environment

7.3 Dry Vacuum Packaging

The dry vacuum packaging material of the product is as below:

® Desiccant

® HIC

® MBB, aluminum foil, silver opaque logo with moisture sensitivity level.
°

Figure 7-1 RK3399Pro Dry Vacuum Packaging
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Figure 7-2 Humidity Indicator Card

7.4 Product Storage

7.4.1 Storage Environment

Product is vacuum packaged, and can be stored up to 12 months with environment
temperature < 40 °C and relative humidity <90%.
7.4.2 Exposure Time

Under ambient conditions <30 ° C and relative humidity 60%, please refer to below table:

RK3399Pro MSL level is 3, very sensitive to humidity. If the chip is not used for a long time
after unpacking, and directly used in SMT without bake, chip failure will be likely to appear.

Table 7-1 Exposure Time Reference Table (MSL)

MSL Exposure Time
Level Factory environmental conditions:<30 °C /60 %RH
1 Unlimited at <300 °C/85 %RH
2 1 year
2a 4 weeks
3 168 hours
4 72 hours
5 48 hours
5a 24 hours
6 Mandatory bake before use, and must be reflowed within the time limit specified
on the label.

7.5 Moisture Sensitive Product Usage

The RK3399Pro must be baked after unpacking in the following cases:

® Continuous or accumulative exposure time is less than 168 hours, and the factory
environment < 30 °C / 60% RH.

® Stored in the <10% RH environment.
In below cases, RK3399Pro must be baked to eliminate the internal moisture to avoid the

delamination and popcorn issues during reflow solder:

® The points > 10% of humidity indicator card already discolor at 23 £ 5 °C. (Please

refer to the humidity indicator card for color change).

® Not meet 2a or 2b standard.
Please refer to the following table for RK3399Pro re-baking time:
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Table 7-2 RK3399Pro Re-bake Reference Table

High Temp Bake @125°C | Medium Temp Bake | Low Temp Bake @40°C
@90°C+8/-0°C +5/-0°C

Package | o +10/-0°C
Body Exceeding | Exceeding | Exceeding | Exceeding | Exceeding | Exceeding
Floor Life Floor Life | Floor Life | Floor Life | Floor Life | Floor Life
by > 72h by < 72h | by > 72h | by £ 72h | by > 72h | by < 72h
Thickness
3 9 hours 7 hours 33 hours | 23 hours 13 days 9 days
<1l.4mm

A Note
The table shows the minimum baking time required after damp.
Re-base prefers to use low-temperature baking.
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