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Foreword

> Overview

This document mainly introduces the main points of RK3399 hardware design and notes, aims to help RK
customers shorten the design cycle, improve the design stability and reduce the failure rate. Please refer
to the requirements of this guide for hardware design, and using the relevant core templates released by
Rockchip as possible as you can. If it needs to be changed for special reasons, please according strictly to
the design requirements of high speed digital circuit.

» SOC Type
B The document is only fit for RK3399

» Application Object

This document is mainly suitable for the following engineers:
® Hardware development & PCB layout engineers
® Field application engineers
® Embedded Software Development Engineers
® Test engineers
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Acronym

Acronym includes the abbreviations of phases commonly used in this document.

DDR Double Data Rate SDRAM XU A B &5 B LAT A o
DP DisplayPort HhE SR

eDP Embedded DisplayPort WE BN

eMMC Embedded Multi Media Card W B 2 AR R

HDMI High Definition Multimedia Interface T L 2 A

[2C Inter-Integrated Circuit PR L I (P 2 R AT T TR 28)
JTAG Joint Test Action Group {ﬁﬁgﬁg j(jléEﬂEé/E ?1%952 %z bt
LDO Low Drop Out Linear Regulator ICE Z LR 48

LVDS Low-Voltage Differential Signaling KEEZEMES, BriEn
MAC Media Access Control DR IR SR e N A2 1)

MIPI Mobile Industry Processor Interface T Bl =l A HE 2842 1

PCle iexrpl)ngggal Component Interconnect SRR T AR HE

PMIC Power Management IC FEL YA A LES

PMU Power Management Unit FEL Y5 B LT

RK Fuzhou Rockchip Electronics Co.,Ltd. A B 5 A B A BR 2 )
SD Card Secure Digital Memory Card ZARHY R

SDIO Secure Digital Input and Output interface LR N O
SDMMC Secure Digital Multi Media Card BB T 2R
SPDIF Sony/Philips Digital Interface Format SONY/PHILIPS %7 & #ii$z [
SPI Serial Peripheral Interface AT ANE RO

TF Card Micro SD Card(Trans-flash Card) CAN=RIS VAR S

Type-C USB Type-C interface —FhUSBHRERE

UsSB Universal Serial Bus i #AT B

VR Virtual Reality JEFUB S
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Chapter1 Introduction

1.1 Overview

RK3399 is a low power high performance processor based on Big.Little architecture, which includes
dual-core ARM cortex —A72 MPcore processor and quad-core ARM cortex-A53 MPcore processor with
separate NEON coprocessor, can be applied to computers, mobile phones, personal mobile internet, digital
multimedia equipment.

Many embedded powerful hardware engines provide optimized performance for high-endapplication.
RK3399 supports multi-format video decoders including H.264/H.265/VP9 up to4Kx2K@60fps, especially,
H.264/H.265 decoders support 10bits coding, and also supports H.264/MVC/VP8 encoders by 1080p@30fps,
high-quality JPEG encoder/decoder, and special image preprocessor and postprocessor.

Embedded 3D GPU makes RK3399 completely compatible with OpenGL ES1.1/2.0/3.0/3.1,0penCL and
DirectX 11.1. Special 2D hardware engine with MMU will maximize display performance and provide very
smooth operation.

RK3399 has high-performance dual channel external memory interface (DDR3/DDR3L/LPDDR3/LPDDR4)
capable of sustaining demanding memory bandwidths, also provides a complete set of peripheral interface to
support very flexible applications.

1.2 Features

1.21 CPU

® Dual-core ARM Cortex-A72 MPCore processor and Quad-core ARM Cortex-A53MPCore processor,
both are high-performance, low-power and cached application processor

® 64 bits high performance CPU

®  Built-in low power MCU Cortex-M0

1.2.2 GPU

® 4 cortex ARM Mali-T860MP4 high performance GPU
® Support OpenGL ES1.1/2.0/3.0/3.1. OpenVG1.1. OpenCL. DX11
® Support AFBC (Frame Buffer Compression)

1.2.3 Memory
® Dual channel DDR3/DDR3L/LPDDR3/LPDDR4
® Support eMMC 5.1,SDIO 3.0

1.2.4 Muti-media

® Support 4K VP9 and 4K 10bits H265/H264 video decodingm,up to 60fps

1080P multi-formate video decoding (WMV. MPEG-1/2/4. VP8)

1080P video decoding, support H.264, VP8 format

Video post-production processor: deinterlacing, denoising, edge / detail / color optimization

1.2.5 Display

5
® Embedded dual VOP,support 4096x2160 AFBC and 2560x1600
® Embedded dual channels MIPI-DSI (4 lanes per chanel)
® Compliant with eDP 1.3 (4 lanes, 5.4Gbps)
® Compliant with HDMI 2.0 up to 4K 60fps, compliant with HDCP 1.4/2.2
® Compliant with DisplayPort 1.2 (4 lanes, up to 4K 60Hz)
® Support Rec.2020/Rec.709

1.2.6 Camera

® Dual ISP pixel processing capacity up to 13MPix/s, Support dual camera data simultaneous input

1.2.7 Interface

® Embedded dual USB 2.0 OTG and dual USB 2.0 HOST
® Embedded dual USB 3.0 Type-C
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® Compliant with PCI-Express 2.1
® Support 8 channels digital microphone array input

1.3 Block Diagram

System Peripheral
Clock & Reset

RK3399

Connectivity

Dual MIPI-CSI 4 Lane
eDP1.3 4 Lane
2.7Gbps per lane
2560x1600 @60fps

MIPI-DSI 4 Lane
1.5Gbps per lane
2560 x1600 @ 60f]

DP1.2 4 Lane
5.4Gbps per lane HDCP2.x
4kx2k@60fps
HDMI2.0 3 Lane
6Gbps per lane HDCP2.x

Dual LCD Controller
(2560x1600 output and 4Kx2K
output)

Video Decoder
( H.265,10bit, 4Kx2K@60fps,
H.264,10bit, 4Kx2K@60fps,
VP9,8bit, 4Kx2K@60fps,
MPEG-4/MPEG-2/VP8,
1080p@60fps)

Video Encoder
(H.264 1080 p@30fps
VP8 1080 p@30fps)

Giga-Ethernet

SDIO 3.0

GPIO

r oGNS oD o b ¢ &b .-.b oam o @ o -.-.-.' USB 0TG03'0/2.0
L]
| PMU | i Cortex-A72 Dual-Core Cortex-A53 Quad-Core I USB OTG13.0/2.0
| — | . (48K/32K L11/D Cache) (32K/32K L1 1/D Cache) .
] [ | Type-C Switch x 2 |
| system register | i 1MB L2 Cache 512KB L2 Cache i m——
: ! 0oLy o |
| Timer x 26 | CCI-KIPLING i
| 0 USB HOST12.0
| PMW (4ch) | i CoreSight i
| Watchdog x 3 | . Dual-cluster Core c L2
‘ O GED O GED O GED O GED O GED O GED O GED O GED O GED OB O @D o '
| | PCle2.1 |
Crypto | Cortex-MO Dual-Core
| — | | ns/eemigeh)x3 |
| TApe | Mali-TSG0OMP4 GPU 2D Graphics Engine | SPOIF(Ech) |
Int t Controll (2 ALU per core, P 8
nherrapt —ontro™er 256K L2 Cache) (RGA2) | UART x 5 |
DMACx 2
| | JPEG Encoder JPEG Decoder | SPIx 6 |
| PVTM x 5 | | v— |
I Mailbox x 2 | Image Enhancement Dual pipe 13M ISP
Processor | |

External Memory Interface

eMMC5.1 I/F
(8bit, HS400 mode)

$D3.0/MMC4.5

DDR3/DDR3L /LPDDR3/LPDDR4
(  32bit,Dual-Channel)

Hardware -based DDR frequency scaling

SRAM (200KB)

ROM (32KB)

Secure eFuse
(32 x 32bits )

Non secure eFuse
(32 x 32bits )

Figure 1-1 RK3399 Block Diagram
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1.4 Apllication Block Diagram
1.41 Netbook Apllication Block Diagram
1.PMIC RK818/ 12C —p- 1200 e AL P Display Panel
2.Discription /eDP .
Power
GPIO PMU USB 2.0
Reset HOST el P USB Type-A
SP1 FLASH |-sg—»{ SFI1 USBE 2.0 - » USB Camera
= HOST
)
EC < it =t g UARTO |- - Bluetooth
s W S SDIOO
Crystal o <D 3.0 | - SDIO Wi-Fi
: (=
DDR3L/LPDDR3 32bit x 2 [
ol G% SPIO0 |g > TPM
- =
eMMC 5.1 8Bits
HGann eMMC g MIPI RX |- | MIPI CAMERA
4G LTE/ UART3 |- > GPS
PCle Wi-Fi | -
Audio 1250 DisplayPort
Codec/PA h > 8ch USB3.0
1251/PCM Type-CO f— - USB Type-CO
Bluetooth |« - >ch USE30
- Type-éi ¢ P USB Type-Ci
SD/SDHC | o »| SDMMC
/SDXC SD 3.0 OTGO 2.0
DEBUG Port | B UART2 | pk3399 | OTG1 2.0
Figure 1-2 RK3399 Netbook Application Block Diagram
1.4.2 Box Apllication Block Diagram
PMIC RK808 12C |l—Pp| 1200 HDMI p HDMI Port
GPIO PMU USB 2.0
f Hocto | p-| USB WIFI
= USBEY - > USB HUB
12v Crystal | ’ O=C <
o, UARTO i P Bluetooth
|—ln
DDR3L/LPDDR3 32bit x 2 [r— £ e
1600MHz . B0 - B SDIO Wi-Fi
8Bits —
eMMC 5.1 > S .
HS400 SPDIF |« B Toslink
Giga-
4G LTE/ RGMII  |wg B
PCle Wi-Fi | PCle L Ethernet
DisplayPort
o
debe d -l P USB Type-CO
HDMIIN 125 S et
- (VO A |
2ch USB 3.0
Topecl [ | USB3.0
SD/SDHC/ | p| SDMMC —LPRses
SDXC SD 3.0 0TGO 2.0
DEBUG Port |- B UART2 | pk3399 | OTG1 2.0

Figure 1-3 RK3399 Box Application Block Diagram
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1.4.3 Tablet Apllication Block Diagram
PMIC RK818/ 12C ~—p 1200 20 R = Display Panel
BQ25700+RKE08 /eDP PIsY
GPIO PMU USB 2.0
HOST |- P USB Type-A
USB 2.0
HOST = P USB Type-A
24M gl OsC 9'_’] UARTO |t p Bluetooth
Crystal E
] (o)
DDR3L/LPDDR3 32bit x 2 ot gg[goo - | SDIO Wi-Fi
1600MHz o :
.
eMMC 5.1 8Bits o SPI0 | p-| Touch Panel
HS400 - B
g MIPI RX |« P MIPI CAMERA
4G LTE/ UART3 |- > GPS
PCle Wi-Fi % -l
Audio 1250 DisplayPort
Codec/PA - > 8ch EEaH
1251/PCM Type-co | B dype OO
Bluetooth |« - >ch USB30
> ec1 [ p USB Type-Ci
SD/SDHC | o p| SDMMC YP
/SDXC SD 3.0 OTGO 2.0
DEBUG Port | =  UART2 RK3399 | OTG1 2.0
Figure 1-4 RK3399 Tablet Application Block Diagram
1.4.4 VR Apllication Block Diagram
PMIC RK818 12C - 1200 M?IE:,EI'XT;(F{X P Display Panel
GPIO PMU USB 2.0
HOST
USB 2.0
HOST
_ UARTO gl = Bluetooth
24M e
f——p  OSC a. SDIOO o
Crystal 5 <D 3.0 e - SDIO Wi-Fi
DDR3L/LPDDR3 32bit x 2 B
1600MHz g SPIO et} P Touch Panel
eMMC 5.1 8Bits
s e »  eMMC MIPI RX |- g MIPI CAMERA
SPI1 -} - Sensor
DisplayPort
Audio Codec |- = 182{:5}?
USB 3.0
1251/PCM Type-CO i — - USE Type-CO
Bluetooth |- - >ch USBE 30
> o |- P USB Type-Ci
SD/SDHC | o p| SDMMC YP
/SDXC SD 3.0 OTGO 2.0
DEBUG Port |« - UART2 RK3399 | OTG1 2.0

Figure 1-5 RK3399 VR Application Block Diagram
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Notes:

The above figure is the application block diagram of RK3399; for the detail, please refer to the reference

design document which released by Rockchip.
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Chapter2 Package Information

2.1Package

2.1.1 Information

Table 2- 1 RK3399 Package Information

Orderable RoHS Package Package Device special feature
Device Status 9 Qty P
RK3399 Pb-Free FCBGAS828 TBD Cortex A72 + Cortex A53

2.1.2 Top Marking

Rackchi>
RK3399

ABCXXXXXX DEFG

B Rl N

o —

ABC: Subcontractor Code
XXXXXX Die Lot NG
DEFG: Date Code

@ The first pin

Figure 2-1 RK3399 top marking

2.1.3 Package Dimensions

IN #1

&O

=y

TOP VIEW

B

2X
| aaa
2 |eee|C
\
| Y
r—o—< <L
{ e
" =
[ ]ddd|C]
SOLDER BALL
[ aaa SEATING PLANE
- A
DETAIL : "A"

Figure 2-2 RK3399 package dimensions 1
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| QeeeM)|C|A ‘ B3
O WC|
" | fff(M)
E.: .;'
1 2 3 4 S 6 7 8 9 10 1(]3 lll 161718‘990 2]2?2324(J ?5272829 30°
S BOTTOM VIEW
Figure 2- 3 RK3399 package dimensions 2
Symbol Dimension in mm Dimension in inch
MIN NORMAL MAX MIN NORMAL MAX
A 1.41 1.51 1.61 0.056 0.059 0.063
Al 0.20 0.25 0.30 0.008 0.010 0.012
AZ 1.11 1.26 1.41 0.044 0.050 0.056
C 0.47 0.57 0.67 0.019 0.022 0.026
D 20.90 21.00 21.15 0.823 0.827 0.833
E 20.90 21.00 21.15 0.823 0.827 0.833
D1 i 19.50 e e 0.768 -
El = 19.50 — = 0.768 ==
e 0.65 0.026
b 0.30 0.35 0.40 0.012 0.014 0.016
aaa 0.20 0.008
ccC 0.25 0.010
ddd 0.20 0.008
eee 0.25 0.010
fff 0.10 0.004

Figure 2-4 RK3399 package dimensions 3

A Notes:

1. Controlling dimension: millimeter

2.Primary datum C and seating plane are defined by the spherical crowns of the solder balls
3.Dimension b is measured at the maximum solder ball diameter, parallel to primary datum C
4. Special characteristics C class: A, ddd

5. The pattern of pin 1 fiducial is for reference only

6. The tilt of heat sink should be within 10mil(0.254mm) (vertical position)
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DDRO_CSN1
DDRO_A12
DDRO_AT0
DDRO_CKEOD
DDRO_AT
DDRO_AZ
DDRO_AS
DDRO_AS
DDRO_AY
DDRO_DO29
DDRO_DQ27
DDR_DQ26
DDR0_D024
DDRO_D023
DDR_DO20
DDRO_DQ18
DDRO_DO16
DDRO_DOS
DDR0_DOS
DDR0_DO3
DDRO_DQ1
DDRO_DQ14
DDRO_DO13
DDR0_DA12
DDRO_DQ10
GPI0A_A1/I2
C1_50A
6PI03_D7/12
0_S00

apios sz

6PI04_CS/S
POIF_T

V8523
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2.1.4 Ball Map

DDR1_CSN1 | DDR1_A12 | DDR1_A10 | DDR1_CKEO | DDR1_A9 | DDR1_A7 = DDRI_AS | DDR1_A3 | DDR1_Al |DDR1_DQ10 DDR1_DQ12|DDR1_DQ13 DDR1_DQ14 DDR1_DQ1 | DDR1_DO3 | DDR1_DGS5 | DDR1_DQ6  DDR1_DQ16 DDR1_DQ18 DDR1_DG20 DDR1_DG23 DDR1_DO24| DDR1_DO26 DDR1_DQ27 DDR1_DO29| VSS.2  EDPAUXN EDP_TXON | EDP_TXIN | VSS3

GPIO3_B7/M

DDR1_BAD | DDR1_CSNS | DDR1_A13 | VSS.24 | DDR1AS | DDR1AS | ODRIA | DDR1A2 | DDR1AD | DDR1_DOS | DDR1_DO9 |DDR!_DOI1 DDR1_DOIS ODR1DO0 | DDR1OG2 | DDR1OQ4 | DDR1DQ7 DDR1_DQ17 DDR1_DQ1S DDR1_DQ21 DDR1_DZ2 DOR1_DZS | DDR1 D28 DDR1DG30 DDR1 D31 35 SHEAR cop auxe 0P Tiop | eop Txip

LKOUTE

DDRO_CSN3 | DDRO_BAO | DDR1_A14 | DDR1_AT1 | DDRI_RASN vss25 | VSS.26 vss 27 vss20 | vss30 vss 31 EDP_TX2P | EDP_TXZN
DORO_A13 | DDRO_A14 VSS.38 | DDR1_BA1 DORIZCLKY 0pRt_cuko) DDR1_0DTO EDP_TX3P | EDP_TXSN
i B GPIO3_A3/M| GPIOS_AG/M GPI03_C1/M GPIO3_BO/M | GPIO3_AZIM
VSS39 | DDRO_A11 | VSS_40 vss_41 G2 ooR1_cLkip) DDR1_0DTH DDR1_DM1 | VS5.43 DDR1_OMO | VSS_44 DDR1_OM2 | VS5.45 DDR1_OM3 | VSS._46 |AC_RXD3/SP AC_RXDO/SP AC_TXCLKI/U AC_MDC/SPI | AC_RXD2/SP | VSS_47
14.CSN0 | 10_CLK ART3.RTSN  0.CSN1 | M_CLK

6PI02 B/
P WD/ Gei02_ours
HREF/12C6_ PI2_CSND

DORT_PLLT GPI03_B2/M | GPIO3_AO/M GPIO3_B6/M GPIO3_AT/M | GPI02_A3IV | GPIO2_ASV
DDRO_AD | DDRO_RASN | DDRO_BA1 | DDRO_CKE1 DDR1_WEN Al oy AC_RXER/I2 AC_TXD2/SPI AC_RXCLK/U AC_RXDI/SP OP_D3/CIF_D OP_DS/CIF_D
C5.SDA | 4.RXD | ART3_RX 10_CSNO 3 5

VSS.48 | DDR1_CASN DDR1_CSN2 S5 49

GPIO3_AS/M | GPI03_ GPI03_BS/M GPIO2ATIV | GPIO2_AON
orose o . —_- oo e o0 PLLT 0 70 ooman eoe_on 1o b y bty
B ™ 7/i2C7_SOA | 0/7262_SOA
GPI02_B2IS GPI02_BOV GPIO2_BY/S
CORO_M | 55,57 |0DRO_CLKGP DDRO_CLK1P| DORO_CASN | DORO_ATS vesss | vsss | vssso OORIPLL AV s g3 vsses | ss.es oot (2SN n Txosih) PRI G5 UL vss 67 o s 0 O%CLGIE G5 Gai b op Gai b PE-CLNOP
- p H = . = B X 4 00_0v® U d 4 " X > _otkinncs O 2t/CIE ! u -DBICIF-D ysyngizcy_| OP-D4/CIF-0 0P D2ICIED ey o
W 11262 S6L 6 4 2
_soL SoL KOUTA
oom_7 | ves.ga | OO.0LKO DOROLKT |y 6o | yss 70 | vss7i | ves72 | vas7g | PORLVOD- DDRLDD.|DORT.VDD. DORLVDD. DRI.VDO. ODRIVDO. DDRIVOD. ODR.DD. EOPAVDD.1 D% AVDD 1 APIOLVOOP 45 oo APOZVOOP ey iy | gt | ENNOLDS | EUNCLOO | EMMOLDT | ENNG.DZ | ENNO.OHO
DDRO_AB VSST4 | VSS75 | VSS7T6 vss_77 | DORTADD-| ygs 7 | DDRIADD | ygs g | DDRIVOD_ | yeg g |BIGCPLVDD) yos gp |BIGCPUVDD| vsg g4 | apio2_von m"f‘;;’“"f_ EMMC_D7 | EMMC_STRB
DDRO_RESE DDRO_VDD._| DDRD_VDD. LOGIC_VDD_{BIGCPU_VDD BIGCPU_VDD BIGCPU_VDD B1GCPU_VDD emwc_Core 501001 SPI0T-00"L EMMC_CALI
DDRO_DQ31 | VSS_85 | DDRO_ODTO | DDRO_ODT1 | VSS.86 O.RESE | ves.87 7 B VSS88 | VSS 89 | VSO0 | VSS9l | VsSe2 | VSSa3 L V0D yss o V0D yss o7 a D_VEUS S CPD_VEUSS| VSS.99 | EMMC_CLK EMMC_TP | EMMC_DG
10 8 K 2 | olow | "R o °
00R0_0030 | VSS_100 | boR0_2 | 0ofo_cswa | 00Ro_oswo PPRESCLK-V| yes, oy | DDRO.VOD_ | ygg o, |CENTERLOGI| CENTERLOGI ceNTERL VS5, 103 |LOGIG-VDD_|BIGCPU_VDD BIGCPU_VDD BIGGPU_VDD BIGGPU_VDD|BIGCPUVDD vec 100 | Gpioy s | GPIOT_B6P | SPIOLETS Gioy ciss GPIOT.GSP GRIOT CAT2 GPIOT, G512 v o
= - - = = 0 - 192 ["c.vDD_1 | CVDD2 | C.VDD.3 | CVDD4  C.VDDS 3 ) i i T u = M SROIZC i3 Gk M2 A caScL | POVBUS.
ra—— 1SS, 105 | DORO_VDD_ | DDRO_VOD_ |GENTERLOGH(CENTERLOGI yss 105 | vss 109 | vss.110 | vss.111 | ves.e4 [BISCPUNVD| yoo oo [BIGOPUVDD| yos g  (BIGCPUVOD) PMUIO2_VD GRIOO_AZW O onee. GPIOT_C2IS
- E CVDD6 | C.VDD_7 B L E e B “com 4 “10 U it OPST | IFL_26MHZ TADNZC “bis_GsNo
GPion BT apor_azrs | GPIOLBUS GRIOT_82/S
DDRO_DAS3 DDRO_VD_ CENTERLOGI CENTERLOGI CENTERLOGI PLLAVDD_1 LITCPU_VDD LITCRU_VDD)| PMUIO2 VD GPI00 AP GPO1AGTS PI1_CLKPM PI1_CSNO/P | GPIOT_BA2|GPIO1_B3/I2
DDRO_DQ25 | VSS_112 22958 | 0pRo_owg VSS_114 | VSS_115 3 Vs 116 | vss 106 | vssto7 |CQUURIOSHORNTERCNGEIVERLES vs 117 M0t vss_rng [LTEPUVDD vgs 3¢ 3 o wsugggnwég S R PR CiL ST T, o sox
K
3
GPIOI_AUIS|GPION_A2/IS GPIOT_AYS GPIOT_MIS oo o
PO_SHUTTER PO_FLASHTR p0_FLASHTR P0_PRELIGH OFI00-/ GPIOT_B
ooz | s 128 | P0R00053 vs.125 | 0.z PORUPLLAY 00RO v, 00, v vss 29 | vss.10 | vis.im [PALAVODLO ysg i |UTGPUNDDUTGRUNDD | s g |LTGPUNDD) s 1|00 "Dt S i R ournary | Thiohaes DRO-FWRO criot s SFOL0%
z E: - K -1V UTTER T ASITRIGRUT FLASHTRIGO _prLighT_ FERLSE P AT4_TX
CPD_VEUS_S CPD_CC1_VC: .
GPIOT_AT/S
DDRO_VDD, 061C_VDD. LITCPU_VDD LITCPU_VDD| SOMMCO_VD| PMU_VDD_0. P Al
DDRO_DO21 VS5 134 V00| vss_135 vss_13g |LOBICAOD | yss 165 | vss 122 V0D yss 139 u = Cha NPOR | _TRIG/ISP1_
g n - R ° SHUTTER T
RIGTCPD_C
DDRO_DOS2 DDRO_VDD_ | DDRO_VDD. LOGIC_VDD_| LOGIC_VDD. LOGIC_VDD. PMVDD_t|SOMMGO_D| GPI04 35 DMMCO.Wh Fateells
DDRO_DQ1S | VSS. 141 0052/ poRo_pwz | DDRO_ATB! | DDRO_ATBO | VSS_142 . VOD._| DDROVDD_ |- yes 16 | vss_127 VSS197 | VSS143 | VSS_1a4 VSS._146 V00| yss a7 | vSS_149 VSS_150 | GPI00_B3 |ST_CLKOUTO
P 10 [ 0 7 12 v DPST | DMMCO_D3 PRI/TEST_C .
GPIO4_B5/S GPIO4_BAIS
0.0 Grioo ASE 8415 | Gpioo_B1/p
DDRO_DOS? DDRO_PLL_T DDRO_PLL_T DDRO_VDD_ LOGIC_VDD__|LOGIC_VDD_|LOGIC_VDD._|LOGIC_VDD._ LOGIC VDD, USB_AVDD_ | DMMCO_CM GPI0_A7/S DMMCO_CLK 6PIO0_ASS
DDRe Dot 7 V88152 esrout_p | estour i | VSS1S8 | T VSS9 VR 5 0 3 2 1 o oMW PS8 | MMCBWRO oumco_oeT outmuciTa MU1O2,YOLS, pioo_waet
6.TCK
DDRO_DA7 SS_161 | VSS_162 vss._128 vss._159 vss_t67 |LOBIGADD- yss g1 | vss 158 VSS_160 | GPI00_B2

GPIOA_BI/S | GPIOA_BO/S
APIOS.VOD | VSS_166 | VSS15 | VSS155 | VSS135 | VSS164 | VSS1S6  VSS157 | VSS118 | Vss.95 |T'PEUCAVD TYPECOAVD L e s e - U580~ ohmCo D1/ DMMCO oo/ SHIOS-82S XOUT_0SC | XIN_0SC
092 | D_0vA_ -0V8. -0V UART2A_TX | UART2A_RX

GPI04_A2/12|GPIO3_D3/12
DDRO_0C4 CISCL | S0_SDI0

DDRO_DMO

6PI03_D5/12
VSS.5 |S0_SDI2SDO
2

DDRO_DA2 | VSS.4.

