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Preface

Overview

This document mainly describes the key points of hardware design and notices for RK3326
processor, aiming to help RK 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 RK Schematic&PCB checklist requirements.

Chip Type
The corresponding chip type is RK3326 in this document.

Applicable Object

This document is mainly suitable for below:

® Product hardware development engineers
® Field application engineers

® Test engineers
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Revision History

The revision history accumulates instructions for each update of the document and the
latest version contains updates of all previous versions.

. Revision . . —
Version | Author eDasteo Revision Description Remark
V1.0 Linus.Lin 2018.08.06 | The initial version release
2.3.6 Modify to use "ADC_IN2 of SARADC as the
sampling port” instead of "ADC_IN1 of SARADC as
V1.1 Linus.Lin 2018.11.29 the sampling port”.
Table 2-3 modify FLASH_VOLSEL description in
initialization configuration.
2.2.2.3 Modify CPU voltage drop range to 60mV
V1.2 Linus.Lin 2019.06.18

2.2.2.3 Modify GPU/LOGIC voltage drop range to
60mVv




Rackchip ximF

Rev 1.2

Acronym

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

DDR Double Data Rate WU B[R]0 S A BN AT 2%
eMMC Embedded Multi Media Card W R 2 AR

GPU Graphics Processing Unit BT Ab 2 2%

HDMI High Definition Multimedia Interface R T RE 2 AR 1

12C Inter-Integrated Circuit B R (P A A AR AT I TR 2R)
JTAG Joint Test Action Group %i{ﬂf;ﬁégﬁiﬁi%%z;ﬁFﬂ/ﬁ{ﬁ{ﬂlﬂﬁﬁ
LDO Low Drop Out Linear Regulator RIS Z L AR L &

LVDS Low-Voltage Differential Signaling KHEZEMES

MIPI Mobile Industry Processor Interface Feshrm b abHE 2 O

PMIC Power Management IC FL Y R

PMU Power Management Unit FLIR B HL T

Rockchip Rockchip Electronics Co.,Ltd. St OB L A A R A 7]

SD Card Secure Digital Memory Card AR

SDIO Secure Digital Input and Output Card e (G2 IR S

SDMMC Secure Digital Multi Media Card BT 2B R

SPI Serial Peripheral Interface HFATAMR R

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

usB Universal Serial Bus WA FAT B
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1 Introduction

1.1 Overview

RK3326 is a high-performance Quad-core application processor designed for personal
tablet and smart audio device.

Many embedded powerful hardware engines are provided to optimize performance for
high-end application. RK3326 supports almost full-format H.264 decoder by 1080p@60fps,
H.265 decoder by 1080p@60fps, also support H.264 encoder by 1080p@30fps, high-quality
JPEG encoder/decoder.

Embedded ARM G31-2EE GPU makes RK3326 completely compatible with OpenGL ES
1.1/2.0/3.2, DirectX 11 FL9_3, OpenCL 2.0 and Vulkan 1.0. Special 2D hardware engine will
maximize display performance and provide very smoothly operation.

RK3326 has high-performance external memory interface (DDR3/DDR3L/DDR4
/LPDDR2/LPDDR3) capable of sustaining demanding memory bandwidths.

1.2 Block Diagram

System Peripheral R K3 3 2 6 Connectivity
‘ Clock & Reset ‘
USB OTG 2.0
PMU
Cortex-A35 Quad-Core
PLLx4 32K I-Cache ‘ ‘ 32K D-Cache 125/PCM(2ch)x2
‘ System register ‘ ‘ NOEN/FPU ‘
PDM(8ch)
‘ Timerx6 ‘ 256KB L2-Cache
PWMx2 12S/TDM(8ch)
‘ Crypto ‘ UARTxX2
Multi-Media Processor
SAR-ADC "
2D Graphics Engine RESlIn2EE SPI(M/S) x2
GPU
Interrupt Controller
SDIO 3.0
JPEG Decoder JPEG Encoder
DMAC
1080p Video Encoder 1080p Video Decoder 12Cx3
8MP ISP GPIO
LCD Controller
(1920x1080

Scale Down/Up)

External Memory Interface

eMMC I/F Nor Flash /Async SRAM
SRAM (24KB)
LVDS/MIPI-DSI 4Lane
SDR/DDR/LBA Nand ‘ ROM (32KB) ‘

MIPI-CSI 4 Lane 32Bit DDR Controller OTP(4K bit)
(DDR4-1600/DDR3-1600)

(LPDDR3-1600/LPDDR2-1066)

Figure 1-1 RK3326 Block Diagram
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1.3 Application Block Diagram
1.3.1 RK817-1 Application

, @ MIPI /LVDS LCD
@ RGB LCD

- % MIPI CAMERA

MIPI DSI/LVDS

*,
ot
\0..

o 000

!

USB OTG -

|

KEYBOARD

" CIF CAMERA

WIFI/BT

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

- @ Audio

—— Battery

Figure 1-2 RK3326 RK817-1 Application

, @ MIPI /LVDS LCD
_— @ RGB LCD

‘___/" MIPI CAMERA

B Q CIF CAMERA
WIFI/BT
I

1.3.2 RK809-1 Application

MIPI DSI/LVDS

TF Card ‘

*
ot ?

2.
0. ..
5
Y

TP/SENSOR -I——+
USB OTG -

-

t Battery
-4—> < —— @ ruo

Figure 1-3 RK3326 RK809-1 Application

KEYBOARD

1.0V/1.2V/1.8V......
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Above shows the application block diagrams of RK3326 chip solution. For more details
please refer to the reference design schematic released by Rockchip.

13
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2 Schematic Desigh Recommendation

2.1 Minimum System Design
2.1.1 Clock Circuit

RK3326 internal oscillator circuit and external 24MHz crystal constitute the internal
oscillator clock source, as Figure 2-1 shows:

OSC_IN U20

0SC_24M_IN
) |
R11001 F{345 62 OSCOUT U2 | oo oum out
3 _OSC_CRYS VDD_1V0O——ri2- PLL_AVDD_1V0
VCC_1V80————— PLL_AVDD_1V8
.“'i AVSS

Figure 2-1 RK3326 Crystal Implementation

A Note

The value of crystal load capacitance should be selected according to the load capacitance value of crystal.
22pF is the capacitance value of crystal used by Rockchip which may be not commonly used.

The system clock can also be generated by digital clock source. The 1.0V 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 RK3326 24MHz Digital Clock Source

Spec. Description
Parameter Min. | Max. Unit
Frequency 24.000000 MHz
Frequency i
Tolerance +/-20 ppm Frequency tolerance
Clock 1.0 Y Peak-to-Peak value
amplitude
Operating ) R
Temperature 20 70 C
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 RK3326 is in standby mode. The signal
can be acquired from PMIC or external RTC clock source, The clock input is shown as below:

P20 '
CLKIO_32K/GPIO0_C4_z I S>>CLKOUT_32K
Figure 2-2 RK3326 Standby Mode Clock Input

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

14
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Table 2-2 RK3326 32.768KHz Clock Requirement

Spec. Description
Parameter Min. | Max Ot
Frequency 32.768000 kHz
Frequency i
Tolerance +/-30 ppm Frequency tolerance
Operating i .
temperature 20 /70 C
Duty ratio 50 %

2.1.2 Reset Circuit

RK3326 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.

U1000l
'||I C11002 || _1_100nF RK3326

| Co402 |[16V XBR
RESET)) W29 1 NPOR

Figure 2-3 RK3326 Reset Input

2.1.3 System Boot Sequence

RK3326 supports boot from Nand/eMMC/SPI/SDMMC/USB, and boot priority from high to
low as below:
® Nand FALSH
eMMC FLASH
SFC/SPI FLASH
SDMMC CARD
USB OTG

2.1.4 System Initialization Configuration Signal

RK3326 has two important signals which need to be configured before power-on. They are
the 10 supply configuration pin of VCCIO6 (FLASH) power domain and JTAG/SDMMC function
control pin.

RK3326 VCCIO6 power domain’s IO supply needs to be configured, because it belongs to
FLASH power domain and the signal will be used during system boot up. When system boots
up, it must specify the default level mode through the hardware configuration, and it cannot
be adjusted through register. The configuration is shown as Table 2-3.

RK3326 reuses JTAG function and SDMMC function together to reduce 10, and use
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 boot up stage,
while SDMMC without output will influence SDMMC boot function. The pin is shown as below:

_ SDMMCO_ QETN/{QEI_C_)Q A3 ul @g\go <E|\DM-M§P:EET

Figure 2-4 RK3326 SDMMCO/JTAG Reused Control Pin

The two pins configurations are shown in below table:
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Table 2-3 RK3326 System Initialization Configuration Signal Description

signal name

internl pull
up/down

description

FLASH_VOLSEL

pull up

FLASH(VCCIO6) power domain IO supply
configuration pin:

0: IO level mode is 3.3V.

1: 10 level mode is 1.8V (default).

SDMMCO_DET

pull up

JTAG pin resued to select control signal:

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).

2.1.5 JTAG Debug Circuit

RK3326 JTAG interface is compliant with IEEE1149.1 standard. PC can connect with
DSTREAM emulator by SWD mode (Two-line mode) to debug internal ARM 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 RK3326 JTAG Debug Interface Signal

Signal name

Description

JTAG_TCK

AP JTAG clock inout

JTAG_TMS

AP JTAG mode select input

2.1.6 DDR Circuit

® 2.1.6.1 DDR Controller Introduction
RK3326 DDR controller interface supports JEDEC SDRAM standard, and has features

following:

B Support DDR3/DDR3L/DDR4/LPDDR2/LPDDR3 etc. standards;
B Provide one 32bit DDR controller interfaces, support data bus bit width
32bit/16bit configurable, and support address bus up to 16 bit.

®m  Support DDR up to 4GB.

B Support low power consumption modes such as Power Down, Self Refresh and so

on.

® 2.1.6.2 DDR Topological Structure and Connection

Take LPDDR3 as an example, RK3326 SDRAM topological structure is shown as below:
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RK3326
DOR_DQ[15:0] @ D0[15:0]
DDR_DQ[31:16] @ DO[31:16]
DDR DM[3:0] = Du[3:0]
DDR_DOSE[3:0] @™ DOSP[3:0]
DDR_DQSN[3:0] i  [OSN[3:0]
DDR_CLEP W CE
DDRC DDR_CLEN - R LFDDR3
DDR A[9:0] P L[9:0]
DOR_C5[1:0] W= C5[1:0]
DDR_CEE P CRE[1:0]
DCE_ODTO = ODT

Figure 2-5 RK3326 LPDDR3 Topological Structure

® 2.1.6.3 DDR Power Up Sequence Requirement

RK3326 DDR controller only has one group of power supply:
®m  DDRIO_VDD: Supply power for Core of DDR controller, interface I/0 and Buffer.

