Rackchip suweF

RK3358J
Hardware Design Guide

Version: V1.0
Author:

Auditor:

Approver:

Date: 05.30.2019




Rackchip suweF V1.0

Warranty Disclaimer

The products, services or features you have purchased from Fuzhou Rockchip Electronics Co.,
Ltd shall be binding upon terms and conditions of mutual business contract, all or part of
products, services or features may be exclusive of your purchase or range of application.
Unless otherwise agreed on contract, no expressed or implied copyright licenses have been
granted hereunder this document.

Fuzhou Rockchip Electronics Co., Ltd reserves the right to make changes in its products or
product specifications with the intent to improve function or design at any time. Unless
otherwise agreed, this document is provided as user's manual only, no expressed or implied
copyright licenses have been granted hereunder statement, information and suggestion of
this document.

Trademarks

Rockchip and RockchipTM logo and the name of Fuzhou Rockchip Electronics Co., Ltd" s
products are trademarks of Fuzhou Rockchip Electronics Co., Ltd. and are exclusively owned
by Fuzhou Rockchip Electronics Co., Ltd.

References to other companies and their products use trademarks owned by the respective
companies and are for reference purpose only.

-

Copyright © Fuzhou Rockchip Electronics Co., Ltd. 2015

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted in any form or by any means, electric or mechanical, by photocopying,
recording, or otherwise, without the prior written consent of Fuzhou Rockchip Electronics Co.,
Ltd.

Fuzhou Rockchip Electronics Co., Ltd

Address: No.18 Building, A District, No.89 Software Boulevard, - o
Fuzhou, Fulian, PRC Rackchip

Website: www.rock-chips.com 4 b
. . - . Im n

Tel: +86-591-83991906 i i FE
Fax: +86-591-83951833

Mail: www.rock-chips.com



Rackchip suweF

Preface

Overview

This document mainly introduces the key points of hardware design for RK3358], aiming
at helping customers to shorten product design period, improve stability and reduce bugs.
Please follow this guide strictly for the hardware design, and use the relative core board
released by RK. If need to change in special cases, please get confirmation from RK engineer

first.

Chipset model
The chipset model described in this document is RK3358]

Relevant product versions are shown as below:

Product Name

Product Version

RK3358] MINI EVB

Applicable object

This document is mainly suitable for the following engineers:

1. Hardware development & PCB layout engineers

2. Field application engineers

3. Test engineers
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Acronym

Acronyms used in the document are as below:

DDR Double Data Rate UGR[0 B A RN 2

eMMC Embedded Multi Media Card PR A Z AR iR

HDMI High Definition Multimedia Interface 15T T R 22 WA B 1

12C Inter—Integrated Circuit PN R B L (P 2 R AT I TR 2R)
JTAG Joint Test Action Group %ﬁgﬁg?ﬁ;ﬁ?ﬁ?@% it
LDO Low Drop Out Linear Regulator {RIEZ& MRk 28

LVDS Low-Voltage Differential Signaling KEBEEMES

MAC Media Access Control DA X A e N 8 il 25

MIPI Mobile Industry Processor Interface Bl e A A O

PMIC Power Management IC HLYR B HLOS

PMU Power Management Unit FLYR B H T

RK Rockchip Electronics Co., Ltd. H oM A PR A

SD Card Secure Digital Memory Card ot (UL RS

SDIO0 Secure Digital Input and Output Card ZE TN R

SDMMC Secure Digital Multi Media Card ety e AL AU X7 S

SPT Serial Peripheral Interface AT

TF Card Micro SD Card(Trans—flash Card) VAN=RTVAR S

USB Universal Serial Bus AT B2
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Chapter 1 Brief Introduction

1.1 Overview

RK3358] is a high-performance Quad—core application processor designed for personal
mobile internet device and other digital multimedia applications, such as tablet, smart
audio display products

RK3358] embeds many powerful hardware engines, provides excellent performance for high-
end application, supports almost full-format H.264 decoder by 1080p@60fps, H.265 decoder by
1080p@60fps, H.264 encoder by 1080p@30fps, and high—quality JPEG encoder/decoder.

Embedded 3D GPU makes RK3358] completely compatible with OpenGL ES 1.1/2.0/3.2, DirectX1l.1,
OpenCL 2.0 and Vulkan 1.0. Special MMU 2D hardware decoder will maximize display performance

and provide smooth operation experience.
RK3358] supports various types of DDR memory interfaces such as
DDR3/DDR3L/DDR4/LPDDR2/LPDDR3.

1.2 Block Diagram

PX30

125/ TOM(8ch)

125/PEM[2ch)x2

POM(Ech)

SAR-ADC 2D Graphics Engine D"‘!.’f'l'f“

Interrupt Contraller

JPEG Decoder JPEG Encoder
DMAC

1080p Video Encoder 1080p Video Decoder

BMP ISP

LCD Contraller 0
(192001080
Scale Down/fUp)

LCD Controller 1
(192001080

e m |
Mor Flash fAsync SRAM
SRAM [16KB+8KB
LVDS/MIPI-D5I Lane { )

SDR/DOR/LEA Nand ROM (32KE]
12bits CCIR/Camera IfF 5D3.0/MMC4.51 ek

MIPI-CS| 4 Lane 32Bit DDR Controller OTP{4K bit)
[DOR4-1600,D0R3- 1600,/ TORIL-1600]

[LPDDR3-1600/ LPDDR2-106&]

Figure 1-1 RK3358] block diagram
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1.3 Application block diagram

1.3.1 Demo application block diagram

@ MIPI LCD

) MIPI CAMERA

WIFI/BT
L]

CIF CAMERA

MIpITX Gy
|

RGB LCD

USB OTG m

USB HOST ‘_,’

KEYBOARD

Fat
NS
e
..O

TP/SENSOR E‘—}

i
i
|
[ - A .

mJtiplex
1.0V/1.2V/1.8V.....

-: 'l
BQ24133

N
Audio @H

Figure 1-2 RK3358] Demo application block diagram

The above is the application block diagram of RK3358]. For more details, please refer to

the reference design schematic released by RK.
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2 Package and Pin

2.1 Package

2.1.1 Information

RK3358] encapsulation information is shown in table 2-1.

Table 2-1
RK3358] Package information
Order'able RoHS Package Package Device special feature
Device Status Qty
RK3358] RoHS Bga4l8 1190 Quad—core ARM Cortex A35 CPU

2.1.2 Mark definition

RK3358] surface printing logo is shown as Picture 2-1:

l

Rockchip ———

PX30

ABCKXXXXX DEFG

The first pin

ABC

Reckchip : Brand Name

REMXXX : Chip Name

: Subcontractor Code

KICKHN : Die Lot NO #

DEFG

: Date Code

Figure 2-1 RK3358] Mark definition

2.1.3 Package Dimension

N |aaa|B
=W -
E} (A]
FIN 1 COENER
\1 23456789 DHI1212141516171819 2021 A

L SRR

L

LASER MARK

Lo MMMme

140 0 £ XM AL

o W

I
Ir

PIN 1 LD.

Figure 2-2 RK3358] Package dimension 1

Fy|aaalA
ex

13



Rackchip s T

V1.0

2l2dIgiel7161314131

0

]

L
-
=

o

CO0OQOCO0Q0QO0O
000000000

COQOQOO0O0O0

P

0000000000

4 O

e o ) i ) S G e ek e St e e

QQQOQOQO000
000000000
QQOQOQOQOQ0DO|w

QoOQQQ00

ODOOGGOGL"$
00000000 POoOO0OO0O0O0CO000|@

0000000000

S-0-0 8-0-0 B

wsﬁiffﬁﬁ/f
o oo

DETAIL B

o9 #
o000 Qﬂy
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L
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u
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[ [

DETAIL A

SEATING PLANE

;

PIN 1 CORNER

Figure 2-3 RK3358] package dimension 2

Peeald | C|A|B|
[ T lgm@lc]
oo oVa 1
o :: 20—
]
418Xdb
DETAIL B(2:1)
// |ccc|C

—AZ

ddd

418 %

C

DETAIL A(2:1)

Figure 2-4 RK3358] package dimension 3
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SYMBOL MILLIMETER
MM MO M AX

A, —— 1.17 1.25
A1 0.16 | 021 | 026
n2 | 0.91 0.96 | 1.0
A3 0.70 BASIC
C 0.27 | 0.76 0.30
0 13.90 | 1400 | 14.10
D1 13.00 BASIC
E 13.90 14.00 14,10

E1 13.00 BASIC

& 0.65 BASIC

b 0.25 0.50 .35
L 0.35 REF

aaaq 0.5

CCe 013

ddd 0.10

eee 0.z

Ff 0.08

Figure 2-5 RK3358] package dimension 4

A Note

Baseline C is defined by the spherical coronal of the solder ball.
Size b is measured according to the maximum diameter of the solder ball, parallel to baseline C.
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2.2 GPIO type introduction

2.2.1 GPIO type

For RK3358], GPIO type is 1.8V/3.3V, which can configure 1.8V and 3.3V voltage.
2.2.2 GPIO driver capacity

For RK3358], GPIO provides 4 level driver strengths, which are 2mA, 4mA, 8mA and 12mA.
The default driver strength is different for different GPIO type. Please refer to the datasheet

to change the confirgure.

2.2.3 GPIO power

GPIO power pins are described as below:

Table 2-2 RK3358] GPI10 power pin description

power
domain GPIO type Pin name description
PMUIO VDD 1VO 1.0V logic power for this GPIO domain (group).

PUTol 1.8V/3.3V PMUIO1 1.8V or 3.3V I0 supply for this GPIO domain (group).
PMUIO2 1.8V/3. 3V PMUI02 1.8V or 3.3V I0 supply for this GPIO domain (group).
VCCIO01 1.8V/3. 3V VCCIO1 1.8V or 3.3V I0 supply for this GPIO domain (group).
VCCI02 1.8V/3. 3V VCCIO2 1.8V or 3.3V I0 supply for this GPIO domain (group).
VCCIO03 1.8V/3. 3V VCCIO03 1.8V or 3.3V I0 supply for this GPIO domain (group).
VCCI04 1.8V/3. 3V VCCI04 1.8V or 3.3V I0 supply for this GPIO domain (group).
VCCIO5 1.8V/3. 3V VCCIO05 1.8V or 3.3V I0 supply for this GPIO domain (group).
VCCI106 1. 8V/3.3V VCCI06 1.8V or 3.3V 10 supply for this GPIO domain (group).

2.2.4 GPIO MO MIfIREX

The suffix of M1 and MO in the pin name indicates that the signal is drawn to two
different PIN pins and can not be used at the same time.

16
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3 Schematic design suggestion

3.1 minimum system design

3.1.1 clock circuit

RK3358] system clock consists of the chipset internal oscillator circuit and the
external 24MHz crystal, shown as picture 3-1.

O5C IN° U0
QSC_Z4M N
citoil || 2 Z3pF |y, 1 RIA0 2~ 05C_OuTU2 o
Co40Z | [COG. 50V —||' 3 DEC_24M_ouT
RO402
4 5%
.:'::- Eh I: '.r.':: -'.r-'.: N'E.

3 1 Ve mTE—| PLL_AVDD_1v0
Fiio] GMD - X2 PLL_AVDD_1VE
CdlHz CRY 4 IR0 REINIRED MIT |

27 1 AVES
Cii0Z || Co40Z
— | Z3pF COG 5V — RKZIEE]

Figure 3-1 RK3358] crystal connection method and component parameter

A # = Note

Need to choose the capacitor CI1101, Cl1102 according to the crystal actual loading capacitance value.
22pl" 1s just a sample, not the universal value.

Besides, the system clock can be provided by external active crystal oscillator, input
through XIN OSC pin, the clock parameter is shown as Table 3-1:
Table 3-1 RK3358] 24MHz clock requirement

standard description
parameter min | max unit
frequency 24. 000000 MHz
frequency +/-20 ppm Frequency tolerance
tolerance
working temp. =20 70 T
ESR / 40 Ohm

RK3358] will switch the internal clock source to external 32. 768KHz clock while in
standby, in order to reduce the system power consumption by reducing the system clock
frequency. The signal can be obtained from PMIC or external RTC clock seureecircuit, shown
as picture 3-2.