(GPIO4_A/12 APIOS_VDDP
RX ST

ElrTy VSS 6 | VSS_10

./ -/ _TM| GPIOO_A/S
VSS 132 | VSS13 | VSS_145 i R a7 s

DIOO_INTN USBI_DP | USBI_DN

API03_VDD_ MIPLRX0_AHOMI_AVDD
DDRO_DQD b V859 oo v | ove. 1 [RVESEA USBO_OP | USBO_ON

DDRO_DOS1 GPI0A_A7/12| GPIOA_AO0/12 APIOA_VDDP MIPLTX1/RX|
DDRO_DO1S | VSS_16 005 | opRo_omy | GFIO4A7HZ | G0 A0 1 VO0P! apioa_vop MR IXIRX it P ey ¥ _RX2_P PCIE_RX2.) USB1_RBIAS, USBO_RBIAS
6PI04_CTH
GPI02_CA/S | GPIO2_D3/S

DDRO_DOS! GPI04_AG/12| DMI_CECIN 3 TYPECD_RCL|TYPECO U3V TYPEC!_RCL. USIC_AVDD_| USIC_AVDD. PCIE ROLK

DDRO_DOT1 | VSS_17 i VS5.18 | G0 Heop wor DICO_DUIPI Dion PURE | V85,19 ) e 0 EFUSE P o e
PLUG
GpI03_D4712
DDR0_DOY 50_DI100 G bt v HOMI_HPD TYPECI_ID PCIE_TX0_P PCIE_TXO_N
3

GPIOA_Co/P GPI02_D1/S oz oas
GPI04_A3/12| GPI03_D1/12| WMO/VOPO_ DI100_( ClKOU =
DbRo_008 S1_SCLK | SO_LRCK_RX PWM/VOP1_ 0_BKPW | V5520

WPLT0_ PCIE_RX3_P PCIE_RX3_N PCIE_RXO_N

GPI04_CO/12 | GPI02_C6/S
GPI04_D6 02 SDAUAR D0 B2rSe

GPI03_DO/12
vss_21
S0_SCLK S2Rx

apine cany D MIPLTX0_C MIPLTX0_D MIPI_TX0_D
3p 2 LKP P 0P

TYPECI_DP | ADC_IN2 | ADC_INO ADC_IN3 PCIE_TX1_P | PCIE_TXI_N

GPI03_D6/12'
$0_SDI3SDO| GPIO4_D2
1

GPI02_C1/U MIPLTX0_C TYPECO_AUX'
GPI04. ARTO_TX EL) w ON

P_PD_PU

TYPECO_CC1 TYPECT_DN ADC_IN1 | ADC_IN4 PCIE_RX1_N

arios oarz GPI04_CA X

2ty apioa_ps | GRo-on . STRO8) ysic_oaTA

GPI02_C5/S
6PI04_C3/U GPI04_D1/D MIPL_TX1/RX MIPL_TX1/RX MIPI_TX1/RX MIPL_TX1/RX MIPI_TX1/RX MIPI_RX0_D  MIPLLRX0_D  MIPL_RX0_C MIPI_RX0_D MIPL_RX0_D TYPECO_AUX TYPECO_RX1 TYPECO_TX1 TYPECO_RX2| TYPECO_TX2 TYPEC! _RX1 TYPECT_TX1 TYPEC1_RX2 TYPECT_TX2 TYPECI_AUX TYPECO_U2V TYPEC! U2V
arzo mx | SPI04-03 g porprug PIO0-DLSP! TTpop T iTote ke 1oze | 10sp 3 26 (kP P op | MOMLTCP |HOMLTXOP | HOMLTXIP | HOMLTX2P "5 P u 3 ] 3 ) P " P BUSDET | BUSDET
SE128,S1 o ca | R0 DA o031 Wy YK M. T MIP_TXOURX MDA WPL150.0 MIPL8A0.0 P10 WP 1200 0.0 TYPEGD AUK TYPECO_RKI TYPEGR_TXI TYPECD_ X2 TYPECO_ T2 TYPECT_RX TYPECH T TYPECH A2 TYPECI_TXC TYPECI AUX
8 SELUAR P I TP ML T - - HOMI_TCN | HOMITXON | HOMI_TXIN | Hom1_Txen "YPEQ? o o0 o A h A o A A veeco_io
an
2 4 5 6 7 8 9 10 " 12 13 1 15 1 1 18 19 20 21 2 2 2 2 2 27 2 2 30 31

Figure 2-5 RK3399 Ball Map
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2.2 Ball Pin List

2.2.1 Function Pin Discribtions

Table 2-2 RK3399 Function Pin Discribtion

Pin Name Function 1 Function 2 Function 3 Funztion Type Dfe P?JIP
PMUIO1 (1.8V only)
Y31 XIN_OSC [ I
Y30 XOUT_OSC o) e)
T30 NPOR I I up
U31 GPIO0_AO/TESTCLKOUTO/CLK32K_IN gpio0_a[0] testclkoutO clk32k_in I/0 I up 5mA \/
R29 SPIOO—M/DDRIO—PWROFF/TCPD—CCDB—E gpio0_a[1] ddrio_pwroff tcpd_ccdb_en 1/0 I up 5mA \
N24 | GPIO0_A2/WIFI_26MHZ gpio0_a[2] wifi_26m I/O | | down | 5mA \/
V31 GPIO0_A3/SDIO0_WRPT gpio0_a[3] sdio0_wrpt I/0 | | down | 5mA \/
AA25 | GPIO0_A4/SDIO0_INTN gpio0_a[4] sdio0_intn I/0 | | down | 5mA V
Va7 GPIO0_A5/EMMC_PWRON gpio0_al[5] emmc_pwren 1/0 I up 5mA \
P25 GPIO0_A6/PWMA3_IR gpio0_al6] pwma3_ir 1/0 I down | 5mA \
V28 GPIO0_A7/SDMMCO_DET gpio0_al7] sdmmcO0_dectn 1/0 I up 5mA \
uz28 'CI';ZP I00_B0/SDMMCO_WRPRT/TEST_CLKOU gpio0_b[0] sdmmcO_wrprt test_clkout2 1/0 I up 5mA \
V30 | GPIOO_B1/PMUIO2_1833_VOLSEL gpio0_b[1] pm“iozlg;fm—"o o | 1 | down | 5ma | Y
W31 | GPIO0_B2 gpio0_b[2] I/O | | down | 5mA v
uU30o | GPIOO_B3 gpio0_b[3] I/0 | | down | 5mA v
V26 | GPIO0_B4/TCPD_VBUS_BDIS gpio0_b[4] tcpd_vbus_bdis I/0 | | down | 5mA v
P24 | SO O-BATCPD_VBUS_FDISITCPD_VBUS_ | gpio0_pis) tepd_vbus_fdis | {oPI-VEUS_sour o | 1 | down | 5mA |
PMUIO2 (1.8V OR 3.0V)
R25 SIFI:IIPC() 1EQO/ISP—SHUTTER—EN/TCPD—VBUS— gpio1_a[0] isp0_shutter_en | isp1_shutter_en tcgic:rkvbeuns 1/0 I down | 3mA \
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GPIO1_A1/ISP_SHUTTER_TRIG/TCPD_CCO

isp1_shutter_tri

tcpd_ccO_

T31 VCONN EN gpio1_a[1] isp0_shutter_trig g veonn en 1/0 I down | 3mA \
R26 Sg',fl),\]—éﬁ’ ISP_FLASHTRIGIN/TCPD_CC1.V | (101 af2] isp0_flashtrigin | isp1_flashtrigin | ‘P91 yo | 1| down | 3mA |
R27 | GPIO1_A3/ISP_FLASHTRIGOUT gpio1_a[3] isp0_flashtrigout | isp1_flashtrigout O | I | down | 3mA |
R28 | GPIO1_A4/ISP_PRELIGHT TRIG gpiol_a[4] | ispO_prelight_trig ism—prg”ght—t” o | 1 | down | 3mA |
R30 GPIO1_A5/AP_PWROFF gpio1_al[5] ap_pwroff 1/0 I down | 3mA \
P26 | GPIO1_AB/TSADC_INT gpio1_a[6] tsadc._int o | | high' 3mA |
P07 SPIO1_A7/PMCU_UART4DBG_RX/SPI1_RX apio1_al7] pmcu_ue)z(rt4dbg_r spit_rxd o | 1| w | emal| ¥
R31 | GPIO1_BO/PMCU_UART4DBG_TX/SPI1_TXD |  gpio1_b[0] me“—“i““dbg—t spi1_txd o | 1 up | 6mA |
P28 | GPIO1_B1/SPI1_CLK/PMCU_JTAG_TCK gpio1_b[1] pmeu_jtag_tck spit_clk o | 1| up | 6mA |
P29 GPIO1_B2/SPI1_CSNO/PMCU_JTAG_TMS gpio1_b[2] pmcu_jtag_tms spi1_csn0 1/0 I up 6mA \
P31 | GPIO1_B3/12C4_SDA gpio1_bi[3] i2c4_sda I | up | 3mA | +
P30 | GPIO1_B4/12C4_SCL gpio1_b[4] i2c4_scl I | uw | 3ma]| ¥
M24 | GPIO1_B5 gpio1_bi5] I | down | 3ma | Y
M25 | GPIO1_B6/PWMB3_IR gpio1_bl6] pwmb3_ir /0 | down | 3ma | Y
M26 | GPIO1_B7/SPI3_RXD/I2C0O_SDA gpio1_b[7] spi3_rxd i2c0_sda o | up | 3mA | V
N30 | GPIO1_CO0/SPI3_TXD/I2C0O_SCL gpio1_c[0] spi3_txd i2c0_scl o | up | 3mA | V
M27 | GPIO1_C1/SPI3_CLK gpiol_c[1] spi3_clk o | 1 | down | 3mA | ¥
N31 GPIO1_C2/SPI3_CSNO gpio1_c[2] spi3_csn0 1/0 I up 3mA v
M28 GPIO1_C3/PWM2 gpio1_c[3] pwm2 1/0 I down | 3mA v
M29 GPIO1_C4/12C8_SDA gpio1_c[4] i2c8_sda 1/0 I up 3mA \
M30 | GPIO1_C5/12C8_SCL gpio1_c|5] i2c8_scl o | 1| up | 3mA |
L25 CRSE:E(?;_C6/DFTJTAG_TDI/TCPD_VBUS_SOU gpiot_c[6] dftitag_ tdi tcpd_vaeuos_sour /O | down | 6mA N
M31 SEI((:)I;TCWDFTJTAG_TDO/TCPD_VBUS_SO gpiol_c[7] dftitag. tdo tcpd_th)eu1s_sour /0 | down | 6mA N
L26 Sglé)gz_DO/DFTJTAG_CLK/TCPD_VBUS_SO gpio1_d[0] dftitag_clk g:epzd_vbus_sour /0 | down | 6mA N
AA24 | TESTJTAG_TMS Testjtag_tms Fup
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AB24 | TESTTAG_TRSTN Testjtag_trstn Fdow
APIO2 (1.8V OR 3.0V)
G31 GPIO2_A0/VOP_DO/CIF_D0/12C2_SDA gpio2_al0] vop_data[0] io_cif_data0 i2c2_sda 1/0 up 3mA \
H25 GPIO2_A1/VOP_D1/CIF_D1/12C2_SCL gpio2_al[1] vop_data[1] io_cif _data1 i2c2_scl 1/0 up 3mA \
H30 GPIO2_A2/VOP_D2/CIF_D2 gpio2_al[2] vop_data[2] io_cif_data2 1/0 down | 3mA \
F28 GPIO2_A3/VOP_D3/CIF_D3 gpio2_a[3] vop_data[3] io_cif_data3 I/O down | 3mA \
H29 GPI0O2_A4/VOP_DA4/CIF_D4 gpio2_a[4] vop_data[4] io_cif_data4 I/O down | 3mA \
F29 GPIO2_A5/VOP_D5/CIF_D5 gpio2_al[5] vop_data[5] io_cif _data5 1/0 down | 3mA \
H27 GPIO2_A6/VOP_D6/CIF_D6 gpio2_al[6] vop_datal[6] io_cif_data6 1/0 down | 3mA \
G30 GPIO2_A7/VOP_D7/CIF_D7/12C7_SDA gpio2_al7] vop_data[7] io_cif_data7 i2c7_sda 1/0 up 3mA \
H28 GPIO2_B0/VOP_CLK/CIF_VSYNC/I2C7_SCL gpio2_bl[0] vop_clk io_cif_vsync i2c7_scl 1/0 up 3mA \
F30 GPI102_B1/SPI12_RXD/CIF_HREF/I2C6_SDA gpio2_b[1] spi2_rxd io_cif_href i2c6_sda I/O up 3mA \
H24 GPI02_B2/SPI2_TXD/CIF_CLKIN/I2C6_SCL gpio2_b[2] spi2_txd io_cif_clkin i2c6_scl I/O up 3mA \
Ha1 | SPI02_BY/SPI2_CLKWVOP_DENICIF_CLKOU | gpion pp3) spi2_clk io_cif_clkout | vop_den | 1O w | 3mA |
F31 GPI02_B4/SPI12_CSNO gpio2_b[4] spi2_csn0 I/O up 3mA \
APIO3 (1.8V only)
AE9 GPIO2_CO/UARTO_RX gpio2_c[0] uart0_rx 1/0 up 5mA \
AH8 GPIO2_C1/UARTO_TX gpio2_c[1] uart0_tx 1/0 up 5mA \
AG8 | GPIO2_C2/UARTO_CTSN gpio2_c[2] uartO_ctsn 1/0 up 5mA \
AL5 GPIO2_C3/UARTO_RTSN gpio2_c[3] uart0_rtsn 1/0 up 5mA \
AD8 GPIO2_C4/SDIO0_DO0/SPI5_RXD gpio2_c[4] sdio0_data0 spi5_rxd 1/0 up 5mA \
AK5 GPIO2_C5/SDIO0_D1/SPI5_TXD gpio2_c[5] sdio0_data1 spi5_txd 1/0 up 5mA \
AG7 | GPIO2_C6/SDIO0_D2/SPI5_CLK gpio2_cl6] sdio0_data2 spi5_clk I/O up 5mA \
AE8 | GPIO2_C7/SDIO0_D3/SPI5_CSNO gpio2_cl7] sdio0_data3 spi5_csn0 I/O up 5mA \
AH6 | GPIO2_D0/SDIO0_CMD gpio2_d[0] sdio0_cmd I/O up 5mA \
AF7 GPIO2_D1/SDIO0_CLKOUT/TEST_CLKOUT1 gpio2_d[1] sdio0_clkout test_clkout1 1/0 up 5mA \
AL4 GPIO2_D2/SDIO0_DETN/PCIE_CLKREQN gpio2_d[2] sdio0_detect_n pcie_clkregn 1/0 up 5mA \
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AD9 | GPIO2_D3/SDIO0_PWREN gpio2_d[3] sdio0_pwren I/0 down | 5mA \
AF8 | GPIO2_D4/SDIO0_BKPWR gpio2_d[4] sdio0_bkpwr I/0 down | 5mA \
APIO1 (3.3V ONLY)
. . trace_dat
F24 GPIO3_AO/MAC_TXD2/SPl4_RXD gpio3_a[0] mac_txd2 spi4_rxd a2 I/0 down | 4mA \
H23 | GPIO3_A1/MAC_TXD3/SPI4_TXD gpio3_a[1] mac_txd3 spid_txd "ag%dat /0 down | 4mA | +
E30 | GPIO3_A2/MAC_RXD2/SPl4 CLK gpio3_a[2] mac_rxd2 spid_clk tragﬁzdat /0 up | 4mA |
E25 | GPIO3_A3/MAC_RXD3/SPl4_CSNO gpio3_a[3] mac_rxd3 spi4_csn0 "ag%dat /0 up | 4mA |
D26 | GPIO3_A4/MAC_TXDO0/SPI0_RXD gpio3_a[4] mac_txd0 spi0_rxd I/0 down | 4mA \
G23 GPIO3_A5/MAC_TXD1/SPI0O_TXD gpio3_al[5] mac_txd1 spi0_txd 1/0 down | 4mA \
E26 GPIO3_A6/MAC_RXDO0/SPI0_CLK gpio3_a[6] mac_rxd0 spi0_clk I/0 up 4mA \
F27 GPIO3_A7/MAC_RXD1/SPI0_CSNO gpio3_al7] mac_rxd1 spi0_csn0 1/0 up 4mA \
E29 GPIO3_BO/MAC_MDC/SPI0O_CSN1 gpio3_bl[0] mac_mdc spi0_csn1 1/0 up 4mA \
cz7 GPIO3_B1/MAC_RXDV gpio3_bl[1] mac_rxdv 1/0 down | 4mA \
F23 GPIO3_B2/MAC_RXER/I2C5_SDA gpio3_b[2] mac_rxer i2c5_sda I/0 up 4mA \
G24 | GPIO3_B3/MAC_CLK/I2C5_SCL gpio3_b[3] mac_clk i2c5_scl I/0 up 4mA \
H22 | GPIO3_B4/MAC_TXEN/UART1_RX gpio3_b[4] mac_txen uart1_rx I/0 up 4mA \
G26 GPIO3_B5/MAC_MDIO/UART1_TX gpio3_bl[5] mac_mdio uart1_tx 1/0 up 4mA \
F25 GPIO3_B6/MAC_RXCLK/UART3_RX gpio3_bl[6] mac_rxclk uart3_rx 1/0 up 4mA \
B27 S_I;EOS_B?/MAC_CRS/UARTS_TX/CIF_CLKO gpio3_b[7] mac._crs uart3_tx C|f_ctl)kout /O up 4mA N
D27 .CI.;; I03_CO/MAC_COL/UART3_CTSN/SPDIF_ gpio3_c[0] mac_col uart3_ctsn spdif_tx 1/0 up 4mA \
E28 GPIO3_C1/MAC_TXCLK/UART3_RTSN gpio3_c[1] mac_txclk uart3_rtsn 1/0 up 4mA \
APIO5 (1.8V OR 3V)