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:

1. Apply power (RESET# 1s recommended to be maintaimned below 0.2 x VDD; all other inputs may be
undefined). RESET# needs to be maintained for minimum 200 us with stable power. CKE is pulled
“Low” anytime before RESET# being de-asserted (muin. time 10 ns). The power voltage ramp fime
between 300 mv to VDDmun 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 15 fimished, AND

+ Vref tracks VDDQ/2.
OR
* 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 VTT & 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 2-6 DDR3 SDRAM Power Up Sequence

LPDDR3 SDRAM power up sequence is shown as below:
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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 2-7 LPDDR3 SDRAM Power Up Sequence

DDR4 SDRAM power up sequence is shown as below:

1. Apply power (RESET_n is recommended to be maintained below 0.2 x VDD; all other inputs may be undefined). RESET_n needs
to be maintained for minimum 200us with stable power. CKE is pulled * Low™ anytime before RESET_n being de-asserted (min.
time 10ns) . The power voltage ramp time between 300mV to Vpp min must be no greater than 200ms; and during the ramp, Vpp

= Vppg and (Vpp-Vppa) < 0.3volts. VPP must ramp at the same time or earlier than VDD and VPP must be equal to or higher
than VDD at all times.

* Vpp and Vppq are driven from a single power converter output, AND
+ The voltage levels on all pins other than Vpp,Vppa,Vse,Vagg must be less than or equal to Vppg and Vpp on one side and

must be larger than or equal to Vggq and Vgg on the other side. In addition, V7 is limited to TBDV max once power ramp is
finished, AND
* VrefCA tracks TBD.
or

« Apply Vpp without any slope reversal before or at the same time as Vppg
* Apply Vppg without any slope reversal before or at the same time as Vit & VrefCA.
+ Apply VPP without any slope reversal before or at the same time as VDD.

+ The voltage levels on all pins other than Vpp,Vppa,Vss, Vssq must be less than or equal to Vppg and Vpp on one side and
must be larger than or equal to Vggq and Vgg on the other side.

Figure 2-8 DDR4 SDRAM Power Up Sequence

® 2.1.6.4 DDR Support List

RK3326 DDR interfaces DDR3/LPDDR3 support operating frequency up to 800MHz. Please
refer to the document (RK 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 aiomsg

2.1.7 eMMC Circuit
e 2.1.7.1 eMMC Controller Introduction

RK3326 eMMC interface supports eMMC 4.51 and is also compatible with 4.41, 5.0
and 5.1 protocol. The controller supports the following features:

B Support SFC FLASH, Nand FLASH and eMMC FLASH.

B Support 1-bit, 4-bit and 8-bit mode of data bus width.

B Support HS200 mode at most, but not support CMD Queue.

® 2.1.7.2 eMMC Topological Structure and Connection

eMMC interface supported pull up/down and the matching design are recommended
as Table 2-5:

Table 2-5 RK3326 eMMC Interface Design

. internal pull connection - L
Signal up/down method Description(chip side)
. direct .
eMMC_DQ[7:0] | pull up connection eMMC data output/input
Series connect
eMMC_CLK pull up 220hm resistor eMMC clock output
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direct

eMMC_CMD pull up connection

eMMC command output/input

e 2.1.7.3 eMMC Power Up Sequence Requirement

RK3326 eMMC controller only has one group of power supply:
B VCCIOO: I/O power of eMMC controller

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

® VCC and VCCQ have no required sequence in power-on.

B VCC and VCCQ must be powered up before RK3326 CMD command is sent out,
and the power supply must work stably.

B RK3326 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.

Supply voltage

)
[ VeeMIN) - _2 %
!

))
(€

_ Sleep mode

: Command input prohibited ! Command input prehibited

Figure 2-9 eMMC Flash Power Up/Down Sequence

® 2.1.7.4 eMMC Support List

RK3326 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 aiomsg

2.1.8 SPI Circuit
® 2.1.8.1 SPI Controller Introduction
RK3326 has 2 SPI controllers which can be used to connect SPI devices and SPIO can
be used as boot.
® 2.1.8.2 SPI Topological Structure and Connection
SPI interface pull up/down and the matching design are recommended as below

table:
Table 2-6 RK3326 SPI Interface Design
Internal pull Connection
Signal Description(chip side)
up/down method
Direct
SPIO_MOSI pull down ) SPI data output

connection
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Direct
SPI0O_MISO pull up ) SPI data input
connection
Series connect
SPIO_CLK pull up SPI clock output
22o0hm resistor
Direct
SPIO_CSN pull up ) SPI chip select signal
connection

e 2.1.8.3 SPI Power Up Sequence Requirement

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

2.1.9 GPIO Circuit
RK3326 GPIO type is 1.8V/3.3V configurable.

® 2.1.9.1 GPIO Driving Capability

RK3326 GPIO provides 4 level of driving capability to adjust which is
2mA/4mA/8mA/12mA. The default driving capability is different according to different
GPIO types. Please refer to TRM to modify the configuration.

® 2.1.9.2 GPIO Power
The power pin of GPIO power domain is described as below:
Table 2-7 RK3326 GPIO Power Pin Description
Power . _—
domain GPIO type Pin name Description
PMUIO_VDD_1VO0 | 1.0V logic power for this GPIO domain (group).
PMUIO1 | 1.8V/3.3V 1.8V or 3.3V IO supply for this GPIO domain
PMUIO1
(group). _ _
PMUIOZ2 | 1.8V/3.3V | PMUIO2 (19§c\)/us)r 3.3V IO supply for this GPIO domain
VCCIOL 1.8V/3.3V | vcciol (1923(\)/u§)r 3.3V IO supply for this GPIO domain
VCCIO2 | 1.8V/3.3V | vcclo?2 (192?c\)/u§)r 3.3V IO supply for this GPIO domain
VCCIO3 | 1.8V/3.3V | vccios (19?(\)/us)r 3.3V IO supply for this GPIO domain
VCCIO4 | 1.8V/3.3V | vCCIoa gg?;/us)r 3.3V IO supply for this GPIO domain
VCCIOS | 1.8V/3.3V | vCcIos (lgffc\)/us)r 3.3V IO supply for this GPIO domain
VCCIOs | 1.8V/3.3V | VCCIO6 gg?;/us)r 3.3V IO supply for this GPIO domain
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2.2 Power Design

2.2.1 Minimum System Power Introduction

e 2.2.1.1 Power Requirement
®m  PLL:PLL_AVDD_1VO0. PLL_AVDD_1V8

CPU:VDD_ARM

LOGIC&GPU:VDD_LOG

DDR: VCC_DDR

GPIO:PMUIO_VDD_1V0. PMUIO1. PMUIO2

e 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 among different IPs.

Recommended power up sequence refers to below:

PLL_AVDD_1VO&PMUIO_VDD_1V0&VDD_LOG-->VDD_CPU->PLL_AVDD_1V8-->VCC
_DDR-->PMUIO1&PMUIO2

2.2.2 Power Desigh Recommendation
® 2.2.2.1 Standby Circuit Solution

RK3326 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:

VCC_DVP

VCCIC sD

VCC_SD

Yy ¥y

EMUIC VDD 1V0

RK3326

VDD ZRM
Power off in standby [ DC-DC

PLL_AVDD_1V0

PLL AVDD 1V8

VCC_DIR

VDD LOG

BMUICL/Z

YYvYVvYVvVvey

Constantly power supply

PMIC SLEEP

Figure 2-10 RK3326 Standby Circuit Solution

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, power for DDR self-refresh.

B GPIO:PMUIO1 & PMUIOZ2, provide 10 power for PMUIO1 & PMUIO2 power domain

to maintain output status and interrupt response.

m LOGIC: PMUIO_VDD_1V0 & VDD_LOG, provide power for Logic core of PMUIO1 &
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PMUIO2 power domain.
B PLL: PLL_AVDD_1VO&PLL_AVDD_1V8, provide power for PLL and CPU OSC to

work,

® 2.2.2.2 PLL Power
RK3326 internally has 6 PLL as allocated below:
Table 2-8 RK3326 Internal PLL Introduction

Quantity | Power status in Standby
Cannot turn off the

PMU/OSC 1 PMU_VDD_1V0. PMUIO1
power supply

Part inside SoC 5 PLL_AVDD_1V0, PLL_AVDD_1vg | S@nnot turn off the
power supply

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.
VDD_1V00 e PLL_AVDD_1V0
VCC_1V80 PLL_AVDD_1V8
'Ill NT7 Avss
VDD_1V0 VCC_1V8 v
QO o
L = =
_[CTi03 _] c1104  _[ C1105 _| C1106
100nF 100nF 100nF 100nF
——C0402 ——C0402 ——C0402 ——C0402
16V 16V 16V 16V
S xsR | xsR “ xsR | xsR

Figure 2-11 RK3326 PLL Power

e 2.2.2.3 CPU Power

RK3326 uses independent power domains to supply power for CPU, as shown in below
figure, VDD_ARM supplies power for ARM Cortex-A53 core. Support DVFS (Dynamic
Voltage Frequency Scaling) function. Use separate DC-DC power supply and the peak
current could be up to 1.2A, so please do not reduce or delete the capacitors as required
in RK3326 reference design schematic. For layout, the high- capacity capacitors should be
placed on the back of RK3326 chip (close to the chip for boards of single-sided SMT) to
ensure that the power ripple is controlled within 60mV to avoid the power ripple
abnormality with high load. The capacitor is shown as below:

22



Rackchip iswsT

Rev 1.2

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_9

Figure 2-12 RK3326 VDD_CPU Power

VDD_ARM
? . . . .
C1000 C1001 C1002 C1003 C1004
| 10uF 47uF T| 100nF T| 100nF T| 100nF ©
——X5R ——X5R ——X5R ——X5R X5R =
6.3V 6.3V 16V 16V 16V
' cosoz | coa02 | coa02 | coa02 | codo2 ©

o 2.2.2.4 GPU&LOGIC Power

RK3326 uses DC-DC to supply power separately for GPU & LOGIC, such as power
supply of VDD_LOG in below figure, supports DVFS (Dynamic Voltage Frequency Scaling)
function and the peak current could be up to 1.1A, so please do not reduce or delete the
capacitors required in RK3326 reference design schematic. For layout, the high-capacity
capacitors should be placed on the back of RK3326 chip (close to the chip for boards of
single-sided SMT) to ensure that the power ripple is controlled within 60mV to avoid the
power ripple abnormality with high load. The capacitor is shown as below:

U1000N
RK3326

VDD_LOGIC_1
VDD_LOGIC_2
VDD_LOGIC_3
VDD_LOGIC_4
VDD_LOGIC 5
VDD_LOGIC_6
VDD_LOGIC_7
VDD_LOGIC_8
VDD_LOGIC_9

Figure 2-14 RK3326 VDD_GPU Power

Figure 2-13 RK3326 VDD_CPU Power Decoupling

VDD_ARM T ce>60mil

VDD_LOG Ty qce>60mil
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VDD_LOG

T . 2 s 4 s 4 s 4

c1006 _| c1007 _[ c1008 _| c1o09 _| c1010 _| C1011
“| 10uF ] 47uF 7] 100nF 7| 100nF 7] 100nF T| 100nF
T—=X5R T=X5R T=X5R =X5R X5R =—X5R

6.3V 6.3V 16V 16V 16V 16V
™| coso3 | cos02 | cos02 | coso2 V| codo2 | co4o2

® 2.2.2.5 DDR Power

RK3326 DDR controller interface supports DDR3/DDR3L/DDR4/LPDDR2/LPDDR3
protocol. Only need to supply power for DDRIO_VDD and the power level is different for
different DDR components. There are three levels 1.2V/1.35V/1.5V to be adjusted. Please
confirm to meet the product design requirement according to the component used.

RK3326 DDR controller internally integrates Vref circuit to generate the required
reference voltage: Vref=VCC_DDR/2. The Vref of SDRAM 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 th

e ODT value.