ILUI_\JL}J‘UUT IUU_LJ'-\J_U \\ —— T =
CLKIO_32K/GFPIO0_C4_z i 20 SSCLHDUT_SEK
Figure 3-2 RK3358] clock input in standby

The external 32. 768KHz RTC clock parameter is shown as table 3-2:

Table 3-2 RK3358] 32. 768KHz clock requirement

parameter standard description

min max ‘ unit
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frequency 32. 768000 kHz
frequency +/-30 ppm Frequency tolerance
tolerance
working temp. -20 | 70 T
duty ratio 50 %

3.1.2 reset circuit

RK3358] internally integrates POR(power on reset) circuit, which is effective for low level
Capacitor CI1100 is used to eliminate jitter. Please put it close to RK3358] in layout. The
shortest reset time to ensure the chipset working stably and normally is 100 cycles 24MHz
main clock period, that is 4us at least.

,||| c1100 2 || 1 100nF U1000l
| C0402 [ ¥5R 6.3V
RESET W19 | nPor
W20
1] TEST

Figure 3-3 RK3358] reset input

3.1.3 system bootup sequence

RK3358] system bootup sequence priority from high to low is as below:

Nand FLASH

eMMC FLASH

SFC/SPI FLASH

SDMMC CARD

USB OTG

So please remember for the product design, DO NOT connect the external memory device to
the interface with higher priority than file system interface before the system bootup,
or it will affect the system normal bootup.

3.1.4 system initialization config signal

RK3358] has two important signals, I0 voltage of VCCI06(FLASH) power domain and
JTAG/SDMMC reused function control pin. They need to be configed by hardware before power
on.

RK3358] VCCIO6 power domain’ s IO voltage mode needs to be configed as it belongs to
FLASH power domain. It will be used during system bootup, so must specify default voltage
mode through hardware config during system bootup instead of adjusting through register
operation. The config is shown as table 3-3

In order to reduce IO number, RK3358] reuses JTAG function and SDMMC function. Need to
switch the output through the pin. The config is shown as table 3-3:

Table 3-3 RK3358] system initialization config signal description
Internal
pull
up/down

signal name pin description

FLASH(VCCI06) power  domain driver  strength
choice, only effective when power on:

pull up 1: I0 voltage mode is 1.8V;

0: I0 voltage mode is 3.3V(default);

FLASH VOLSEL R19

JTAG pin reuse choice control sig
pull up 0: rognized as sd inserted, SDMMC/JATG/UART pin
reused as SDMMC output;

SDMMCO_DET AA20

18
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1: recognized as sd card not inserted,
SDMMC/JATG/UART  pin  reused as JTAG/UART
output (default) ;

3.1.5 JTAG debug circuit

RK3358] chipset JTAG interface conforms to IEEE1149.1 standard. PC can connect DSTREAM
simulator through SWD mode (two wire mode) to debug ARM core inside the chipset.

Before connecting simulator, need to ensure that SDMMCO DET pin is with high voltage,
otherwise cannot enter JTAG debug mode. Interface description is shown as table 3-4:

Table 3-4 JTAG debug interface signal

Signal name | pin description
JTAG TCK AA19 AP JTAG clock input
JTAG_TMS AALG AP JTAG mode choice input

3.1.6 DDR circuit
® 3.1.6.1 DDR controller introduction

RK3358] DDR controller interface supports JEDEC SDRAM standard interface. The
controller has below features:
B Support DDR3/DDR3L/DDR4/LPDDR2/LPDDR3;
B Provide one 32 bit DDR controller interface, support data bus bitwidth 32 bit/16
bit configurable, address bus support up to 16bit max.
B Support DDR 4GB max.
B Support power down, self refresh etc. low power consumption mode;

® 3.1.6.2 DDR topology structure and connection method

RK3358] SDRAM topology structure is shown as picture 3—4, taking DDR3 as an

exemple:
DDR_DQ[15:0] Da[15:0)
DDR_DQ[31:16) DO[31:16)
DDR_DM[3:0) DM([3:0)
DDR_DQSP[3:0]) DOSP[3:0]
DDR DOSN[3:0 DosSHi3:0)
DDR CLEP - Cr
DDRC DDR_CLFEN - CE# DDR3

DDR_A[8: = A[%:0]
DDR CS[1:0] - C5(1:0)
DOR_CKE = CRE[1:0]
DDR_ODTO - ooT

Figure 3-4 SDRAM topology structure picture

® 3.1.6.3 DDR power up sequence requirement

RK3358] DDR controller only includes one set of power, so there is no power up
sequence:
B DDRTO VDD: DDR controller core power supply, interface T/0 power supply and
buffer power
DRAM power up sequence refers to JEDEC standard, taking DDR3 DRAM power up sequence

19
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as an exemple shown as below:

After...

Applicable Conditions

Ta is reached

Vpp1 must be greater than Fpp;—200mV

Vpp1 and Ppp» must be greater than Fppeya—200mV

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

VRef must always be less than all other supply voltages

Figure 3-5 DDR3 DRAM power up sequence

® 3.1.6.4 DDR support list

RK3358] DDR interface supports DDR3/DDR3L/DDR4/LPDDR2/LPDDR3 and the max working
frequency up to 800MHz. Please refer to ¢{RK DDR Support List)

3.1.7

emmc circuit

® 3.1.7.1 emmc controller introduction

RK3358] emmc interface supports 5.0 and 5.1 protocol and is also compatible with

4.41 and 4.51 components. The controller has below features:

for details.

B Support SFC FLASH, nand flash and emmc flash;
B Support 1-bit, 4-bit and 8-bit three kinds of data bus width;
B Support HS200 mode but not support CMD Queue;

® 3.1.7.2 emmc topology structure and connection method

Emmc interface supports interface pull up/down and matching design is recommended as
below table 3-5:

Table 3-5 RK3358] eMMCHEO %t

internal pull

Description(chipset)

signal connection
up/down

direct

eMMC DQ[7:0] pull up . . .
connection emmc data sending/receiving
Series emmc clock sending

eMMC _CLK pull up connection 22ohm
resistor
Direct

eMMC_CMD pull up . . ..
connection emmc command sending/receiving

® 3.1.7.3 emmc power up sequence requirement

RK3358] emmc controller only includes one set of power, so there is no special

requirement:

B  VCCIOO0: emmc controller I/0 power;
emmc component power up sequence refers to JEDEC standard:
B VCC and VCCQ have no power up sequence requirement;

B VCC and VCCQ must be powered up and keep stale working voltage befor RK3358]

sending out CMD command;

B After the component enters sleep mode, RK3358] can cut off VCC power to lower

power consumption

B Before the component is waken up from sleep mode, VCC power must be on and keep
stable working voltage:
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- - — —

Supphy voltage

I'u I‘u
Sleep mode

1 4
, Command Input prohlblied

Figure 3-6 emmc component power up/down sequence

® 3.1.7.4 emmc support list

RK3358] emmc interface support component refers to the document {RK
eMMCSupportList) .

3.1.8 SPI circuit
® 3.1.8.1 SPI controller introduction

RK3358] has two SPI controllers to connect SPI devices and SPI0O can be used as boot

® 3.1.8.2 SPI topology and connection

SPI interface pull up/down and matching design recommendation are shown as table 3-6
Table 3-6 RK3358] SPI interface design

Internel pull Connection
signal Description(chipset)
up/down method
direct
SPI0 MOSI pull down SPI data sending
connection
Direct
SPI0O MISO pull up SPI data receiving
connection
Series
SPI0 CLK pull up connection 22ohm | SPI clock sending
resistor
Direct
SPI0 CSN pull up SPI chip select signal
connection

® 3.1.8.3 SPI power up sequence requirement

SPI controller power up requirement complies with GPIO power domain’ s power up
requirement.
SPT flash only has one set of power, so there is no requirement for power up
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sequence.

3.1.9 nand flash circuit

RK3358] supports flash memory device, such as nand, inand etc.

If using nand, shown as below picture: when use Toshiba and sandisk ddr mode nand flash,
need to connect U4000 pin28 and pin4b to VCCIO FLASH for power supply, which means R4001 and
R4005 should use OR resistor.

ll-up resister. must
Flash mode and

ke mounted in Nand Flash mode.
VCCIO_FLASH
B
_ 114000
HZTLBGET2DTR-BC e
R4D0D , TE0P42_1ER4OKIZR1OXIR2D 33 FLASH_D[E:7]
s WEC_IVD T vees vss _4.,__“|
| Roaz [ e N I
[FLASH RDY/EMMC_CLK/SFC ol % 5* RE: ! ki R4001 " ROANZ. = ORyoCio FLASH
= RiE2 -
— RED =
| RiE4 F
3| RE_
S 7 CED
FLASH CS 0| = o
WCCIO_FLASH CET R = §—OVCCIC_FLASH
or ayne T NEZ ROB03 £% o 2
1-.,b_3\--:-o|-’: Votz = SNGC. VD
- | YS5Z 35— FIASH DOSENNG CHD
R4003 T ZEL L AWCCIO_FLASH =
4.7K FLASH CLE e | CE2 = . e
E%, FLASH ALEFEMMT RST 7| CLE
RO402 FLASH_WRR 5| ALE o
“ 7| WE £
l | WE ]
1 s U (R T
meseTypRa004 - . OR .« RO4DP 5% - nca e = E WCCIO_FLASH
Hgr| MCE TE R
) =l 78| VEEL Bz
WCC_3VD voes : __“|

Note: if use toshiba and sandisk DDR mode,
VCCQl and VCCQ4 must be connected to VCC IO-

Figure 3-7 nand flash circuit

Note: RK3358] FLASH WP function pin is not pull out. You can use reset signal to get
WP function.

3.2 power design
3.2.1 minimal system power introduction
® 3.2.1.1 power requirement

®m PLL: PLL_AVDD_1VO. PLL AVDD_1V8

m (CPU: VDD ARM

B [OGIC&GPU: VDD LOG

® DDR: VCC_DDR

B GPIO: PMUIO_VDD_1VO. PMUIOI. PMUIOZ

® 3.2.1.2 power up sequence

Theoretically comply with the principle: for the same module, power up from low
voltage to high voltage, and the same voltages power up at the same time. There is no
power up requirement among different modules

reference power up sequence is recommended as below:

PLL_AVDD 1VO&PMUTO VDD 1V0&VDD 1.OG——=>VDD CPU-->PLL AVDD 1V8——>VCC DDR——->PMUIO1&PMUIOZ2

Need to make sure VDD LOG voltage is powered up first.

3.2.2 power design suggestion

® 3.2.2.1 standby circuit solution

RK3358] board consists of constantly power supply area and power off in standby area
which are powered separately as shown in picture 3-9.
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V1.0

Voo DVP

Power off in standby

VDD ARM

-
wCC IG_ED

-
VCC_SD

!
PMUIO VDD 1V

'
FLL_AVDD_1V0
PLL_AVDD 1V8

-
VCC_DDR

-
?D}_ZDE

-
FMUIOL/2

-

For power off in stanby area,

Constantly power supply

Figure 3-8 RK3358] standby circuit solution

PMIC SLEEP

DC=DC

it is controlled by PMIC to cut off each independent

power supply and through PMIC SLEEP H to control MOS switch circuit to cut off power
supply in standby mode

For constantly power supply area,
to keep below four set of power on at least in standby mode:

B supply power for DDR self refresh
B supply power for PMUIOl1 & PMUIO2 power domain to keep output status and

interrupt response
B supply power for logic core of PMUIOl & PMUIO2 power domain
B supply power for PLL and CPU 0SC working

® 3.2.2.2 PLL power

RK3358] has 6 PLL inside the chip allocated as below:
Table 3-7 RK3358] internal PLL introduction

the power is supplied directly by power chip. Need

quantity | power standby status
PMU/0SC 1 PMU VDD 1V0. PMUIO1 Do not power off
modules inside the 5 PLL AVDD 1VO, PLL AVDD 1V8 Do not power off
chip

Recommend to use LDO to supply power for PLL. Specifically because DDR working
stable PLL power is helpful to improve the working

frequency is relatively high,
stability with high frequency and the decoupling capacitor should be put close to the

pin.
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N18 PMUIO_VDD_*
VDD_1V00—————Wﬁ§— PLL_AVDD_1V0 PMU
VCC_1V8 PLL_AVDD_1V8

O—aC
.||Ii AVSS OTP_VCC_"

VDD_1V0 VCC_1V8 Vo
T—01103 C1104 T—01105 C1106
| 100nF | 100nF | 100nF ~| 100nF
=—C0402 =—C0402 =——C0402 =—C0402
16V 16V 16V 16V
Y xsr | x5R Y xsr | xsR

Figure 3-9 RK3358] chip PLL power

® 3.2.2.3 CPU power

RK3358] uses independent power domain to supply power for CPU. VDD ARM supply power
for Cortex—Ab3 core shown as below picture. Support DVFS dynamic voltage and frequency
scaling fuction, use DC-DC to supply power independently, the peak current can reach up
to 1.2A separately, so please do not delete or reduce the capacitors in the RK3358]
reference design schematic. For layout, put the big capacitor in the back side of
RK3358] chip (put it close to the chip if only one side) to ensure the power ripple
within 100mV in case the power ripple becomes too big with heavy loading. The capacitor
is shown as picture 3-11.