AG3 | GPIO3_D0/I12S0_SCLK gpio3_d[0] i2s0_sclk trace_data0 I/0 down | 3mA \
AF4 GPIO3_D1/12S0_LRCK_RX gpio3_d[1] i2s0_Irck_rx trace_data1 1/0 down | 3mA \
AJ2 GPIO3_D2/12S0_LRCK_TX gpio3_d[2] i2s0_lIrck_tx trace_data2 1/0 down | 3mA \
Y7 GPIO3_D3/12S0_SDI0 gpio3_d[3] i2s0_sdi0 trace_data3 1/0 down | 3mA \
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AE5 | GPIO3_D4/12S0_SDI1SDO3 gpio3_d[4] i2s0_sdi1sdo3 trace_data4 I/0 down | 3mA \
AA6 | GPIO3_D5/12S0_SDI2SD0O2 gpio3_d[5] i2s0_sdi2sdo?2 trace_datab I/0 down | 3mA \
AH2 | GPIO3_D6/12S0_SDI3SDO1 gpio3_d[6] i2s0_sdi3sdo1 trace_data6 I/0 down | 3mA \
AH1 GPIO3_D7/12S0_SDOO0 gpio3_d[7] i2s0_sdo0 trace_data7 1/0 down | 3mA \
AC7 GPIO4_A0/I2S_CLK gpio4_al0] i2s_clk trace_ctl 1/0 down | 3mA \
AG1 GPIO4_A1/12C1_SDA gpiod_a[1] i2c1_sda trace_clk 1/0 up 3mA \
Y6 GPIO4_A2/12C1_SCL gpio4_a[2] i2¢c1_scl trace_data8 1/0 up 3mA \
AF3 GPIO4_A3/12S1_SCLK gpio4_a[3] i2s1_sclk trace_data9 1/0 down | 3mA \
AAT7 GPIO4_A4/12S1_LRCK_RX gpio4_al4] i2s1_Irck_rx trace_data10 I/0 down | 3mA \
AJ1 GPIO4_A5/12S1_LRCK_TX gpio4_al[5] i2s1_lIrck_tx trace_data11 1/0 down | 3mA \
AD6 | GPIO4_A6/12S1_SDIO gpio4_a[6] i2s1_sdi0 I/0 down | 3mA \
AC6 GPIO4_A7/12S1_SDOO0 gpio4_a[7] i2s1_sdo0 1/0 down | 3mA \
SDMMCO (1.8V OR 3V AUTO)
Y27 GPIO4_B0O/SDMMCO_DO/UART2DBG_RX gpio4_b[0] sdmmc0_data0 uart2dbg_rx 1/0 up 6mA \
Y26 | GPIO4_B1/SDMMCO_D1/UART2DBG_TX gpiod_b[1] sdmmc0_datal | uart2dbg_tx hdcf’sjttﬁg—t 110 up | 6mA |
Y28 | GPIO4 B2/SDMMCO_D2/APJTAG_TCK gpiod_b[2] | sdmmc0_data2 | ap_jtag_tek | "IOPHAOL] o uw | 6mA |
U27 | GPIO4_B3/SDMMCO_D3/APJTAG TMS gpio4_b[3] sdmmc0_data3 | ap_jtag_tms hdc'zjéag—t 110 up | 6mA |
V29 g:z 104_B4/SDMMCO_CLKOUT/MUCJTAG_T gpio4_b[4] sdmmcO_clkout mcujtag_tck hdcrgt(ag_t 1/0 down | 6mA \
V25 | GPIO4_B5/SDMMCO_CMD/MCUJTAG_TMS gpiod_b[5] | sdmmcO_emd | meujtag_tms | MIOPIAOL] 0 up | 6mA |
APIO4 (1.8V OR 3.0V)

AG6 | GPIO4_C0/12C3_SDA_HDMI/UART2DBG_RX gpio4_c[0] i2c3_sda_hdmi uart2dbg_rx I/0 up 3mA \
AL2 GPIO4_C1/12C3_SCL_HDMI/UART2DBG_TX gpio4_c[1] i2c3_scl_hdmi uart2dbg_tx I/0 up 3mA \
AF5 | GPIO4_C2/PWMO/VOPO_PWM/VOP1_PWM gpio4_c[2] pwmO vop0_pwm vopr1n_pw I/0 down | 3mA \
AK2 GPIO4_C3/UART2DBG_RX/UARTHDCP_RX gpiod_c[3] uart2dbg_rx uarthdcp_rx 1/0 up 3mA \
AJ4 GPIO4_C4/UART2DBG_TX/UARTHDCP_TX gpiod_c[4] uart2dbg_tx uarthdcp_tx 1/0 up 3mA \
AK1 GPIO4_C5/SPDIF_TX gpio4_c[5] spdif_tx I/0 down | 3mA \
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AL3 GPIO4_C6/PWM1 gpio4_cl6] pwm1 I/O down | 3mA \
AD7 gPIO4—C7/HDMI—CECINOUT/EDP—HOTPLU gpio4_c[7] hdmi_cecinout edp_hotplug 1/0 up 3mA \
AEG GPI104_DO0/PCIE_CLKREQN gpio4_d[0] pcie_clkregn I/0 up 3mA \
AK4 GPIO4_D1/DP_HOTPLUG gpiod_d[1] dp_hotplug 1/0 down | 3mA \
AH3 | GPIO4_D2 gpio4_d[2] 1/0 down | 3mA \
AK3 | GPIO4_D3 gpio4_d[3] 1/0 down | 3mA \
AH5 | GPIO4_D4 gpio4_d[4] I/O down | 3mA \
AJ3 GPIO4_D5 gpio4_d[5] I/O down | 3mA \
AG4 | GPIO4_D6 gpio4_d[6] I/O down | 3mA \
ADC INTERFACE

AG26 | ADC_INO

AH26 | ADC_IN1

AG25 | ADC_IN2

AG28 | ADC_IN3

AH27 | ADC_IN4

EDP INTERFACE

B29 EDP_TXOP

A29 EDP_TXON

B30 EDP_TX1P

A30 EDP_TX1N

C30 EDP_TX2P

C31 EDP_TX2N

D30 EDP_TX3P

D31 EDP_TX3N

B28 EDP_AUXP

A28 EDP_AUXN

G21 EDP_REXT

G20 EDP_DC TP
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H21 | EDP_CLK24M_IN

HDMI INTERFACE

AK17 | HDMI_TXOP
AL17 | HDMI_TXON
AK18 | HDMI_TX1P
AL18 | HDMI_TX1N
AK19 | HDMI_TX2P
AL19 | HDMI_TX2N
AK16 | HDMI_TCP
AL16 | HDMI_TCN
AF15 | HDMI_REXT
AE15 | HDMI_HPD
PCle INTERFACE

AE30 | PCIE_TX_OP
AE31 | PCIE_TX_ON
AF30 | PCIE_RX_OP
AF31 | PCIE_RX_ON
AG30 | PCIE_TX_1P
AG31 | PCIE_TX_1N
AH30 | PCIE_RX_1P
AH31 | PCIE_RX_1N
AA27 | PCIE_TX_2P
AA28 | PCIE_TX_2N
AC27 | PCIE_RX_2P
AC28 | PCIE_RX_2N
AD27 | PCIE_TX_ 3P
AD28 | PCIE_TX_3N
AF27 | PCIE_RX_3P
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AF28 | PCIE_RX_3N

AD31 | PCIE_RCLK_100M_P

AD30 | PCIE_RCLK_100M_N

MIPI TX/RX GROUP INTERFACE

AKG6 MIPI_TX1/RX1_DOP

AL6 MIPI_TX1/RX1_DON

AK7 MIPI_TX1/RX1_D1P

AL7 MIPI_TX1/RX1_D1N

AK9 MIPI_TX1/RX1_D2P

AL9 MIPI_TX1/RX1_D2N

AK10 | MIPI_TX1/RX1_D3P

AL10 | MIPI_TX1/RX1_D3N

AK8 MIPI_TX1/RX1_CLKP

AL8 MIPI_TX1/RX1_CLKN

AF11 | MIPI_TX1/RX1_REXT

MIPI TX GROUP INTERFACE

AG15 | MIPI_TX0_DOP

AH15 | MIPI_TX0_DON

AG14 | MIPI_TX0_D1P

AH14 | MIPI_TXO0_D1N

AG11 | MIPI_TX0_D2P

AH11 | MIPI_TXO0_D2N

AG9 | MIPI_TX0_ D3P

AH9 | MIPI_TX0_D3N

AG12 | MIPI_TXO0_CLKP

AH12 | MIPI_TX0_CLKN

AF12 | MIPI_TX0_REXT

MIPI RX GROUP INTERFACE
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AK15 | MIPI_RX_DOP
AL15 | MIPI_RX_DON
AK14 | MIPI_RX_D1P
AL14 | MIPI_RX_D1N
AK12 | MIPI_RX_D2P
AL12 | MIPI_RX_D2N
AK11 | MIPI_RX_D3P
AL11 | MIPI_RX_D3N
AK13 | MIPI_RX_CLKP
AL13 | MIPI_RX_CLKN
AF14 | MIPI_RX_REXT

USIC INTERFACE
AJ31 | USIC_DATA
AJ30 | USIC_STROBE

USB2.0 INTERFACE
AB30 | USBO_DP HOSTO_DP
AB31 | USBO_DN HOSTO_DN
AA30 | USB1_DP HOST1_DP
AA31 | USB1_DN HOST1_DN
AG23 | TYPECO_DP OTGO_DP
AH23 | TYPECO DN OTG0_DM
AG24 | TYPEC1_DP OTG1_DP
AH24 | TYPEC1_DN OTG1_DM
AL30 | TYPECO_ID
AE26 | TYPEC1_ID
AC31 | USBO_RBIAS
AC30 | USB1_RBIAS

AK30

TYPECO_U2VBUSDET
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AK31 |

TYPEC1_U2VBUSDET

TYPE CO INTERFACE

AK21 | TYPECO RX1P
AL21 | TYPECO_RX1M
AL22 | TYPECO_TX1P
AK22 | TYPECO_TX1M
AK23 | TYPECO _RX2P
AL23 | TYPECO RX2M
AL24 | TYPECO TX2P
AK24 | TYPECO_TX2M
AE18 | TYPECO_RCLKP
AD18 | TYPECO_RCLKM
AH18 | TYPECO_CC1
AH20 | TYPECO_CC2
AK20 | TYPECO AUXP
AL20 | TYPECO_AUXM
AH17 | TYPECO_AUXP_PD_PU
AG17 | TYPECO_AUXM_PU_PD
AG18 | TYPECO REXT
AG20 | TYPECO REXT CC
AD19 | TYPECO_U3VBUSDET
TYPE C1 INTERFACE
AK25 | TYPEC1_RX1P
AL25 | TYPEC1_RX1M
AL26 | TYPEC1 TX1P
AK26 | TYPEC1 TX1M
AK27 | TYPEC1_RX2P
AL27 | TYPEC1_RX2M
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AL28 | TYPEC1 TX2P
AK28 | TYPEC1_TX2M
AE20 | TYPEC1_ RCLKP
AD20 | TYPEC1_RCLKM
AH21 | TYPEC1_CC1
AF21 | TYPEC1_CC2
AK29 | TYPEC1_AUXP
AL29 | TYPEC1_AUXM
AE24 | TYPEC1_AUXP_PD PU
AF25 | TYPEC1_AUXM_PU_PD
AE21 | TYPEC1_REXT
AG21 | TYPEC1_REXT_CC
AC19 | TYPEC1_U3VBUSDET
EMMC INTERFACE
J28 | EMMC_DO
J29 | EMMC_D1
J30 | EMMC_D2
J25 | EMMC_D3
J26 | EMMC_D4
J27 | EMMC_D5
L31 | EMMC_D6
K30 | EMMC_D7
K31 | EMMC_STRB
L28 | EMMC_CLK
J31 | EMMC_CMD
L29 | EMMC_CALIO
L30 | EMMC_TP

DDR0O GROUP INTERFACE
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AB2 | DDRO_DQO
AB1 | DDRO_DQ1
AA2 | DDRO_DQ2
AAT | bDRo_DQ3
Y2 | DDRO_DQ4
Y1 | DDRO_DQ5
W1 | DDRO_DQ6
W2 | DDRO_DQ7
AF2 | DDRO_DQ8
AE2 | DDRO_DQ9
AF1 | DDRO_DQ10
AD2 | DDRO_DQ11
AE1 | DDRO_DQ12
AD1 | DDRO_DQ13
AC1 | DDRO_DQ14
AC2 | DDRO_DQ15
V1 | DDRO_DQ16
v2 | DDRO_DQ17
U1 | DDRO_DQ18
U2 | DDRO_DQ19
T1 | DDRO_DQ20
T2 | DDRO_DQ21
R2 | DDRO_DQ22
R1 | DDRO_DQ23
P1 | DDRO_DQ24
P2 | DDRO_DQ25
N1 | DDRO_DQ26
M1 | DDRO_DQ27
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N2 | DDRO_DQ28
L1 DDRO_DQ29
M2 | DDRO_DQ30
L2 DDRO_DQ31
Y5 | DDRO_DMO
AC5 | DDRO_DM1
U5 | DDRO_DM2
P5 | DDRO_DM3
Y4 | DDRO_DQSOP
AA4 | DDRO_DQSON
AC4 | DDRO_DQS1P
AD4 | DDRO_DQS1N
U4 | DDRO_DQS2P
V4 | DDRO_DQS2N
P4 | DDRO_DQS3P
R4 | DDRO_DQS3N
F2 DDRO_A0

F1 DDRO_AT1

G1 DDRO_A2

G2 | DDRO_A3

H2 | DDRO_A4

H1 DDRO_A5

J1 DDRO_A6

J2 DDRO_A7

K2 | DDRO_A8

K1 DDRO_A9

D1 DDRO_A10

E3 | DDRO_A11
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c1 DDRO_A12
D2 | DDRO_A13
D3 | DDRO_A14
H7 | DDRO_A15
Ué | DDRO_ATBO
U7 | DDRO_ATB1
H4 | DDRO_CKOP
J4 DDRO_CKON
H5 | DDRO_CK1P
J5 DDRO_CK1N
M6 | DDRO_CSNO
B1 DDRO_CSN1
M5 | DDRO_CSN2
C2 | DDRO_CSN3
E1 DDRO_CKEO
F5 | DDRO_CKE1
V7 | DDRO_PLL_TESTOUT N
V6 | DDRO_PLL_TESTOUT P
C3 | DDRO_BAO
F4 DDRO_BA1
M4 | DDRO_BA2
Ué | DDRO_ATBO
U7 | DDRO_ATB1
R7 | DDRO_PZQ
L4 DDRO_ODTO
L5 DDRO_ODT1
H6 | DDRO_CASN
F3 DDRO_RASN
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G6

DDRO_WEN

L7

DDRO_RESETN

DDR1 GROUP INTERFACE

B15 DDR1_DQO
A15 DDR1_DQ1
B16 DDR1_DQ2
A16 DDR1_DQ3
B17 DDR1_DQ4
A17 DDR1_DQ5
A18 DDR1_DQ6
B18 DDR1_DQ7
B11 DDR1_DQ8
B12 DDR1_DQ9
A11 DDR1_DQ10
B13 DDR1_DQ11
A12 DDR1_DQ12
A13 DDR1_DQ13
A14 DDR1_DQ14
B14 DDR1_DQ15
A19 DDR1_DQ16
B19 DDR1_DQ17
A20 DDR1_DQ18
B20 DDR1_DQ19
A21 DDR1_DQ20
B21 DDR1_DQ21
B22 DDR1_DQ22
A22 DDR1_DQ23
A23 DDR1_DQ24
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B23 | DDR1_DQ25
A24 | DDR1_DQ26
A25 | DDR1_DQ27
B24 | DDR1_DQ28
A26 | DDR1_DQ29
B25 | DDR1_DQ30
B26 | DDR1_DQ31
E17 | DDR1_DMO
E14 | DDR1_DM1
E20 | DDR1_DM2
E23 | DDR1_DM3
D18 | DDR1_DQSOP
D17 | DDR1_DQSON
D15 | DDR1_DQS1P
D14 | DDR1_DQS1N
D21 | DDR1_DQS2P
D20 | DDR1_DQS2N
D24 | DDR1_DQS3P
D23 | DDR1_DQS3N
B10 | DDR1_A0

A10 | DDR1_A1

B9 | DDR1_A2

A9 | DDR1_A3

B8 | DDR1_A4

A8 | DDR1_A5

B7 | DDR1_A6

A7 | DDR1_A7

B6 | DDR1_A8
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A6 | DDR1_A9
A4 | DDR1_A10
C5 | DDR1_A11
A3 | DDR1_A12
B4 | DDR1_A13
C4 | DDR1_A14
G8 | DDR1_A15
F17 | DDR1_ATBO
G17 | DDR1_ATB1
D9 | DDR1_CKOP
D8 | DDR1_CKON
E9 | DDR1_CK1P
E8 | DDR1_CKIN
F12 | DDR1_CSNO
A2 | DDR1_CSN1
F11 | DDR1_CSN2
B3 | DDR1_CSN3
A5 | DDR1_CKEO
E6 | DDR1_CKE1
G14 | DDR1_PLL TESTOUT_ N
F14 | DDR1_PLL _TESTOUT P
B2 | DDR1_BAO
D6 | DDR1_BA1
D12 | DDR1_BA2
F17 | DDR1_ATBO
G17 | DDR1_ATB1
G15 | DDR1_PZQ
D11 | DDR1_ODTO
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E11 DDR1_ODT1

F9 DDR1_CASN

C6 DDR1_RASN

F7 DDR1_WEN

G11 DDR1_RESETN

A Notes:

Pad types: I=input, O=output, I/O=input/output (bidirectional)

Output Drive strength is configurable, it’s the suggested value in this table. Unit is mA, only digital 10 has drive value
Reset state (def): | = input without any pull resistor O = output

PD/PU: PU=pull up; PD=pull down

INT: “” int function
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2.2.2 Power Pin Discribtions

Table 2- 3 RK3399 Power Pin

Group Ball Number Descriptions
AT,A27,A31 AAOAAT3 AA3 AA5 AAQ AB19.ABI ACTS A
Vss C20,AC21,AC22,AC3,AD10,AD21 AD22,AD3,AD5,AE23,A |  Internal Logic Ground
F18,AF20,AF9,AG2,AJ20,A21,AJ23,AJ24,AJ26 AJ27, AJ2 | and Digital I0 Ground
8,AJ5,AL1,AL31,B5,C11,C12,C14,C15,C17,
BIGCPU Voo | K19K21L18.L19,02123 M18,M19,M20,M21 M22N18 N2 | Internal BIG CPU A72
- 0,N22 Power
LITCPU_VDD P20,P22,R19,R20,R22,T20,T22 internal LIT TLE GPU/ASS
R11,R12,R13,711,T12,T13,T14,T15,U13,V11,V12,V13 V14
GPU_VDD V15,V16,W10,W11,W12,W14,W15,W16 Internal GPU power
LOGIC_VDD L17,M17,T17,U17,U18,U20,V18,V19,V20,V21 \V22,W20 Internal Logic Power
CENTERLOGIC_VD M11,M12,M13,M14,M15,N11,N12,P13,P14,P15 Internal center logic power
DDRO_VDD L9,L10,M9,N9,N10,P9,R9,R10,T9,U9,U10,V9 DDRO Digital 10 Power

DDRO_CLK_VDD M7 DDROClock 10 Power
DDROPL\L@AVDD—O RS DDRO PHY PLL power
DDR1_VDD J11,412,J13,J14,J15,J16,J17,J18,K11,K13,K15,K17 DDRO Digital IO Power
DDR1_CLK VDD G12 DDROClock 10 Power
DDR1PL\';§AVDD—O H14 DDRO PHY PLL power
PMU_VDD_0V9 T24 Internal PMU Domain
PMU_VDD_1V8 u25 Power
PMUIO1_VDD_1v8 R24 PMUIOT Domain 10
— _ Power
PMUIO2_VDDPST N23 PMUIO2 Domain 10
- Power
PMUIO2 VDD P23 PMUIO2 Domain 10
- Power
APIO1 VDD 23 GPIO group 1 Digital
- Power
APIO1_VDDPST J22 GPIO group1 Bias
APIO2 VDD K23 GPIO group 2 Digital
— Power
APIO2_VDDPST Jz24 GPIO group 2 Bias
APIO3 VDD 1V8 ABS GPIO group 3 Digital
_ _ Power
APIO4 VDD ACO GPIO group 4 Digital
- Power
APIO4_VDDPST AC8 GPIO group4 Bias
APIO5 VDD v8 GPIO group 5 Digital
- Power
APIO5_VDDPST AA8 GPIO group5 Bias
SDMMCO0_VDD T23 SDMMC Digital 10 Power
SDMMCO_VDDPST ,U26 SDMMC Digital 10 Power

AVSS

AA11,AA12,AA14,AA15,AA23,AA26,AA29,AB10,AB11,AB1
3,AB15,AB16,AB17,AB23,AC11,AC13,AC15,AC16,AC17,A
C23,AC25,AC26,AC29,AD13,AD17,AD26,AD29,AE11,AE1
2,AE14,AE17,AE27 ,AF17,AF23,AF24,AF29,AG29,AH29,AJ
6,AJ8,AJ9,AJ11,AJ12,AJ14

Analog Ground
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Group Ball Number Descriptions
PLL_AVDD_0V9 R17 PLL 0.9V Analog Power
PLL_AVDD_1V8 P18 PLL 1.8V Analog Power

PLL_AVSS P17 PLL Analog Ground
ADC_AVDD AC24 SAR-ADC/TSADC Power
EMMC_COREDLL_ L24 EMMC core power
ov9
EMMC_VDD_1V8 K24 EMMC digital power
USB_AVDD_0V9 V24 USB 2.0 Digital Power
USB_AVDD 1V8 uz24 USB 2.0 Analog Power
USB_AVDD_3V3 Y25 USB 2.0 Analog Power
TYPECO—;‘VDD—OV Y18,Y19 Type-C Digital Power
TYPECO—? VDD_1V AA18 Type-C Analog Power
TYPECO—? VDD_3V AB18 Type-C Analog Power
TYPECLQAVDD—OV Y21,Y22 Type-C Digital Power
TYPECL;‘ VDD_1V AA21 Type-C Analog Power
TYPEC1—§‘VDD—3V AB21 Type-C Analog Power

EFUSE AD23 eFuse 10 Digital Power
USIC VDD_1V2 AD24 USIC 1.2V Power Supply
usIiC _vDD_0v9 AD25 USIC 0.9V Power Supply
EDP_AVDD_0V9 H20 eDP0.9V Power Supply
EDP_AVDD_1V8 J19,J20 eDP 1.8V Power Supply

EDP_AVSS B31,C28,C29,D029,H19,J21 eDP analog ground
HDMI_AVDD_0V9 AA16,AA17 HDMI 0.9V Power Supply
HDMI_AVDD_1V8 AD16 HDMI 1.8V Power Supply

MIPI_RX0_AVDD_1 MIPI RX 1.8V Power
V8 ABT4 Supply

MIPI_TX0_AVDD_1 AB12 MIPI TX 1.8V Power
V8 Supply

MIPI_TX1/RX1_AVD AC10 MIPI TX/RX 1.8V Power

D_1Vv8 Supply
PCIE_AVDD 0V9 w24 PCIE 0.9V analog power
PCIE_AVDD 1V8 Y24 PCIE 1.8V analog power
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2.3GPIO Type

2.3.1 GPIO Type

RK3399 has four GPIO types:
® 1.8V only,Fixed 1.8V
® 3.3V only,Fixed 3.3V
® 1.8V/3.0V,configurabled 1.8V or 3.0V
® 1.8V/3.0V auto,configurabled 1.8V or 3.0V

2.3.2 GPIO's Drive Capability
RK3399 GPIO's drive capability shown as Table 2-4.

Table 2-4 RK3399 GPIO’s Drive Capability

Power VO VO .
Domain GPIO Type Frequency | Frequency Drive Strength
@1.8V @3.xV

PMUIO1 1.8V only 150MHz N/A 5mA,10mA,15mA,20mA
APIO3 1.8V only 150MHz N/A 5mA,10mA,15mA,20mA
APIO1 3.3V only N/A 125MHz 4mA,7mA,10mA,13mA,16mA,19mA,22mA,26mA
PMUIO2 1.8V/3.0V 150MHz 50MHz 3mA,6mA,9mA,12mA
APIO2 1.8V/3.0V 150MHz 50MHz 3mA,6mA,9mA,12mA
APIO4 1.8V/3.0V 150MHz 50MHz 3mA,6mA,9mA,12mA
APIO5 1.8V/3.0V 150MHz 50MHz 3mA,6mA,9mA,12mA
SDMMCO | 1.8V/3.0V auto | 150MHz 50MHz 4mA,6mA,8mA,10mA,12mA,14mA,16mA,18mA

The following two types GPIO in Table 2-4 default drive strength is the second gear, and other type GPIO
default drive strength is the first gear. Please adjust the software according to the actual requirements.
® Boot 10,such as SPI1,SDMMCO0
Pin P27:GPIO1_A7/SPI1_RXD/UART4_RX
Pin R31:GPIO1_BO0/SPI1_TXD/UART4_TX
Pin P28:GPIO1_B1/SPI1_CLK/PMCU_JTAG_TCK
Pin P29:GPIO1_B2/SPI1_CSn0/PMCU_JTAG_TMS
Pin Y27:GP104_B0/SDMMCO0_DO/UART2A RX
Pin Y26: GPI0O4_B1/SDMMCO0_D1/UART2A_TX
Pin Y28: GPI0O4_B2/SDMMCO0_D2/APJTAG_TCK
Pin U27: GPIO4_B3/SDMMCO0_D3/APJTAG_TMS
Pin V29: GP104_B4/SDMMCO0_CLKOUT/MUCJTAG_TCK
Pin V25: GPI04_B5/SDMMCO0_CMD/MCUJTAG_TMS
® Debug IO,such as JTAG:
Pin L25:GPIO1_C6/TESTJTAG_TDI/TCPD_VBUS_SOURCEO
Pin M31:GPIO1_C7/TESTJTAG_TDO/TCPD_VBUS_SOURCE1
Pin L26:GPIO1_DO/TESTJTAG_CLK/TCPD_VBUS_SOURCE2

2.3.3 GPIO Power Pin Descriptions
Table 2-5 RK3399 GPIO Power Pin Descriptions

Power . . -
domain GPIO Type Pin name Pin descriptions
PMUIO1 1.8V only PMUIO1 VDD 1V8 | 1.8V power for this domain (group of) GPIO.
APIO3 1.8V only APIO3 VDD 1V8 1.8V power for this domain (group of) GPIO.
APIO1 VDD 3.3V power for this domain (group of) GPIO.
APIO1 3.3V only APIO1_VDDPST __| 1.8V Post drive.
PMUIO2 VDD 1.8V or 3.0V power for this domain (group of) GPIO.
PMUIOZ | 1.8V/3.0V PMUIO2 VDDPST | Post drive.
APIO2 VDD 1.8V or 3.0V power for this domain (group of) GPIO.
APIO2 1.8V/3.0V APIO2 VDDPST Post drive.
APIO4 VDD 1.8V or 3.0V power for this domain (group of) GPIO.
APIO4 1.8V/3.0V APIO4 VDDPST Post drive.
APIO5 VDD 1.8V or 3.0V power for this domain (group of) GPIO.