Take LPDDR3 as an example: At 800MHz frequency, the driving capability of RK3326
chip side is 34.30hm, SDRAM side ODT is configured as 240ohm, when ODT is enabled,
calculate according to the formula SDRAM Vref=0.56*VCC_DDR.

DDR_DQS0P
DDR_DQSON

DDR_DQS1P
DDR_DQS1N

DDR_DQS2ZP
DDR_DQS2N

DDR_DQS3P
DDR_DQS3N

DDR_DMO
DDR_DM1
DDR_DM2
DDR_DM3

=
§ p—t:
§ gt
§ =t

%%

U4
G4
M4

DDR_DQS0_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_CKE/DDR4_RASN/DDR4_A16

e

DDR3_RASN/DDR4_CKE 577

cs8

DDR3_WEN/DDR4_BG1
F8

$

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

F9
F10
Go
G10
J6
J7
KB
K7
LE
L7
MB

M7

Figure 2-16 RK3326 VCC_DDR Power

OVCC_DDR

DR_RASN
DR_CKE
DR_WEN
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sEsEsEEETTY

j VCCDDR : | VCC_DDR ]
I o] " I [e] :

L2 L X ¥ X § § L | L2 X X X N § % } |
| 1* ) '
) - _| catag L ~| Ratos _| carisy ¥ I
1 R3104 ~| 100nF 4 0 ) | 10K 100nF o )
i 10K —=X5R ) | i RO402 ——x5R ¥ 1
1 RO402 | 16V i 1 VREFCP}\_DDR ] i 1% ol 18V ] i \-"REFD(Q_DDR 1

o,
I o 1% cu402l ' i I o 00402= ' i
I - _| carisgd | canr | - .| caniay ] _| cana 8
1 R3106 100nF 1 8 nF | ] R3107 100nF ¥ nF |
i 10K ——X5R &g ——x7R 1 i [EL—C ——X7R 1
i roso2 | 16v |1 ) o 50V 1 i Rod02 | 16V By ol 50V i
I o 1% co402| " cod02 I of 1% Cod02y ¢ Co402
|

T 1 N I N e 1
| .
{ Put Together :. Close to | I Put Together .| Close to 1
| g pin E o My pin J11 I
Note:
Vih=VCC

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

eg:VCC=1.2V,Ron=34ochm,Rodt=2400hm
so,Vih=1.2V,Vil=0.149V ,VREFDQ DDR=0.674V

Figure 2-17 RK3326 LPDDR3 SDRAM VREF Power Design
A Note

As for Vref_DQ design of different components:

LPDDRZ2 doesn’t support ODT function;, DDR4 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.

The SDRAM 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.
Place a 1nF decoupling capacitor close to each reference power pin.

® 2.2.2.6 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 RK3326 reference
desigh schematic.

2.2.3 RK817-1 Solution Introduction
® 2.2.3.1 RK817-1 Block Diagram
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Figure 2-18 RK817-1 Block Diagram

® 2.2.3.2 RK817-1 Features

Input range: 3.8V - 5.5V for USB input; 2.7V - 5.5V for BAT input

Switch mode Li-ion battery charger providing charging current up to 3.5A
Power path controller with 4A current path with optional extended external mos
Accurate battery fuel gauge with two separate battery voltage and current ADC
Real time clock (RTC)

Low standby current of 16uA (at 32.768KHz clock frequency)

Real ground HeadPhone driver

1.3W ClassD PA without external filter inductor

OTP Programmable power up/down sequences 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 from 16bits to 32bits

Sample rate up to 192KHz

Provides master and slave work mode, software configurable

000000
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*
*

Support 3 I2S formats (normal, left-justified, right-justified)
Support PDM mode(external input PCLK)

B Power channels:

*e G000

*

CH1:Synchronous BUCK converter,2.5A max

CH2:Synchronous BUCK converter,2.5A max

CH3:Synchronous BUCK converter,1.5A max

CH4:Synchronous BUCK converter,1.5A max

CH5:Synchronous BOOST converter,1.5A max(Can not be used at the same
time with the charger function)

CH6~CH7,CH9~CH14:LDOs, 400mA max

Channel 8: low dropout regulator with low noise, high power supply rejection
ratio, 100mA max

CH15:0TG Switch,1.5A max(Can not be used at the same time with the
charger function)

B Package: 7mmx7mm QFN68

® 2.2.3.3 RK3326+RK817-1 Power Tree

RKB817-1

Power Diagram and Sequence

sr [ veos

PEEE

FMIC_PWRON

]

FRESET

VDD_LoG

VDD_ARM

oo vl

Ep bbby EEE

vDD_1v0

veo_1ve

woeIvl _g
vocIo_so !

veess

VCC2Zve_DVE

4 &

L ool

— LDC4

LE EE &

e LIS

VoC1ve_DVE
L wooe =

voclvl_ove VDD1VS_DVE

)J'I B REQ17-1 Fowsr-on Sequsnce
VDDLV5_DVE
L oos e Sfaem

— LDGT

vee_3vd, voc1vE_Dve

LDoB

>
BTALF
Project: | Rxas_TABLET_mEF

Figure 2-19 RK817-1 Power Tree

2.2.3.4 RK817-1 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.
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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.

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.

RK817-1 has the function of USB OTG power supply, short circuit protection, and

can configure 1.0-1.5A output current limit.

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.

RK817-1 work basic condition:

€ VBAT is bigger than 3.3V or VBUA is bigger than 4.4V.

€ When detecting one of below three cases, RK817-1 will automatically power
on: PWRON pin keeps low level for 500ms; USB insertion; internal RTC Alarm
power on is 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 the sequences power up end, and release reset, finish
the power up process.

TP2100 (~  PMIG INT 71wt Loy |83 J G402 SNSN| Ra1141 0R.\5% 2 Rod02
vccago_mu TP2101 PMIC_SLEEP 49 | . -rp i : —
ROt RN RQRU4D§% 7 fRoaoz %1 cLax - - _El.oie_ :O.E
R118T A0K.5% = RO4 RESET 67 | cesers PWRON [22 o131 Hmﬂ,}‘;ﬁ”' TII-
TSADC SHUTR2116 1 M 2 RO402 Oohm resister closed to pinZ

and both of them clozed to B
1 PWRON Decoupling capacitor closed

h)

| Eebz2100 ‘”M"i wnlw

SNSE/SNSN follow rules of di

— L

ESDS5451N , < Q]|SW2100 ™| C2142 o <@ sW2101
ESD0402 ESET —100nF OWER ED2101
il ol X8R @ ESD5451N
ol 16V ESD0402

C0402 2

Figure 2-20 RK817-1 PWRON Pin

When RK817-1 detects one of below two cases, it will automatically power off:
¢ 12C write DEVICE_OFF=1

€ PWRON pin keeps low over 6s.

When RK817-1 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.

When desigh of 1-cell li-on battery circuit discharge at a large current, the battery
voltage is easy to drop because of the huge instantaneous current. However,
when the fuel gauge detects that the battery voltage is lower than the set power
off voltage, it enters the power off process, which will result in the remaining
battery power not being released, causing the short battery life fo product. In this
case, it is necessary to minimize the resistance of power circuit and battery.The
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internal resistance of the power circuit is shown as the red arrow in the figure
below. For PCB layout, try to use short and wide trace or copper to connect, drill
as many vias as possible near the trace when change layer. The internal
resistance of the battery should be reduced by using a low internal resistance
battery cell and use protection board and power cord with lower conduction

impedance.

Trace>80mil (MaxZ.04)
VCC_SYS

R ———— O

53 ——1--:-I.II....F
’_m_é_-; L SWS 19104 C2123 _| C2124
o 470nH 4.53A Tl 220F 7| 220F
59 __IND_252010 ——C0805 = —C0805
e RS T T
: ¥5R ¥5R

P N GATE X

L}

- BAT1 |28 C21301 || 2 10uF |||_ VCC_BAT+ BT2100
] )57 C0603 | [10V X5R | —
: BAT2 1
. 1 Vo
___________________________ TS 2
VCC_BAT- T
—7s/GPio [ rem———————t———— )
| L} We
snsp [-62 . sNsP S
1 - | BAT3_2R54
| ca ] 11 )
- 100nF . 01IR §
|
|
|
|
|

Gauge
] T& o
y 0,
NSN 63 C0402 SMNSM :l.1141 WE R0402'
|
|
|

Close to BAT )

- ---------‘
EE—pwroN B2 C21301 || 2 ToBe = )]
Figure 2-21 RK817-1 Battery Discharing Path

® 3.2.3.5 RK817-1 Design Instruction

For the detailed design instruction of RK817-1, please refer to RK PMIC related design
document (RK817 Application Guide) .

2.2.4 RK809-1 Solution Introduction
® 2.2.4.1 RK809-1 Block Diagram
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Figure 2-22 RK809-1 Block Diagram

® 2.2.4.2 RK809-1 Features

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 25uA (at 32.768KHz clock frequency)

Real ground HeadPhone driver

1.3W ClassD PA without external filter inductor

OTP Programmable power up/down sequences 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 from 16bits to 32bits

LA X X X X 2
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4 Sample rate up to 192KHz
€4 Provides master and slave work mode, software configurable
¢ Support 3 12S formats (normal, left-justified, right-justified)
€ Support PDM mode(external input PCLK)
B Power supply:
CH1:Synchronous BUCK converter,2.5A max
CH2:Synchronous BUCK converter,2.5A max
CH3:Synchronous BUCK converter,1.5A max
CH4:Synchronous BUCK converter,1.5A max
CH5:Synchronous BUCK converter,2.5A max
CH6~CH7,CH9~CH14:LDOs, 400mA max
CH8:Low noise, high PSRR LDO,100mA max
CH15: Switch,1.5A max
CH16: Switch,3A max
ackage: 7mmx7mm QFN68

0000000

e

® 2.2.4.3 RK3326+RK809-1 Power Tree
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RK809-1 Power Diagram and Sequence

RKB809-1

VDD_]
| veel BUCK1 ]

F
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Figure 2-23 RK809-1 Power Tree

® 3.2.4.4 RK809-1 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.
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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 RK809-1 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.
m RK809-1 work basic condition:
€ VCC_RTC supply power.
¢ VCC5V0_SYS supply power.
€ When detecting one of below three cases, RK809-1 will automatically power
on: PWRON pin keeps low level for 500ms, VDC level is over 0.55V, internal
RTC Alarm power on is enabled and the time is up.

€ Start the power up process, each sequence step is 2ms, the next sequence
continues only when the output voltage of last sequence meets the
requirement, until all the sequences power up end, and release reset, finish
the power up process.

B3 | XS5R_ SNSN

SMSN 8105 ->HVBAT_SNSN
VCC12V_DCIN
60 R2228
EXT_EN >HEXT_EN 100K
5%
RO402
61 , ""'
vDC
| c22a7 -
52  PWRON co402 R2230
——fu——r
WRON | 100nF 27K
16V 5%
X5R ~| RO402

.[|
|

sw2201 7 -
[P -
PWRON ——=C2241
5Tw | 100nF
ko C0402
~ X5R
16V
“TED2201
| ESD5451N
— ESD0402

Figure 2-24 RK809-1 PWRON Pin

B When RK809-1 detects one of below two cases, it will automatically power off:
¢ 12C write DEVICE_OFF=1
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€ PWRON pin keeps low over 6s.
B When RK809-1 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.

® 3.2.4.5 RK809-1 Design Instruction

For the detailed design instruction of RK809-1, please refer to RK PMIC related design
document (RK809 Application Guide) .