VDD_ARM Ty o ce>60mil (1.5A )

VDD_CPU_1
VDD_CPU_2
VDD_CPU_3
VDD_CPU_4
VDD_CPU_5
VDD_CPU_6
VDD_CPU_7
VDD_CPU_8
VDD_CPU_89

Figure 3-10 RK3358] VDD_CPU power

VDD_ARM
(o]
c1000 _| c1001 _| c1002 _| c1003 _| c1004 _| c1005 _| c1006
| 22uF 100nF 100nF | 100nF 100nF 100nF 100nF
——x5R X5R X5R X5R X5R X5R X5R
6.3V 16V 16V 16V 16V 16V 16V
™~ cosos | codoz ™| coaoz ™| cosoz | cosoz | cosoz | codoz

Figure 3-11 RK3358] VCC_CPU power decoupling
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® 3.2.2.4 GPU & LOGIC power

RK3358] uses DC-DC to supply power for GPU & LOGIC separately, VDD LOG as shown in
below picture, supports DVFS dynamic voltage and frequency scaling function, the peak
current can reach up to 1. 1A, so please DO NOT delete or decrease the capacitors
required in the reference design schematic. For layout, put the big capacitor in the
back side of RK3358] chip (put it close to the chip if only one side) to ensure the
power ripple within 100mV in case the power ripple becomes too big with heavy loading.
The capacitor is shown as picture 3—13.

U1000M VDD_LOG

%
|

L11
VDD _LOGIC_S |

VDD_LOGIC_8 77
VDD_LOGIC_7 7T
VDD_LOGIC_6 77
VDD_LOGIC_S [T
VDD_LOGIC_4 Ry
VDD_LOGIC_3 g

VDD_LOGIC_Z Ry

VDD_LOGIC_1

Figure 3-12 RK3358] VDD_GPU power

VDD_LOG
0

c1007 | C1008 _| C1009 _| C1010 _| C1011 C1012 _[ c1013

| 29uF 100nF ™| 400mF T| 4100nF 7| 100nF 7| 100nF 7| 1o0nF

——xer ——X5R X5R ¥5R X5R X5R T —X5R
6.3V 16V 16V 16V 16V 18V 16V

Nl cosoa | coa02 | coso2 | cos02 | cos02 | cos02 V| coaoz

Figure 3-13 RK3358] VDD_GPU power decoupling

® 3.2.2.5 DDR power

RK3358] DDR controller supports various types of DDR, such as

DDR3/DDR3L/DDR4/LPDDR2/LPDDR3. For product design, adjust divider resistance and confirm

RK809 BUCK3 output voltage according to the actual use case
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V1.0

'T c2110 6.3V
24 1 || 2 10uF10v XER |||. — o802
VCC3 [ coeoz | VCC_DOR
TICKS 2102 =
im0 SWEem ey |
W3 470RH CZ118
1.5 IND_252010 22uF
25 0.025chm ——xER
VBUCKS B3V
Fhi=[l . HW i coa03
27 1 gzipz. 2
FB3 TR =
RO402
2102 1%
20K
0402
%%
i DR Type VO _TIDR 102
— Wil Lage:
DOREA 1.25V EHE
LETDRI 1.25V BHE
DOREIL 1.345V HIE
DR 1,53V 11K

Figure 3-14 RK3358] DDR controller power

DDR controller internally integrates Vref circuit and generates reference voltage
for controller: VCC DDR/2. In DDR/LPDDR3 DRAM side Vref CA=VCC DDR/2, but Vref DQ is
adjusted by ODT strategy, the corresponding Vref voltage can be adjusted according to

driver strength and ODT

value.

For example: using LPDDR3, with 800MHz, RK3358] chip side driver strength is
34. 3ohm, DRAM side ODT is 240ohm, so when ODT is enabled, DRAM Vref=0.56%VCC _DDR
calculated by the formula.

DDR_DQSO0P ﬁf
DDR_DQSON
DDR_DQS1P ﬂf
DDR_DQS1N
DDR_DQS2P jf
DDR_DQS2N

DDR_DQS3P G2
DDR_DQS3N 1
DDR_DMO 12
DDR_DM!1 g“:
DDR_DM2
DDR_DM3 M4

DDR_DQSO_P
DDR_DQSO_N

DDR_DQS1_P
DDR_DQS1_N

DDR_DQS2_P
DDR_DQS2_N

DDR_DQS3_P
DDR_DQS3_N

DDR_DMO
DDR_DM1
DDR_DM2
DDR_DM3

DDR3_RASN/DDR4_CKE

DDR3_CKE/DDR4_RASN/DDR4_A16

DDR3_WEN/DDR4_BG1

DDRIO_VDD_1
DDRIO_VDD_2
DDRIO_VDD_3
DDRIO_VDD_4
DDRIO_VDD_5
DDRIO_VDD_6
DDRIO_VDD_7
DDRIO_VDD_8
DDRIO_VDD_9
DDRIO_VDD_10
DDRIO_VDD_11
DDRIO_VDD_12
DDRIO_VDD_13

(i

B11

[of]

F8

&

F9

F10

G9

G10

J6

J7

K&

K7

L6

L7

ME

M7

Figure 3-15 RK3358] DDR controller power

QVCC_DDR

DR_RASN

DR_CKE
DR_WEN
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|
VCC_DDR : VCC_DDR :

| |
00nF ! carisy §
5R | ) 1DOnF. )
&V TIXSR
0402 ! VREFCA_DDR 16y | - VREFDQ_DDR

1 !

1 !

|

|

C317 C3119

inF inF

1
|
N 7R ' R
l. €0402 ' €0402
| |
! .l
] — — — [ ] —
1 "
Put Together :. Close to Put Together .| Close to
! pin H4 0y pin J11
Note:
Vih=VCC

Vil=VCC*Ron/ (Ron+Rodt)
VREFDQ DDR= (Vih+Vil) /2

eg:VCC=1.2V,Ron=34ohm, Rodt=240chm
80,Vih=1.2V,Vil=0.149V,VREFDQ DDR=0.674V
Figure 3-16 RK3358] LPDDR3 DRAM VREF power design

Note
Vref DR design for various types of DDKR components:
LPDDR2 doesnot support ODT function;, DDR4 Vref D§ is adjusted inside the DDR parts; while DDR3/DDR3L ODT
function is enabled, it will pull up/down simultaneously internally, Vref DQ=Vref CA=VCC DDR/2; Only LPDDR3
needs to adjuct Vref D§ externally.

® 3.2.2.6 GPIO power

GPIO power refers to chapter 2.3.1. Suggest put a 100nF decoupling capacitor for
every pin and put it close to the power supply pin. For more details please refer to
RK3358] chip reference design schematic

3.2.3 RK809-1 solution introduction
® 3.2.3.1 RK809-1 block diagram
o
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Figure 3-17 RK809-1 block diagram

3.2.3.2 RK809-1 characteristics

input range: 3.8V-5.5V
built—in precise fuel gauge

field ear driver

buit—-in independent PLL
support microphone input

support 16bits—32bits bit

LR X X X X R B 2

support PDM mode (external

(RTC) built—in real time clock
16uA very low standby current (with 32kHz clock frequency)

rate

sampling rate up to 192kHz
firmware supports master and slave working mode config
support 3 kinds of I2S format(standard, align left, align right)

input PCLK)

1.3W Class D amplifier without filtering inductance
fixed and programmable choosable power bootup sequence control
built—in high performance audio encoder and decoder

support programmable digital and analog gain
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[ | power supply

Channel
Channel
Channel
Channel
Channel
Channel
Channel

® 406000900

1: synchronous
2: synchronous
3:

4: synchronous
5;

synchronous

synchronous

step—down DC-DC converter, 2.5A max
step—down DC-DC converter, 2.5A max
step—down DC-DC converter, 1.5A max
step—down DC-DC converter, 1.5A max
step—down DC-DC converter, 1.5A max

6-7, 9-14: low dropout linear regulator, 400mA max
linear regulator with low noise and high power supply

8:
rejection ratio , 100mA max
Channel 15: OTG switch, 1.5A max

low dropout

B FH. Package: 7mmx7mm QFN6S
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3. 2. 3. 3 RK3358]J+RK809-1 Power Tree

POWER DIAGRAM

VCCIVE_S¥S :l VOC2VE DDRY
= PTS108E23E-25

RK809-1
VDD_LOG
s | wool BUCK1 I M WD of P30 LOGIC & GPO |
VDD _ARM
ol | veoz BUCK? | |3yl i o4 030 e gmnrd-ass |
| vers — I VCC_DDR H WOD f B30 OOR-Cerl
} VOO YDDZ of [DR3 Dwvios
voe_ 3V
? | L] BUCE4 I — FLASH/EMHE
I35/ ATDI0 TR
WEE_BM11
VCC 1vD
e LOO] oyl LL/USE/MERD £51 V0|
voo_1va
— LDO2 __ﬁ ELL/UEB/ DA CTEEMME (I BT MI.'HIE]_'.'EET}
WDOIO WIFT
VOCIVI_SYS VDD 1V
%——_ LDO3
VCCIVD Pl
Lhod — *LL:USH;MMIEI DEL/MIFL WOCIO MIC |
i In
VCCIO 3D
BUCKS — LDOS
Wi 8D
L LDOG {l
s | voco
— woor |
—
VCC1VS DVE
LDOg — *'lr CRAMERA HIP1 CRMERA
oy
2] VCCIVE LoD
K e | e N
13 VCCSVD_HOST
1.5 SWOUTZ
5= |
T FCCSVD_8 MFLl488
SYB1138 B L LT
- 1
- BGM2203-5.0
I25 MIC

T

T

Battery

BQ24133

Inpu
12%/1A

t

MIC+RDC

TEA3I110

Figure 3-18 RK809-1 power structure
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® 3.2.3.4 RK809-1 default power up sequence chart

RK803-1
Maximum
output Default Start up
Range of output voltage current voltage sequence
BUCK1 0.5Vv-2.4V 2.5A 1.0V 2
BUCK?Z2 0.5V-2.4V 2.5A 1.0V 2
Klexternal divided resistor)
BUCK3 Or 0.5V-2.4v{internal divided 1.5A % 4
resistor)
BUCK4 0.5V-34V 1.5A 3.0V 5
LDON 0.6V-3.4V 400mA 2.5V 3
LDO2 0.6V-3.4V 400mA 1.8V 3
LDO3 0.6V-3.4V 400mA 1.0v 2
LDO4 0.6V-3.4V . 100mA 3.0v 5
LDOS 0.6V-3.4V | 400mA 3.0V 5 !
LDOG 0.6V-3.4V 400mA 3.0v 5 |
LDO7Y 0.6V-3.4V 400mA 2.8V OFF
LDO8 0.6V-3.4V 400mA 1.8V OFF
LDOY 0.6V-3.4V 400mA 1.5V OFF
BUCKS 1.5V-3.6V 2.5A 3.3V 1
SWOuUT1 OFF
SWouT2 OFF

Figure 3-19 RK809-1 default power up sequence chart

BUCK4 and LD0O4, LDO5, LDO6 default output values are all 3.0V and can be adjusted to
3.3V by program after system bootup if needed.

® 3.2.3.5 RK809-1 notice

® B VCC RTC power must be supplied and the voltage must be the highest among the
RK809-1 other power supply;
B The 32.768 crystal matching capacitor value recommend to use 22pF. User can fine
tune the parameter according to the crystal specification.