APIO5 1.8V/3.0V

APIO5 VDDPST Post drive.
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SDMMCO VDD 1.8V or 3.0V power for this domain (group of) GPIO.

SDMMCO | 1.8V/3.0V auto g5y G0 VDDPST | Post drive.

For different applications, please follow the next power rules:

® 1.8V Only (PMUIO1 and APIO3 Power Domain)

GPI0O- 1. 8V ONLY

PMUIO1_VDD_1V8 O VDD 1V8

Figure 2-6 RK3399 GPIO 1.8V Only

® 3.3V Only (APIO1 Power Domain)

GPI0 3.3V ONLY

APTO1 VDDPST O VDD 1V8

APTO1 VDD O VDD 3V3

Figure 2-7 RK3399 GPIO 3.3V Only

® 1.8V/3.0V (PMUIO2. APIO2. APIO4 and APIO5 Power Domain)

IN CASE 1.8¥

PMUTOZ_VDDPST O VDD 1V8

PMUTO2_ VDD O VDD 1V8

Figure 2-8 RK3399 GPIO 1.8V/3.0V -1.8V Mode
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PMUIOZ2 VDDPST Q VDD 1Vb

PMUTO2_VDD Q VDD 3VO0

Figure 2-9 RK3399 GPIO 1.8V/3.0V -3.0V Mode
® 1.8V/3.0V Auto (SDMMCO Power Domain)

SD/MMC card should always be supplied 3.0V, and RK3399 SD/MMC interface default level is 3.0V.
When the SD/MMC card is inserted, the signal communication level of the SDMMCO is based on 3.0V.
After communicate negotiation, if the SD/MMC card is a SD3.0, which can support USH-I high speed
protocol, RK3399 will adjust the SD/MMC card interface level value to 1.8V through adjusting the PMIC
output.

RK3399 built-in VDDPST circuit, shows as Figure 2-10. There are a LDO and a power switch embedded
in the SDMMC. When the SDMMC works in 3.0 modes, LDO works and generates a 1.5V voltage for
VDDPST. When the SDMMC works in the 1.8 mode, power switch works, VDDPST power is provided by
SDMMCO0_VDD.

The LDO and power switch are controlled automatically by rk3399. Only a 1uF decoupling capacitor is
required on the SDMMCO0_VDDPST power pin.

IN CASE 3VO0
_+_

SDMMCO  VDDPST | | ‘ ‘|
| | lul |

[ ]
\

SDIDMCO VDD O VDD _3VO0

Figure 2- 10 RK3399 GPIO 1.8V/3.0V Auto -3.0V Mode

IN CASE 1V8

SIMMCO VDDPST | | | ‘|
| | lulf |

LDO
A

SDMMCO VDD O VDD_]_ V8

Figure 2- 11 RK3399 GPIO 1.8V/3.0V Auto -1.8V Mode
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Chapter3 Schematic Design

3.1 Minimum System Design
3.1.1 Clock Circuit

RK3399 needs an external 24 MHz crystal to provide the system clock, shown as Figure 3-1.

—31 1 xiN_osc
C11021 T
‘—|00402 R1101
M
Y1100 1 R1102 RO402
LB S | XIN_ GND2 or [ s GPI
CRY4_3R20X2RbQXORR0 | 3 o 1 R4z T V30 | r o
C11031 || 2 8pF
o GPIO0_B5/TC
o0z | [C05 507 V| el
_;_ PLL_AVDD_0veo——L17 1 | AvDD_ove

Figure 3- 1 RK3399 Clock Circuit

A Notes:

The value of capacitor C1102 and C1103 need to be selected according to the actual
nominal load capacity of crystal.

In addition, the system clock can also be directly generated by the external crystal clock circuit, input to the
Xin_OSC pin. The clock requirement is shown as Table 3-1.

Table 3- 1 RK3399 24MHz Clock Requirement

ltems Parameters Description
Min. | Max. Units
Fregency 24.000000 MHz
Freq. Offset +/-20 ppm Frequency tolerance
Work Temp. -20 70 C
ESR / 40 Ohm

When RK3399 is in sleep mode, the internal clock will switch to the external 32.768 KHz coming from PMIC
or RTC, to reduce the system power consumption.Show as Figure 3-2.

TP1101
TEST_METAL_RING

o

1.8V Only

C1101 1 ||_2 DNP I||'
C0402 |

|
0,
GPIO0_AQ/TEST CLKOUTO/CLK32K_IN_u oo R11001 SR a2 RS0 5% srote GLKG SOC

—~ AT I LA I e Pk R29 \NConhaacn DIAD U

Figure 3-2 RK3399 Sleep Mode Clock Input

45




Rackchip sismms Ver 1.0

External 32.768 KHz RTC Clock requirement is shown as Table 3-2.

Table 3-2 RK3399 32.768KHz Clock Requirement

ltems Parameters Description
Min. | Max Units
Fregency 32.768000 kHz
Freq. Offset +30 ppm Frequency tolerance
Work Temp. -20 | 70 ‘C
Clock Duty 50 %

3.1.2 Reset Circuit

RK3399 embedded POR (Power on Reset) circuit, active on low level. C1100 is used to eliminate
jitter.Show as Figure 3-3.In order to ensure OSC work stably, the minimum reset time required is 100
clock cycles of 24MHz, that means 4 us at least.

TP1100
TP_0.7 U1000C
RK3399-Socke
'|| C11001 2 100nF
C0201 X5R 10V
RESET_L})> B0 | bcRa

Figure 3-3 RK3399 Reset Input

3.1.3 System Boot Sequency

System boot sequency, priority from high to low.
® SPIFALSH

® eMMC FLASH

® SDMMC CARD

3.1.4 System Initialization Configuration

RK3399 PMUIO2 is PMU domain and IO voltage could be configured.So when system starts, the default
drive strength can not be adjusted by reading the register status, and needs to be configured through the set
pin.

RK3399 JTAG and SDMMC function is reused together, need the set pin to select output function, default is
SD insertion detect pin.

Configuration description is shown as Table 3-3.

Table 3-3 RK3399 Initializaion Configuration Description

Signals Pull Up/Down Description

PMUIO2 power supply configuration,valid only at power-up
PMUIO2_VOLSEL | Pull Down 0: Drive strength configuration 1.8V (default)

1: Drive strength configuration 3.0V

JTAG or SDMMC select pin

0: Detected low level,set SDMMC/JATG/UAR as SDMMC

SDMMCO_DET Pull Up function
1: Detected high level,set SDMMC/JATG/UAR as JTAG/UART

function (default)

3.1.5 JTAG Debug Interface

RK3399 JTAG interface compliant with IEEE1149.1 protocol. PC can be connected with DSTREAM emulator
by SWD (Two-line mode) mode to debug A53/A72. Or connect with J-link/U-link/Realview-ICE/DSTREAM
emulator to debug MO.
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Before the emulator is connected, make ensure that the SDMMCO_DET pin is at a high level; otherwise it
could not enter into JTAG debug mode.The interface is shown as Table 3-4.

Table 3-4 RK3399 JTAG Debug Interface

Signals Description
APJTAG TCK AP JTAG clock inout,recommend pull down
APJTAG TMS AP JTAG mode select input, recommend pull up
MUCJTAG _TCK MCU JTAG clock inout,recommend pull down
MUCJTAG_TMS MCU JTAG mode select input, recommend pull up
PMCUJTAG TCK PMCU JTAG clock inout,recommend pull down
PMCUJTAG _TMS PMCU JTAG mode select input, recommend pull up

3.1.6 DDR Controler

® 3.1.5.1 DDR Controler Introduction

RK3399 DDR controller supports DDR3/DDR3L/LPDDR3/LPDDR4 SDRAM; the controller has the
following characteristics:
B Support 2 channels, each channel is 16 or 32bits data width
B Support up to 2 ranks (chip selects) for each channel; totally 4GB (max) address space.
Maximum address space of one rank in a channel is also 4GB, which is configurable in software.
W 32bits/64bits data width is software programmable
B Support power-sleep, self-refresh low power consumption mode

® 3.1.5.2 DDR Topological Structure And Connection Mode
RK3399 SDRAM topological structure is shown as Figure 3-4, Taking LPDDR3 as an example.

RK3399

DDRO_DQ[15:0] = D[15:0]
DDRO_DQ[31:16] @ Do[31:14]
DDRO_DM[3:0] @ DM[3:0]
DDRO_DQSE[3:0] s D0sP[3:0]
DDRO_DQSN[3:0] @ DSN[3:0]
DDRO_CLEOE o K

DLRCO DDRO_CLEON s LPDDR3 SDRAMO
DDRO_A[9:0] el 1[3:0]
DDRO_CEE[1:0] - CEE[1:0]
DDRO_CS[1:0] gl CS[1:0]
DDRO_ODTO = CDTO
DDR1 DR[15:0] s Do[15:0]
DDR1 DQ[31:16] @ Do31:14]
DDR1_DM[3:0] @ DMic:0]
DDR1 DRSE[3:0] s DOSP[3:0]
DDR1_DQSW[3:0] @ DOSH[3:0]
DDR1 CLEOE - CE

DORC1 DDR1_CLEON - CEE LPDDR3 SDRAMI1
DDR1 A[9:0] gl 1[3:0]
DDR1 CEE[1:0] el CEE[1:0]
DDR1 CS[1:0] -l CS[1:0]
DDR1_ODTO e ODTO

Figure 3-4 RK3399 SDRAM Topological Structure
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DDRxPLL_AVDD_0V9 is power pin for PLL of DDR controller, recommended supply from LDO to
ensure a clean power.

DDRx_CLK_VDD is reference power for DDR PLL drive, it is recommended to be routed separately,
consistent with VCC_DDR.

DDR1PLL_AVDD_0VS9 21; OAVDDOV9_DDR1PLL

DDR1_CLK_VDD OVDD_DDR1_CLK

Figure 3-5 RK3399 DDR Controler Power Supply

® 3.1.5.3 DDR Power-up Sequencing

RK3399 DDR controller has three groups power supply:
m DDR _VDD: Power for DDR controller Core, 10, Buffer
B DDR _CLK VDD: Power for DDR controller clock
m  DDRPLL_AVDD_0V9: Power for DDR controller PLL
RK3399 DDR power-up sequencing should follow below steps:
m DDR _CLK VDD and DDR_VDD power supply from the same power
® DDR VDD and DDRPLL_AVDD_0V9 could power-up at the same time.However, for better ESD,
it is recommended that low voltage DDRPLL_AVDD_0V9 shall be powered on first.

The SDRAM power supply power-up sequencing please refer to the JEDEC protocol, LPDDR3 power
supply power-up sequencing is shown as Figure 3-6.

After... Applicable Conditions

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

Vppi and ¥pp, must be greater than Fopea—200mV

Vpp1 and Vpp, must be greater than Vppp—200mV

VRes must always be less than all other supply voltages

Figure 3-6 LPDDR3 DRAM Power-up Sequencing

® 3.1.5.4 DDR Support List

RK3399 DDR compatible with DDR3/LPDDR3 up to 800MHz,DDR support list please refer to”"RK DDR
Support List” released by ROCK-CHIP.

3.1.7 eMMC Controler

® 3.1.6.1 eMMC Controler Introduction

RK3399 eMMC controller compatible with eMMC 5.1 protocol has the following characteristics:
B Support one channel Emmc,8 bits mode
B Compatible with eMMC 5.1 protocol,support HS400 mode

® 3.1.6.2 eMMC Interface

Please follow Table 3-5 to design.

Table 3-5 RK3399 eMMC Inteface

Signals Internal Pull-up/down | Series Resistance Description (For SOC)
eMMC_DQJ7:0] Pull-up NO eMMC data
eMMC CLK NA 22ohm eMMC clock
- (recommended)
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eMMC CMD Pull-up NO eMMC command

eMMC STRB Pull-down NO In HS400 mode,Byte data store instruction

® 3.1.6.3 eMMC Power-up Sequencing

RK3399 eMMC control has two groups power supply:
m  VCCOV9 EMMC: Power for eMMC control core
m VCC1V8 EMMC: Power for eMMC control I/O
RK3399 eMMC power-up sequencing refer to Figure 3-7.
®  VCCOV9_EMMC and VCC1V8_EMMC can be powered on at the same time, however, for better
ESD, it is recommended that low voltage VCC0OV9_EMMC shall be powered on first.
1.8 volts +-10% ' |

voba

0.9 volts +/-10% i —
VCORE Pl

Figure 3-7 RK3399 eMMC Power-up Sequencing

The eMMC part power-up sequencing refer to the JEDEC protocol.
B VCC and VCCQ can be powered on at the same time
B VCC and VCCQ must be powered-up before CMD sent out,and the power supply must work
stably
B After Emmc part is in sleep,the power supply could be powered off to reduce the power
consumption
B VCC must be powered on and work stably before eMMC part be resumed

- - . —

Supphy voltage

1 ; s P Tima
Command Input prohlblted ; ‘Command Input prohlbli=d

Figure 3-8 eMMC Device Power-up Sequencing

® 3.1.6.4 eMMC Support List

RK3399 eMMC support HS400 mode, support list please refer t0’"RK eMMCSupportList” released by
ROCK-CHIP.

3.1.8 SPI Interface

® 3.1.7.1 SPI Controler Introduction

RK3399 has 6 SPI controller.Be care for SPI1 is only used for SPI FLASH boot, not connect to any other
SPI device.

® 3.1.7.2 SPI Interface

SPI interface design follow Table 3-6 for reference.
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Table 3-6 RK3399 SPI Interface

Internal o
Pin Name Series Resistance Description (For SOC)
Pull-up/down
SPIM_TXD (MOSD | Pull-up NO SPI data transmission
SPI1_RXD (MISO) | Pull-up NO SPI data receive
22o0hm
SPI1_CLK Pull-up SPI clock output
(recommended)
SPI1_CSn0 Pull-up NO SPI chip select

® 3.1.7.3 SPI Power-up Sequencing

These are no requirements for power-up sequencing.

3.2 System Power

3.2.1 Minimum System Description

® 3.2.1.1 Power supply Demand

PLL: PLL_AVDD 0V9. PLL_AVDD_1V8. PMU_VDD_0V9. PMU_VDD_1V8.
DDRPLL_AVDD_0V9

CPU: VDD_CPU_L. VDD_CPU_B

GPU: VDD_GPU

LOGIC: VDD_LOG. VDD_CENTER

DDR: VCC_DDR. VCC_DDRC

GPIO: PMUIO1_VDD_1V8

® 3.2.1.2 Power-up Sequencing

The low voltage is powered on at first in the same IP, The same voltage in one IP could be
powered on at the same time, and there are no requirements between different IP.
Recommended power-up sequencing:

PLL_AVDD_1V8&PMU_VDD_1V8&PMUIO1_VDD_1V8--->VDD_GPU&/CC_CPU_B-->PLL_AVDD
_0V9& PMU_VDD_0V9--->VCC_DDR&VCC_DDRC-->VDD_LOG& VCC_CPU_L--->VDD_CENTER

3.2.2 System Power Design

® 3.2.2.1 System Power Supply in Standby

RK3399 system power supply is divided into two parts, constant power supply and power-off in standby.
Show as Figure 3-9.

In standby mode, power-off is controlled by SOC via 12C and GPIO.The following power supply must be
always on in standby:

DDR: VCC_DDR. DDR_CLK_VDD,power for DDR self-refresh
GPIO: PMUIO1_VDD_1V8,power for PMUIO1 10

CORE: PMU_VDD_0V9,power for PMUIO1 PLL

PLL: PMU_VDD_1V8,power for PMUIO1 PLL and OSC
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RK3399 VDD _CEU L/B
ol DC-IC
VDD GEU
- DC-DC
Power off in standby VDD_LOG/CENTER
DDRPLL AVDD 0VS ot DC-IC
-
VCC_DDRC
= Bo- 1Ve_SYS MOS
PLL AVDD 0V it switch
e
PLL AVDD 1V8
- 3V3 5YS MDS
ol — switch
EMUIOL VDD 1VE
= C tantl 1
B onstantly power supply
B PMIC SLEEF H
FMU VDD 1V3
e GEU_SLEER
VCC_DDR
B CEU_SLEEP
DDR_CLE_VDD
W
Figure 3-9 RK3399 System Power Supply in Standby
® 3.2.2.2 PLL Power Supply
RK3399 is integrated 10 PLL, show as Table 3-7.
Table 3-7 RK3399 PLL Introduction
ltems Number Power Pin In Standby
PMU/OSC 1 PMU_VDD_0V9. PMU_VDD_1V8 Power-on
DDR Controler 2 DDROPLL_AVDD_0V9. Power-on
DDR1PLL_AVDD 0V9
PLL 7 PLL_AVDD 0V9, PLL_AVDD_1V8 Power-off

It is recommended to use a LDO as a separate power supply for PLL, it can work more stable at high
frequency.The decoupling capacitor should be placed close to power supply pin.

PLL_AVDD_0V3 O—i PLL_AVDD_0V9
PLL_AVDD_1Va D—ﬁ PLL_AVDD_1V8
P17
'|| PLL_AVSS
VCC_EFUSE G—‘% EFUSE_VQPS

R24

PMUIO1_VDD_1vs — ———oPMU_VDD_1v8
T24

PMU_VDD_0V9 —————<PMU_VDD_0V9
uzs

PMU_VDD_1V8 —3PMU_VDD_1V8

Figure 3-10 RK3399 PLL Power 1

DDR1PLL_AVDD_0V9
DDR1_CLK_VDD

H14 OAVDDOV9_DDR1PLL

G12 OVDD_DDR1_CLK

Figure 3- 11 RK3399 PLL Power 2
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® 3.2.2.3 CPU Power Supply

RK3399 has Big CPU and Little CPU, there are different power domain, VDD_CPU_B for Big core A72,
VDD_CPU_L for Little core A53.Both of them support DVFS (Dynamic Volt Frequency Scalling)
function.Use two separate BUCK IC to supply to each other.The Big CPU peak current could be up to 4.3A,
so please do not reduce the capacitors number as require in the reference design. For layout, the high-
capacity capacitors should be placed close to CPU power pins, which recommended to place on the
RK3399 opposite, to ensure the power ripple is controlled within 100mV.Shown as Figure 3-12.

VCC5V0_SYS

L804
VA 0.24uH VDD_CPU_BT TPaO1
)

o
uso1 IND_252012
| cso _| cs11 SYRE37PKC 7.1A0.0220hm 4 R805 1 OR 1% 2 R0805 VDD_CPU_B
10uF 10uF CSP20_1R96X1 Raeanaﬁ Py 0
C0805 ——C0805 : " R209 1 OR A% 2 R{805
b

Ve

i D
VIN.T SW_1
?{?Ig‘l o Tg\'} te )1(?5 E‘ YIN-2 W2 ca13 CB14 ca15 cais_| cei7 ca18
RO402 B YR on.a 22uF 2uF 7| ZwF 2uFT| 220F 7| 22uF
o s = - wE S —C0603 C0603 ——C0603 ccs 0603 ——C0603
-3 . vaur X5R X5k o] X5R X5R ] X5R
63V 63V 63V b et 63V
cB19 CPU_B_SLEEP A1 SHE -CPUB_|
100nF T2C_SDA PMic__B1 | YSEL GND2 = =
C0402 ZCSCLPMIC a3 | SDA  GNO3
R s oups =
o ‘I\}i AGND  GND6
Figure 3- 12 RK3399 VDD_CPU Power Supply
vDD_CPU_L
ci1013 _| Cc1014 _| C1015 _| C1016 _| C1017 _| C1018 _| C1019 _| C1020
22uF 22uF 1uF 100nF 100nF 100nF 100nF inF
Co603 Co603 OU201 Cco201 Co201 Cco201 Cco201
X5R = XaR XSR XoR ™~ XoR o X5R & XoR
6.3V 6.3V 10V fﬂV 100 10V 10V 25V
vDD_CPU_B
., C1021 bk C1 522 01023 C1024 1[.'!25 C1026 pil C1027 Al C’ECIZB C’EUQB C1030
22uF 22uF 22UF 1uF 100nF 100nF 100nF 100nF 100nF inF
C0603 C0603 C0201 C0201 C0201 C0201 C0201 Coz201
X5R = X5R XSR XSR XoR i XoR & Xb5R & XoR & XoR =i X5R
6.3V 6.3V 6.3V 10W 10V 10v 10V 10V 25V

Figure 3-13 RK3399 VDD_CPU Power Filtter

BIGCPU_VDD _COM is VDD_CPU_B power feedback pin, it should be connected to FB of BUCK IC,
which can compensate the loss of PCB power traces impedance, and improve the real-time of dynamic
adjustment power supply.

s OVDD CPU B

C1001
10uF
—_—Cp4a02
XoR
4av

BIGCPU_VDD_1
BIGCPU_VDD_2
BIGCPU_VDD_3
BIGCPU_VDD_4
BIGCPU VDD _5
BIGCPU VDD_6
BIGCPU_VDD_7
BIGCPU_VDD_8
BIGCPU_VDD_9
BIGCPU VDD 10
BIGCPU_VDD_11
BIGCPU_VDD_12
BIGCPU_VDD_13

BIGCPU VDD _COM SSWDD_CPU_B_FB

Figure 3-14 RK3399 VDD_CPU_COM Power Feedback

52



Rackchip sismms Ver 1.0

® 3.2.2.4 GPU Power Supply

Use a separate BUCK power supply for RK3399 GPU, support DVFS(Dynamic Volt Frequency
Scalling).The GPU peak current would be up to 4.0A,so please do not reduce the capacitors number in the
required in reference design. For layout, the high-capacity capacitors should be placed close to CPU
power pin, which is recommended to place on the RK3399 opposite, to ensure the power ripple is
controlled within 100mV.Shown as Figure 3-15.