2.2.5 Others
® 2.2.5.1 Over Temperature Protection Circuit

When RK3326 occurs over-temperature or crash, the TSADC_SHUT pin of the chip will
output low level to reset RK817-1 or RK809-1, and control the power off and restart, reset
the whole system while the register is cleared.

REF_CLKO/GPIO0_AD_d [~5% REF_CLKO
GPIO0_A1_d |57 HOST_WAKE_BT
GPIO0_A2_d 3775 WIFI_REG_ON
SDMMCO_DETN/GPIO0_A3_u |55 ¢SDMMCO_DET

ZEP/TSADC_SHUT_M1/GPIO0_A4_d |53 SPMIC_SLEEP

GPIO0_A5 u |73 QW “WAKE_HOST
)RG/ITSADC_SHUT_MO/GPIO0_A6_z |75 > SADC_SHUT

GPIO0_A7_u (BT WAKE HOST\

PMUIO_VDD_1V0 [-re——OVDD_1V0
pMUIO1 2 Gvecavo_PMu

Figure 2-25 RK3326 OTP_OUT Over Temperature Protection Output

PMIC_INT : E— o
TP2100 | 7Nt i |_SNSN 63 ) C0402 SNSN| :221141 ARAE% 2
PMIC_SLEEP '
VCeC3yo_PMU TP2101 LT :

R21161 10K 5% 2 R0402 68 ' Clc
CLKOUT 3 71 W@moz CLK3ZK ! - - -

RZ1181 10K 5% 2 RU4 RESET &7 52 c21391 || 2 AR T||

RESETB PWRON Coaoo | [T6V X5R

TSADC_SHUTR21191 W‘.’f& 2 R0402 1'{'n reilsf_r cli

SPMIC_PWRON

i
- l.n |~ |~ - |~ E N
ED2100 - );’hiFECrs-r-J SNSF,

ESD5451N , Q|| SW2100 c2142 0 <@ sw2101

ESD0402 RESET ——100nF POWER ED2101

2O | X5R O ESD5451N
16V m\: ESD0402

o C0402 I o

Figure 2-26 RK817-1 OTP_OUT Over Temperature Protection Input

34



Rockchip st

TPZ201 O PMIC_SLEEP

Rev 1.2
“1

49 61

‘ TP_0.5

SLEEP

vDC
68

R2231 1 ,\}QI‘)',\ 2 R0402 5%

RESET

CLK32K

| ca237

‘ == 52 PWRON Co402

67

CLKOUT_32K

\ TSADC_SHUT

VCCIo_PMUIOT

R2250

1 2

o o
5%

T R2229 1 . JQK. 2 RO4D2 5%

Larlia]

i

W = |—

C2239 ED2200
100nF ESD5451N
X5R  ESD0402_ |
16V
C0402

SW2200
RESET

2 |1

RESETB 130K ] PWRON

100nF
ey
X5R

u2200c
RKB809-1

2

-

X

o™

ED2201
ESD3451N
ESDO0402

swa201

PWRON —C2241

100nF

2 || 1

Co402
X5R
16V

Figure 2-27 RK809-1 OTP_OUT Over Temperature Protection Input

® 2.2.,5.2 PMIC Sleep Circuit
When RK3326 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

state.

REF_CLKO/GPIO0_AO_d %} EEFSTI'C%“TEKE o
GPIO0_A1_d [</57 _ _
GPIO0_A2_d 3575 WIFI_REG_ON
SDMMCO_DETN/GPIO0_A3_u [<755 {SDMMCO_DET
“EP/TSADC_SHUT_M1/GPIO0_A4_d |57 > Ph;IIL(I:_U%hEEPHOST
GPIO0_A5_u [F7731 <¥V _ _
IRG/TSADC_SHUT_MO/GPIOC_A6_z [—77g >>TSADC_SHUT
GPIO0_A7_u {BT_WAKE_HOST

Figure 2-28 RK3326 PMIC_SLEEP Output

[2C0_SDA_PMIC 2 SDA - .
12C0 SCL_PMIC 1 scL : Bauge
TP2100 O PMIC_INT 7 NT
U TP2101 A PMIC_SLEEP 49 | SLEEP :
%&Wﬁl E\Rﬂfé% 2 hmgg 68 CLE3ZK

Figure 2-29 RK817-1 PMIC_SLEEP Input

2.2.6 Power Peak Current

Below table shows the peak current test result of the running mode for RK3326 tablet,
only for reference. The test conditions are as below:
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APK Version: antutu v6.3.3

CPU maximum frequency: 1.512GHz.

GPU maximum frequency: 550MHz.

DDR maximum frequency: 1x32bit LPDDR3 K4E6E304EB-EGCF, 800MHz.
Oscilloscope enables the 20MHz bandwidth limitation.

Table 2-9 RK3326 Peak Current Table
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2.3 Function Interface Circuit Design Guide

2.3.1 Memory Card Circuit

RK3326 provides a SDMMC interface controller which can support SD v3.0 and MMC v4.51
protocol, as shown 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.
® VCCIO2 is IO supply, need to externally provide 3.3V power supply (SD 2.0 mode) or
3.3V/1.8V adjustable power supply (SD 3.0 mode).

: Place SDMMCO CLK resister closed to SOC for better |
1 Singnal Quality if long traces,it can be deleted 1
1 if traces are short [
g SDMMCO_CLKER UL i FH S it soCTi ., [
U1000H g (EEERET I IJ-m_I AJ LA S JJv‘wé ]
RK3326 p UL i 1) LB 1 B 4 3% H
]
9 -

UART2_ TX_MO/SDMMCO_DO/GPIOT_D2_u e >R SDMMC0_DO i
UART2_RX_M0/SDMMCOQ_D1/GPIO1_D3_u Y16 2 ROA02 SDMMCO_D1 i
JTAG_TCK/SDMMCO_D2/GPIO1_D4_u AATE 2 ROA02 QDIVIF--HZEEI_DIZ (

JTAG_TMS/SDMMCO_D3/GPIO1_D5_u VXL R8T 2 ROA02 SDMMCO_D3
TEST_CLKO0/SDMMCO_CLKO/GPIO1_D6_d FaATT ] RI81Z1 T ROAZ QDIVIF-.-H:EEI_CLK ]
SDMMCO_CMD/GPIO1_D7_u (] < SDMMCO_CMD 1
C L T T YTy YT Y Yy Y r Yy ry yr y]

VCCIO_sSD

VCCIO2 Y18

C1802 1o
100nF _ . pir 5
X5R P, Ln

16V A7 1 "'. hﬂ\‘ AN SEITRE3 326 HL S II'Il R
C0402

Figure 2-30 RK3326 SDMMC Part

The pull-up/down and matching design of the SDMMC interface are recommended as
Table 2-10.

Table 2-10 RK3326 SDMMC Interface Design

Connection
Internal pull method
Signal 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 USB Circuit
RK3326 has one USB 2.0 interface and supports OTG mode.
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U1000E
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USB_AVDD_3V3 OVCCIVO_PMU R 45 B P SR T soc iU B 1
Ly

Figure 2-31 RK3326 USB Part

Please note for design:

® USB interface is default used as system firmware download port which must be
reserved for debugging.
; Choose one of the following J2500
»%JS fi’%ggﬁionh&% e ngggﬁr}!gg MUOS_10MGF_T
) \—1 vusamg :
OTG_OMK R25001 R2R5% 2 R0402 EEg,gI‘PJLJJ g by o
1 oy 2 FB2500 — USB_IDyyRZ50TT_TO0RR% 2 RQA0 a|DF
| oo L FTEEEET SR 1 —How s @
——co603 1 1 @ ~
of Bk oreon b g e L4 (el ) oe, L
S0T_23 ESD0402
1 A :
- I 1 L L
1 = 1 = =
: Cy<3pF :
Figure 2-32 RK3326 USB Port
® 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.
VBUS
Y 10K % 2 Ro4 ’ SHUSB_DET
- C2501
R2504 ~| 100nF
18K C0402
RO402 _ | 16V
ol 5% X5R
Figure 2-33 RK3326 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.
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USB_RBIAS} AAT1 R14001 S?Q/\ 2 R0402 “|'

Figure 2-34 RK3326 USB Controller Reference Resistance

® The 1.0V/1.8V power supply of controller needs to series connect 1ohm resistor to
avoid the damage caused by surge.

-------------------------------------1

U vop 1vo N o e e J
uss oo vo VB EEADR MR R IBAR S R0 oo g Elace curge protection resister
USB_AVDD_1V8 [qg - - RN QVCC_1V8 closed to SOC i

USB_AVDD_3V3 OVCCaV0_PMU Ly 4 HLEH A 1T sOCHL . ;

Figure 2-35 RK3326 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.

R25001 22R5% 2 R0402 OTG DM J
OTG_DMK > * AR A * JreoM) o
1, 2 FB2500 t
AN G0R-100M
3 Zv~v~v~_4 L0402D 1=====Tr="
| i I
R25021 22R5% 2 R0402 U2500

OTG_DPK > I\ AZR A | : 22200 oo ?? :

Figure 2-36 RK3326 USB Reserved Common Mode Choke

USB2.0 interface pull up/down and matching design are recommended as below
Table:

Table 2-11 RK3326 USB Interface Design

Signal Connection method Description

Series connect

USB_OTG_DP/DM USB OTG input/output

2.2o0hm resistor

Direct connect(with | USB OTG ID recognition, need to use for

USB_ID
internal 1.8V pull up) | Micro-B interface
Resistor voltage ) ) )
USB_VBUS USB OTG insertion detection
divider detection
USB PHY configuration reference resistor,
USB_RBIAS

133o0hm connected to GND

2.3.3 Audio Circuit

RK3326 provides three groups of standard I12S interface, all supporting master or slave

mode, the highest sampling rate up to 192 kHz, and bit rate from 16 bits to 32 bits.

e 2.3.3.11I2S0
12S0 interface contains independent 8 channels output and 8 channels input. In order
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to meet the asynchronous sampling rate requirement of audio recording and playing, it
provides two groups of bit clock and frame clock (SCLKTX\LRCKTX, SCLKRX\LRCKRX)
accordingly. Need to pay attention to that, if SDOx and SDIx only refer to one group of
bit/frame clock, prefer to use SCLKTX\LRCKTX as their common clock.

Need to pay attention to that, the I2S interface belongs to VCCIO4 power domain, and
it is set to supply power for VCC_1V8 by default. If I2S peripheral IO level is 3.3V, need to
adjust the power supply, and match with the relative 10 level of the power domain.

Figure 2-37 RK3326 1250 Part

1250_8CH_SDI3/CIF_D5_M1/LCDC_D4_MO/GPIO3_ B0 d g7 O " """
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TDM_FSYNC/LCDC_D14/12S0_8CH_LRCKTX/GPIO3_C2_d [§1g TP1703
TDM_SCLK/12S0_8CH_SCLKTX/LCDC_D15/GPIO3_C3_d [~&1g TP1702
TDM_SDO/I2S0_8CH_SDOO0/LCDC_D16/GPIO3_C4_d [A7g
TDM_SDI/12S0_8CH_SDIO/LCDC_D17/GPIO3_C5_d [113 ——B7701

12S0 interface pull up/down and matching design are recommended as Table 2-12.