A Note

In otder to reduce the consumption PUIC RTC crystal oscillation usually is weak, 1t Is not able to
measure the oscillation signal in XOUI or XIN pin using normal oscilloscope, or the oscillation will stop
once the probe touch it. Please use CLK3ZK pin if need to measure 32. 768k signal.

B BUCK1 and BUCK2 output capacitor must be over 30uF to guarantee the good
decoupling effect, especially in high current and heavy loading cases, it is
better to increase the output decoupling capacitor value

B RK809-1 supports built—in USB OTG power supply function, short circuit
protection function and 1.0-1.5A configurable output current limitted;

B PWRON pin built in a pull up resistance which pull up to VCCRTC, when the low
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level time is detected over 500ms, will power up automatically; If PWRON pin is

pull down over 6s after power up, will force to power off (usually used to

forcely power off and then power on after system crash):; During standby and wake

up operation, PWRON pin should keep low level for more than 20ms.

B RK809-1 basic working condition

& VSYS bigger than 3.3V;

€ RK809-1 will power up automatically when detecting any one of below two
cases: PWRON pin keeps low voltage for 500ms; Internl RTC Alarm power up is
enabled and the time is up.

€ Start power up process, every timing interval is 2ms, the next timing will
continue only after the former one voltage output meets the requirement,
until all the timings power up, release reset, and then finish the process.

52
— PWRON
FWRON
SWwa2101 © -
FOWROM |2
——C2143
(1}
3 ~| 100nF
o Cc0402
HER
) 10V
EDZ2101
e ESD5451N
= ESD0402

Figure 3-20 RK809-1 PWRON pin
B RK809-1 will power off automatically if detect any of below two cases:
€ 12C write DEVICE OFF=1;
€ DPWRON pin keeps low level over 6s
B when RK809-1 starts power off process, it will pull down reset in one RTC clock
cycle, then cut off all power output simultaneously in 2ms, and then finish the
process.

® 3.2,3.6 RK809-1 design introduction
RK809-1AAEWIH LA, 1S RK PMICAHIRILTE SRS (RK809 M HFEm ) For RK809-1 design
details, please refer to RK PMIC relative design document<RK809 application guide>
3.2.4 others
® 3.2.4.1 over temperature protection circuit

When RK3358] chip s temperature is too high, crash or in other abornal situations,
TSADC SHUT pin will output low level, reset RK809-1, control the power to down and clear
the whole registers, and then restart,
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U10001
Y21 e
-| HPOR REF_CLKOIGRIOD_AD_d vz »oREF_CLKO/GOIO_AD
GPIDN_A1_d [y JHOST_WAKE_B
o TEST GPIDO_AZ_d [AAZD SSINIFLREG_ON
SDMMCO. DETN/GPIOO_A3_u [—yg ¢ZSDMMCO_DET
PMIC_SLEEP/GPIO0_A4_d [T 5P -SLEEP
- OSC_24M_IN GPIOO_AS_u [z LTP_IN -
TSADC_SHUTIGPIDO_A6_z Vg S/ TSADC_SHU
4 0SC_24M_OUT GPIOD_AT_u SPWIC_IN
P17
PMU_VDD_1V0 {79 VDD 1V0
< PLL_AVDD_1V0 PMUIO CVCC3VI_PMU
4 PLL_AVDD_1V3
T13
AvEs OTF_VCC_1va Ciios | e | ciies oveeTvE
100nF | 100nF _| 100nF
AK3358] | xsR X5R | XSR
83V ——6.3V 5.3V
S ‘*’DD@W” VC%WE | cOs02, | co40z_| cD402

| a4 e | cAAnT

ro<= 1Dppm.—!

Figure 3-21 RK3358] OTP_OUT over temperature protection output

el
VCCIVO_PMU .||| cz1az 2 || 1 z3pF J -

9 | co0402 |[50v coc xout
Rz1101 . 22K 2 R0402 5%12C0_SDA PMIC 2 |
rR21081 2.2K 2 R0402 5%I2C0_SCL_PMIC 1 a0t

TF2100 FMIC_INT 7
TP 0.5 G o INT
TFZ102 FMIC_SLEEF
TP o5 = SLEEP
a1z 1 2 68
rz1121 . 10K, 2 RO402 5 p—
R2114 RESET 67
CLKOUT 32K 1 ng p RESETH
2 T ——————————
5% RKE05-1
R2115
TSADC. SHUT 35— »\%g;ﬁgz
5%
R2118 1 . 1QK. 2 R0402 5%
— Lag]
- o SW2100
T & < |7 RESET
(o]
ol b
C2141 ED2100 |
100nF ESDE451N
XER  ESD0&0Z |
8.3V =
cD402

Figure 3-22 PMIC OTP_OUT

® 3.2.4.2 PMIC SLEEP circuit

over temperature protection input

When RK3358] is in normal working mode, the status pin PMIC SLEEP will keep low

level output.

When system enters standby mode, PMIC SLEEP pin will output high level sleep
indicator signal and at the moment PMIC will enter the standby mode as controlled by the

signal. As configured in firmware dts file, some power will be cut off and some will set
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down the voltage.

When system is waken up from the standby mode, PMIC SLEEP pin will output low level
first, and then PMIC will restore back to the previous working status and recover all

power outputs.

Y21 f
REF_CLKO/GPIO0_A0_d (—yag SSREF_CLKO/GOIO_AQ
GPIO0_A1_d 371 S>HOST_WAKE_BT
GPIO0_A2_d &azg SSWIFI_REG_ON
SDMMCO_DETN/GPIO0_A3_u [y3g <SDMMCO_DET
PMIC_SLEEP/GPIO0_A4_d 1571 SYPMIC_SLEEP
GPIO0_A5_U a1 <TP_INT
TSADC_SHUT/GPIO0_A6_z [¥1g >, TSADC_SHUT
GPIO0_A7_u {PMIC_INT
P17
PMU_VDD_1V0 [J1g ©VDD_1V0
PMUIO1 VCC3V0_PMU
OTP_VCC_1ve [ ' VCC_1v8
e C1103 | C1104 | C1105 -
_| 100nF_| 100nF_| 100nF
VED WED VED
Figure 3-23 RK3358] PMIC_SLEEP output
12C0_SDA_PMIC 2 ["™ E -
H Gauge
12C0_SCLPMIC 1 | E
TP2100 ~  PMIC_INT 7|
u TP2101 ( PMICSLEEP 490 .pp |
21161 1 % 2 R0402 B8 [
:BUT::&%E&%H R, 5% 2 Ro40z CLK32K

3.2.5

Figure 3-24 PMIC PMIC_SLEEP input

power peak current table

Below table shows the peak current test result in Antutu mode based on RK3358] DEMO
device for reference. Test condition is as below:

® (CPU max frequency: 1.512GHz

® GPU max frequency: 550MHz

® DDR max frequency: 4x16bit DDR3 K4B4G1646E, 800MHz;

® (Oscilloscope enables 20HMz bandwidth limit;

Table 3-8 RK3358] peak current table

PowerName Voltage (V) Peak Current (mA)
VCC SYS 5. 16V 1146.00
VDD _ARM 1. 35V 894.80
VDD_LOG 1. 12V 718.20
VCC DDR 1. 52V 577.70
VCC_3V0 2. 94V 75. 50
VCCI1VO 1.01V /
VCC_1V8 1. 81V 185. 80
VDD_1VOQ 1. 0V 12. 7
VCC3VO_PMU 3.0V 9.2
VCCIO_SD 3.0V TBD
VCC SD 3. 0V TBD
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3.3 function interface circuit design guide

3.3.1 memory card circuit

RK3358] provides one SDMMC interface controller which can support SD v3.0 and MMC v4. 51
protocol, as shown in picture 3-25:
® SDMMC controller has a standalone power domain;
® SDMMC reuses with UART2, JTAG etc. Choose the function through SDMMCO DET. Please
refer to 3.1.4 for details;
® SDMMCO VDD is 10 power, and the power supply should be 3.3V from external (SD 2.0
mode) or 3.3V/1.8V adjustable(SD 3.0 mode);

i
I Flace 5DMMCO CLE resister closed to 50C for bette4
] Singnal Quality if long traces, it can ke deleted i
] if traces are short '
i SDMMCO ELF$&TTEE~§HJ._S“;“'_F "
Part H | EEsmemEsTd J%‘z%{if;i; !
' FEESTErURRLEEEFTEE; "
L1000H : '
ARITR 7R ? RO40Z 5% '
SOMMCD_DOUARTZ TX MVGFID :E:A v [EATER ;g,';g: 5 3: 3; = |
SOMMCD_D1/UARTZ R MIVGFIOTYD2 u [ oRis0e =R T RoanE i
SOMMCD D UARTS RNUTAS TCKGRIONDY u FeaTes S TR T ROA0E T i
SOMMCT_D3/UART_THATAG_TMS/GRICIIDE v [7TT Rigin 2R T Rhan: Bl 3 M
SOMMCO_CLKO/UARTS_ CTSTEST CLKOVGRIOTIDE d 718 Risi1 2R T Roan: = i
SOMMCD_CMDVUARTE_RTS/GPIOT 1‘IZt u =— S0 ]
VCCIo2 AL CWGCIO 5D
_| Giste
RK3IIEE] 100nF
KGR
ol B2V

SDMMCO | Coe

Hote:All the Power filter capacitors. should be
placed close to the power pins of CEU

T EEEFREFE LV aEIicruEEE HiLE.

Figure 3-25 RK3358] SDMMC module circuit

SDMMC interface pull up/down and matching design recommendation are shown as below table
3-9.
Table 3-9 RK3358] SDMMC interface design
connection method
internal pull
signal (SDR104 high description(chip side)
up/down
speed mode)
Series 22o0hm
resisto
SDMMC DQ[3:0] pull up
Can delete if the | SD data sending/receiving
line is short
series 22o0hm
SDMMC CLK pull down SD clock sending
resistor
SDMMC _CMD pull up series 220hm
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resistor SD command sending/receiving
can delete if the

line is short

3.3.2 USB circuit

RK3358] has two set of USB 2.0 interface, one supports OTG mode, and the other is HOST.

Part E

L1 ¥E

AATD ~TE O USBZ2.0. desi ules:
USB_OTG DM V1o 5 pAoTE DY B2.0 design rules:
USE_OTG_DF 7z k4 >>u'£§_|3: l.Max intra-pair skew < 4ps;

UE?_T;IEI]IS T EH;;—F{T 2.HMax trace length < Einchs;
- - 3.Max zllowed wia < &:
Lz ¢ SUSE.HOST. DM E.T_race_lrr.pedance :sCIDnIr.+,-"_—lCI%.: )

UEE_HOST DM —rEyz So_Tee LY 5.The distance between other signals
USE_HODST_DF < pAJSE_HOST DR follows the 3W rule:

ASTT midoot 3 z | : ’

UsE_Ralas [———Rii Eﬁf‘—%l :

U1z 140118 1 2 Rostd 1%
USE_AVDD_1VD 77T e s oVeC_ 1D
LISB_AVDD 1VE - _
UEE-:A‘-"D'E':BH"E | WS = CACCIVD_PML

| C1add G1401 Ci1402
A00nF - |- 100nF | 100nF R . . . ;
——¥ER T —XER _l_;gg.p_ Hote:&ll the Power filter capacitors. should be
6.2V B.3Y 6.3 placed close to the power pins of PE30
FAzD ™1 cosof”| cosod| Coanz

Figure 3-26 RK3358] USB 2.0 module

Design notice:

® USB OIG interface is used as system image flashing port by default, so must reserve
interface during design;

- rfUsB.DE
%= USB OTG
S50TG- DM

S5US8_HOST. DP
— ¢ 53SB_HOST_DM

Aﬁ VCCEVI_OTG
[==] o
1 25 2 1l 1 RO40Z BoL 58 OE
R — ReE00 2 am T RO4pe 5% USE DET
L sl (e
CF 7 050
o o= DT - C2501 -
= = GND A s e = v | | TzwF RiEgz | CI500
= | ESDE451 X — 18K = —100nF
ECZ600 i L2501 ESD040Z | EER gn | xR
liz5; ESDE4ET | % % Espeaee \ 10V | Rosaz™| 1ov
USE20_micro ESDO402 i @ BOT_23 - Co402
USB20Micras_MUDE_[IIMGF_T ' !
- 1
il L !
= = 1 = Cj<3pF = = =
OTG_DM 1 z OTG_DM1
I FEE0E 2 rRRGAE B
4 2 FEIEN0
SOR-100MDIF

2 o, 1 LoesaD Change to 040Z is more favorable for SI
OTG_OF J i

OTG_Dei
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USB HOST

Us8_HOST DM 1 2z US8_HOST_DM1

FoEos 4 -ERnen: B
4 3 FBZ501
S0P 100RC

Z2 e LOE03D Change to 040Z is more favorable for 51

US8_HOST DP 1 2 USH_HOST D

FEE0T 4 SRF0A0Z B

VCOCEVD_HOST -
T
[ L PR
U8 HOET DMTZ |7
52 HOGT OF1 3 i A=
- 00 'b
CIE02_| CI504_ -
100nF Z2uF
CO4lr—— cosE o= Lzsidl W e
XER, ¥R, [ESDEI0ZF 1
10V 10 50T 23 = USEZEDD —
USE-HUE_FCRTEA
o USEZ084 USE AF 01_001

Figure 3-27 RK3358] USB connecting socket

® USB ID internal has a 200k pull up resistance which pull up to USB AVDD 1V8, so OTG
is used as Device mode by default;

® USB VBUS(USB DET) is used to detect USB insertion. If a high weltasge-level is
detected, it means there is USB inserted:

R25031 1 % 2 R04 . SHUSB_DET
C2501
R2504 T | 100nF

VBUS

18K C0402
R0O402 _ [ 16V
5% X5R

Figure 3-28 RK3358] USB insert detection

® USB controller config reference resistor tolerance should be within 1% because the
resistor will affect USB amplitude and the eye diagram.