VDD GPU Power

VCC5V0_SYS

VDD_GPU TP800
ca00 caot c802 ca03 caoa LB0O o
VeC_1ve 10uF ™| 10uF 7| 10uF 7| 10uF 7| 100nF 0.24uH O
C0805 ——C0805 ——C0805 ——C0805 ——C0402 ugoo IND_252012
o %R JIxsr [xsk [ xsr ] XsR SYRE3SPKC 7.1A0.0220hm RE0E 1 DR 4% 2 ROSQS
4 1ov v 10v 10v 18V CSP20_1RIEXIREEXOREE o5 [ R807 1 bRV% 2 ROals
D1 . D3 —~ RE00 1 5
RB06E = = — — = pz |VIN1 - SWL1 PRy
10K ET|VINZ  8W 2 5y €804 c80s cegs €807
RO402 = A = | 220F 7| 220 7| 220 7| 2207
of 5% Gl RE01 1 1 2 RO402 C0603 ——C0603 ——C0603 ——C0603
A2 |y % o xR [ xsr xR [ xsr
B2 VDD GPU_EE 6.3V 63V 63V 6.3V
cBog GPU_SLEEP Al GO 5 Caac
| 1000F 12C_SDA_PMIC __B1 | YSEL  GND2 ¢ = T = =
€0402 12C_SCL_PMIC A3 | SDA GND3 5
s e — =250 GND4 |¢
16 B4 eNDs5: o
\”7 AGND  GNDG
Figure 3-15 RK3399 VDD_GPU Power Supply
VDD_GPU
C1039 C1040 C1041 C1050 c1051 c1052 C1053 C1054 C1042 _| C1043 C1044 045 C1046 C1047 _| Cl048 C1049
Y| 22uF Y| 22uF 7| 220F 7| 22uF 7| 22uF 7| 22uF 7| 22uF T| 22uF | 1uF 100nF ™| 100nF — 100ﬂF 100nF ™| 100nF 100nF ™| InF
C0603 CO603 — —C0603 C0603 C0603 C0603 C0603 C0603 C0402 C0201 €0201 C0201 C0201 €0201 C0201 C0201
o X8R | xer ] oxer [ xsr ([ xsR [ xR | xsR | xsR | X8R X5R X5R X5R X5R X5R X5R X5R
6.3V 6.3V 6.3V 6.3V 6.3V 6.3V 6.3V .3V 10V 10V 10V 10v 10V 10V 10v 25V

Figure 3-16 RK3399 VDD_GPU Power Filtter

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

GPU_VDD_1 9—OVDD_GPU
GPU_VDD_2
GPU_VDD_3 - (1338,93
GPU_VDD_4 ——C0402
GPU_VDD_5 X5R
GPU_VDD_6 N Ly
GPU_VDD_7
GPU_VDD_8
GPU_VDD_9 ——
GPU_VDD_10 =
GPU_VDD_11
GPU_VDD_12

vDD_1 GPU_VDD_13

VDD_2 GPU_VDD_14

vDD_3 GPU_VDD_15

VDD_4 GPU_VDD_16

VDD_5 GPU_VDD_17

VDD_6 GPU_VDD_18

VDD_7 GPU_VDD_19

vDD_8 GPU_VDD_20

VDD_9 T15

vDD_10 GPU_VDD_COM ->>VDD_GPU_FB

Figure 3-17 RK3399 VDD_GPU_COM Power Feedback
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® 3.2.2.5 LOGIC Power Supply

RK3399 has two digital logic parts; LOGIC and CENTLOGIC.They are independent power domain,
VDD_LOGIC power for LOGIC, and VDD_CENTERLOGIC power for CENTERLOGIC. The power
domains include the following logical sections.

PD ALIVE CRU, PLL, GRF, TIMER, WDT, GPIO, INTR_ARB
NOC, EFUSE, SRAM, ROM, CRYPTO, GIC, DMAC,
PD PERI LP | DCF, I2S_8CH, SPDIF, UART. 12C, MAILBOX, SPI,
SARADC, TSADC, Cortex-MO

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

VD LOGIC PD USB3 USB3.0/2.0
PD _EDP eDP
PD VIO MIPI
PD_ISPO ISPO
PD ISPI ISP1
PD VOPB VOP_BIG
PD VOPL VOP LIT
PD HDCP HDCP2.2, HDMI, DP, Gasket
PD CENTER | DDRC, Memory Scheduler, DFT_ MONITOR, CIC
PD VDU RKDEC

VD_CENTER PD VCODEC | VCODEC
PD IEP 1EP
PD RGA RGA

Figure 3-18 RK3399 Digital Logic Parts
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VDD LOG O—s LOGIC VDD 1
LOGIC VDD 2
- ?&L?EE LOGIC | "'.-"D[} 3
. LOGIC_VDD_4
T i LOGIC_VDD 5
o~y LOGIC_VDD_6
LOGIC_VDD_7
LOGIC_VDD_8
- LOGIC_VDD_9
; LOGIC_VDD_10
LOGIC_VDD_11
LOGIC_VDD_12
VDD _CENTER O—e CENTERLOGIC_VDD_1
c1004 CENTERLOGIC_VDD_2
| 10uF CENTERLOGIC VDD 3
——cpdne CENTERLOGIC VDD 4
__Xﬁl-_{ CENTERLOGIC VDD 5
o v CENTERLDGFC VDD 5
CENTERLOGIC VDD 7
CENTERLO(‘EC "'.I"DD 2]
= CENTERLOGIC VDD 9
- CENTERLOGIC VDD 10
Figure 3- 19 RK3399 Digital Logic Power Supply
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® 3.2.2.6 DDR Power Supply

RK3399 DDR controller compatible with DDR3/LPDDR3/LPDDR4 protocol.Embedded Vref circuit
generates the reference voltage VCCDDR/2.
The Vref of LPDDR3 DRAM can be adjusted according to the ODT value and the drive strength.

E.g.

At 800MHz frequency,RK3399 DDR controler drive strength is 34.3ohm, DRAM ODT is 240ohm,so
when ODT enable, DRAM Vref=0.56*VDDAQ.

JR1_DQS1P o r
)R1DQSIM g;‘
JR1_DQS2P

JR1_DQS2M D20
JR1_DQS3P L
JR1_DQS3M D23

TP120 DDR1_ATBO F17
TP1ZD% DORT_ATB G17

DDR1_PLL TESTOUR18

DDR1_PLL TESTOUZ1M

TP120
TP120

G15

DDR1_DQS1P
DDR1_DQSIN H1d
DDR1_DQS2P DDR1PLL_AVDD_0V9 —gq5——OAVDDOVS_DDR1PLL
DDR1_DQS2N DDRT_CLK_VDD CoVDD_DDR1_CLK
DDR1_DQS3P J1
DDR1_DQS3N DDR1_VDD_1 75 OWCC_DDR
DDR1_VDD_2 73
DDR1_VDD_3 iz
DDR1_ATBO DDR1_VDD_4 [z
DDR1_ATB1 DDR1_VDD_5 76
DDR1_VDD_6 77
DDR1_VDD_7 i
DDR1_PLL TESTOUT P DDR1_VDD_8 17
DDR1_PLL_TESTOUT N DDR1_VDD_9 (13
DDR1_VDD_10 (75
DDR1_VDD_11 77
DDR1_PZQ DDR1_VDD 12

Figure 3-21 RK3399 DDR Controler Power Supply

RK3399 DDR controller’s clock is generated by a separate PLL, it needs a separately power supply

(DDROPLL_AVDD_0V9, DDR1PLL_AVDD_0V9)
capacitor, and should be placed close to it.
DDRO_CLK VDD and DDR1_CLK VDD from VCC DDR are power supply for RK3399 DDR
CLKP/CLKN signals.It is recommended to use a series resistor to avoid the power noise from VCC_DDR
power plane. Each power pin needs a 100nF decoupling capacitor, and should be placed close to it.
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. Each DDR PLL power pin needs a 100nF decoupling
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Figure 3-22 RK3399 DDR Controler Power Supply
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The DRAM VREF_DQ and VREF_CA of DDR3 use a separate Vref reference circuit. The
Vref_DQ can be power supplied by a 1K ohm resistors divider (1% accuracy), and for reduce power
consummry Vref CA usually be power supplied by a 10Kohm risistors divider (1% accuracy).Each
power pin should be placed a 1nF decoupling capacitor.
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| 1% 7 VREF DQ
|
- _| caear _| coaeas
R3609 7| 1nF nF
1K ——C0402 0402
RO402 | XTR ol XTR
wl 1% 50V 50V

Figure 3-23 RK3399 LPDDR3 DRAM Vref Power Supply

® 3.2.2.7 GPIO Power Supply

Refer to Section 2.3.1 for GPIO power supply, it recommended to place a 100nF decoupling capacitor
close to each power pin. For detailed design please refer to RK3399 reference design schematic.
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3.2.3 RK808-D PMIC Introduction
® 3.2.3.1 RK808-D Block Diagram
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Figure 3-24 RK808-D Blcok Diagram

® 3.2.3.2 RK808-D Fertures

Input voltage:2.7V-5.5V

Instant 2MHz PWM architecture to achieve fast transient responses
Embedded RTC with two 32.768k clock output

Internal loop compensation and soft start function

I12C programmable output level and power-up sequence control
High conversion efficiency circuit architecture

Discharge function

Power supply capacity

Channel 1:Synchronous step-down DC-DC converter,5A max
Channel 2:Synchronous step-down DC-DC converter,5A max
Channel 3:Synchronous step-down DC-DC converter,3A max
Channel 4:Synchronous step-down DC-DC converter,2.5A max
Channel 6,7,9,11: Low dropout linear regulator,150mA max
Channel 8:Low noise,high power supply rejection ratio low dropout linear regulator,100mA
max

Channel 10,12,13: Low dropout linear regulator,300mA max
Channel 14,15:Low resistance switch,0.2ohm(Vgs=3V)

e 400000
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OTP and programmable power-up timing control
Package: 7mmx7mm QFNG68

® 3.2.3.3 RK3399+RK808-D Power Tree
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® 3.2.3.4 RK808-D Application Block Diagram
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Figure 3-26 RK808-D Application Block Diagram

® 3.2.2.5 RK808-D Notes

The load capacitance of the crystal is 22pF, and the user can fine-tune the crystal according to
the crystal used.

Notes:
In order to reduce the power consumption PMIC RTC crystal oscillation driving is relatively weak, can
not measured signal on the XOUT or XIN pin with a normal oscilloscope, or oscilloscope probe will cause
OSC stop working, to measure this signal please measure CLK32KOUT output pin.

When VDC pin input voltage level is over 0.6V, RK808-D is forced power-up, and could not
power-off until the input voltage under 0.6V.

To ensure the power quality, BUCK1 and BUCK2 output filter capacitor value must be biger than
33uF, especially in the high current and high dynamic load case; it needs to increase the value of
filter capacitor.

RK808-D maximum input voltage is 5.5V, If the adapter directly supplies to the RK808-D, the
input-end of RK808 must to be added a TVS (Recommended model: AZ5825-01F, the detail
refer to section 3.2.4.5), to prevent the surge voltage over 5.5V or more. If RK808-D power
supply from the BUCK, the voltage is more stable, no need TVS.

If the ResetKey/VPPOTP pin is pulled high level during working (the voltageas the same as
VCCRTC) and last 10ms, RK808-D will issue a shutdown signal, then automatically restart.
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®  When the PWRON pin is pulled up to VCCRTC by resistor for more than 500ms RK808-D will
automatically power-up.If the PWRON pin is pulled down for more than 6 seconds, RK808-D will
force shutdown (usually for the system crash forced shutdown and restart).
B RK808-D power-up prosess
4 VCCRTC has been power supplied
€ RTC circuit working stably
¢ VCCA voltage more than 3V
€ One of the following three cases is occurring: PWRON be pulled down more than 500 ms.
VDC voltage more than 0.6V. RTC alarm is enabled and in timeout
€ When RK808-D power-up, each power output interval is about 2ms, until all power are
completed, it will release the reset, power-up process complete
R o i
’II ! H 2 PONERBTgoNL _g‘g«]vlacg QFNGENZRO0XTROOXORS0_T
PUR KEVL g gséngws S:\Q = I
S00_323 T 4°LT |
- 1 2 1 2 m
TR e S Hegtecticn

DESET 1

Figure 3-27 RK808-D Power-up Enable Pin

A Notes:

RK808-D power-up timing is match with OT.You can select different power-up sequencing by setting

RK808-D power-down process
One of the following three cases is occurring: 12C write DEVICE_OFF=1 and VDC=0V,

PWRON pulled down more than 6 s and VDC=0V, VCCA less than 3.0V.

BOOTO and BOOTT1.
]
2
2

During power-down, after one RTC clock cycle (about 30.5us) enable resets, and then after

around 2ms all power output are shutted down at the same time, power-down process
complete.

® 3.2.3.6 RK808-D Design Description
RK808-D specific design instructions, please refer to the document "RK808 design guide Ver1.0"

released by Rockchip.
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3.2.4 RK818-3 PMIC Introduction
® 3.2.4.1 RK818-3 Block Diagram
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Figure 3-28 RK818-3 Block Diagram

® 3.2.4.2 RK818-3 Features

Input voltage:USB port is 3.8V-5.7V,BAT port 3.0V-4.35V

Maximum 3A charging current,with power switch

Maximum 5A automatic power path management

Embedded precision fuel gauge

Embedded RTC with two channels 32.768k clock output

Less than 40uA current in standby (at 32kHz clock frequency)
Switching frequency 2MHz step-down DC-DC converter

Switching frequency 1MHz step-up DC-DC converter

Current mode architecture with excellent transient response

Internal loop compensation and soft start function

I2C programmable output level and power-up sequence control
High conversion efficiency circuit architecture

Discharging function

Power supply capacity

4 Channel 1:Synchronous step-down DC-DC converter,4A max
€ Channel 2:Synchronous step-down DC-DC converter,4A max
€ Channel 3:Synchronous step-down DC-DC converter,2.5A max
€ Channel 4:Synchronous step-down DC-DC converter,2.5A max
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0000000

Channel 5:Synchronous step-up DC-DC converter,2.5A max

Channel 6,7,9,11: Low dropout linear regulator,150mA max

Channel 8:Low noise,high power supply rejection ratio low dropout linear regulator,°mA max
Channel 10,12,14: Low dropout linear regulator,300mA max

Channel 13: Low dropout linear regulator,400mA max
Channel 15:Low resistance switch,0.150hm(Vgs=3V)
Channel 16:HDMI 5V power switch,80mA max
Channel 16:USB OTG power switch,1000mA max

B OTP and programmable power-up timing control
B Package: 7mmx7mm QFN68

® 3.2.4.3 RK3399+RK

818-3 Power Tree
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Figure 3-29 RK818-3 Block Diagram
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Figure 3- 30 RK818-3 Application Block Diagram

® 3.2.4.5 RK818-3 Note

B The loading capacitance of the crystal is 22pF, and the user can fine-tune the value according to
the crystal used.

Notes:
In order to reduce the power consumption, the PMIC RTC crystal oscillation driving is relatively weak,
the signal of the XOUT or XIN pin could not be measured with a normal oscilloscope , or oscilloscope
probe will cause OSC stop working, please measure the signal on the CLK32KOUT output pin.

B To ensure the power quality, BUCK1 and BUCK2 output filter capacitor value must be greater
than 33uF, especially in the high current and high dynamic load case; it needs to increase the
value of filter capacitor.

B RK818-3 maximum input voltage is 5.7V, to prevent USB port voltage over 5.7V or more by the

surge voltage, the pin 8 and pin 9 of RK818-3 need to add TVS, which is very important. It is
recommended model: AZ5825-01F, which meet the ESD immunity requirements of IEC
61000-4-2, level 4 (£15Kv air, £8kV contact discharge). The TVS application design shown as
Figure 3-31; protected line is connected at pin 1, and the pin 2 is connected to a ground plane on

64



Rackchip sismms Ver 1.0

the PCB.In order to minimize parasitic inductance in the traces, all path lengths connected to the
pins of TVS should be kept as short as possible. The absolute maximum ratings parameter
index of AZ8525-01F shown as Figure 3-32.If the TVS wanted be replaced with other models, it
is must to meet the parameters requirements in the Figure 3-32.

Input Output

Var \ Va
Transient \\-.._ gnd :D LN gnd
Voltage

e (/F |V

| —

Normal { ; gnd gnd { ;
Dpemtiunv

O o
L
O Protected
Devices

[T —

2 w (=

B 2

<M 2

= ==
Figure 3-31 AZ5825-01F Appllication Design
PARAMETER PARAMETER RATING UNITS

Peak Pulse Current (fp=8/20us) lpe 18 A
Operating Supply \oltage (pin-1 to pin-2) Vi 55 V
ESD per IEC 61000-4-2 (Air) Vesp +30 kV
ESD per IEC 61000-4-2 (Contact) +30
Lead Soldering Temperature Tsa 260 (10sec.) °C
Operating Temperature Tep 5510 +85 6
Storage Temperature Tso -55to +150 “C

Figure 3- 32 AZ5825-01F Absolute Maximum Ratings

B RK818-3 has 5V BOOST with max 2A load capacity, but it has no short-protection, so a current
limit IC is needed if using the function. RK818-3 USB OTG power-switch (PIN8, PIN9 output)
with a built-in 700-1000mA optional current limit.

®  The RK818-3 PWRON pin is needed connect to RK3399 GPIO by an isolation diode, the pin
internal pull-up resistor value is bigger, when the diode leakage is higher, which may make the
voltage of PMIC-PWRON less than 2.0V, and will be mistaken as power key enabled and then
RK818-3 could not work properly.So, you should use a diode with leakage less than 0.55V.
SCS751V-40 is recommended.
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Figure 3-33 RK818-3 PWRON Isolation Diode

In single-cell lithium battery design, the battery voltage will be easy to cause collapse due to

excessive load, and the fuel gauge detect the battery voltage lower than the power-off voltage
and then enter the power-off process, resulting in insufficient battery capacity.So it needs to
widen the power trace width, increase vias or any favorable method to minimize the power circuit
and the battery impedance. Power circuit impedance is shown as below red arrow.
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el R23040 % 2 RO402 [\ Gofve sa
SRTC_CLKO_SOC
- SSRTC_CLKO_WIFI
] CHARGE_GND6 It VCC_SYS
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81 1 2
| PowPath_VSYS1 | g5 i L2 R, . A0E ||I
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| 01R )
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Figure 3- 34 RK818-3 Battery Discharge Path
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Figure 3- 35 RK818-3 Power Manage Path

® 3.2.4.6 RK818-3 Design Description

RK818-3 specific design instructions, please refer to the document "RK818 design guide Ver1.2"
released by Rockchip.
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3.2.5 Type-C Power Introduction

OPTIONAL HOLD DOWN STRAP

DUAL ROW SMT TOP MOUNT
CONNECTOR

Figure 3- 36 Type-C Port

Al A2 A3 A4 AS Ab A7 A8 A9 Al0 All Al2
GND TX1+ TX1- VBUS CcC1 D+ D- S5BU1 VBUS RX2- RX2+ GND
GND RX1+ RX1- VBUS SBU2 D- D+ cc2 VBUS TX2- TX2+ GND
B12 B1l B10 B9 B8 B7 B6 BS B4 B3 B2 Bl

Figure 3- 37 Type-C Interface Signal (Front View)

Al2 All Al10 A9 A8 A7 A6 A5 A4 A3 A2 Al

GND | RX2+ | RX2- | VBus | SBU1 D- D+ CcC VBus | TX1- | TX1+ | GND

GND | TX2+ | TX2- | VBUS | VCONN SBU2 | VBUS | RX1- | RX1+ | GND

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12

Figure 3-38 Type-C Interface Signal (Front View)

® 3.2.5.1 Type-C Port Features

Type-C Port Descriptionn

VBUS:USB cable bus power

GND:USB cable return current path

TXn+/TXn-/RXn+/RXn-:USB3.0/3.1 USB3.0/3.1 SuperSpeed USB serial differential data pair
D+/D-:USB2.0 HighSpeed differential data pair

CC:Use for connection detect,interface configuration and Vconn

VCONN:USB plug power

SBU1/2:Sideband Use

® 3.2.5.2 Type-C CC Introduction

The CC channel is used for connection detect, interface configuration and Vconn.When a device in DFP
mode, VBUS has no voltage output, but it will inform the peripheral it's default power capacity by pull-up
current.When a peripheral (UFP) inserted, CC line will be pulled-down by a 5.1K resistor, than VBUS will
output 5V, DFP will adjust output voltage by consulting with UFP by CC lines (PD function).
® 3.2.5.3 RK808-D Type-C Circuit

RK808-D+BQ25700 can support type-c charging.It is mainly used in muti-section lithium battery or
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without battery product solutions.The charge circuit is shown as Figure 3-37,RK808-D related circuit refer
to Section 3.2.3.
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Figure 3-39 BQ25700 Type-C Charge Circuit

® 3.2.5.4 RK818-3 Type-C Circuit

RK818-3 can only support 5V/900mA,5V/1.5A,5V/3A input charging, could not support high voltage

input.But the circuit is simpler with low cost comparing to RK808-D+BQ25700, which suitable for small
size PCB products. The detail refers to section 3.2.4.

3.2.6 Other Circuit

® 3.2.6.1 Over-temperature Protection Circuit

When RK3399 is over-temperatue or crash, the OTP_OUT_H will output a high level signal to
VPP_OTP of RK808-D by level conversion circuit, or a low level signal to the reset pin of RK818-3 by level
conversion circuit. RK808-D/RK818-3 will be forced power-down and restart.