Table 2-12 RK3326 1250 Interface Design

Internal pull Connection
Signal Description(chip side)
up/down method
Series connect
12S0_8CH_MCLK Pull down 1250 system clock output for slave
22ohm resistor
Series  connect | I250 continuous serial clock (TX,
I12S0_8CH_SCLKTX | Pull down
22ohm resistor related with SDOXx)
1250 L/R channel select clock, used
Series connect
I12S0_8CH_LRCKTX | Pull down for word select(TX, related with
22o0hm resistor
SDOx)
Series connect
1250_8CH_SDOO0 Pull down 1250 serial data 0 output
22ohm resistor
Series connect
I12S0_8CH_SDO1 Pull down 1250 serial data 1 output
22o0hm resistor
Series connect
12S0_8CH_SDO2 Pull down I2S0 serial data 2 output
22ohm resistor
Series connect
12S50_8CH_SDO3 Pull down 1250 serial data 3 output
22o0hm resistor
Series  connect | I2S0 continuous serial clock(RX,
I12S0_8CH_SCLKRX | Pull down
22ohm resistor related with SDIXx)
1250 L/R channel select clock, used
Series connect
I12S0_8CH_LRCKRX | Pull down for word select (RX, related with
22ohm resistor
SDIx)
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Series connect

I12S0_8CH_SDIO Pull down 1250 serial data O input
22ohm resistor
Series connect

12S0_8CH_SDI1 Pull down 12S0 serial data 1 input
22ohm resistor
Series connect

1250_8CH_SDI2 Pull down 1250 serial data 2 input
22ohm resistor
Series connect

1250 _8CH_SDI3 Pull down 1250 serial data 3 input
22ohm resistor

e 2.3.3.21I28S1

1251 supports 2 channels input and 2 channels output.

U1000G
RK3326

1251_LRCK_TXRX/GFIO2_C1_d
1251_SCLK/GPIOZ_C2_d
1251_MCLK/GPIOZ2_C3_d
1251_SDOMGPIOZ_C4_
PDM_SDI0_M1/1251_SDIWGPIOZ_C5_d

PDM_CLKO_M1/GPIOZ_C6_d

VCCIO5

ﬁ::i 251_LRCK_TXRX
251 SCLK
Y14 R18001 22R Q% 2 R0402 2S1_MCLK
:jaga 251_SDO
{PDM_SDIO_M1
W15 RT80TT 22R J% 2 Rmt SSPDM_CLKO_M1
1802 1 || 2 Co0402 ||[,
100pF I CcoG 50v|
W16 OVCC_3V0
_| c1800
100nF
——X5R
16V
' co4o2

Figure 2-38 RK3326 1251 Part

I12S1 interface pull up/down and matching design are recommended as shown in Table

2-13.
Table 2-13 RK3326 1251 Interface Design
Internal pull Connection o o
Signal Description (chip side)
up/down method
Series connect
1251 _MCLK Pull down 1251 system clock output for slave
22ohm resistor
Series connect
1251_SCLK Pull down I2S1 continuous serial clock
22ohm resistor
Series connect | I251 L/R channel select clock, used
I2S1 _LRCK_TXRX | Pull down
22ohm resistor for word select
Series connect
1251_SDO Pull down 1251 serial data 0 output
22ohm resistor
Series connect
1251_SDI Pull down 1251 serial data O input
22ohm resistor
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® 2.3.3.312S2

12S2 supports 2 channels output and 2 channels input, used as PCM interface to
connect BT module by default and used as the communication port for bluetooth call
function under HFP protocol.

Need to pay attention to that, the I2S interface belongs to VCCIO4 power domain,
when WIFI/BT module is in SDIO3.0 work mode, it is set to supply power for VCC_1V8. If
the power supply of the power domain is set to 3.3V, PCM IO related level shift circuit need
to be mounted to meet level matching.

Luu_tiivon reo_nu_u | E{3 Py
UART5_RXD/12S2_2CH_MCLK/LCDC_HSYNC_MO/GPIO3_A1_d 5 { CHG_DET
UART5_TXD/I2S2_2CH_SCLK/LCDC_VSYNC_MO/GPIO3_A2_d Eli RI700T R2R % 2 R0402 ;ggT_F’CM_CLK

UART5_CTS/1252_2CH_LRCK/CIF_D2_M1/LCDC_DEN_MO/GPIO3_A3_d [&15 T_PCM_SYNC

LCDC_DO/GPIO3_A4_d [E75 {PHONE_DET
UARTS5_RTS/I2S2_2CH_SDI/CIF_D3_M1/LCDC_D1_MO/GPIO3_A5_d 14 KBT_PCM_OUT
LCDC_D2/GPIO3_A6_d [E1g SYMIC_LED_EN
1282_2CH_SDO/CIF_D4_M1/LCDC_D3 MO/GPIO3_A7 d [E1= ——5he SBT_PCM_IN

Figure 2-39 RK3326 1252 Part

12S2 interface pull up/down and matching design are recommended as shown in Table
2-14.

Table 2-14 RK3326 1252 Interface Design

) Internal pull Connection o o
Signal Description(chip side)
up/down method
Series connect
1252_2CH_MCLK | pull down . 1252 system clock output for slave
22o0hm resistor

1252 _2CH_SCLK Series connect | I2S2 continuous serial clock

pull down
PCM_CLK 22ohm resistor PCM clock

1252 L/R channel select clock, used

12S2_2CH_LRCK Series connect

pull down for word select
PCM_SYNC 22ohm resistor

PCM data frame sync

12S2_2CH_SDO Series connect | I2S2 serial data output

pull down
PCM_OUT 22ohm resistor PCM data output
1252 _2CH_SDI Series connect | I12S2 serial data input

pull down
PCM_IN 22ohm resistor PCM data input

RK3326 provides one group of PDM digital audio interface, supporting 8 channels PDM
format audio input at most, the highest sampling rate up to 192 kHz, and bit rate from 16
bits to 32 bits.

In order to realize audio loop back input for RK809-1, the IO multiplexing here is
relatively flexible, and need to avoid the reuse of the same signal in different locations.

When use PDM MIC for audio acquisition, also recommend to use PDM interface for
loop back to simplify the software processing of audio recording data. In this way, for the
commonly involved cases of 2-6 PDM MIC recording and 1-2 loop back channels, the input
can be completed only by a complete 4-8 channel recording audio, and no additional
splicing processing is required by the software.

If the 8-channel PDM MIC input needs to be connected, the I2S interface can only be
used as the capture of the loop back channel, and software needs to do additional audio
splicing processing to meet the data synchronization requirements of the algorithm.
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PDM CLKD MO/LCDC, D1B."GF'IO3_C6 d
PDM CLK1/LCDC, _D19/GPIO3_C7_d
PDM_SDINICIF_| CLKOUT M1/LCDC_D20/GPIO3_D0_d
ISP_PRELIGHT_ TRIG."F‘DM SDI2/CIF VS‘(NC M1/LCDC_D21/GPIO3_D1_d

ISP FLASH_ TRIGOUTJ’PDM SDISICIF HREF_| “M1LCDC _D22{GPI03_D2_i
ISP_FLASH_TRIGIN.’PDM_SDID_MD.’CIF_CLKIN M1/LCDC_D23IGPIO3_D3_:

DM_CLK

)
4
5
&
7
8

oooo|oc

om_soir Tt
DM_SDI2 =
DM_SDI3

TP1700
O

Figure 2-40 RK3326 PDM Part IOMux0

L1000G
RK3326

1281_LRCK_TXRX/GPIO2_C1_d

1281_SCLK/GPIOZ_C2_d

1251_MCLK/GPIOZ_C 3_d
1257_SDOIGPIOZ_C4_d
PDM_SDIO_M112S1_SDIGPIOZ_C5_d
PDM_CLKO_M1/GPIO2_C6_d

AA1S 251_LRCK_TXRX
AA14 — . 5 251_SCLK™
Y14 18001 22R 3% 2 R040 251_MCLK
Y15 -
vis 251_SDO
(PDM SDI0_M1
W15 R1B011 2R o 2 Rﬂdf DM_CLKGO_M1
1802 1 H 2 C0402 ||.
100pF COG 50V

Figure 2-41 RK3326 PDM Part IOMux1

Table 2-15 RK3326 PDM Interface Design

) Internal pull Connection W o
Signal Description(chip side)
up/down method
Series connect | PDM clock 0, IOMUX 0, default not
PDM_CLKO_MO pull down
22ohm resistor used
PDM clock 0, IOMUX 0, default
Series connect
PDM_CLKO_M1 pull down connect to RK809-1 and used for
22o0hm resistor
audio loop back
PDM clock 1, same source with PDM
Series connect
PDM_CLK1 pull down clock 0, used to drive PDM MIC by
22o0hm resistor
default
Series connect | PDM data 0 input, IOMUX 0, default
PDM_SDIO_MO pull down
22ohm resistor not used
PDM data 0 input, IOMUX 1, default
Series connect
PDM_SDIO_M1 pull down connect to RK809-1 and used for
22ohm resistor
audio loop back
Series connect
PDM_SDI1 pull down PDM data 1 input
22o0hm resistor
Series connect
PDM_SDI2 pull down PDM data 2 input
22o0hm resistor
Series connect
PDM_SDI3 pull down PDM data 3 input
22o0hm resistor

RK3326 provides one group of TDM digital audio interface, supporting master or slave
mode, up to 8-channel TDM format audio output and 8-channel TDM format audio input,
the highest sampling rate up to 192 kHz, and bit rate from 16 bits to 32 bits.
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TDM_FSYNC/LCDC_D14/12S0_8CH_LRCKTX/GPI03_C2_d 15 TP1703
TDM_SCLK/I1280_8CH_SCLKTX/LCDC_D15/GPIO3_C3_d [&1g TP1702
TDM_SDO/1250_8CH_SDOO/LCDC_D16/GPIO3_C4_d 475
TDM SDI/I2S0 8CH SDIO/LCDC D17/GPIO3 C5 d s ——

Figure 2-42 RK3326 TDM Interface

Table 2-16 RK3326 TDM Interface Design

. Internal pull Connection o o
Signal Description(chip side)
up/down method

Series connect

TDM_SCLK pull down TDM continuous serial clock
22ohm resistor
Series connect | TDM L/R channel select clock, used

TDM_FSYNC pull down
22o0hm resistor for word select
Series connect )

TDM_SDO pull down . TDM serial data output
22o0hm resistor
Series connect

TDM_SDI pull down TDM serial data input
22o0hm resistor

® 2.3.3.4 Codec
RK817-1/RK809-1 has embedded Codec, connecting with RK3326 through 12S

interface.
U2100D
VCCaVOo_MIDU RK817-1
:‘) 3 {vee spk Hp ag
c2125 c2126 HPL_OUT 2y HPL
~| 10uF 220F RKB17_CPN 36 |
e W s oo s
™ xsR R C0402 RKB17_CPP 37
— N VCT_CPVDD CPP 41 .
- - HPR_OUT SHHPR
| ©21282 || 1 22uF 8
'||\ C0402 | [0V X5R VGG _CPVSS VCC_CRVDD
qLc21312 || 1 22uF 5 34 FB2100 1~~~ 2 G00R-100M «\ o 5
||\ CO402 | [0V X6R  VCCTFED VCC_CPVSS SPKN_ouT L0603 S00mA 5% > [ N-OUT
.||\ 21332 || 1 22uF T 48 [ oo 1paD
[C0402 | [0V XBR  VCCoTPBA - 32 FB2101 1~~~ 2 600R-100M \» copp o
‘ T w SPKP_OUT L0603 B00mAZE% Y o P —CUT
J|C21342 || 1 22uF 44 o
||\ co402 | [10V X5R * VCC 1P8A
1251 MCLKS R21101 OR.5% 2 RO402 16 | &
e e R21121 OR.5% 2 R0402 15 43 C21371 || 2 1000F .,
1251_SCLK> BCLK MICTP Coa0z | [16V3GR < MIC1_IN
1251_LRCK_TXRX(C WHRZ131 QRAS% 2 ROA02 14 | oo
1251_SDOY R21151 AR.5% 2 RO402 17 |
. 18 2 C21381 || 2 1000F .,y
1251 HDI<< SDO/PDMDATA MICTN cod02 |16V X5R < MIC2_IN
I254r S EBE, TEREE W AIrRelsi i i, 19
7] LB B o L O L A~ PDMCLK c2141 C2140
~| 27pF | 27pF
C0402 ——C0402
CoG CoG
50V 50V