A1 R14001 JS3R 2 R0402 |||.
1% |

Figure 3-29 RK3358] USB controller reference resistor

USB_RBIAS

® In order to avoid capacitor charge—discharge surging shock to the chip, need to
series connect lohm resistor with controller 1.0V/1.8V power.

U12 _ USB AVDD 1V0 R14011 R 5% 2 R0402

USB_AVDD_1V0 R OVCC_1VO
USh AVDD1va |13 USE_AVDD_TVE_Ri4021 Mz ROA02 5\ /cc1vs
USB_AVDD_3V3 OVCC3V0_PMU

Figure 3-30 RK3358] USB controller power surge protection
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® Please put the controller power decoupling capacitor close to the pin to ensure the
USB performance.

® (Consider to reserve a common mode choke in the signal line in order to restrain
electromagnetic radiation. Choose to use the resistor or the common mode choke
according to the actual situation during debugging

R25001 22R5% 2 R0402 OTG DM J

OT6_DIKC H>——t ARA +——oreor—
1. 2 FB2500

'500 T SAAAST GOR-100M

uF 3 =~ 4 L0402D mmm—_

1503 DNF i

Vo e R25021 22R5% 2 R0402 U2500

R OTCDR D) ¢ AR — b o530 |9

i ShT 29 2z

Figure 3-31 RK3358] USB reserved common mode choke

USB 2.0 interface pull up/down and matching design recommendation is shown as table

3-10.
Table 3-10 RK3358] USB2.0 interface design
signal connection method description
USB_OTG DP/DM direct connection
USB OTG input/output
direct
USB OTG ID recognition, Micro—B interface
USB 1D connection(internal
needs to use
with 1.8V pull up)
USB_VBUS USB OTG insert detection
USB PHY config reference resistor, 133ohm
USB RBIAS
groud connection

3.3.3 audio circuit

RK3358] provides 3 set of standard I2S interface. They all support master and slave
mode, max sampling rate up to 192kHz and the bit rate from 16bits to 32bits

® 3.3.3.1 1250

As shown in the picture, I12S0 interface includes independent 8 channels output and 8
channels input. To meet with the asynchronous sampling rate requirement of playback and
recording, bit clock and frame clock also provide 2 set (SCLKTX\LRCKTX, SCLKRX\LRCKRX)
correspondingly. Need to notice that, in the case when SDOx and SDIx only refer to one
set of bit/frame clock, prefer to use SCLKTX\LRCKTX as their common clock.

Need to notice that, the set of I2S interface belongs to VCCI04 power domain,
default set as 1.8V power supply. If I2S peripheral 10 voltage is 3.3V, need to adjust
the power supply and notice to match the voltage with relative I0 in the same power
domain.
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1280_8CH_SDI3/CIF_D5_M1/LCDC_D4_MO/GPIO3_ B0 d g7 O " "™
SPI1_CSNO0/12S0_8CH_SDI2/CIF_D6_M1/LCDC_D5_MO/GPIO3_B1_d [g1g
SPI1_CSN1/LCDC_D6/GPIO3_B2_d [m17¢
1250_8CH_SDI1/LCDC_D7/GPIO3_B3_d [ 15
SPI1_MOSI/1250_8CH_SCLKRX/CIF_D7_M1/LCDC_D8_MO0/GPIO3_B4_d [-&1g
1250_8CH_LCRCKRX/LCDC_D9/GPIO3_B5_d &g
SPI1_MISO/I2S0_8CH_SDO3/CIF_D8_M1/.CDC_D10_MO/GPIO3_B6_d [~517
SPI1_CLK/12S0_8CH_SDO2/CIF_D9_M1/LCDC_D11_MO/GPIO3_B7_d [~a5p "
1280_8CH_SDO1/LCDC_D12/GPI03_C0_d [gp %
12S0_8CH_MCLK/LCDC_D13/GPIO3_C1_d [-&1g TB1704
TDM_FSYNC/LCDC_D14/1250_8CH_LRCKTX/GPIO3_C2_d [&1g TP1703
TDM_SCLK/I12S0_8CH_SCLKTX/LCDC_D15/GPIO3_C3_d [-=1a TP1702
TDM_SDO/I2S0_8CH_SDOO0/LCDC_D16/GPIO3_C4_d [Fa7g
TDM_SDI/1250_8CH_SDI0/LCDC_D17/GPIO3_C5_d | /13 —— 57701

Figure 3-32 RK3358] 12S0 module

1250 interface pull up/down and the matching design recommendation is shown as table

3-11.
Table 3-11 RK3358] 12S0 interface design
internal pull
signal connection method | description(chip side)
up/down
series connection
12S0_8CH_MCLK pull down 12S0 system clock output
22ohm resistor
series connection | I12S0 bit clock(tx, associated with
1250 8CH SCLKTX pull down
220hm resistor SDOx)
12S0 frame clock, used for audio
series connection
1250 8CH_LRCKTX pull down channel selection(TX, associated
22ohm resistor
with SDOx)
series connection
12S0_8CH_SDO0 pull down 12S0 data output channel 0O
22ohm resistor
series connection
1250 8CH_SDO1 pull down 12S0 data output channel 1
22ohm resistor
series connection
12S0_8CH_SD02 pull down 12S0 data output channel 2
22ohm resistor
series connection
12S0_8CH_SDO3 pull down 12S0 data output channel 3
22ohm resistor
series connection | I12S0 bit clock(RX, associated with
1250 8CH_SCLKRX pull down
220hm resistor SDIx)
12S0 frame clock, used for audio
series connection
1250 8CH LRCKRX TFHipull down channel selection(RX, associated
22ohm resistor
with SDIx)
series connection
12S0 _8CH_SDIO NHipull down 12S0 data input channel 0
22ohm resistor
series connection
1250 8CH SDI1 TFHipull down I12S0 data input channel 1
22o0hm resistor
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V1.0
series connection
1250 8CH _SDIZ2 pull down 1250 data input channel 2
22ohm resistor
series connection
1250 8CH_SDI3 pull down 1250 data input channel 3
22ohm resistor

® 3.3.3.2 1251

12S1 supports 2 channels input and 2 channels output.

Part G

Ui000G

[251_2CH_LRCK_THRM/GRIOZ G
[257 2CH SCLK/GRICZ_CZo

1251 2CH  MCLK/GPIO2 C3
[257_2CH_SOOGRICZ_C4
[251-2CH_SOIFCH_SCID_M1/GPI0Z_CS
PDM_CLKI/GPIOZ_CA

FX20

I12S

AR5
d [BETE
I
ol Bk
I [[AATE
2 0 TR
VECIDE wig x CWEC VD
—| G180
100nF
XER
6.3V

™| co4oz

Figure 3-33 RK3358] 12S1 module

12S1EE 0 R A PCEC S i HEFE IR 3- 12 7n. 12S1 interface pull up/down and the

matching design recommendation is shown as table 3—12.
Table 3-12 RK3358] 12S1 interface design

internal pull

signal connection method | description(chip side)
up/down
series connection
12S1 MCLK pull down 12S1 system clock output
22ohm resistor
connection 22ohm
12S1 SCLK FHipull down
resistor 12S1 bit clock

1251 LRCK TXRX

TFHipull down

connection 22ohm

12S1 frame clock, used for audio

resistor channel to select clock
connection 22o0hm

12S1 SDO FHipull down I12S1 data output channel
resistor
series connection

12S1 SDI FHipull down 12S1 data input channel

22ohm resistor

® 3.3.3.3 12582

12S2 supports 2 channels output and 2 channels
connect BT module is default as communication port of Bt call with HFP protocol.

Need to notice that, this set of I2S interface belongs to VCCI04 power domain. When
WIFI/BT module is in SDI03.0 mode, it is set as 1.8V power supply by default. If the
power domain is set as 3.3V power supply, PCM IO relative voltage conversion circuit

input. The PCM interface used to
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needs to be soldered to meet with the voltage matching requirement.

LA LIV MW E13

Oy =
UART5_RXD/I262_2CH_MCLK/LCDC_HSYNC_MO/GPIO3_A1_d [F{3RT7001 2R 5% 2_R0402 ggg K CHG_DET

UART5_TXD/I1252_2CH_SCLK/LCDC_VSYNC_MO/GPIO3_A2_d [E717 T_PCM_CLK
T_PCM_SYNC

UART5_CTS/1282_2CH_LRCK/CIF_D2_M1/LCDC_DEN_MO/GPIO3_A3_d [~&75

LCDC_DO/GPIO3_A4_d [E15

UARTS5_RTS/I2S2_2CH_SDI/CIF_D3_M1/LCDC_D1_MO/GPIO3_A5_d [~&14 BT_PCM_OUT
LCDC_D2/GPIO3_A6 ET6

12S2_2CH_SDO/CIF_D4_M1/LCDC_D3_MO/GPIO3_A7 d 717 gy SYBT_PCM_IN

Figure 3-34 RK3358] 12S2 module

(PHONE_DET

SSMIC_LED_EN

1252 interface pull up/down and matching design recommendation is shown as table 3-13.

Table 3-13 RK3358] 12S2 interface design

internal pull
signal connection method | description(chip side)
up/down

12S2 system clock output
connection 22ohm
1252 2CH_MCLK pull down Not reused as PCM, can be used as
resistor
normal GPIO

1252 2CH_SCLK connection 22ohm | I2S2 bit clock
pull down
PCM_CLK resistor PCM clock
12S2 frame clock, used for audio
1252 2CH_LRCK connection 22ohm
pull down channel to select clock
PCM_SYNC resistor
PCM data frame sync
1252 2CH_SDO connection 22ohm | I2S2 data output channel
pull down
PCM_OUT resistor PCM data output
1252 2CH _SDI connection 22ohm | I2S2 data input channel
pull down
PCM_IN resistor PCM data input

RK3358] provides one set of PDM digital audio interface, which supports 8 channels
PDM format audio input at most, max sampling rate up to 192kHz and bit rate from 16bits
to 32bits.

The I0 reuse is relatively flexible in order to cooperate with RK809-1 to implement
audio loop back input. Need to avoid the same signal being used repeatedly in different
reuse locations.

When use PDM MIC to capture audio, to simplify the firmware processing on the audio
recording data, also suggest use PDM interface for loop back. Therefore in the normal
cases with 6 PDM MIC audio recording and 2 loop back channels at most, just one whole 8-
channel audio recording is enough to complete input, no need for firmware to do the
additional splicing processing

If need to connect 8 channel PDM MIC input, need to use I2S interface as loop back
channel capture and firmware needs to do the additional audio splicing processing to
meet with the algorithm requirement on the data synchronization.