SW1100
VCC3V3_RTC RESET VPP_OTP
¢ SW2_TS_041 ¢
)5 1—302 10—141-
)5 . o :
52C3V3 ) o i
)_123 2 4 3
[#[ Q1107
——WPM2341-3/TR
Owver—temperatbture 56T o4
Protectlion R11971 100K5% 2 R04Q2
o«
1 2 11571 47 2 R04Q2 1 Q1100
OTP_QUT_tD, g il AA 5% _ A S8050
D1106 2 2uF o SOT_23
B5819WS  — —CO0603 R1161
SOD_323 | X5R 10K
1 10v R0402
T 594
= (']
__I_ = &

Figure 3-40 RK808-D Over-temperature Protection Circuit
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R2304410K R23047.,| SOT_23 ED23002 ' E‘
R0O402 5% 47K ESD5451N
5% ESD0402
R0O402
Over-LemperdLure
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—;— — Protection

Figure 3-41 RK818-3 Over-temperature Protection Circuit

® 3.2.6.2 PMIC Power-sleep Circuit

When RK3399 enter standby mode, it will output a high level signal “PMIC_SLEEP_H”, which will
control PMIC into power-sleep mode according to the corresponding to software configuration, the power
supply controlled by this signal is also powered off. When RK3399 is resumed from power-sleep, it will
output a low level signal “PMIC_SLEEP_H first timing, the PMIC and all the power supply will be back to

normal work.

[2G_SDA_PMIC 3 v DA

PMIC_SLEEP H > gg S| EEP
iy g *
DRAIE MASD < 7. B ol

Figure 3-42 PMIC Power-sleep Input
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Figure 3-43 Power-sleep control circuit

3.2.7 Power Supply Peak Current

The following table is the RK3399 BOX peak current test results, for reference only.The test conditions are

shown as following:

CPU_L maximum operating frequency:1.512GHz

CPU_B maximum operating frequency: 1.992GHz

GPU maximum operating frequency:800MHz

DDR maximum operating frequency:800MHz,use 2x32bit LPDDR3(K4E6GE304EB-EGCF)
The oscilloscope turns on the 20MHz bandwidth limited

Table 3-8 RK3399 Peak Current
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Power Supply Voltage (V) Peak Current(mA)
VCC5V0_SYS 5.00V 2493.0
VDD_GPU 0.97v 3880.0
VDD_CPUB 1.25V 4010.0
VDD_CPUL 1.08V 1480.0
VCC_DDR 1.26V 1440.0
VDD_LOG 0.90V 390.0
VDD_CENTER 0.91V 1050.0
VCC3V3_SYS 3.3V 760.0
VCCOV9_PMUPLL 0.9v 12.3
VCCO0OV9_USB 0.9v 20.6
VCCOV9_PCIE 0.9v 6.3
VCCOV9 _PLL 0.9V 13.4
VCCOV9_EMMC 0.9v 3.4
EDP_AVDD_0V9 0.9V 1.0
HDMI_AVDD_0V9 0.9V 7.7
VCC_1V8 1.8V 260.0
VCC1V8_LCD(Mipi eDP) 1.8V 15.1
MIPI_TXO_AVDD_1V8 1.8V 8.8
EDP_AVDD_1V8 1.8V 1.9
HDMI_AVDD_1V8 1.8V 11.7
VCC1V8_EMMC 1.8V 234.3
VCC1V8_IO 1.8V 3.5
VCC1V8_ADC 1.8V 3.3
APIO5_VDDPST 1.8V 1.5
APIO5 VDD 1.8V 4.3
VCC_1V5 1.5V 17.4
VCC3V0_EMMC 3.0V 174.2
VCC3VO0_IO(APIO4_VDD) 3.0V 13.5
VCC3V3_USB 3.3V 17.7
VCC3V3_PCIE 3.3V 170.6

3.3 Functional Interface Circuit Design Guide

3.3.1 Memory Card Circuit

RK3399 is embedded a SDMMC controller, compatible with SDMMC 3.0 protocol, shown as Figure 3-42.
® SDMMC controller has an independent power domain.
® SDMMC and UART2, AP JTAG, MCU JTAG function reuse, selected by SDMMCO_DET, please refer
to section 3.1.4.
® Embedded a LDO and a power switch, SDMMCO_VDDPST only need to be connected a 100nF
decoupling capacitor.
® SDMMCO_VDD is powered for SDIO, need to provide external 3.0V (SD 2.0) or 1.8V (SD 3.0) power.
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U1000F
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Figure 3-44 RK3399 SDMMC Interface

Table 3-9 shows the pull-up/pull-down and matching design of the SDMMC interface.

Table 3-9 RK3399 SDMMC Interface Design

Signals

Internal

Pull-up/Pull-down

Series Resistance
(SDR104 mode)

Description (SOC end)

SDMMC_DQ[3:0] Pull-up 220hm SD data transmit / receive
SDMMC_CLK Pull-down NO SD clock transmit
SDMMC_CMD Pull-up 22o0hm SD command transmit / receive

In order to meet ESD requirements, the protective circuit is needed in SDMMC. In order to avoid the impact
of protect parts on the SDMMC signal, and to achieve good protection, the PCB design should use the

following principles:

® The protective part should be placed close to SDMMC port.
® The parasitic capacitance of protective part should less than 0.5pF.
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3.3.2 Ethernet Port Circuit

RK3399 embedded a GMAC controller, support 10/100/1000M MAC PHY.The detail circuit please refer to
the design documents released by MAC PHY vendors. The PHY clock can be provided by an external crystal
or by the MAC_CLK output from RK3399, shown as Figure 3-43.

PHY_XTAL1 3

Y5
2
XOUTGND2 IE
| iy seica|. 1 B TN

25MHz-30ppm
CRY-D3225

c44
——17pF
C0402

If use external clock
Tthen the XTALZ? need

connect to

GNI: foe RIELGZI1E.

MAC_CLK R101 . . o NC RO402 PHY XTALA1
ﬁfﬁ_;ﬁ-?. ' R —
f R102 . A _~_22R R040%, PHY CLKOUT125

® 3.3.2.1 1000M MAC
RK3399 RGMII interface design.

Figure 3-45 PHY Clock Selection

Table 3-10 RK3399 RGMII Interface Design

Internal
Signals Series Resistance Description
Pull-up/Pull-down
MAC_TXCLK Pull-up 22ohm The reference clock for data transmit
MAC_RXCLK Pull-up NO The reference clock for data receive
MAC_TXD[3:0] Pull-up 22ohm Data transmit
MAC_RXD[3:0] Pull-up NO Data receive
MAC_TXEN Pull-up 22ohm Data transmit enable
MAC_RXDV Pull-up NO Receive data valid indication
MAC_MDC Pull-up NO Serial management interface clock
MAC_MDIO Pull-up NO Serial Management Interface data input/output
MAC_CLK Pull-up 22ohm MAC main clock output
B RK3399 GMAC has two power supply,core power is 1.8V (Pin J22) ,I0 power is 3.3V (Pin
J23) .The ethernet PHY IO supply voltage needs to be consistent with the GMAC 10 level.
B The TX_CLK and RX_CLK frequency of RGMII is 125 MHz, in order to achieve the transmission
rate of 1000 Mb, TXD and RXD are sampled in the bilateral edge of the clock. Data enable signal
(MAC_TXEN, MAC_RXDV) must be valid before data is issued.
B MAC can reset PHY via GPIO, and can also use the RC reset circuit to do it, it should be noted

that the PHY power supply must be controllable.
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Figure 3-46 RK3399 RGMII Reset

B The MDIO is the interface which transmits the control and status information between MAC and
PHY, the MDC is clock signal and the MIDO is data signal, it should be noted that the MDIO
signal needs to be pulled-up, shown as below.

MAC_MDIO R139

1K5 R0402

® 3.3.2.2100M MAC

RK3399 RMII interface design.

~VCC_LAN

Figure 3-47 RK3399 RGMII MDIO

Table 3-11 RK3399 RMII Interface Design

Signals internal Series Resistance Description
Pull-up/Pull-down

MAC_TXCLK Pull-up 22ohm The reference clock for data transmit
MAC_RXCLK Pull-up NO The reference clock for data receive
MAC_TXD[1:0] Pull-down 22ohm Data transmit
MAC_RXD[1:0] Pull-up NO Data receive
MAC_TXEN Pull-up 22ohm Data transmit enable
MAC_RXDV Pull-down NO Receive data valid indication
MAC_MDC Pull-up NO Serial management interface clock
MAC_MDIO Pull-up NO Serial Management Interface data input/output
MAC_CLK Pull-up 22ohm MAC main clock output

B RK3399 MAC has two power supply,core power is 1.8V (Pin J22),10 power is 3.3V (Pin J23).The
ethernet PHY 10 supply voltage needs to be consistent with the GMAC 10 level.

B The MAC_CLK frequency is 50MHz; it is reference clock for RMII data transmission, samples the
data once every clock cycle. Data enable signal (MAC_TXEN, MAC_RXDV) must be valid
before data is issued.

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

Ui/ DWNAL ALY UAN D T U | Bz?

GPIO3 B7/MAGC_CRS/CIF_CLKOUTB/UART3_TX_u |

e v

SWPHY_RST

Figure 3-48 RK3399 RMII Reset

B In RMII mode, it should be noted that the PHY_CRS_DV must be connected to MAC_RXDV, not

MAC_CRS.
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Voo e R0402 % % <!
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Figure 3-49 RK3399 RMII MAC_RXDV
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B The MDIO is the interface which transmits the control and status information between MAC and
PHY, the MDC is clock signal and the MIDO is data signal, it should be noted that the MDIO
signal needs to be pulled-up, shown as below.

MAC_MDIO R139 1K5 R0402 ~VCC_LAN

Figure 3-50 RK3399 RMII MAC_MDIO

® 3.3.2.3 ESD Protect

In order to meet the ESD, surge protection requirements, the protective circuit is needed, In order to
avoid the impact of protective part on the MAC signal, and to achieve good protection, the PCB design
should use the following principles.

B The protective part must be placed close to transformer.
B |t is recommended to use TVS as protective part, breakdown voltage is 8KV, response time is
less than 1ns.

3.3.3 USB Interface

RK3399 embedded two USB 2.0 controllers and two USB 3.0 controllers, USB 3.0 PHY 0 (PHY 1) and USB
2.0 0TG 0 (OTG 1) can compose a complete USB3.0 Type-C interface.

® 3.3.3.1USB2.0
USB2.0 PHY interface is shown as Figure 3-49.
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Figure 3-51 RK3399 USB 2.0 PHY
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USB2.0 interface design is shown as Table 3-12.

Table 3-12 RK3399 USB2.0 Interface Design

Signals

Series Resistance

Description

HOSTO_DP/DM

NO

USB2.0 HOSTO differential data lines

TYPECO_DP/DM

NO

USB2.0 OTGO differential data lines

TYPECO_ID

NA

USB2.0 OTGO ID detect, no use in Type-C

TYPECO_U2VBUSDET

NA

USB2.0 OTGO inserted detect

TYPECO_RBIAS

NA

USB2.0 PHYO reference resistor for HOSTO and
OTGO, connect a 133R resistor to GND

HOST1_DP/DM

NO

USB2.0 HOST1 differential data lines

TYPEC1_DP/DM

NO

USB2.0 OTGH1 differential data lines

TYPEC1_ID

NA

USB2.0 OTG1 ID detect, no use in Type-C

TYPEC1_U2VBUSDET

NA

USB2.0 OTG1 inserted detect

TYPEC1_RBIAS

NA

USB2.0 PHY1 reference resistor for HOST1 and
OTGH1, connect a 133R resistor to GND

Notes:

amplitude and eye diagram.

differential traces.

® 3.3.3.2 USB 3.0 Interface
USB3.0 PHY interface
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OTGO is fixed as firmware download interface.

USB2.0 OTG and USB2.0 HOST can be used as the same time.

U2VBUSDET is used for USB inserted detect, high active.

The reference resistor R1403 and R1404 must be within 1% accuracy, which is related to USB

In order to suppress the EMI, the common mode choke coil needs to be series connected in

U1000T
RK3385-Socket
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TYPEGIT_RX2M [————————{TYPEC1_RX2N

g : AE20 TYPEC1 _RCLKP TP1403
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= AD20  TYPEC1_RCLKN TF1408
TYFECT_RCLKM —
AH21 AP _TYPEC1_CC1 TP1410
TYPEC1_CC1 e

i, AFZ21 PEC1_CC2 E
TYPECT CC2 AP_TYPEC1 TP1411

AK 28
[ ACTS

SYTYPECT_SBU1
SSTYPEC1_SBUZ

TYPEC1_AUXP
TYPECT_AUXM

AE24 .
(Reatss SYTYPECT_SBUM_DC
2 S TYPECT_SBUZ_DC
AC19  TYPEC!_U3VBUSD 2
TYPEC1_UNBUSDET "AF5q Ris0e1 2o ;;11321‘1%
TYPECT REXT ——g&— =
| AGZT_RA4081 T Rosoz 1% ]
TYPEC1_REXT_CC = “'
w21

ar ——{OUSE_AVDD_OVe

AAZ1

TYPEC1_AUXF_FD_PU
TYPEC1_AUXM_PU_PD

TYPEC1_AVDD_0VI_ 1
TYPEC1_AVDD_0V9_2

TYPEC1_AVDD_1va ——CUSB_AVDD_1VE

AB21
T¥PEC1_AVDD_3v3a ———CUSB_AVDD_3v3

Figure 3-52 RK3399 USB 3.0 PHY
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USB3.0 interface design is shown as Table 3-13, take PHYO as an example.

Table 3- 13 RK3399 USB3.0 Interface Design

Singals

Series Parts

Description

TYPECO_TX1P/TX1M

100nF capacitor

USB3.0 PHYO SuperSpeed differential data transmit 1

TYPECO_TX2P/TX2M

100nF capacitor

USB3.0 PHYO SuperSpeed differential data transmit 2

TYPECO_RX1P/RX1M NO USB3.0 PHYO SuperSpeed differential data receive 1
TYPECO_RX2P/RX2M NO USB3.0 PHYO SuperSpeed differential data receive 2
TYPECO_RCLKP/RCLKM NA USB3.0 PHYO reference clock,no use
TYPECO_CC1/CC2 NA USB3.0 PHYO CC signal ,no use
TYPECO_AUXP/AUXM NA USB3.0 PHYO auxiliary differential signal

TYPECO_AUXP_PD_PU | NA USB3.0 PHYO auxiliary signal DC bias

TYPECO_AUXM_PU PD | NA USB3.0 PHYO auxiliary signal DC bias

TYPECO _U3VBUSDET NA No use

USB3.0 PHYO reference resistor, connect a 499R
TYPECO_REXT NA

resistor to GND

USB3.0 PHYO CC reference resistor, connect a 499R
TYPECO_REXT_CC NA

resistor to GND

Notes:

B Use external CC IC; do not use the embedded cc controller.

B Use as USB 3.0 interface, fixed use TYPECO_TX1P/TX1M and TYPECO_ RX1P/RX1M as
SSTX and SSRX.

m  The reference resistor R1405, R1406, R1407 and R1408 must be within 1% accuracy,
which is related to USB amplitude and eye diagram.

B In order to suppress the EMI, the common mode choke coil needs to be series connected in
differential traces.

® 3.3.3.3USB Type-C
USB Type-C interface reference design is shown as Figure 3-51.

41901
USB_TYPEC_115H0
UsSB_TYPEC_115H0

VBUS_TYPECO i; VBUS_1
Ha | VBUS_ 2
55 VBUS_3
TYPEC_SEUTY cig1g1 2 100nF COZ01 XER 10V, TYFEC_AUXF VOl
TYFEC SBUZ cig207 2 100nF CO201 XHRJOV | TYPEC AUKM TYPEC _CC1 Ab
bosay TYPEC_CCZ B | CC!
‘PECO T o R19151 10 2 ROZ01 5% i ccz
TYPECO_SBUA_DC 3 @g 2
TYPECO_SBUZ_nC 55— R12181 2RO ';: SBU1
sBUZ
5 TY¥FEC DM = AT
b TYPEC_DP 1 Ag_| DM1
— 67 | DP1
2 55 DM2
DP2
— £19211 || 2 100nF CO201 XER 10W TYFPECTHIN A3 -
TYFEC_THIN sl TiT e SSTHI_N
TYPEC_TXIP & c1522 T H 2 100nF CO201 X5R 10V TYPECTXIF A2 SETXITP »”
Ll s B10 HOLE_1 [z
TYPEC_RMINLL BT SSRX1_N HOLE_2 —*
TYPEC_RX1P{(- SSRX1_P
s C19231 || 2 100nF C0201 X5R 10V TYPECTXIN B3
TYPEG TXHN F— =50 = g e 57| SSTX2_N
TYPEC THIF & C1824 H 100nF CO0201 X5R 10V TYPECTX2F saTH2P Y,
A 5 Al GND_E1 Fpo
TYPEC_RXIN, 77| SSRX2Z_N GND_E2 g3
TYFEC_RNZFC: SSRXZ_P GND_E3 [Ex
Al GND_E4 EF
&7z GND1 GND_EE £g
BT GNDZ GND_ES FE7
Bi3 | GND3 GND_E7 g3
GND4 GND_E&

Figure 3-53 USB Type-C Interface
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B The coupling capacitor of TX should be placed close to Type-C port, RX needs no coupling
capacitor.

m [f use PD function, it needs to add discharge circuit in power input port to prevent the device from
damaged by over-voltage caused by replacing the device.shown as Figure 3-52.

U1806
FPF2495LUCX
WLCSP9_1R21X1R21X0RE3
VCCEVD_SYS VBUSEV_TYPECO VBUS_TYPEC
e R1213
[_Ris061 018, 2 Rosos, " - Al . |as " 1 AKA5% 2 RO202
t BT VN VOUT1 g7 1 —
e c1308 _| G910 _| c1911 M MO c1918 e
_| cimoe _| cw0_| € c1915 _ VNMZ024-3TR
10uF 22uF 25,F VCCEVD TYPECEN €3 | 47uF 50T 23
X5R C0805 ——C0805 €1 TYPEC_OGFLAGCOS05S
10v XER XSR cz 0CHag XER, 1 TYPEC DISCHARGE
| cosos | 1ov 7| 1ov et g & 25y
o - &
= = = R1910 8 g = 2 R1914
18K ™ e = 47K
5% m| < RO402
| RO40Z o 5%
- L
= W’g Fuzhou Rockchip Electronics

Figure 3-54 USB Type-C Interface Discharge Circuit

® 3.3.2.3 ESD Protect

In order to meet the ESD, the protective circuit must be needed, In order to avoid the impact of
protective part on the USB signal, and to achieve good protection, the PCB design should use the
following principles.

B The ESD part should be placed close to USB port.

B |t is recommended to use TVS as protective part, air breakdown voltage is 15KV and contact
breakdown voltage is 8KV, response time is less than 1ns.

B The protective part parasitic capacitance needs less than 1 pF in USB 2.0.

B The protective part parasitic capacitance needs less than 0.5 pF in USB 3.0.

3.3.4 DP Interface

RK3399 built-in DP (Display Port) controller(reused with USB3.0 interface), it can be connected directly to
the DP device,without the USB type-c protocol. The specific connection is divided into two cases: direct
connect with DP device or DP conversion IC; or use USB Type-C cable connects.

In schematic design, make sure to follow the order in this section.

® 3.3.4.1 Device Direct Connect

In netbook product or industry application, it may be use DP port or DP conversion IC, in this case, only
need to connect the Type-C interface to the DP port according to the order of the signal.

Table 3- 14 RK3399 DP Interface Design

Singnals Series Parts Description
TYPECN(n=0,1) TX1P/TX1M | 100nF capacitor Correspond to DP_TX2P/TX2N
TYPECN(n=0,1) TX2P/TX2M | 100nF capacitor Correspond to DP_TX1P/TX1N
TYPECnN(n=0,1) RX1P/RX1M | 100nF capacitor Correspond to DP_TX3P/TX3N
TYPECnN(n=0,1) RX2P/RX2M | 100nF capacitor Correspond to DP_TXOP/TXON
TYPECn(n=0,1) AUXP/AUXM | 100nF capacitor,and provides DC bias Correspond to DP_AUX

TYPECO_SBU1 C26011 2 _100nF TYPEC_AUXP
C0201 X5R 10V

TYPECO_SBU2 C26001 2 100nF TYPEC_AUXM
C0201 X5R 10V

TYPECO_SBU1_DC R26011 1\09@%_2 R0201

TYPECO_SBU2 DC R26021 j@_@% 2 R0201

Figure 3-55 USB Type-C AUXP/M
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® 3.3.4.2 Cable Connect

In the application of split VR, DP host will use Type-C cable to connect with the device. Since the
TX and RX in the USB Type-C cable are cross-over, there is a need for cross-processing of
the signals on the device.

Table 3-15 is the Type-C cable connection defined by the USB protocol.

Table 3-15 Full Function USB Type-C Cable

USB Type-C Plug #1 Wire USB Type-C Plug #2
. Signal Wire Signal . Signal

Pin Ngme Number Ngme Pin Ngme
A1,B1,A12,.B12 | GND 1[16] GND_PWRIrt1[GND PWRrt2] | A1,B1,A12,B12 | GND
A4,B4,A9,B9 Vbus 2[17] PWR_ Vbus1[PWR Vbus2] A4,B4,A9,B9 Vbus
A5 CcC 3 CC A5 CC
B5 Vconn 18 PWR Vconn B5 Vconn
A6 Dp1 4 UTP Dp A6 Dp1
A7 Dn1 5 UTP Dn A7 Dn1
A2 SSTXp1 6 SDPp1 B11 SSRXp1
A3 SSTXn1 7 SDPn1 B10 SSRXn1
B11 SSRXp1 8 SDPp2 A2 SSTXp1
B10 SSRXn1 9 SDPn2 A3 SSTXn1
B2 SSTXp2 10 SDPp3 A11 SSRXp2
B3 SSTXn2 11 SDPn3 A10 SSRXn2
A11 SSRXp2 12 SDPp4 B2 SSTXp2
A10 SSRXn2 13 SDPn4 B3 SSTXn2
A8 SBU1 14 SBU A B8 SBU2
B8 SBU2 15 SBU B A8 SBU1
Shell Shield Braid Shield Shell Shield

In RK3399 SOC end connection is shown as Table 3-16.
Table 3-16 RK3399 DP Interface-SOC End
Signals Series Parts description

TYPECn(n=0,1)_TX1P/TX1M

100nF capacitor

Correspond to DP_TX2P/TX2M

TYPECN(n=0,1) TX2P/TX2M | 100nF capacitor Correspond to DP_TX1P/TX1M
TYPECn(n=0,1) RX1P/RX1M | NO Correspond to DP_TX3P/TX3M
TYPECn(n=0,1) RX2P/RX2M | NO Correspond to DP_TX0P/TX0OM

TYPECn(n=0,1)_AUXP/AUXM

100nF capacitor, and provides DC bias

Correspond to DP_AUX

In the VR end connection is shown as Table 3-17.

Table 3-17 RK3399 DP Interface-VR End

Signals

Series Parts

description

TYPEC_TX1P/TX1M

100nF capacitor

Correspond to DP_TX3P/TX3M

TYPEC_TX2P/TX2M

100nF capacitor

Correspond to DP_TXO0P/TX0OM

TYPEC_RX1P/RX1M

NO

Correspond to DP_TX2P/TX2M

TYPEC_RX2P/RX2M

NO

Correspond to DP_TX1P/TX1M

TYPEC_AUXP/AUXM

100nF capacitor, and provides DC bias

Correspond to DP_AUX

For detail

application,

please refer to the document

of “RK3399_VR&TABLET” and

“‘RKNANOC_VR_REFBOARD_HDMI-DP_DUALMIP” released by Rockchip.
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3.3.5 Audio Circuit

RK3399 embedded two groups of 12S controller, support master and slave. They all support the highest
sampling rate up to 192 kHz, bit rate from 6 bits to 32 bits.