Figure 2-43 RK817-1 Codec CII‘CUIt
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_—  uIS1_MCLK
PMIC RK809-1 CODEC Y Y R — 1
—>§gnr.1:c_m'_u1 - 4SpsiTsDO

LMEQOUT L 2 % 1 RO402 5% :)>'|:'L

aR

VCCSVD_SYS
LMEOUT R 2 Rozag. 1 RO402 5% =
33 |, A R PR
WOC_SPE_HP a8
2234 HPL_oUT P LINEOUT L
1I]|.|F_E C2233 cen 36|
coa0s | 22uF 40 ——
X5R :sn C0402 HP_ShS < HP_sNS
v | Bav CEP 37 | on
VCC_CPVDD HPR_oUT [ ———————LINEQUT_R
lc2a3sz || 1 twF ] 36 |
l—cosz 1 ¥ereaw VCC_CAvDD
WCC_CPVES
' }—%3? laoam SR BTV 2 35 | voc_cPves SPRN_OUT [P hePi_ MINLN
VCC_1PED
Cc22382 || 1 1uF o 4B
1| |—| WCC_1P8D
C0402 | XSR .3V veC_ 1PBA Lﬂ_—;c SPKP_OUT 32 }>$Ph-._h-1|h|_:'
22402 || 1 uF o 44 | Foumrieman
'|} 0402 | | WER 6.9 - WEC_1PEA
[251_MCLK 16 | o
B51_SCLK 15 | bolk (P Tel ] - E—— T
251 _LRCK_THRX 14
== LRCLK
E51 SD0 17
= =0
POM_SDK0_M1 16 42 .
SDO/POMOATA MICIN | SPK_LB_R
POM_CLED M1 10
== POMCLE
022000
RHB0S-1

Figure 2-44 RK809-1 Codec Circuit

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.

PJ-3510
PJ5_D3R50_PJ3510
&

HPRY
PHONE_DET(: RT100 1K 1 2 RO402 5%

(S N Y

Ii

7100 T R7I0T. 2 RUa0z
foonF P s < 0

X5R
16V
Co402 ED7100 Eo7i01 | ED7H02
EsD5451N W, ESDE451NW, ESDE451N
= ESDO0402 ESD0402 2 ESD0402

- - -

o~ o~

Figure 2-45 RK3326 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 and can save the additional cost of external power amplifier.

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 RK809-1, complete A/D
conversion by RK809-1 and then transmit back to RK3326 through PDM/I2S interface.

Here RK809-1 is set as PDM interface to communicate with RK3326 by default, which
is based on the consideration of using PDM MIC as described in PDM interface section.

45


mailto:1.3W@8ohm

Rackchip #::wms

Rev 1.2
I~ TNote:FE and Caps Eor anti E}?IT_":
: Flaced close to EK809-1. | o i a e 17300
1 2 L L Mote: 8chm/1.3W
SPE_MINLE 3 FETI00 LOG03 1.5A 35 | PR _IRICCE R H Speakes O :
| 1EOR-100M N Speaker Qutput
1 : ITACH_1500_2P
o1 1 gy, 2
SPKMINLN 3 | FETIN L0603 1A Z5% T
} 1ER-i00M craoa| cram r|
~| wnF 7| nF |
! =06 500G I
1 oo 25V | 25V 1
) W@L T H
= = o o
ED7300  ED7I01
ESD5451M ESDS451N
ESD040  E2D04D2
cra0e
100nF
7300 R4 RT304 RO402 Co402
sek_MINLLE P 51k 1 2 1% K1 2 1% £y 1|2 Xsmiew
- - p— ]
| craoz ——cras A
— nF 10nF
LiepK LB L
o MR ™ xsm DEPRLAEL e
=y Fe Differential Input to ADC of RE809-1
| €703 .| cras
220F TomF .y
=R ——xsm SDEPKLE R
T e ] s cra?
Co402 Co402 100nF
RT305 RO402 Co402
SPK_MINI LB 1K 1 2 1% ( a 1 | 2 _X5R 16V

Figure 2-46 RK3326 Speaker Circuit
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Figure 2-47 RK3326 Look 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 RK809-1 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 placed
at LINEOUT side. Adjust according to the requirement of algorithm or use external ADC to
do the loop back collection.
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Figure 2-48 RK3326 Stereo Loop Back

e 2.3.3.5MIC

MIC circuit is shown as Figure 2-45. 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.

If use digital interface MEMS MIC, it can be directly connected to I12S0 of RK3326 as

Figure 3-65.
VCC3V0_PMU R71041 100R5% 2 RQ402
c7103
TuF
——C0402 R7105
o 0V 29K
X5R R0402
1 o 5% MIC7100
— MIC-4020
MIC1_INKK. + ’ MIC2_4020
_| cr10s 1
100pF
——C0402 2
«| co0G
MIC2_INEK S0V
- ED7103 ED7104
R7106 ESD5451 ESD5451N
2.2K ESD0402 ESD0402
R0402
od 50}6 od (Y]

Figure 2-49 Differential MIC Circuit
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50V
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Figure 2-50 Single-end MIC Circuit

® 2.3.3.6 MIC for AI-VA

Considering the main stream cases and cost, AI-VA provides two kinds of microphone
reference circuit: PDM MIC solution and analog MIC solution of ADC input. For more
details please refer to RK3326_AI_VA_MIC_REF_V11_20180718. Besides, it also
provides the reference design of RGB LED drive circuit and ADC button circuit. The block

diagram is shown as below:
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PDM MIC Block Diagram

SARADC

12C

PDM

Figure 2-51 RK3326 PDM MIC Solution Block Diagram
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Analog MIC Block Diagram
I2S Interface
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Play/Pause,Vol+ Vol
SARADC \ Mute Mode
e > LED Driver J
A MIC
—
A MIC
D 2
25 +
A MIC
—
A MIC
O 4
A MIC
—
A MIC
O 5
MicBoard2

Figure 2-52 RK3326 Analog MIC Solution Block Diagram

The circuit of PDM MIC solution is very simple. The communication can be completed
only by using one CLK to output drive MIC and one DATA to input data. The circuit is as
below. PDM interface can connect two microphones, share clock and data bus, and
respectively output data along two edges of CLK. For layout need to pay attention to the
corresponding relationship between LR configuration and MIC channel to avoid the
violation from the definition. RK3326 PDM register has polarity configuration bit, and LR
polarity can be inverted.

PDM MIC drives more MIC. The trace uses Daisy Chain topological connection to
shorten the branch of each node as possible and both sides of the signal are surrounded
by GND.
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Figure 2-53 RK3326 PDM MIC Circuit

MIC of AI-VA products is usually placed on an independent MIC board, which is
exposed below the sound inlet hole of the cover. Therefore, need to add electrostatic
protective measures as close as possible to MIC, such as placing ESD protective
component, series connect resistor, and so on.

12 [ s Eggungﬂz : _N_Eénfﬂﬁ*m“"
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Figure 2-54 RK3326 PDM ESD
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Figure 2-55 RK3326 PDM Serial Connect Resistor
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For the analog MIC solution input by ADC, need to place ADC close to the analog MIC

a2

501

al—.l
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10 RTS201 Z2R, . 2 A040C 5% |ADC KEY N
12 ATS001 2 RO40C B% S0 MCLE
14 RTS011 Z 2 m0d0c % S0 SCLK RX
18
L
18 RTS031 23B . 2 BO40C 8% DS0 LRCK R
L
50 SO0
MIC_LED EN &

2C1_SCL

Figure 2-56 RK3326 I2S Serial Connect Resistor

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.
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 electrostatic protection of analog MIC, it is also useful to place ESD component

close to MIC or series connect resistance with signal line.
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Q ceor 1 || 2 codoel,  mMICE00
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2.3.4 Video Circuit

WCC MICA

Figure 2-57 RK3326 Analog MIC Circuit

RK3326 has embedded video controller, supporting RGB/LVDS/MIPI DSI three kinds of

video output modes.
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LVDEMIPI_TX_DONLCDC_D11_M1 ey Tymemie ;
LVD2ME_TX_DIFALEDG DE_MM e re—Trois L] L] ———
LUDEMIFL_TX_DNILCOC DM e 5
LVDEME_TX_DIRILCDC DD o i B=L
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Figure 2-58 RK3326 Video Part

® 2.3.4.1LVDS/MIPI-DSI Mode

LVDS/MIPI-DSI uses the same one controller and some pins are multiplexed with RGB.
Need to configure the corresponding output mode through software when use
LVDS/MIPI-DSI to output.

LVDS/MIPI_TX_DON/LCDC_D11_M1 %%gy
LVDS/MIPI TX DOPILCDC D8 M1 "B15  LVDS/MIPI TXDIN/LCDC D1
LVDS/MIPI TX D1NILCDC D1 M1 A6 LVDS/MIPI TXDI1PLCDC D10

LVDS!MIPI_TX_D1Pf'LCDC_D10_M1 B14  LVDS/MIPI TXCLRNLCDC D4

LVDS/MIPI_TX_CLKN/LCDC_D4_M1 ~A1d  LVDSMIPI TXCLRPILCDC D3

LVDS/MIPI_TX_CLKP/LCDC_D3_M1 13 LVDS/MIPT TXD2N/LCDC. VSYNC

LVDS/MIPI_TX_D2N/LCDC_VSYNC_M1 B13  LVDS/MIPT TXD2PLCDC D5
LVDS/MIPI_TX_D2PLCDC_D5_M1 575 —TVBSMIPT TXDINLCDT, HSYNC
LVDS/MIPL_TX_ D3NKLCDC HSYNC M1 AT LVDSMIPT TXD3PLCDC DEN
LVDS!MIPI_TX_DSP!LCDC_DEN_M1 -

Figure 2-59 RK3326 LVDS/MIPI-DSI Part

Please note for design:

B The reference resistor of LVDS controller should select the resistor with 1%
accuracy, and it will affect the signal quality of eye diagram. The resistor is not
needed for MIPI/RGB mode.