O [LATATT

DM_CLK

DM_SDIN
DM_SDI2
DM_SDI3

PDN_CLKD_MO/LCDC_D18/GPIO3_C6_
PDM_CLK1/LCDC_D19/GPIO3_CT_

0

1

PDM_SDIM/CIF_CLKOOT_M1/LCDC_D20/GPIO3_D

ISP_PRELIGHT_TRIG/PDN_SDIZ/CIF_VSYNC_M1/LCDC_D21/GPIO3_D

1SP_FLASH_TRIGOUT/PDR_SDI3/CIF_HREF_M1/LCOC_D22/GPI03_D2

ISP_FLASH_TRIGIN/POM_SDID_MO/CIF_CLKIN_M1/LCDC_D23/GPI03_D3

ooooo

2
4
)
6
7
&

ojo|ojo|g|c

o

TP1700
O

Figure 3-35 RK3358] 1252 module PDM
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Part G
U1000G
AATE
1251 2CH_LRCK_TXRM/GPICZ C1_d [ BETE
1281-2CH_SCLIKIGPIOZ C2 d [71g
1281_2CH: MCLK/GPIOZ C3 d [v7T5
1251_2CH_SDOWGPIOZ C4 d EATS
I281_2CH_SDI/FON_SDID_M1/GFIOZ_CE_d [T
PDM_CLKNWGPIOZ CH_d
VECIDE wie X CWEC VD
| CiEk
PX20 100nF
XER
LY

| codoz
125 '

Figure 3-36 RK3358] PDM interface
® 3.3.3.4 Codec

RK809-1 built in codec, connecting with RK3358] through I2S interface.

251 SD0
SSPDM_CLKO
VCCEVO_SYS u2100D
Q@
) 33
VCC_SPK_HP 19 -
_| cu: c2134 35 HPL_OUT >
10uF 230F  CPH
- CPN
X5R XER 40  ang
ol 1V 10V HP_SNS £ HP_SHS
cos03, | coap  cep 37
— cPP 41 -
VCC_CPVDD HPR_OUT PR
2135 2 || 1 22 @ 38
I|| codz [ B3IV XER VCC_CPVDD
VCC_CPVSS
2 90 1 35 34
-||| gﬂﬁg H 6.3%;2)”& g VCC_CPVSS SPKN_OUT N
VCC_1P8D L sspkn_ouT
| cot3r 2 || 1 22uF g 48 S
"|| CO40Z || B3V XoR VCC_1P8D 2 [ SPKROU
VCC_1P8A VCC_RIC SPKP_OUT
| co138 2 |1 220 o 44 | Eewerbomain
I|| codz | B3V XER VCC_1P8A
1251 MELK 2 1 16
- RN D002 5% 2 ek
1251 SCLK 2 1 15 43 2] 1 .
- R~ 02 % B Bk MIC1P ol 2| et
1251 LRCK_TXRX 2 1 14
& R ~—RUI2 5% =1 | poik
1251 500 2 1 17
2 B2 . E{gmz 5% 17 | o,
251 501 2 1 18 42 2 97 1 o
- REIZR A~ EFE“”Q % 1 SDO/PDMDATA MICN + gﬂ‘u‘g H XB;{””G”EV £ MC2 N
POM _CLKO 19 cos_| 2148 '
PDMCLK | 27k 7| 2mpF
=—C0G C0G
RKS081 ol BV | sov

0402 co402

Figure 3-37 RK809-1 codec circuit

Codec outputs HPSNS as internal offset reference and needs to connect with GND on
the headphone socket in layout to reduce the voltage difference from headphone GND. If
codec GND and headphone GNS are on the same whole GND plane and components layout are
close, then can directly connect to GND plane.
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J7100
PJ-3510
6 __PJ5 D3R50 PJ3510
5
HPR v
R7100 1K 1 2 RO402 5% 4
e CT100 e T T RT 2 02 g ¥ h A
| foonr  HP-SNSKE _ _ ORL % =
X5R
o 18V R7102
C0402 22R EDT100 EDT101 ED7102

12

.|| 2

Co402

ESD5451N x
g o~

ESD5451 ESD5451N
ESD0402 ESD0402
o

Figure 3-38 RK3358] headphone circuit

Codec builds in a mono filterless speaker driving circuit which can provide

1. 3W@8ohm driver strength for low power single audio channel to save the cost. When

using the built-in amplifier, suggest loop back circuit as below, output differential

loop back signal after voltage dividing and filtering to RK809-1 audio ADC interface and

then transfer back to RK3358] through PDM/I2S interface after RKS809-1 completes A/D

conversion.

Here RK809-1 is default set as PDM interface communicating with RK3358] based on the
case of using PDM MIC as described in PDM interface part

FETO00
E00F-100M
LOG03
© EDDmA
SPHN. LTS ZEid <
_| croos
BE0pF
——CO0G
By
| ™| oz P
= -
G008 <
™| BB0pF JT001
——C0G COMZM_1X2_3RD0_V_F_DIF
. :]_Eﬁv R1210
EENE o e G402
SPHF_OUT3 A .
GO0R-100M
LOGD3
E00mA
P

® 3.3.3.5 MIC

MIC circuit is shown as picture 3-40. Please select appropriate divider resistance

Figure 3-39 RK3358] speaker circuit

R7105 and R7106 according to the electret microphone specification.

If using analog interface MEMS MIC, please refer to detailed recommended design

circuit.

If using digital interface MEMS MIC, as picture 3-41, directly connect to RK3358]

1250.
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Microphone

VCC3V0_PMUO R71041 W 2 R0402

_| €703 _
1uF
Co402 gﬂ?mﬁ

22K

ol 10V .
X5R RO402
5% MICT7100

= MIC-4020

2

MICT_INCZ e
~| 100pF 1
T oo >
™~ sov

MICZ_INCE *

— —

EDT103 EDT104

ESD5451 ESD5451M%, RT106
ESD0402 ESDO0402 22K

=

RO402

o4 o 0%

Lz

Figure 3-40 RK3358] MIC circuit

e LS VIR IS S 1 G A IV I T TS DT I M

LCDC_D2/GPIO3_A6_d
LCDC_D3_M0/I2S2_2CH_SDO/CIF_D4_M1/GPIO3_A7_d
LCDC_D4_MO0/12S0_8CH_SDI3/CIF_D5_M1/GPIO3_B0_d

cDC_D5_MO0/12S0_8CH_SDI2/CIF_D6_M1/SPI1_CSNO/GPIO3_B1_d
LCDC_D6/SPI1_CSN1/GPIO3_B2_d
LCDC_D7/12S0_8CH_SDI1/GPIO3_B3_d
>_D8_MO0/I2S0_8CH_SCLKRX/CIF_D7_M1/SPI1_MOSI/GPIO3_B4_d
'CDC_D9_M0/12S0_8CH_LRCKRX/GPIO3_B5_d
)C_D10_M0/12S0_8CH_SDO3/CIF_D8 O/GPIO3_B6 d

12S0_8CH_LRCKTX/PWM4/TDM_LRCRIo% TC/GPIO3_C2_d
LCDC_D15/12S0_8CH_SCLKTX/PWM5/TDM_SCLK/GPIO3_C3_d
>_D16/12S0_8CH_SDO0/PWM&/TDM_SDO/TDM_SDO/GPIO3_C4_d
>DC_D17/12S0_8CH_SDIO/PWM7/TDM_SDI/TDM_SDI/GPIO3_C5_d
LCDC_D18/PDM_CLKO_MO/CIF_D10_M1/GPIO3_C6_d
LCDC_D19/PDM_CLK1/CIF_D11_M1/GPIO3_C7_d
LCDC_D20/PDM_SDI1/CIF_CLKOUT_M1/GPIO3_D0_d
21/PDM_SDI2/CIF_VSYNC_M1/ISP_PRELIGHT _TRIG/GPIO3_D1_d
)22/PDM_SDI3/CIF_HREF_M1/ISP_FLASH_TRIGOUT/GPIO3_D2_d
3/PDM_SDIO_MO/CIF_CLKIN_M1/1SP_FLASH_TRIGIN/GPIO3_D3_d

Figure 3-41 RK3358] 1250
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3.3.4 video circuit

RK3358] builds in a video controller which supports RGB/LVDS/MIPI DSI video output
modes.

Part M

=1
o

I design rules:

Max intra-pair skew < dps:

Moy length skew betwesn clk and data < Tps:
Max trace length < 7.2inchs:

Max allowed via < 4
.Tza
.The
fol.

ce impedance Lllchm+/-10%:
distance between other signals
lows the IW rule:

TON s b

LCDC HEYMC MOIZEZ 2CH &
LCDC WEYMC MNIESE 20H
LCDC DEM MOVIZEZ 3CH U

LCDC D4 MMOVLE
LCDC D5 MVIEED 3CH SO0
LCDC D MOVIZED 20H SCLERX

LCDC D10 MOVIZED S0
LCDC D11 MOAZED 2

e e m e ———————— b ]
[l i Hote:Pin F11/F1Z/E1Z do not require ]
power supply in BEB/GFIO mode. "
- " o1 F o ]
) i T = gty
L] e P '
e p o —————— 1
T T T e pi §
I R R e L s
T I T | =
B H By
T Ta T

Figure 3-42 RK3358] video output interface

® 3.3.4.1 LVDS/MIPI mode

LVDS/MIPI uses the same controller which is reused with some of RGB pin. When use
LVDS/MIPI output, firmware needs to config the corresponding output mode.

LVDS THOWMIPI T¥ DON/LCDC D11 WA E}? o COC_D1_MALVDS_TXONMIPI_TX_DOH
LVDS_TXOP/MIPI_TX_DOP/LCDC_D&_M1 [EHE AL COC_D8_MULVDS_TXOP/MIPI_TX_DOP
LVDS TXANMIPI TX_DANACDC D1 M1 5Tg A COC_D1_MULVDS _TXANMIPI_TX_D1H

LVDS_TX1P/MIPI_TX_D1R/LCDC_D10_M1 g A COC_ D0 MLVDS _TXAPMIPLTX_D1P

LVDS_CLKN/MIPI_TX_CLKN/LCDC_D4 M1 —A1Z >oLCOC D4 MAVDS_CLKHMIPL_TX CLKH
LVDS_CLKP/MIPI_TX CLKP/LCDC D3 M1 73 L COC D3 MAAVDS _CLKPMIPL TX CLKP
LVDS_TRZN/MIPI_TX_D2N/LCDC_WSYNC M1 573 A COC_VSYHC_MILVDS _TX2HN/MIPT_TX_D2N
LVDS_TX2P/MIPI_TX_D2P/LCDC D& M1 g1z S COC_D5 MAANVDS_TX2PMIPL_TX_D2P
LVDS_TX3N/MIPI_TX_D3NLCDC_HSYNC_M1 517 A COC_HSYHC_MALVDS _TX3NMIPI_TX_D3N
VD S—TKEP;MlplﬁTE;,qu'flTE:ECnTEENnM 1 D79 [COC CLRICPI0S A0 3 ~A COC_DEN_MALVDS TXIRMIPIL_TX_D3P

Figure 3-43 RK3358] LVDS/MIPI interface

Notices for design:

B LVDS controller reference resistor R1719 tolerance should be within 1% as the
resister will affect the quality of eye diagram signal. The resistor is not
needed in MIPI/RGB mode

612 1 2
WDS_REmsi RIT19 1 2K .2 ROADD 1% ||I

[ ]
Figure 3-44 RK3358] LVDS controller reference resistor

B In order to avoid capacitor charge—discharge surging shock to the chip, need to
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series connect lohm resistor with LVDS/MIPI controller 1.0V/1.8V power. No need

_.}puggpplx_Pgwer for the 3 set of power in RGB mQQQ

, Giz RiTiZ L, 2. 2 RO40Z4% || =TT T
LVDS_REIAS A " | Note:Pin Fll
: power supply i
. Fil "~ MIP[_DSI_VCCA_ivb Ri725 1R 1 2 pésoz i
MIP|_BSI_VG FIr—TF Do Ce T R IR T Y T REB T e
WIP_DSI_V ETZ i
MIPIZDS L NCCIVO_PMU
D12 s poup 2o TRNBRE S mm === mmm=mm—m———-
TI701 | CITeE 08 T Ros0z 2 ¥R TRITE cuscavs el
—| ioonF —| foonF = 10onF -
Lxer Lwm LR
e v g3
o] Ghitae] Coinz | coin

Figure 3-45 RK3358] video output interface

B Put the controller power decoupling capacitor close to the pin to ensure the

working stability.