® 3.3.4.112S0 Interface

Shown as Figure 3-54,12S0 interface contains 1 SDI0,1 SDOO and 3 SDIn/SDOn signals,it can be
configured flexibly SDIn AND SDOn function,support up to 8 channels input / 2 channels output or 2

channels input / 8 channels output at the same time.Shown as Figure 3-54,Figure 3-55 and Figure 3-56.
U1000J
RK3399-Socket

AG3
GPIO3_D0/12S0_SCLK_d 551280_SCLK
GPIO3_D17250_LRGK_RX_d [ a3 71280 LRCK_RX vccmvg_cooec o Ap'°5—‘$DDPST
GF’IOS DZIIZSO LRCK TX d y7 >M280_LRCK_TX ‘ 1 ~0 03, 2 ]
GPI03_D3/1250_SDI0_d AE5 1250_SDI0 ROG3
GPIO3_| D4II230 SDI1SDO3 d ~AAB <{1280_8DI1 o
GPIOS_DEIIZSD_SDIZSDOE_d ARZ >)280_SDO2 = otaF
GPIO3_D8&/1250_SDI3SDO1_d —aHq >3280_SDO1 g
GPIO3_D7/1250_SDO0_d >>1280_SDO0 TXER
ACT M ov
GPIO4_A0M2S_CLK_d agT 2S_CLK L
GPIO4_A1/12C1_SDA_U [vg 512C_SDA_AUDIO =ie
GPIO4_A2/12C1_SCL_u [~AF3 SII2C_SCL_AUDIO =
GPIO4 A3/I281 SCLK d AAT 281 _ SCLK BT_PCM
GPIO4_A4/281_LRCK RX_d &77 (25l BRI RXBT_PCM  yooatvs CODEC Rigts  APIOS_VDD
GPIO4_A5IIZS1_LRCK_TX_d ADB CP_ 01R 5
GPIO4_AB/1281_SDI0_d —Acs <1281_SDIO_BT_PCM ‘ 1 AG 03, 2 ]
GPIO4_A7/12S1_SDO0_d <1251_SD00_BT_PCM % i
c1808
APIO5_VDDPST e —DAPIO5_VDDPST 2:%02%:
Y8 X5R
APIO5_VDD ————OAPIOS_VDD Lm\/
Figure 3- 56 RK3399 12S Interface
U1000J
RK3399-Socket
AG3
GPIO3_D0/12S0_SCLK_d [aFZ SM2S0_SCLK
GPIO3_D1/12S0_LRCK_RX_d [~AJ3 {12S0_LRCK_RX
GPIO3_D2/12S0_LRCK_TX_d [y7 SI280_LRCK_TX
GPIO3_D3/12S0_SDI0_d {12S0_SDI0
AE5
GPIO3_D4/I12S0_SDI1SDO3_d {12S0_SDI1
AAB
GPIO3_D5/12S0_SDI2SDO2_d >p1280_SDI2
AH2
GPIO3_D6/12S0_SDI3SDO1_d (AR 2 1280_SDI3
GPI03_D7/1250_SDO0_d > 280_SDO
Figure 3-57 RK3399 12S0 8 Channels input / 2 Channels Interface
U1000J
RK3399-Socket
AG3
GPIO3_D0/I2S0_SCLK_d [AFZ 1280_SCLK
GPIO3_D1/12S0_LRCK_RX_d a5 <12S0_LRCK_RX
GPIO3_D2/12S0_LRCK_TX_d 7 SM2S0_LRCK_TX
GPIO3_D3/12S0_SDI0_d &g £12S0_SDI
GPIO3_D4/I1250_SDI1SDO3_d [ aag <12S0_SDO3
GPIO3_D5/12S0_SDI2SDO2_d [aHp 21280_SDO2
GPIO3_D6/12S0_SDI3SDO1_d aHT > 1250_SDO1
GPIO3_D7/12S0_SDO0_d >21280_SDO0

Figure 3-58 RK3399 12S0 2 Channels input / 8 Channels Interface

80



Rackchip w7 Ver 1.0

I12S0 interface design is shown as Table 3-18

Table 3-18 RK3399 12S0 Interface Design

Signals internal Series Parts Description
Pull-up/Pull-down

12S CLK Pull-down 22o0hm I2S main clock ouput
12S0_SCLK Pull-down 290hm 12S0 bit clock output
12S0_LRCK_TX/RX Pull-down 220hm 12S0 channel input/output select
12S0_SDIo Pull-down 220hm 12S0 data input 0
12S0_SDI1SDO3 Pull-down 220hm 12S0 data input 1/output 3
12S0_SDI2SDO2 Pull-down 220hm 12S0 data input 2/output 2
12S0_SDI3SDO1 Pull-down 220hm 12S0 data input 3/output 1
12S0_SDOO0 Pull-down 220hm 12S0 data output 0

® 3.3.4.21281

12S1 support 2 channels input and 2 channels output, could be used as PCM.
I2S1 interface design is shown as Table 3-19.

Table 3- 19 RK3399 12S1 Interface Design

Internal
Signals Series Parts Description
Pull-up/Pull-down
12S1_SCLK Pull-down 220hm 12S1 bit clock output
12S1_LRCK_TX/RX Pull-down 22ohm [2S1 channel input/output select
12S1_SDIO Pull-down 220hm I12S1 data input 0
12S1_SDOO0 Pull-down 22ohm 12S1 data output O

® 3.3.4.3 Audio Codec

APIOS5 is audio codec 12S interface power domain; it can support 1.8V and 3.0V, which is selected in
the application according to the actual needs. Be noted that I12C signal level must meet with 12S interface
level, otherwise, the audio codec would not work normally.

] C25001 || 2 1000F MIC_INIP
1 WER 16V
: MIC_ININ
02
1 MIC_IN2P
12C_SDA_AUDIO !l"
il
12€_SCL_AUDIO I
||. close to ES8316
1250 LK R25051 2 RO40Z 5%
> &,Wvg_cm  ces11
VCCIO_CODEC o i = i, 10uF
al 1"cosos
I LEuSE XER 10V

ESai16
| QFNIZ_4RO0XARD0XORI0_T

c2512
1 Z 10uF

R25111 :Qy. A2 RO40S 5% GPFIO_HP TR T OET coans
- HFTIC_DET —ovcoid_conec G28
Al RE5121 15K, . 2 RO402 TR2S00 10v
o | €251 ] c2514
MIC_INZP RE5131 15K, . 2 ROA02 5% 10uF 100nF
= Cod02
X5R KSR
o~ o4
10V 18V

Figure 3-59 RK3399 Audio Codec
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The HPGND output from the 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. If the Codec's GND is on the same complete GND plane as the headset GND, and the parts layout
is close near, it can be connected directly to the GND plane.

1 |||

C2525 1 || 2 100nF |||
| €597 coa02 | [X5R 16V I
R2519 10nF 5201 22 R0402
e Tk VCC_MICBIAS O—4& ARAEL A
RO402 | X5R R2524 O
of 5% 25V 10K
HP_HOOK 1 g D MIC_IN2P
; J2503
TP2502  TP2503  TP2504 PJ-3536
R2527 O ) (@) PJ5 D3R50_PJ3536
0R 2
HP DETH 1 2 PHONE_DET R0402 5 |< TN
R FPOR T % 2 3]°
iczssa 1K % g T\
100nF R0O402
€0402 5% HPOL 1 2 AR A
o xR HEGND R m )7
16V 0R :
R0402
= 5% - i i = ]
R2529
X ED2502, ED2503W, ED2504 > OR ED2505
ESD5453 ESD54578 ESD5451y R0402 ESD5451N
ESD0402| ESD0402[ ESD04Q2[ 5% ESD0402
o™ (2] ™ (2]

Figure 3-60 RK3399 Headset Circuit
® 3.3.4.4 MIC Input Circuit

MIC input circuit is shown as Figure 3-59.The value of R2500 and R2504 is selected according to the
electret microphone specifications.

If use analog interface MEMS MIC, please refer to the recommended design.
If use digital interface MEMS MIC, it is connected directly to 1S20 interface.Shown as Figure 3-60.

MIC & m  m

29K 100R
1 RS 2 1 R, 2 VCC_MICBIAS
5% Yo o
C2503
~| 10uF
——C0805
X5R
N v
MIC2500 ==
- L MIC IN1P
C2507
| 100pF
——C0402
o COG
4 50V _MIC_IN1N
i Cc2509 7 c2510 T
R2504 | 100pF | 100pF
2.2K ——Co402 ED2500 ——C0402 ED2501
RO402 ~| COG ESD5451N | COG ESD5451N
5% & 50V ESD0402 50V ESD0402
o [a¥]

Figure 3-61 RK3399 MIC Input Circuit
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The SDI line should have a 100kohm PD resistor 1250_WS_MIC R700 1 2 %205{325% ¢ 1250_LRCK_TX
to discharge the line during the time that all microphones
on the bus have tristated their outputs. 1250_SCK_MIC R701 1 2 2R 5% < 1250_SCLK
RO202 s
VCC_MICA VCC_MICA
o U700 o U704
1250_WS_MIC 1250_WS_MIC
g VDD WS g’ e g VDD WS g’  —
| NiC Sgg T 125_SDI0 % N/C SES T 125_SDIO2
c700 Al 7| cros flen
100nF 5o 100nF G
co4m2 1 cp402 T
M xsRe3v] GND | Xsreav] GND
MSMZ6154030H0 MSMZE1S4030H0
VCC_MICA
19 VCC_MICA
o [ 3 1250_WS_MIC i o 2 3 1250_WS_MIC
7| ¥DD WS g 1250 SCR_MIC 3| VDD WS g 1250 SCR_MIC
={NIC  SCK = #—=—|NIC SCK =
| crm 4oy sD | crs 4l sD
——100nF g ) ——100nF 5 o
] coanz T R7D5 | cosoz Tl R7O7
X5R 6.3 100K X5R 6.3, 100K
g 1 all SMZETS4030H0 RO402 e o MSMZETSA030H0 RO402
= — | 5% = = _| =%
VCC_MICA — VCC_MICA —
o U702 a U706
BT 3 1250_WS_MIC 8 [, 1250_WS_MIC
7 |¥DD WS g [250_SCK_MIC 3 |¥DD WS g [250_SCK_MIC
NC  SCK 12S5_SDIO1 X NIC SCK[7 I25_SDIO3
7| croz 4 sD o | cros 4 sD =
——100nF 5 Eg ——100nF 5 EE
co4m 1 0402 1
™ XsR &3V S0y ™ XsRE3V EHD,
I MSMZE154030H0 il MSMZET54030H0
VCC_MICA VCC_MICA
<] U703 U707
8 1250_WS_MIC 8 3 1250_WS_MIC
VDD WS VDD WS
2lwe  sck |8 Do x—2lne sck| 5 LSCRNT
- sD - sD
c703 4 Sl cro7 4
100nF 5 Eg - 100nF 5 Eg i
o CD4m =28 R706 o CD402 =10 RT08
X5R 6.3 100K X5R 6.3, 100K
MESMZ51S4030H0 RO402 MSMZETSA030H0 RO402
— == 5o — = So

3.3.6 Video Interface

3.3.5.1 eDP

and eye diagram.
)

u1000M
RK3399-Socket

Figure 3-62 RK3399 Digital MIC Array Circuit

The coupling capacitor of EDP_TXn should be placed close to SOC.

EDP_TXOFP
EDP_TXON

EDP_TX1P
EDP_TXIN

EDP_TX2P
EDP_TX2N

EDP_TX3P
EDP_TX3N

EDP_AUXP
EDP_AUXN

EDP_DC_TP

EDP_CLK24M_IN

EDP_REXT

; Placed close to
i the transmitter

side

G20 TP1700
H21 8 TP1701

Figure 3-63 RK3399 eDP Interface

G21  R17041 % 2 R!Mll]2||lI
1 I

DP_TX1P|
DP_TXIN|

]
DP_TX2P |
DP_TX2N|

DP_TX3P |

B29 _|EDPTXOP_C17021 ||_2 100nF C0201 X5R 10V
AZ9 __EDPTXON C17031 | [ 2 _100nF CO201 X5R 10V
B30 _EDPTX1P_C17001 || 2 100nF C0201 X5R 10V
A30 __EDPTXIN C17011_|[_2_100nF C0201 X6R 10V
C30__!EDPTX2P_C17041 ||_2 100nF C0201 X5R 10V
C31__JEDPTXZN C17051 | [ 2 100k CO0201 X6R 10V
D30 {EDPTX3P C17061 || 2 100nF C0201 X5R 10V
D31_EDPTX3N_C17071_|[_2_100nF_C0201 X6R 10V ggg
B O e e————
DPAUXP
2% g DPAUXN

The reference resistor of eDP controller must be within 1% accuracy, it is related to signal amplitude
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3.3.5.2 MIPI DSI

® The reference resistor of MIPI-DSI controller must be within 1% accuracy, it is related to signal
amplitude and eye diagram.

® MIPI_TX_AVDD_1V8 and MIPI_TX/RX_AVDD_1V8 must use the same power supply.

® In dual MIPI-DSI, MIPI TX channel and MIPI TX/RX channel exchanged can be according to layout.

U1000Q
RK3399-Socket

AG15
MIPI_TXO_DOP AH15 SSMIPI_TX0_DOP
MIPI_TX0_DON SSMIPI_TX0_DON
AG14
MIPI_TX0_D1P —ar14 SSMIPI_TXQ_D1P
MIPL_TX0_D1N SOMIPI_TX0_D1N
AG12
MIPI_TX0_CLKP am1s SSMIPI_TX0_CLKP
MIPI_TX0_CLKN SSMIPI_TX0_CLKN
AG11
MIPI_TX0_D2P aHT1 SSMIPI_TX0_D2P
MIPI_TX0_D2N SSOMIPI_TX0_D2N
AGY
MIPI_TX0_D3P —apg SSMIPI_TX0_D3P
MIPI_TX0_D3N SSMIPI_TX0_D3N

AB12 Tq 1 % 2
MIP|_TX0_AVDD_1V8 K17081 OIRT% 2 ROB03  ~yceive LD

AF12 1 2
MIPL_TXO_REXT |-~ VOoTvE MIPT AVRS 4“‘;402 Ik

Figure 3-64 RK3399 MIPI DSI Interface

3.3.5.3 HDMI OUT

RK3399 built-in a HDMI controller, support HDMI 2.0.
® The reference resistor of HDMI controller must be within 1% accuracy, it is related to signal amplitude
and eye diagram.

U1000N
RK3399-Socket
HDMI_TXOP m; S SHDMI_TXOP
HDMI_TXON SSHDMI_TXON
HDMI_TX1P Qﬂg SSHDMI_TX1P -
HDMI_TX1N SSOHDMI_TXAN =
HDMI_TX2P 251199 SSHDMI_TX2P i
LS PPROMLTs2N W BZT52C3v3
HDMI_TCP QE}S SSHDMI_TXCP SOD_123
HDMI_TCN SSHDMI_TXCN ~
AE15 / 7 3
HDMI_HPD HOMLHPD | RI700T K. ~ 2 RO402 (poRT_HPD
AF15 1 2 9
HDMI_REXT R17011 162K. 2 R0402 1% |||

Figure 3-65 RK3399 HDMI Interface
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® HDMI interface should to prevent anti-irrigation design, the detail refer to RK3399 reference design.

VCC3V0_IO
£
VCC3V0_|O
= D8201
W B5819WS
SOD_323
. ~| R8205
R8202 _| Q8202 10K
10K 2SK3018 5%
50 SOT_323 R0402

HDMI_CEI?:MM i T s ~l PORT CEC

Figure 3-66 HDMI CEC Prevent Anti-irrigation Circuit

® HDMI DDC of RK3399 needs to add the level conversion circuit, because it could not support 5V
level.

H DM I P 8 1 il t VCCE‘E-’}D_HDM]

Daz00
W B5819WS
VCCIVOo_Io SOD_323

2C_SCL_HDMI <

Q8200
WNM2021-3/TR
S0OT_323

VCC3VOo_Io

R8203
4.7K
RO402

5% — 2
I2C_SDA_HDMI < . 2 TfT 3

82
WNM2021-3/TR
S0OT_323

(3]
o
I=

Figure 3-67 HDMI DDC Level Conversion Circuit
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® The differential signals need to have ESD protection, the ESD parts should be placed close to HDMI
port, the parasitic capacitance should be less than 0.5pF.

U8202

TPD4EOSUDG
SON10_2R50X1RO0XOR50
HDMI_TX0P 1 "|NI1- oo HDMI_TX0P
HDMI_TXON Bl e B HDMI_TXON
HDMI_TXCP 4 Naz 5 OUT3 7 HDMI_TXCP
HDMI_TXCN i Sl LB HDMI_TXCN

Figure 3-68 HDMI ESD Parts

3.3.7 Camera interface
® 3.3.6.1 USB Camera

USB Camera please refers to Section 3.3.2.

® 3.3.6.2 MIPI CSI

RK3399 built-in 2 channels MIPI-CSI with ISP processor, they can be use at the same time. The
reference resistor of MIPI-CSI controller must be within 1% accuracy, it is related to signal amplitude
and eye diagram.

U1000R U1000P
RK3399-Socket RIK3309-Socket
AK15 v AKB Girhi
MIPLRX0 DOP s —— .2 MIPLRX0_DOP MIPL_TX1/RX1_DOP —prg————— o MIPL TX1/RX1_DOP
MIPI_RX0_DON —SSMIPI_RX0_DON MIPI_TX1/RX1_DON I SMIPI_TX4/RX1_DON
MIPI_RX0_D1P Qﬁ: SSMIPI_RX0_D1P MIPL_TX1/RX1_D1P ﬁf; SHMIPI_TX1/RX1_D1P
MIPI_RX0_D1N > sMIPI_RX0_D1N MIPI_TX1/RX1_D1N - MIPLTX1/RX1_D1N
MIPI_RX0_CLKP —ﬁﬁ% - oMIP|_RX0_CLKP MIPI_TX1/RX1_CLKP %5—7>>I»NF‘I_T{§H_R:M_CLKP
MIPI_RX0_CLKN S MIPI_RX0_CLKN MIP_TX1/RX1_CLKN F——————————>MIP|_ TX1/RX1_CLKN
AK12 i AKE S
MIPI_RX0_D2P prz————p/MIPLRX0_D2P MIPL_TX1/RX1_D2P f—grg—— )MIPLTX1/RX1_D2P
MIPI_RX0_D2N — »>MIPI_RX0_D2N MIPI_TX1/RX1_D2N ———————5MIPI_TX1/RX1_D2N
MIPLRX0_D2P o SSMIPI_RX0_D3P MIPLTX1/RX1_D3P |-t MIP|_TX1/RX1_D3P
MIPI_RX0_D3N > MIPI_RX0_D3N MIPI_TX1/RX1_D3N ————————— > MIPI_TX1/RX1_D3N
AF14 1 2 AF11 1 2
MIPI_RX0_REXT R1602 T AJRC < RO402 |||- MIPI_TX1/RX1_REXT R1B03 4076 ?%TFZ
AB14 AC10
MIPI_RX0_AVDD_1V8 ——————CVCC18_AVDD_MIPIRX0 MIPI_TX1/RX1_AVDD_1V8 [——————GCVCC1VE_MIPI_AVDD

Figure 3-69 MIPI-CSI Interface

® 3.3.6.3 CIF CAMERA

APIO2 VDD is CIF interface power domain, it can support 1.8V and 2.8V, please select in the
application according to the actual needs. Be noted that 12C signal level must meet with CIF interface
level, otherwise, the camera would not work normally.
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U1000L
RK3399-Socket
GPIO2_AO/NOP_DO/CIF_DON2C2_SDA u ﬁg; >>CIF_DO
GPIO2_A1/NOP_D1/CIF_D1/2C2 SCL u Ha3p SCIF_D1
GPIO2_A2/VOP_D2/CIF_D2_d |73 SCIF_D2
GPIO2_A3NOP_D3/CIF_D3_d [Tiog SCIF_D3
GPIO2_A4NOP_DA4/CIF_D4 d 7o > CIF_D4
GPIO2_A5/VOP_DSI/CIF_D5_d o7 2R B
GPIO2_AGNOP_D6ICIF_D6_d |33 > >CIF_D6
GPIO2 A7NOP_D7/CIF_D7/2C7_SDA u >CIF_D7
GPIO2_BONVOP_CLKICIF_VSYNG/12C7_SCL_u Egﬁ SPGB OHCIF_VSYNC
GPIO2_B1/SPI2_RXD/CIF_HREFA2C6_SDA_U ["H34GPios B2
GPIO2_B2/SPI2_TXDICIF_CLKINA2C6_SCL_u
GPIO2_B3/SPI2_CLKVOP_DEN/CIF_CLKOUTA u |37 ANE_CLIEE)
GPIO2_B4/SPI2_CSn0_u SSDVP_PDNO_H
APIO2_ VDDPST |22 ~GAPIO2_VDDPST
K23

APIOZ2_VDD

Figure 3- 70 RK3399 CIF Interface

3.3.8 SARADC Interface

RK3399 embedded 5 channels SARADC input, Channel 1 is used for Keyboard detection, and reused as
RECOVER function. Shown as Figure 3-69.When the key is pressed and the level of ADKEY _IN is lower than
100mV at system power-up, RK3399 will be enter firmware download mode.When PC recognizes the USB
device, the key is released, then the firmware can be downloaded to SOC.