G12  R17211 2{(/\/\ 2 R0402 1% |||l
I

LVDS_RBIAS I
Figure 2-60 RK3326 LVDS Controller Reference Resistor

® Inorderto avoid the damage of surge, 1.0V/1.8V power supply of LVDS/MIPI-DSI
controller needs to series connect 1ohm resistor.
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-------------------------------------1

F11__ wiPDsi_veca vl R17221 JR.5% 2 R0402 Place surge protection resister
LVDS/MIPI_AVDD_1V0 =5 —wipl DSl VoCA VB R17231 % 2_R0A02 VDD _1v0 Surg ? |
LVDSMIPL_AVDD_1V8 (=5 1 ovec_ v closed to SOC H
]
(]

LVDS/MIPI_AVDD_3V3 i ovCC_3vo R MR P SR T soChi B

' Figure 2-61 RK3326 LVDS/MIPI-DSI Part Power Anti-surge

B In order to improve LVDS/MIPI-DSI performance, the decoupling capacitor of the
controller power should be placed close to the pin.

® 2.3.4.2 RGB Mode

RK3326 supports 24bit RGB output. Need to configure the output mode through

software when use RGB output mode.

1CBC. CLKIGPTO3.AD. d [E):g LCDC_CLKO R17031 w 2 R0402

UARTS_RXD/I252_2CH_MCLKILCDC_HSYNC_MO/GPIO3_AT_d £33 _ T E;E“
UARTS_TXDI1252_2CH_SCLK/LCDC_VSYNC_MO/GPIO3_A2_d [y %E _PCM_CLK C0402
B

< FOMLEDC_CLK

UART5_CTS/1252_2CH_LRCK/CIF_D2_M1/LCDC_DEN_MO/GPIO3_A3_d 515 T_PCM_SYNC 06
LCDC DO/GFIO3_Ad d [E45 COC DD« o
UARTS_RTS/1252_2CH_SDICIF_D3_M1/LCDC_D1_MO/GPIO3_A5 d _PCM_0OU

< je—
LCDC_D2/GPIO3_A6_d E’;g CDC_D2 B
1252_2CH_SDO/CIF_D4_M1/LCDC_D3_MO/GFPIO3_AT_d 77 _PCM_IN

1250_8CH_SDI3/CIF_D5_M1/LCDC_D4_MO/GPIO3_B0_d [-F17 K&18_PWREN
SPI1_CSN0/I250_8CH_SDI2/CIF_D6_M1/LCDC_D5_MO/GPIO3_B1_d 513 KE18_RS
SPI1_CSN1/LCDC_D6/GPIO3_B2 d [~oy7 CDC_DE
1250_8CH_SDI/LCDC_DT/GPIO3_B3_d [Fqg coC_D7
SPI1_MOSI/250_8CH_SCLKRX/CIF_D7_M1/LCDC_D&_MO/GPIO3_B4_d C

T CCOMP_INT
1280_8CH_LRCKRX/LCDC_D9/GPIO3_B5 d [Z15 LCDC_DS
SPI1_MIS0/1250_8CH_SDO3/CIF_D8_M1/LCDC_D10_MO/GPIO3_B6_d 517 WIFI_PWREN

SPI1_CLK/1280_8CH_SDO2/CIF_D3_M1/LCDC_D11_MO/GPIO3_BT_d 35 CD_RS
1250 8CH_SDO1/L.CDC_D12/GPI03_C0_d g5 CDC_D12
1280_8CH_MCLK/LCDC_Di3/GFI03_C1_d —=7g CDC_D13
TDM_FSYNC/LCDC_D14/12S0_8CH_LRCKTX/GPIO3_C2_d [F1g CDC_D14
TDM_SCLK/I250_8CH_SCLKTX/LCDC_D15/GPIO3_C3_d [ &g CDC_D15
TDM_SDO/1250_8CH_SDOD/LCDC_D16/GPIO3_C4_d 473 CDC_D16
TDM_SDIN2S0_8CH_SDIDALCDC_D17/GPIO2_C5 d g3 cDhC_D17
PDM_CLKO_MO/LCDC_D18/GPIO3_C6_d 17 CDC_D18
PDM_CLK1/LCDC_D19/GPIO3_C7_d [57E cDC_D19
PDM_SDI1/CIF_CLKOUT_M1/LCDC_D20/GPI03_D0_d —q5 CDC_D20
ISP_PRELIGHT_TRIG/PDM_SDI2/CIF_VSYNC_M1/1.CDC_D21/GPIO3_D1_d g7 CDC_D21
ISP_FLASH_TRIGOUT/PDM_SDI3/CIF_HREF_M1/LCDC_D22/GPIO3_D2_d [p1a CDC_D22
ISP_FLASH_TRIGIN/PDM_SDI0_MO/CIF_CLKIN_M1/LCDC_D23/GPI03_D3_d CDC_D23

Figure 2-62 RK3326 RGB Part

B When use RGB888 24bit panel, the corresponding relationship of the signal is as
below:
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Correspondence between LCDC DATA and RGB
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_DA4 B4 LCDC D16 RO
LCDC D5 B5 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 2-63 RK3326 RGB 24bit Connection

B When use RGB666 18bit panel, only need to connect LCDC_DO0-D17 data signal,
and the corresponding relationship is as below:

Correspondence between LCDC DATA and RGB
LCDC_DO B2 LCDC_D9 G5 |
LCDCZDl B3 LCDC_D10 Go
LCDC D2 B4 LCDC_D11 G7
LCDc:D3 BS LCDC_D12 R2
LCDC_D4 B6 LCDC_D13 R3
LCDC_D5 B7 LCDC_D14 R4
LCDC_Dé G2 LCDC_D15 R5
LCDC_D7 G3 LCDC_Dl6 R6
LCDC_D8 G4 LCDC_D17 R7

Figure 2-64 RK3326 RGB 18bit Connection

B The 10 signals including LCDC_D5/D8/D10 etc. have MO and M1 two multiplexing
relationship which can be configured freely. But in real product design,
recommend to use the pin of M1. Because seen from the fan out figure of the chip,
these pins are on the edge of the chip which is easy for routing no matter for
two-layer or four-layer board.
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LVDS/MIPI_TX_DON/LCDC_D11
LVDS/MIPI_TX_DOP/LCDC_D8
LVDS/MIPI_TX_D1N/LCDC_D1

LVDS/MIPI_TX_D1P/LCDC_D10

LVDS/MIPI_TX_CLKN/LCDC_DA4

LVDS/MIPI_TX_CLKP/LCDC_D

LVDS/MIPI_TX_D2N/LCDC_VSYNC 813
LVDS/MIPI_TX_D2P/LCDC_D5 B2
LVDS/MIPI_TX_D3N/LCDC_HSYNC 21D
LVDS/MIPI_TX_D3P/LCDC_DEN_ 510

"LCDC_CLK/GPIO3_ADd E13
UART5_RXD/I2S2_2CH_MCLK/LCDC_HSYNC_MA(GPIO3_A1_d
UART5_TXD/I2S2_2CH_SCLK/LCDC_VSYNC_WMO0/GPIO3_A2_d E14

UARTS5_CTS/I2S2_2CH_LRCK/CIF_D2_M1/LCDC_DEN_MO/GPIO3_A3_d C15

LCDCDO/GPIO3_A4_d E15
UARTS5_RTS/1252_2CH_SDI/CIF_D3_M1/LCDC_D1]MO/GPIO3_AS_d 12
LCDC| D2/GPIO3_A6_d E16

12S2_2CH_SDO/CIF_D4_M1/LCDC_D3| M0/GPIO3_A7_d E17
1250_8CH_SDI3/CIF_D5_M1/LCDC_D4| M0/GPIO3_B0_d E17
SPI1_CSN0/12S0_8CH_SDI2/CIF_D6_M1/LCDC_D5| MO/GPIO3_B1_d 518
SPI1_CSN1/LCDC! D6/GPI03_B2_d C17

12S0_8CH_SDI1/LCDC 103_B3_d E18
SPI1_MOSI/I2S0_8CH_SCLKRX/CIF_D7_M1/LCDC_D8IM0/GPIO3_B4_d C16
12S0_8CH_LRCKRX/LCDC\D9/GPI03_B5_d G18
SPI1_MISO/I12S0_8CH_SDO3/CIF_D8_M1/LCDC_D10_MO0/¢ PIO3_B6_d—&77

SPI1_CLK/12S0_8CH_SDO2/CIF_D9_M1/LCDC_D11

[ EaTatal ﬁﬁll Ll o T W I | ﬁl-\f'i I‘\AﬂJ/‘hHIf"\ﬂ fatal -

Figure 2-65 RK3326 LCDC MO&M1 Multiplexed Pin

56



Rackchip ximF

R . ) . LCOC_ HSYND
Lene_Ds
i N LCOC_VSYHC
r——— LONG 5 \

LCOC N2

£

L Lo
— L 03

. W LCOC_ [

. _ LCBC_Dn
- LCOE

LCLE g

LC0 RYT ’ LCOC D1

LCO_FS5T

B | P 2
- - S LLOC D8

I

Figure 2-66 RK3326 LCDC M1 Pin Fanout

2.3.5 Camera Circuit
® 2.3.5.1 USB Camera

For USB Camera please refer to the USB design described in section 2.3.2.

® 2.3.5.2 MIPI-CSI Camera
RK3326 has one MIPI-CSI input with embedded ISP processor.
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U1000D
RK3326
MIP1_CSI_DOP 3“’111“ GGMIPI_CSI_DOP
MIPI_CS|_DON JQMIPI_CSI_DON
MIPI_CSI_D1P ng SGMIPI_CSI D1P
MIPI_CSI DN MIPI_CSI_DIN
MIPI_CSI|_CLKP E}g GGMIPI_CSI_GLKP
MIPI_CSI_CLKN {MIPI_CSI_CLKN
MIP1_CSI_D2P ﬂg GMIPI_CSI_D2P
MIPI_CSI_D2N MIPI_CSI_D2N
MIP1_CSI_D3P %98 GGMIPI_CS|_D3p
MIPI_CSI_D3N JQMIPI_CSI_D3N

MIPI CSI RBIAS 2 —R1600 1 2K\ 1% 2 RO402 “I

AVDD1VO_MIFL_CSI

MIPI_CSI_AVDD_1V0 us T R16011 1R . 5% 2 R0402 GVDD_1VO

C1600
100nF
——XbR
168v
C0402

e:21]1 the FPower fil:%r capacitors should be

ced :l_ 52 tc the wer 111“" of REK: '.“_“c.

| HH L 4" ll[ f”r ul e rfl"-’““’él[l IR =
Figure 2-67 RK3326 MIPI-CSI Part

Not

]_::— ';

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.

U1 R1600 1 2K, 1% 2 R0402 |||.

MIPI_CSI_RBIAS | |

Figure 2-68 RK3326 MIPI-CSI Controller Reference Resistor

m In order to avoid the damage of surge, the power of MIPI-CSI controller needs to
series connect 1ohm resistance.

AVDD1VO_MIPI_CSI

us R16011 1R . 5% 2 R0402 OVCC_1V0

MIPI_CSI_AVDD_1V0

mAnN

Figure 2-69 RK3326 MIPI-CSI Part Power Anti-surge

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

® 2.3.5.3 CIF Camera
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VCCIO3 is the power domain of CIF interface, and it can support 1.8V and 2.8V. Please
select the corresponding voltage for 10 supply(1.8V or 2.8V) in the application according
to the product needs. Be noted that I2C pull-up level must be consistent with it otherwise
the camera would not work normally.