® 3.3.4.2 RGB mode

RK3358] supports 24 bit RGB output. When using RGB output, firmware needs to config

the corresponding output mode

U100an

LVDS_TXOM/MIP_TX_DON/LCDC_D11_M1
LVDS_TXOP/MIPL_TX_DOP/LCDC_D&_M1

LVDS TX1N/MIPI"TX_D1N/LCDC_D1_MA
LVDS_TX1PMIPL_TX_D1P/ILCDC_D10_M1
LVDS_CLKN/MIP|_TX_CLKN/LCDC_D4_MA

LVDS_ CLKP/MIP_TX_CLKP/LCDC_D3_M1

LVDS_TXZN/MIP| TX_D2N/LCDC_VSYNC_M1
CVDS_TX2PIMIBL_TX_D2P/ILCDC_DS_M1

LVDS_TX3N/MIPL TX_D3N/LCDC_HSYNC_M4
LVDS_TX3P/MIPL_TX_D3P/ILCDC_DEN_M1

LCOC_ CLK/GPID3_AD_d
LCDC_HSYNC_M0/252_2CH_MCLK/CIF_DO_M1/UARTS_RX/GPIO3_A1_d
LCDC_VSYNC_MO/2SZ_ 2CH_SCLK/CIF_D1_M1/UARTS_TX/GPIO3_AZ d
LCOC_DEN_M0/252_2CH_LRCK/CIF_D2_WM1/UARTS_CTS/GPIO3_A3_d
LCDC_DO/GPIO3_A4_d
LCDC_D1_M0/252_2CH_SDUCIF_D3_M1/UARTS_RTS/GPIO3_AS_d
LCDC_D2/GPIO3_AG_d

LCDC_D3: MO/I2S2_2CH_SDOICIF_D4_M1/GPIO3 AT d
LCDC_D4_MO/2S0_8CH_SDI3/CIF_DS_M1/GPIO3_B0_d
LCDC_DS_MO/2S0_8CH_SDI2CIF_D6_M1/SPIA_CSNO/GPIO3_B1_d
LCDC_DE/SPH_CSN1/GPIO3_BZ_d
LCDC_D7/2S0_8CH_SDH/GPIO3_BI_d
LCDC_D&_MO/250_8CH_SCLKRX/CIF_D7_M1/SPH_MOSUGPIO3 B4 _d
LCDC_D9_M0/2S0_8CH_LRCKRX/GPIO3_BS_d
LCDC_D10_M0/A250_8CH_SDOCIF_D& M1/SPH_MISO/GPIO3_BE_d
LCDC_D11_M0A2S0._8CH_SDO2/CIF_D3_M1/SPI1 CLK/GPIO3_B7_d
LCDC_D12/1250_8CH_SDO1/GPIO3_C0_d
LCDC_D13/2S0_8CH_MCLK/GPIO3_C1_d
LCDC_D14A250_8CH_LRCKTX/PWM4TDM_LRCK/TDM_FSYNC/GPIO3_C2_d
LCDC_D15/250_8CH_SCLKTX/PWMS/TDM_SCLK/GPIO3_C3_d
LCDC_D16/250_8CH_SDOO/PWMETDM_SDO/TDM_SDOIGPIO3 C4_d
LCDC_D17AZ50_8CH_SDIO/PWM7/TDM_SDUTDM_SDUGPIO3_C5_d
LCDC_D1&/PDM_CLKO_MT/CIF_D10_M1/GPIO3_CE_d
LCDC_D19/PDM_CLK1/CIF_D11_M1/GPIO3_C7_d
LCDC_D20/PDM_SDN/CIF_CLKOUT_M1/GPIO3_DO_d
LCDC_D21/PDM_SDI2/ICIF_VSYNC_M1ASP_PRELIGHT_TRIG/GPIO3_D1_d
LCDC_D22/PDM_SDI3/CIF_HREF_M1/ISP_FLASH: TRIGOUT/GPIO3_D2 _d
LCDC_D23/PDM_SDI0_MO/CF_CLKIN_M1/5P_FLASH_TRIGIN/GPIO3 D3 _d

LvDS_RBIAS

Figure 3-46 RK3358] MIPI DSIO module
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ETE ot
12 ot
ETe >>L
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17 ot
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B VWhen using RGB888 24 bit panel, the signal corresponding relationship is as

below:
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Correspondence between LCDC DATA and RGE
LCDC_DO BO LCDC D12 G4
LCDC D1 Bl LCDC D13 G5
LCDC_ D2 B2 LCDC D14 G6
LCDC_D3 B3 LCDC_D15 G7
LCDC D4 B4 LCDC D16 RO
LCDC D5 BS LCDC_D17 R1
LCDC_D6 B6 LCDC D18 R2
LCDC D7 B7 LCDC D19 R3
LCDC D8 GO LCDC D20 R4
LCDC_D9 Gl LCDC D21 R5
LCDC_D10 G2 LCDC D22 R6
LCDC D11 G3 LCDC D23 R7

Figure 3-47 RK3358] 24 bit connection method

B Vhen using RGB666 18 bit panel, only needs to connect LCDC DO-D17 data signal.
The corresponding relationship is as below:

Correspondence between LCDC DATA and RGE
LCDC DO B2 LCDC_D9 G5 |
Lcnc:91 B3 LCDC D10 Go
L.OCDE D2 B4 LCDC D11 G7
LEDc:DB BS LCDC_D12 RZ2
LCDC_D4 B6 LCDC_D13 R3
LCDC_D5 B7 LCDC D14 R4
LCDC Do G2 LCDC D15 RS
LCDC_D7 G3 LCDC Dl Ré&
LCDC_D8 G4 LCDC D17 R7

Figure 3-48 RK3358] 18 bit connection method

[ | RGB signals including LCDC D5/D8/D10 etc. have two reuse relationships MO and
M1 which can be configured flexibly. But for the actual product design, suggest
use Ml pin. Because the pin is on the edge of the chip, it is convenient to
layout no matter for double layers board or four layers board.
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LVDS_ TXON/MIPL TX._ DON/LCDC_ D11l
LVDS_TXOP/MIPT_TX_DOP/LCDC_D§
LVDS_TX1N/MIPI_TX_DAN/LCDC_D

LVDS_TX1P/MIPI_TX_D1P/ILCDC_D

LVDS_CLKN/MIP| TX_CLKN/LCDC_[O

LWDS_TRZMMIPI_TX_DZN/LCDC_VSYH
LVDS _THX2P/MIPI_TX_D2P/LCDC_D

LvDS_Tx3P/MIPI_TX_D3P/LCDC_DEN

LCDC CLK/GPIO3 A
LCDC_HSYNC_M0/12S2_2CH_MCLK/CIF_DO0_M1/UARTS_RX/GPIO3_A1_
LCDC VSYNC M0/252 2CH SCLK/CIF_ D1 MA/UARTS TX/GPIOT A2
LCDC_DEN_M0/A252 CH L RCK/CIF_D2_WM1/UART5 CTS/GPIO3_A3
LCDC_DO/GPIO3_A4

LCDC_D1-_M0/2S2_ 2CH_SDICIF_D3_M1/UARTS RTS/GPIO3_AS
LCDC_D2/GPIO3_A6
LCDC_D3_M0/1252_2CH_SDO/CIF_D4_M1/GPIO3_AT
LCDC_D4_M0/1250_8CH_SDI3/CIF_D5_M1/GPIO3 B0

2

3

DT9_LCOC_CLKIGPI03 AT d
ET3

M
—
(&%

M
—
(S |

m
—
-]

LCDC_D5_M0/12S0_8CH_SDI2/CIF_D6_M1/SPT_CSNO/GPIO3_B1
LCDC_D6/SPI1_CSN1/GPIO3 B

LCDC_D77280_8CH_SDI1/GPIO3 B
LCDC_D8_M0/12S0_8CH_SCLKRX/CIF_D7_M1/SPI1_MOSI/GPIO3_B4_
[CDC_D9_M0712S0_8CH_LRCKRX/GPIO3_B5 d g
LCDC_D10_MO0/1280_8CH_SDO3/CIF_D8_M1/SPI1_MISO/GPIO3_B6_d [oi7—

° LCDC_D11_M0/280_8CH_SDO2/CIF_DS_M1/SP_CLK/GPIO3_B7_d [Azy—
1o AN o0 ORymEA T2 TN oA

Figure 3-49 RK3358] LCDC MO&M1 reuse pin

m
—
o

]
il
-]

d
d
d
d
d
d ET6
d
d
d
d
d
d

[
-
o

Ny S O0CE

LGOS [

L LOGE_Nd

. ¥ LEDE

[ANEH
j.LOC_D LCOC_Df

LCOC g
- g LCOC

LCO RY1 ' LCOC 0N

LCORST

e q
= i A G

Figure 3-50 RK3358) LCDC M1 pin fan out
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3.3.5 camera circuit
® 3.3.5.1 USB CAMERA
Please refer to chapter 3.3.2 USB design method for USB CAMERA.

® 3.3.5.2 MIPI CSI

RK3358] has one MIPI-CSI input interface with built—in ISP processor.

Part D

MO R EE R R
B

Hote:hll the Power filter capacitors should be
placed clos= to the power pins of FX30

MIPI C5I

Figure 3-51 MIPI-CSI module
Notices for design:
B The controller reference resistor R1600 tolerance should be within 1% as the
resistance will affect the quality of eye diagram signal.

o)
MIPI_CSI_RBIASl U1l R1600 1 2K. 1% 2 R0402 I|I

Figure 3-52 RK3358] MIPI-CSI controller reference resistor

[ | In order to avoid capacitor charge—discharge surging shock to the chip, need to
series connect lohm resistor with MIPI-CSI controller’s power.

AVDD1VO_MIPI_CSI

0,
MIPI_CSI_AVDD_1V0 Us R16011 1R . 5% 2 R0402 OVCC_1V0

mAonn
Figure 3-53 RK3358] video output interface

B Please put the controller power decoupling capacitor close to the pin to ensure
the MIPI-CSI performance

® 3.3.5.3 CIF CAMERA

The CIF interface power domain is VCCIO3 power supply. In the actual product design,
need to select the corresponding power supply according to the product camera actual I0
power supply requirement (1.8V or 2.8V) and keep I2C pull up voltage level same as it,
otherwise it will make camera working abnormally or can not work.
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Part B
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Hote:hll the Power filter capacitor hould b
CI F;"{RI“III _:1::ed. :1':;:: t-:v:.'.".c ;:E: _::;'.: ;E F;’.E? o

Figure 3-54 RK3358] CIF module

3.3.6 RMII circuit

RMII reuses with CIF, can config 100M Ethernet PHY and implement 100M internet function.
For 100M Ethernet design please refer to the design document from PHY vendor. PHY working
clock can be provided by an external crystal or the MAC CLK pin.

RMII REF CLK direction

R6508 1 DN 2 R0402 I“,
J <Tolérance> |
RMI_CLK CTL R6506) 2 47K. 1 R04028% ycc rwmil

Pull Low for RMII REF CLK Output mode
Pull High for RMII REF CLK Input mode
Figure 3-55 RK3358] RMII CLK selection

3.3.7 ADC circuit

RK3358] uses SARADC ADC IN2 as keyboad input port and reuses it as RECOVERY mode (no
need to upgrade LOADER), as shown in the follow picture. When system already flashes image,
pull down ADKEY IN to make ADC _IN2 keep OV during system bootup, and then RK3358] enters
Rockusb flashing mode. When PC recognizes USB device, release the button to recover ADC IN2
back to high voltage (1.8V), and then can start image flashing.

RK3358] SARADC sampling range is 0-1.8V and the sampling precision is 10 bits. Button
array type is parallel and the input key value can be adjusted by increasing/decreasing
button and adjusting divider resistance ratio to accomplish multikey input to meet with the
customer product requirements. Suggest any two buttom key values must be bigger than +/-35,
that means the central voltage difference must be bigger than 123mV.
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Part F
U1000F
V14 ADCO HW D 15 0.5
ADC_IMD e —— - (P50 TF_0.5
ADCTINT TS e e
ADC_INZ {H._,-uz_'\:"r_“"l

did CNCC_IVE

ADC_ANDD_1VE =
| 100nF
Fal YER

[ &

™| cosgz

Hote:All the Power filter capacitors. should be
placed close to the power pins of PX30

Figure 3-56 RK3358] SAR-ADC module

3.3.8 SDIO/UART circuit

RK3358] supports WIFI/BT module with SDIO 3.0 interface as shown in the picture 3-56.
When using WIFI/BT modules with SDIO and UART interfaces, please note that RK3358] SDIO and
UART controller power supply must keep same as the I0 voltage level of the module

Part K
U1000K
120 _
UART1_RX/GPIO1_CO_u [gap CUART1_RXD
UARTT_TX/GPIOT C1 u R SSUART1TXD
UART1_CTS/GPIOT_CZ_u A CUARTTCTS
UART1_RTS/GPIO1_C3u SUARTY RTS
H19 Y=~ &5 o0 r=-=--- pa T ettt
SDMMC1_CMDI/GPIO!_C4_u g+l 228 s o D002 Sk << )8DI0 cHD !
y_ RIG)1_20R R0402_ 5% A
SDMMCA_DO/GPIO1_C6_u SN > ¢ SS0I0D0 g
- _CB u 9 Rig03_20R 7 RO402_5% SnoD
SDMMC1_D1/GPIOT_C7_u BT A 5 ¢ SSspioo1
Ri804 22R RO402 5% =
SDMMC1_D2/GPIO1 DO U [J19 + s 20k T 7 Roa02 &% < s bz
SDMMCA_D3/GPIO1_D1_u ; . A 3 ¢ ShenloD: |
: Resistance, SDIO CLK near the source :
----------------------------------l
veoiot 2 OVCC_3V0
_| c1aot
PX30 100nF
——XER
ol BV
SDMMC1 /UART1 “Lcow

Note:All the Power filter capacitors should ke

placed close to the power pins of PX30

Figure 3-57 RK3358] SDIO/UART module
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3.3.8.1 SDIO

The SDIO interface pull up/down and the matching design recommendation is shown as

table 3-14.
Table 3-14 RK3358] SDIO interface design
internal pull
signal connection method | description(chip side)
up/down
connection 22ohm
SDIO DQn[0:3] pull up resistordelete if | SDIO data sending/receiving
the line is short
series connection
SDIO_CLK pull down SDIO clock sending
22ohm resistor
connection  22ohm
SDIO_CMD pull down resistordelete if | SDIO command sending/receiving
the line is short

3.3.8.2 UART

The UART interface pull up/down and the matching design recommendation is shown as

table 3-15.
Table 3-15 RK3358] UART interface design

internal pull
signal connection method | description(chip side)

up/down
UART1 RX pull up direct connection | UARTI data input
UART1 TX pull up direct connection | UART1 data output
UART1 CTSn pull up direct connection | UART1 permission sending signal
UART1 RTSn pull up direct connection | UART request sending signal

U UART Debug circuit

RK3358] debug UART2 is reused with SDMMC interface

board to convert UART to USB for debugging

You can connect external conversion

sed for T debug,please place together H
! |
) TP9100TPS101 i
) O O TP9102 g 49100
] @] g TE:CKT01-000D
[ TF9_CKT01_009D
L2 & 3 A 31 B % B 1 B 1§ B § B & & .} B . ;B } B} ;B 1 &R} J§ .}
SDMMCO_D2 % DATAZ
SDMMCO_D3 < CD/DATA3
SDMMCO_CMD! = cMD
% VCC_SDO g VDD
SDMMCO_CLK & CLK
VSS
ag:.mc:c_g? §< g DATAD
SDMMCO_ DATA1
SDMMCO_DETk RI1001 2R 5% 2 RO40Z, o cp
- - - - - - - 1 o
EDS106 ESD5341N ESD0402 12| &2
ED9105 ESD5341N ESD0402 13 gj
ED9104 ESD5341N ESD0402
ED9103 ESD5341N ESD0402 e
ED9102 ESD5341N ESD0402 =

Figure 3-58 RK3358] UARTZ2
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Please select the PC port which connected with the development board, select 1.5M for

baud rate and no need to select flow control RTS/CTS.

Session Options - serial-com3 X
Category:
+ Connection Serial Options
Logon Actions
Serial The port may be manually entered or selected from the list.
~ Terminal =
« Emulation COM3 USB Serial Port
Modes Baud rate: 1500000 | Flow control
Emacs []
DTR/DSR
Mapped Keys Data bits: 8 v
Advanced [|RTS/CTS
v Appearance Parity: None i [ ] XON/XOFF
ANSI Color . z >
Window 0p bits:
Log File
Printing
XY /Zmodem

Serial break length: [100 2| milliseconds

-

Figure 3-59 RK3358] serial port config
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4 Thermal design suggestion

4.1 thermal simulation result

Aiming at RK3358] TFBGA395L package, based on JEDEC standard PCB, use finite element
modeling to get the thermal resistance simulation report. This report is achieved based on
JEDEC JESD51-2 standard, but the system design and environment may be different from JEDEC
JESD51-2 standard, need to analyze according to the application condition.

A note

Thermal resistance is the reference value when there is no heat sink on PCB. The detailed temperature is
related with the single board’ s design, size, thickness, material and other physical factors.

4.1.1 result overview

The thermal resistance simulation result is as below:
Table 4-1 RK3358] thermal resistance simulation result

Package . . ]
7] C 7] C (7 C

(EHS-FCBGA) 7aCC/W) 18 (°C/W) 1c(CC/W)
PCB 26.9 NA 8.2

4.1.2 PCB description

The PCB structure of the thermal resistance simulation is shown as below table:
Table 4-2 RK3358] PCB structure of thermal resistance simulation

PCB Dimension (L x W) 114.3 x 101. 5mm
PCB PCB Thickness 1. 6mm
Number of Cu Layer 4-layers

4.1.3 term interpretation

The terms of this chapter are as below:

® T;: The maximum junction temperature;

Ta: The ambient or environment temperature;

Tc: The maximum compound surface temperature;

Te: The maximum surface temperature of PCB bottom;

[ J
([
([
® P: Total input power

The thermal parameter can be define as following

1. Junction to ambient thermal resistance, 614, defined as:

TC T;\
T,-T —
O = JP 4. (1) B iTT

Thermal Dissipation of EHS-FCBGA

Figure 4-1 © JA definition
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2. Junction to case thermal resistance, 8;c, defined as:

Ir-T
Orc= ;P < ; (2)

Attach a block with constant

temperature onto package.

Figure 4-2 © JC definition

3. Junction to board thermal resistance, 8,5, defined as:

I;-T
O = JP £ ; f3)

Attach a block with tonstaﬂf\‘“

temperature

Figure 4-3 6 JB definition

4.2 thermal control method inside the chip

4.2.1 thermal control strategy

linux Generic Thermal System Drivers, In linux kernel, it defines one set of thermal
control frame linux Generic Thermal System Drivers. It can control the system temperature
through different strategies. Currently below 3 strategies are commonly used:
® Power allocator: Introduce PID (percentage-integral-differential) control to
dynamically allocate power for modules according to current temperature, and convert
power to frequency, so as to achieve the effect of limiting the frequency according
to temperature.
® Step wise : Limit the frequency step by step according to current temperature.
® Userspace: Do not limit frequency
RK3358] uses T-sensor inside the chip to detect the internal temperature. Use
Power allocator strategy by default and there are several working status as below:
® when the temperature is over the set value:
B temperature tendency goes up, start to decrease frequency
B temperature tendency goes down, start to increase frequency
® when the temperature decreases to the set value:
B temperature tendency goes up, keep the frequency unchanged;
B temperature tendency goes down, start to increase frequency;
® VWhen the frequency increases to the max, but the temperature is still under the set
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value, CPU frequency is not controlled by thermal and will be adjusted by system
loading.

® [f the temperature is still too high after decreasing frequency (such as poor heat
dissipation), firmware will trigger restart when over 95 degrees. If fail to restart
due to deadlock or other reasons, when the chip temperature over 100 degrees, it
will trigger otp out inside the chip for PMIC to power off directly. Please refer to
chapter 3.2.5.1 for detailed operations.

Note

Temperature tendency is achieved by comparing the two values captured adjacently. When the device
temperature 1s not over the threshold value, capture the temperature every I second,; when the device
temperature 1s over the threshold value, capture the temperature every 20 ms and limit the frequency.

4.2.2 temperature control config

RK3358] SDK provides separate thermal control strategies for CPU and GPU. Please refer
to {Rockchip thermal development guide) for detailed config.
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5 ESD/EMI protection design

5.1 overview

This chapter provides ESD/EMI protection design suggestion for RK3358] product design
to help customers to improve the anti-static and anti—electromagnetic interference ability
of the product.

5.2 term interpretation

the terms of this chapter are explained as below:

® C[Llectro-Static discharge (ESD):

® F[Flectromagnetic Interference (EMI): electromagnetic interference, including
conduction interference and radiation interference

5.3 ESD protection

® cnsure reasonable mold design; reserve anti ESD component for port and connectors.

® protect and isolate the sensitive components in PCB layout.

® Try best to put RK3358] and core components in the center of PCB layout. If not able
to put them in the center, need to ensure that the shielding cover has 2mm at least
distance from the board edge and is connected to GND safely.

® PCB layout should consider function module and signal flow direction, sensitive
components should be mutually independent, and it is better to isolate the areas
that are easy to interference

® Place ESD components reasonably. Generally place at the source, that is, place ESD
components in the junction or electrostatic discharge

® Components layout should be away from the board edge and hav some distance from the
connectors.

® PCB surface must have good GND loop and all connectors need to have good GND
connection loop on the surface layer. Shielding cover should try best to connect
with the surface layer GND and make as many ground holes as possible in the
soldering place to connect with GND. In order to achieve this, it is required that
the connecting parts should not go through the surface, and there should not be a
wide range of cutting off the copper surface in layout.

® Do not go through the surface layer edge and make as many ground holes as possible.

® JIsolate signal from ground if necessary.

® Expose copper as much as possible to enhance the electrostatic discharging effect or
make it convenient to add remedial measures such as foam.

5.4 EMI protection

® The electromagnetic interference has three factors: interference source, coupling
channel and sensitive devices. We cannot deal with sensitive devices, so need to
handle EMI from interference source and coupling channel. The best way to resolve
EMI issues is to eliminate the interference source. If cannot eliminate, try to cut
off coupling channel or avoid antenna effect

® [t is difficult to eliminate the interference source on PCB. We can take actions
such as filtering, grouding, balancing, resistance controlling, improving signal
quality (e.g. termination connection) etc. Generally several methods will be applied
together, but the basic requirement is good grouding

® The commonly used EMI material include shielding cover, special filter, resistor,
capacitor, inductor, magnetic bead, common mode choke/magnetic ring, wave—absorbing
material, spread spectrum component etc.
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The principle to select filter: if the loading (receiver) is high resistance (normal
single port signal interface is high resistance, such as SDIO, RBG, CIF etc.),
select capacitive filter component and parallel connect to the circuit; if the
loading (receiver) is low resistance (such as power output interface), select
inductive filter component and series connect to the circuit. If using filter
component, should ensure the signal quality within its SI permission range.
Differential interface usually uses common mode choke to suppress EMI.

The shielding measures on PCB should have good grounding, otherwise it will cause

radiation leakage or form antenna effect. The shielding of connectors should conform

with the relative technical standard

RK3358] spread spectrum function is used per modules. The degree of the spread

spectrum is defined according to the signal requirement of the relative parts

Detailed measures refer to RK3358] spread spectrum description.

EMI has the same high requirement as ESD on layout. The ESD Layout requirements

described above are mostly suitable for EMI protection. Besides, add below

requirement.

B Try best to ensure the signal integrality.

B Differential line should have equal length and be tight coupling to ensure the
symmetry of the differential signal, in order to reduce the differential signal
malposition and clock, to avoid converting to the common mode signal which will
cause EMI issues.

B Components with metal shell such as plug—in electrolytic capacitors should avoid
coupling interference signals to radiate. Also need to avoid component
interference signals coupling from the shell to other signal lines
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