U1000B
RK3326
CIF_D2_MO/GPIO2_AO0_d ﬁg < CIF_D?
CIF_D3_MO/GPIO2_A1_d [—aA7 5 CIF_D3
CIF_D4_MO/GPIO2_A2 d =g S CIF_D4
CIF_D5_MO/GPI02_A3_d [—7g S CIF_D5
CIF_D6_MO/GPIO2_A4_d 57 $ CIF_D6&
CIF_D7_MO/GPIO2_A5_d FwE S CIF_DIT_"
CIF_D8_MO/GPIO2_A6_d -pm S CIF_D8
CIF_D9_MO/GPIO2_AT_d g CIF_Dg
CIF_VSYNC_MO/GPI02_B0_d 377 CIF_VSYNC
CIF_HREF_MO/GPI02_B1_d [F5Ag CIF_HREF
CIF_CLKI_MO/GPIO2_B2 d & <CIF_CLKI )
CIF_CLKO_MO/GPIO2_B3_d /15 S»CAM_CLKO
UART2_TX_M1/GPIO2 B4 d 7 CHDMI_INT .
GPIO2_B5_d w6 CAF:.:1_F' DN1
UART2_RX_M1/GPIO2_B6_d 57 CAI‘J_EE!NEI
[2C2_SCL/GPIO2_B7_u g IECE_?L L_CAM
12C2_SDA/GPIO2_CO0_u <4 12C2_SDA_CAM
VCCIO_DVP
VCCIO3 LT

Figure 2-70 RK3326 CIF Part

2.3.6 ADC Circuit

RK3326 uses ADC_IN2 of SARADC as the sampling port of key value input and multiplexed
with Recovery mode button (no need to update LOADER). If the system already has images,
pull down ADKEY_IN when system boots up, keep ADC_IN2 to low level (0V), then RK3326
will enter Rockusb image download 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.

RK3326 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 step must be bigger than 123mV.
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U1000F
RK3326

V14 ADCO_HW_ID TP1500

ADC_INO

ADCTINT [t & QD[:‘I_HP_HOOK
N1 Vs S anc

ADC_IN2 ADC2_KEY_IN

= T J_'l_;lr—_;_;
Rearanw VIR - )
CAAS S (7 e R RE DG 3w 5L 001

. : EALD
VCC_1V8 1. 724540 5

ADG_AvVDD_1vs P12

C1500 Nt s A
| 100nF _

Figure 2-71 RK3326 SAR-ADC Part

2.3.7 SDIO/UART Circuit

RK3326 supports WIFI/BT module with SDIO 3.0 interface as shown below. It should be
noted that the power supply of RK3326 SDIO and UART controller must be consistent with I0
supply of the WIFI/BT modules.

l-------------------------------1
| Place SDIO CLK resister closed to 30C for better |
J Singnal Quality if long traces,it can be deleted ]
| if traces are short ) ) ]
U1000K ) SDIO CLKH:BXVLACHBH ST sOCE, i
RK3326 ¢ EAEZRECK BRSO B AT LA S S R i
ool b S 2R B0k AT LU B e BH O B, ]
UART1_RXDIGPIO1_CO_u |'u"|21= (L.J:*\R:'I_RJ(_D |
UART1_TXDIGPIO1_C1_u 535 | SOUART1_TXD i
UART1_CTS/GPIO1_C2_u FT1g CUART1ZCTS M
UARTI1_RTS/GPIO1_C3_u ) SYJART1_RTS H
SDIO_CMD/GPIO1_C4_u E;g- % (4 :g E_EH{D =
SDIO_CLK/GPIO1_C5_d i 0_C
Sl bieri S [T b eon S = iy 00D .
SDIO_D1/GPIO1_C7_U g R1a051 T R0z 5> Kool0-b! i
SDIO_D2/GPIOT_DO_u [r5g 3 R1806 1 2 _RO402 SDI0_D2 i
SDIO_D3/GPIO1_D1_u SDI0_D3
l-------------------------------l
VCC_3v0
VCCIO K19
_| c1a01
100nF
X5R
18vY
' cos02

Figure 2-72 RK3326 SDIO/UART Part

e 2.3.7.1SDIO

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

Table 2-17 RK3326 SDIO Interface Design

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

Series connect
22ohm resistor

SDIO_DQn[0:3] pull up SDIO data output/input
can be deleted if

the trace is short

Series connect
SDIO_CLK pull down SDIO clock output
22ohm resistor
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Series connect
22ohm resistor

SDIO_CMD pull down SDIO command output/input
can be deleted if

the trace is short

® 2.3.7.2 UART

UART interface pull up/down and matching design are recommended as Table 2-18.

Table 2-18 RK3326 UART Interface Design

] Internal pull Connection o o
Signal Description (chip side)
up/down method
UART1_RX Pull up Direct connection | UART1 data input
UART1_TX Pull up Direct connection | UART1 data output
UART1_CTSn Pull up Direct connection | UART1 permission output signal
UART1_RTSn Pull up Direct connection | UART1 request output signal

2.3.8 UART Debug Circuit

RK3326 Debug UART2 is reused with SDMMC interface, and you can externally connect
UART-to-USB conversion board for debugging when needed.

C L L ¥ ] [t et mitetimtirmiburfiymfis ittt |

?------—
V'Used for UART debug,please place together

I ]
]
| TP9100TP9101 i
1 O O TP9102 g J9100
] O ¢ JF.CKT01.009D
SDMMCO0_D2 5 DATA2
SDMMCO_D? < £ comaTas
SDMMCO_CMD3 + o
) VCC_SDo =| VDD
SDMMCO_CLK 2] cik
+ vsS
SDMMCO_D i g DATAD
SDMMCO_D1 DATA1
SOMMCO DET, ROT00T 72K 5% 2_ROA0Z_ 18 co
T G1
epetoe ~| | | | | | | Esbs34in Esbo4nz 7] G2
ED9105 ESD5341N ESD0402 13 gg
EDY104 ESD5341N ESD0402
ED9103 ESD5341N ESD0402 e
EDY102 ESD5341N ESD0402 =
ED9101 ESD5341N ESD0402
epgioo S Y% % ™ Y ™ Esps4siN EsSD0402

Figure 2-73 RK3326 UART2 Debug Point
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.
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Session Options - serial-com3

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 DT
Mapped Keys Data bits: 8 v [JoTR/DSR
Advanced [ |rTS/CTS
+ Appearance Parity: None ~ [ ] XON/XOFF
ANSI Color .
Window Stop bits: 1 ~
Log File
Printing
X/Y/Zmodem
Serial break length: | 100 2 milliseconds

Figure 2-74 RK3326 Serial Port Configuration
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3 Thermal Desigh Recommendation

3.1 Thermal Simulation

For RK3326 TFBGA418L package, we can get the thermal simulation report using the
Finite Element Modeling (FEM) method based on EVB 4-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.

3.1.1 Result Summaries

The thermal simulation result is shown as below:

Table 3-1 RK3326 Thermal Simulation Report
(Ehoronga) | Power(W) 674 (CC/W) 8,5(°C/W) B, C/W)

EVB PCB 25.4 NA 7.8

3.1.2 PCB Description

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

Table 3-2 RK3326 Thermal Simulation PCB Sturcture

PCB Dimension (L x W) 173.1 x 159.4mm

EVB PCB PCB Thickness 1.6mm

Number of Cu Layer 4-layers

3.1.3 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

The thermal parameter can be define as following

1. Junction to ambient thermal resistance, 61, defined as:

Tc Ta
;_r _JT —r
Ora = JP ol (1) B iTT |
r—j /‘b_u_mm_b—ﬂ_d\\

Thermal Dissipation of EHS-FCBGA

Figure 3-1 BJA Definition
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2. Junction to case thermal resistance, 8;c, defined as:

;-7
Orc= % ; (2)

FaskoReieRme] K*
o

I
O 00O O PC

Attach a block with constant

temperature onto package.

Figure 3-2 8]C Definition

3. Junction to board thermal resistance, 6;p, defined as:

I;-T
O = JP . (3)

Attach a block with mnstaﬂr‘“‘

temperature

Figure 3-3 8]B Definition

3.2 SoC Internal Thermal Control Method
3.2.1 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
currently there are three commonly used strategies as below:

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

according to current temperature, dynamically allocate power for the modules, and
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.

RK3326 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
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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.

3.2.2 Thermal Control Configuration

RK3326 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.
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4 ESD/EMI Protection Design

4.1 Overview

The chapter gives recommendations for ESD / EMI protection design in the RK3326
product design to help customers improve the anti-static and anti-electromagnetic
interference levels of their products.

4.2 Terminology

The terminologies in this chapter are explained as below:

ESD: Electro-Static discharge
EMI: Electromagnetic Interference

4.3 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
components.

PCB layout should try to place RK3326 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 signhal and GND.

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

4.4 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
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filters, resistors, capacitors, inductors, beads, common mode inductance / magnetic
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.

® RK3326 can use spread spectrum function by modules. The degree of the spread
spectrum depends on the signal requirements of the relevant part. Refer to RK3326
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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5 Welding Process

5.1 Overview

RK3326 is the ROHS directive certification products, that is, Lead-free products. This
chapter regulates the RK3326 SMT basic settings of the temperature for customers. It mainly
introduces the process control when customers use RK3326 to do the re-flow solder: mainly
lead-free process and mixed process.

5.2 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.

5.3 Re-flow Solder Requirement

5.3.1 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.

5.3.2 SMT Re-flow Profile

As RK3326 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, pna) 150 °C 200 °C
Time (Toin 10 Topnaa) (L) 60-120 seconds 60-120 seconds
Average ramp-up rate o o
(Tarer 10 T,) 3 °C/second max. 3 °Clsecond max.
Liguidous temperature (T,) 183 °C 217 °C
Time at liquidous (1) 60-150 seconds 60-150 seconds
Peak package body temperature (T )" See classification temp in Table 4.1 See classification temp in Table 4.2
Time (t)™ within 5 °C of the specified . .
classifigation temperature (T.) 20 seconds 30°" seconds
Average ramp-down rate (T, 10 T ..} 6 °C/second max. 6 “Clsecond max.
Time 25 °C to peak temperature 6 minutes max. 8 minutes max.

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

Figure 5-1 Reflow Profile Classification
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Package Volume mm? Volume mm? Volume mm?
Thickness <350 350 - 2000 >2000
<1.6 mm 260 °C 260 °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 5-2 Lead-free Process Component Package Heat-Resistant Standard
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Figure 5-3 Pb-free Reflow Profile
5.3.3 SMT Recommended Reflow Profile
RK recommended SMT reflow profile is shown as Figure 5-4:
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 5-4 Pb-free Reflow Profile Recommended Parameter
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6 Packaging And Storage Condition

6.1 Overview

The chapter regulates RK3326 storage and usage specification to ensure the safety and
correct usage of the product.

6.2 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.

® Shell Life: The storage expiration.

6.3 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.

L E wmss

Figure 6-1 RK3326 Dry Vacuum Packaging
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Figure 6-2 Humidity Indicator Card

6.4 Product Storage

6.4.1 Storage Environment

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

Under ambient conditions <30 ° C and relative humidity 60%, please refer to below table
6-1.

RK3326 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 6-1 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.

6.5 Moisture Sensitive Product Usage

The RK3326 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, RK3326 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 discolorat 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 6-2 for RK3326 re-baking time:
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Table 6-2 RK3326 Re-bake Reference Table

High Temp Bake @125°C Medium Temp Bake | Low Temp Bake @40°C
Package +10/-0°C @90C+8/-0C +5/-0C
Body? MSL | 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
9 hours 7 hours 33 hours | 23 hours 13 days 9 days
<1.4mm

A Note

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