The SARADC is 10 bits accuracy and power supply is 1.8V.In keyboard design, to avoid power fluctuations
or disturbed to ensure accuracy, use the AD value as keys detection, rather than the voltage value, and the
values between any two keys must be greater than 35 (AD sampling value) .The key values can be adjusted by

divider resistor.

u1000v
RK3399-Socket

AG26

-ZAPIOZ_VDD

ADC_INO [Faproe

[

BOARD_ID

ADC_IN1 [~r55%

ADC_IN2 FAG28 RAM D~

Vs
g ADKEY_IN
HP_HOOK

ADC_IN3 [Far53

ADC_IN4

ADC_AVDD [FAS24 _oADC_AVDD_1v8

Figure 3-71 RK3399 SAR-ADC Interface

3.3.9 SDIO/UART Interface

RK3399 supports SDIO 3.0 interface WIFI module.lt should be noted that the SDIO interface power domain

is fixed 1.8V, so WIFI module IO power supply must be 1.8V.Shown as Figure 3-70.
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U1000G
RK3399-Socket 1.8V Only
. AE9 P
GPIO2_CO/UARTO_RX_U [—AHS <l_JARTl_]_RXD
GPIO2_C1/UARTO_TX_U [~aG3 »tJARTu_{XQ
GPIO2_C2/UARTO_CTSn_u [-ar5 CUARTO_CTS
GPIO2_C3/UARTO_RTSn_u ADS l-JAR_TU_RTS
GP102_C4/SDIO0_DO/SPI5_RXD_U [AKH C’D“:’G_DG
GPIO2_C&/SDIQ0_D1/SPI5_TXD_u AG7 ‘%DI(_}E}_D [
GP102_C6/SDIO0_D2/SPIS_CLK_u [—AEs CfE”Q'J_D%
GPIO2_C7/SDIO0_D3/SPI5_CSn0_u SDIO0_D3
GPIO2_D0/sDIO0_CMD_u 2;? SDI E;}Ci_ CMD
GP102_D1/SDIO0_CLKOUT/TEST_CLKOUT1_u [A[7 SDIO0_CLK
GPI102_D2/SDIO0_DETN/PCIE_CLKREQnN_u ADS BT_WAKE_L
GPIO2_D3/SDIO0_PWREN_d [—zFg >§ﬂjEP~-'lS_INT_L
GPI02_D4/SDIO0_BKPWR_d < GPU_INT_L
APIO3_VDD_1v8 LOAPIOS_VDDPST
Figure 3-72 RK3399 SDIO/UART Interface
3.3.9.1 SDIO Interface Design
SDIO interface design is shown as Table 3-20.
Table 3-20 RK3399 SDIO Interface Design
_ Internal ] .y
Signals Series Parts Description
Pull-up/Pull-down
SDIO_DQn[0:3] Pull-up 220hm SDIO data transmit/receive
SDIO_CLKOUT Pull-down NO SDIO clock output
SDIO_CMD Pull-down 22o0hm SDIO command transmit/receive
3.3.9.2 UART

UART interface design is shown as Table 3-21.

Table 3-21 RK3399 UART Interface Design

. Internal . o
Signals Series Parts Description
Pull-up/Pull-down
UARTO_RX Pull-up NO UARTO data input
UARTO_TX Pull-up NO UARTO data output
UARTO_CTSn Pull-up NO UARTO allow to send
UARTO_RTSn Pull-up NO UARTO request to send

3.3.10 SPDIF Interface

SPDIF is an abbreviation for Sony/Philips Digital Interface Format, which is referred to SONY and PHILIPS
digital audio interface. The SPDIF is divided into two kinds of coaxial and optical fiber, in fact, the transmitted
singal is the same, but the carrier is different, the interface and connector appearance is also different. But the
optical signal transmission doesn’t consider the interface level and impedance problems, flexible interface and

anti-interference ability.

RK3399 has a SPDIF output interface, support maximum 24bits interpretation. The maximum transmission
rate of SPDIF connector limits the highest sampling rate of SPDIF. If the maximum transmission rate of SPDIF
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connector is 16Mbps, the sampling rate can only reach 96 KHz; if the sampling rate would need support 192
KHz, the fiber SPDIF connector would need to support 25Mbps.

The optical fiber SPDIF output circuit is shown as Figure 3-71, the signal traces need to be accompanied by
ground traces.

SEDIF T R25141 3 2 RO4O2
Hn~ 5% | G515
izzpf—
co402 J2501
i CoG DLT1 1508
M sov OFJ5_DOT_003

- - LI
VECSVO_SYS O R25151 1 2 r’mnz = ‘21 - ::%

C2516 il C2517
10uF 1000F
——COB05 = CO402

X5R X5R
fl1w i

Figure 3-73 Optical Fiber SPDIF Interface

The coaxial SPDIF output circuit is shown as Figure 3-72.A coupling capacitor need to be series in signal
traces, otherwise the CPU would be damaged when the level between devices do not match each other.

SPDIF_TX

sv e ({SPDF_TX 910
L1
T 1 2
= BLI18PG1315NT
L0S03
~ fowr
lcosos R203
= 1KS
rosod’| an
SPDF_TX 245 | |0.1uF R204 K2 ] A 8050 -
| [Cos0z RO40Z S0T23
H C246 | [0.1uF_R20S 75R __ Coaxial SPDIF : 2

- Jeo[ |

| [coanz RO40Z
iy 8o 47 S R208 ESDSBSV
s § z20m 100K E0402N
R0202 | RO402 inF RO402 V18456
ko402 | AV1-B4-5G

Coaxial SPDIF OUT

Figure 3- 74 Coaxial SPDIF Interface

3.3.11 PCle Interface

PCle is an abbreviation for PCI-Express, It is the latest bus and interface standard.RK3399 support PCle 2.1
protocol.lt has following features:
® Support Root Complex (RC) and End Point (EP)
®  Support 4x/2x/1x mode, respectively have 4 pairs of TX and RX differential lines
® Signal data channel data rate maximum up to 2.5GTb/s, with 8b/10b form, the maximum data rate up
to 250MB/s
® Work in full-duplex mode, maximum data rate up to 10GTb/s, which is 1GB /s
® Support spread Spectrum Clock, SSC
The PCIE_AVDD 0V9 and the PCIE_AVDD 1V8 are RK3399 PCle controller's power supply,
PCIE_AVDD_0V9 should be powered on earlier than PCIE_AVDD_1V8
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U10000
RK3399-Socket
PCIE_TXO_P :Eg? PCIE_TXOP
PCIE_TXO_N CIE_TXON
PCIE_RX0_P ig? <CPCIE_RX0_P
PCIE_RX0_N PCIE_RX0_N
PCIE_TX1_P ig%{,’ PCIE_TX1P
PCIE_TX1 N PCIE_TX1IN
PCIE_RX1_P i:i? < PCIE_RX1_P
PCIE_RX1_N PCIE_RX1_N
PCIE_TX2_P iﬁ; CIE_TX2P
PCIE_TXZ_N PCIE_TXZN
PCIE_RX2Z_P :gg; PCIE_RX2_F
PCIE_RX2 N PCIE_RXZ_N
PCIE_TX3_F ig%g g PCIE_TX3P
PCIE_TX3_N CIE_TX3N
PCIE_RX3_P [-AE2L PCIE_RX3_P
PCIE_RX3_N AE2S PCIE_RX3 N
PCIE_RCLK_100M_P ’:ggé g;DCIE_F{EF_CLKP
PCIE_RCLK_100M_N PCIE_REF_CLKN
PCIE_AVDD_0vE 024 OPCIE_AVDD_OVS
PCIE_AVDD_1v8 24— oPCIE_AVDD_1v8

Figure 3- 75 RK3399 PCle Interface

® The coupling capacitor of TX signal should be placed close to PCle connector.

® In the application, must pay attention to the PCle device power consumption.If it is SSD storage, the
power consumption are relatively high; and the power consumption of network card devices is
relatively low.

%212 | psvp B12
B13 | GND B13
BCIE TxoPsy._C83081 || 2 1000F C0201 X5R 10V_PCIE TX0 P 5t i B
s BCIE TX0 N
POIE TXONSS_CB3091_| [ 2 100nF C0201 X5R 10V_PCIE_TX0_ 315 | 1 iSonG)

g17 | GND_B16

PCIE_PRSNT > 518 | PRSNT2# 1
_$———|GNDBI8
C83101 || 2 100nF C0201 X5R 10V _PCIE_TX1 P B19
PCIE_TX1P ! HSOp(1)
= PCIE_TX1_N P
PCIE TXINGG_C83111 | [ 2 100nF C0201 X5R 10V ~TX B20 | {1contr
55> | GND_B21
S - 2 100nF CO0201 X5R 10V PCIE TX2 P B23 ﬁg@;&?
i PCIE_TX2 N
PCIE TX2NSS_CB3131 | [ 2 100nF C0201 X5R 10V B24 | [1Cone)
$—Bog | GND_B25
PCIE Tx3Pyy_ C83141 || 2 100nF C0201 X5R 10V _PCIE_TX3 P B27 gggﬁ{ﬂﬁﬁ
o C83151 | [ _2_100nF_C0201 X5R 10V_PCIE_TX3 N B28
PCIE_TX3N55 —— Bog | HSON(3)

_ B30 GND_B29

o e RSVD_B30
VCC3V3_PCIE o R83031 10K 5% 2 R0402 PCIE PRSNT gg; PRSNT2# 2

_¢— —cNDB3Y

Figure 3-76 PCle TX Couping Capacitor
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Chapter4 PCB Design
4.1PCB Stack

In order to reduce the reflection in the high-speed signal transmission process, the signal source, the
receiver and the transmission traces impedance must be matching. The specific impedance of a single-ended
signal trace depends on its width and the relative position to the reference plane. The trace width and spacing
between the differential pairs required for particular impedance depends on the selected PCB stack. Since the
minimum width and minimum spacing are dependent on the PCB type and the cost requirements, the selected
PCB stack must be able to achieve all the impedance requirements on the PCB, including the inner and
surface layers, single-ended and differential traces and so on.

It is recommended to use 8 layers PCB in RK3399 design.The following PCB stack as an example, can give
customers a help in the choice of PCB stack and assessment.If you choose other types of PCB stack, and
recalculate the impedance according to the specifications provided by the PCB vendor.

4.1.1 8-Layer PCB Stack

In 8- layer PCB stack design, L2 is L1 reference plane, L7 is L8 reference plane.L5 and L7 are L6 reference
plane, depending on the stack.

Copper thk.

2 s Finished Finished
Layer No. sig/pln pmhce;;n(auz] Construction thikness fum) | thikness (mil) Tolerance Dk (1GHz)

S/M 20 0.79 +-10 3

1 Tap 1 30 1.18 +-10
FF 1080X1 (RCEE%) 75 2.95 +-10 3.8

2 GND H 17 0.67 +10
Core 365 14.37 +-10 4.2

3 POWERL H 17 0.67 +.10
PP 2116X1 (RCGE%) 15 4.53 +10 3.8

4 FOWERZ H 17 0.67 +-10
Core 265 1043 +-10 4.2

5 GND H 17 0.67 +-10
FP 2118¥1 (RCEB%) 115 4.53 +-10 3.8

6 SIGNAL H 17 0.67 +10
Core 365 14.37 +-10 4.2

7 GND H 17 0.67 +10
PP 1080X1 (RC68%) 75 2.95 +-10 3.8

i BOTTOMN 1 30 1.18 +.10
S/m 20 0.79 +-10 3

Figure 4- 1 RK3399 8-Layer PCB Stack

4.1.2 6-Layer PCB Stack

In 6-layer PCB stack design, L2 is L1 reference plane, L5 is L6 reference plane.L3 and L5 are L4 reference
plane, depending on the stack.

Custorner Name: [Tatal Thickness 1.0+-0.10mm
Custorner P/N: heasure from Shi~SM
Copper thk. ren ro
« " Finished Finished
Layer No. sig/pln hefore Construction thikness (um) | thikness {mil) Tolerance Dk {(1GHz)
process (0z)

S/M 20 079 +/10 3

1 TORP 1 30 1.18 +/10
PP 10801 (RCEZ %) 75 2.95 +/-10 38

2 GND H 17 0.67 +/10
PP 2116 115 4.53 +/10 38

3 POWER H 17 067 +/10
Core 1065 41.93 +/-10 4.2

4 SIGMAL H 17 0.67 +/-10
PP 2116 115 4.53 +/10 38

5 GND H 17 0.67 +/10
FP 10801 (RCEG%) 75 2.95 +/10 38

6 BOTTOM 1 30 1.18 +/10
S/M 20 0.79 +/-10 3

Figure 4-2 RK3399 6-Layer PCB Stack
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4.2 High-speed signal PCB Design
4.21 Crystal Design

For the cystal circuit PCB design, please note:

® The csytal circuit layout should be placed as close as possible to the RK3399 clock pins
® Use 4 mils traces and are as short as possible to reduce loard capacitance of traces and prevent

unwanted noise

® Not any signal could be placed urder the crystal circuit to avoid noise coupling into the crystal circuit
® On the same layer as crystal, should place the ground ring around it. The ground ring is connected to

the adjacent ground layer by the via to isolate the noise

® The adjacent layer below the crystal circuit needs a complete ground reference plane, avoid being
divided by any other signal traces, helping to isolate the noise and ensure crystal working stably

e

v

Figure 4- 3 RK3399 Crystal Circuit Ground Ring

® Pin Y29 is analog ground of crystal oscillator, it should be isolated with other digital signal, and

separately connected to the adjacent ground reference plane by the via

Y31
C11021 ||'
'—lco402 R1101
1M
Y1100 1 R1102 R0402
24MHz XIN  GND2 22R 5%
Y30

CRY4_3R20X2R 5%@8?%:“”_ 3 1 R040
2%

C11031 || 2 12pF

XIN_OSC

GPI0O0_B0/
XOUT_OSC

coa02 | [CoG 50V 7" y5e
|

GPIOU-B5ICPD_VB
AVSS_48

\NL
. PLL_AVDD_0V90 R17
° ERANN  ZOdEOLE WA iR

PLL_AVDD_0V9

Figure 4-4 RK3399 Crystal Oscillator Analog Ground Pin
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Figure 4-5 RK3399 Crystal Oscillator Analog Ground Layout

4.2.2 SDRAM Design

® The SDRAM with different column of 2 c¢s is not supported, neither is SDRAM with different column
and the bank of 2cs.

® The 6Gb and 12Gb capacity SDRAM is special, it currently only support the same capacity on 2 CS of

one channel, and the 8Gb, 4Gb, 2Gb capacity SDRAM do not have this limition.

If only use one channel of DDR, it can only use DDRO channel.

DDR_CLK trace could not be shorter than any DQ / DM / DQS traces of the same channel.

CS2 is the copy signal of CS0, CS3 is the copy signal of CS1, and the behavior is exactly the same as

the copied signal. So for DDR3, LPDDRS3, in fact can only use 2 CS. And CS2, CS3 is only used for

LPDDR4, because a channel of LPDDR4 devices is 16bit, when it needs the OSC up to 32bit, 2CS, it

needs to use 4 CS signals.

® 4221LPDDR3

In LPDDR3 design, the D0-D16, D24 signals of DDR interface should be completely pin-to-pin
connected to DRAM devices, otherwise the CA training and DQ calibration function would be not
available.

All signals of LPDDR3, equivalent circuit is shown as Figure 4-6.

w : 040 _)—— SDRAM

Pkg Brkout L1

Figure 4-6 LPDDR3 Signals Equivalent Circuit
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LPDDR3 data signals layout requirements are shown as Table-4-1.

Table 4- 1 RK3399 LPDDR3 Data (DQ/DM/DQS) Layout Requirements

Items

Layout Requirements

Signal Group

DQ, DM, DQS

Target Impedance (Z0:DQ; Zdiff: DQS)

DQ: 50 Ohm £ 10%, DQS: 100 Ohm * 10% , DM: 50
Ohm £ 10%

DQS Routing Trace Width and Spacing within pair

PCB stack-up dependent

DQ Routing Trace Width and Spacing within same
Byte Group

Width : PCB stack-up dependent
Spacing : 22 times the width of the trace

DQS to DQ Spacing within same Byte Group

22 times the width of the trace

Byte Group to Byte Group Spacing, Data to Other
Signals Spacing

22 times the width of the trace

Max intra-pair skew of DQS 1ps

Max skew between DQ and DQS 5ps

Brkout <100mil
Pkg+Brkout+L1 <1500mil

Pkg Refer to package report
Maximum allowed via 2

Notes:

DQ group Ainclude: (DATA0O—DATA7, DQMO, DQSOP/ DQSOM)

DQ group B include: (DATA8—DATA15, DQM1, DQS1P/ DQS1M)

DQ group C include: (DATA16—DATA23, DQM2, DQS2P/ DQS2M)

DQ group D include: (DATA24—DATA31, DQM3, DQS3P/ DQS3M)

The 5ps is the max skew inside DQ groups.lt is not the requirement between DQ groups.

Because max skew between CLK and DQS is 150ps, the max skew between DQ groups is 150ps too.

LPDDR3 CLK singals layout requirements are shown as Table 4-2.

Table 4-2 RK3399 LPDDR3 CLK Layout Requirements

Items

Layout Requirements

Signal Group

CLK

Target Impedance (Diff Z0)

100 Ohm * 10%

CLK Routing Trace Width and Spacing within pair

PCB stack-up dependent

CLK Routing Spacing to other Signals

>3 times the width of the trace

Max intra-pair skew of CLK 1ps

Max skew between CLK and DQS 150ps

Brkout <100mil

Pkg+Brkout+L1 <1700mil

Pkg Refer to package report
Maximum allowed via 2

LPDDR3 control singals layout requirements are shown as Table 4-3.

Table 4-3 RK3399 LPDDR3 Control (CTL) Layout Requirements

Items

Layout Requirements

Signal Group

CSn, CKE

Target Impedance (Z0)

50 Ohm * 10%

CTL Routing Trace Width and Spacing within same

Width : PCB stack-up dependent

Byte Group Spacing : 23 times the width of the trace
Max skew between CTL and CLK 5ps

Brkout <100mil

Pkg+Brkout+L1 <1700mil

Pkg Refer to package report

Maximum allowed via 2
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LPDDR3 command signals layout requirements are shown as Table 4-4.

Table 4-4 RK3399 LPDDR3 Command (CMD) Layout Requirements

Items

Layout Requirements

Signal Group

LPDDR3_A[0:9]

Target Impedance (Z0)

50 Ohm * 10%

CA Routing Trace Width and Spacing

Width : PCB stack-up dependent
Spacing : 23 times the width of the trace

Max skew between CMD and CLK 5ps

Brkout <100mil
Pkg+Brkout+L1 <1700mil

Pkg Refer to package report
Maximum allowed via 2

® 4.22.2DDR3

The data signal of DDR3 equivalent circuit is shown as Figure 4-7.

Brkout L1

44—

SDRAM

Figure 4-7 DDR3 DATA Equivalent Circuit

DDR3 Data signals layout requirements are shown as Table 4-5.

Table 4-5 RK3399 DDR3 Data (DQ/DM/DQS) Layout Requirements

Items

Layout Requirements

Signal Group

DQ, DM, DQS

Target Impedance (Z0:DQ; Zdiff: DQS)

DQ: 50 Ohm % 10%, DQS: 100 Ohm * 10% , DM: 50
Ohm + 10%

DQS Routing Trace Width and Spacing within pair

PCB stack-up dependent

DQ Routing Trace Width and Spacing within same
Byte Group

Width : PCB stack-up dependent
Spacing : 22 times the width of the trace

DQS to DQ Spacing within same Byte Group

22 times the width of the trace

Byte Group to Byte Group Spacing, Data to Other
Signals Spacing

22 times the width of the trace

Max intra-pair skew of DQS 1ps

Max skew between DQ and DQS 5ps

Brkout <100mil

L1 <1500mil

L2a,L2b <700mil,lenth match L2a and L2b within 1 ps
Pkg+Brkout+L1+L2 <2100mil, including package length

Pkg Refer to package report

Maximum allowed via 4

Notes:

DQ group A include:
DQ group B include:
DQ group C include:
DQ group D include:

(DATA0O—DATA7, DQMO, DQSOP/ DQSOM)>
(DATA8—DATA15, DQM1, DQS1P/ DQS1M)
(DATA16—DATA23, DQM2, DQS2P/DQS2M)>
(DATA24—DATA31, DQM3, DQS3P/DQS3M)>

The 5ps is the max skew inside DQ groups.lIt is not the requirement between DQ groups.Because max skew
between CLK and DQS is 150ps, so the max skew between DQ groups is 150ps too.
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DDR3 CLK equivalent circuit is shown as Figure 4-8.

:
B Pkg

Brkout L1

—)

L2a

SDRAM

GND

SDRAM

)

LZ2b

Figure 4-8 DDR3 CLK Equivalent Circuit

DDR3 CLK signals layout requirements are shown as Table 4-6.

Table 4-6 RK3399 DDR3 CLK Layout Requirements

Items

Layout Requirements

Signal Group

CLK

Target Impedance (Diff Z0)

100 Ohm * 10%

CLK Routing Trace Width and Spacing within pair

PCB stack-up dependent

CLK Routing Spacing to other Signals

22 times the width of the trace

Max intra-pair skew of CLK 1ps

Max skew between CLK and DQS 150ps

Brkout <100mil

L1 <1500mil

L2a, L2b <700mil .length match L2a and L2b within 1 ps
Pkg+Brkout+L1+L2 <2100mil,including package length

Pkg Refer to package report

Maximum allowed via

4

DDR3 Control signals equivalent circuit is shown as Figure 4-9.

Brkout

Y

—40 ) SDRAM
L2 _t
L1
—0 )} sbrAm
L2_b

Figure 4-9 DDR3 Control (CTL) Signal Equivalent Circuit
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DDR3 Control signals layout requirements are shown as Table 4-7

Table 4-7 RK3399 DDR3 Control (CTL) Layout Requirements

Items

Layout Requirements

Signal Group

CSn, CKE, ODT

Target Impedance (Z0)

50 Ohm * 10%

CTL Routing Trace Width and Spacing within same

Width : PCB stack-up dependent

Byte Group Spacing : 22 times the width of the trace

Max skew between CTL and CLK 10ps

Brkout <100mil

L1 <1500mil

L2a, L2b <700mil .length match L2a and L2b within 1 ps
Pkg+Brkout+L1+L2 <2100mil,including package length

Pkg Refer to package report

Maximum allowed via

4

DDR3 Command signals equivalent circuit is shown as Figure 4-10.

Brkout L1

40—

—40 ) SDRAM
L2_t

—0 )} sbram
L2_b

Figure 4-10 DDR3 Command (CMD) Signal Equivalent Circuit

DDR3 Command signals layout requirements are shown as Table 4-8

Table 4-8 RK3399 DDR3 Command (CMD) Layout Requirements

Items

Layout Requirements

Signal Group

DDR3_A[0:15], DDR3_CASn, DDR3_RASh,
DDR3_WEn

Target Impedance (Z0)

50 Ohm * 10%

CA Routing Trace Width and Spacing

Width : PCB stack-up dependent
Spacing : 22 times the width of the trace

Max skew between CMD and CLK 10ps

Brkout <100mil

L1 <1500mil

L2a, L2b <700mil .length match L2a and L2b within 1 ps
Pkg+Brkout+L1+L2 <2100mil,including package length

Pkg Refer to package report

Maximum allowed via

4

® 4.223LPDDR4

B One LPDDR4 SDRAM has four 16 bits channels; two channels share a ZQ pin, shown as Figure
4-11. In the design, only the A and B channel or C and D channel can be respectively combined
as a 32bits channel, and connected respectively to the RK3399 two 32bits DDR controller.
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Vop1 Vopz Vss Vopg
RESET_n . [ L
CS0_A I[ il [ C50_D RZQ
CKEO_A . CKEO_D T
CK_t_A i CK_t D VDDQ
CK_c_A LPDDR4 LPDDR4 CK_c D
CA[5:01_A Channel A Channel D CA[5:0]_D
DMI[1:0]_A DMI[1:0]_D
DQ[15:0_A DQ[15:0]_D
DQS[1:0]_t_A DQS[1:0]_ t
DQS[1:0]_c_A DQS[1:0]_c_|
ODT_CA A ODT_CA D
R 2Qo_C
CS0_B I - [ cso C =
= i RZ
CKEO_B | - | CKEO_C z M0
CK_t_B KHEC Vg
CK_c B LPDDR4 LPDDR4 CK_c C
CA[5:0]_B Channel B Channel C CA[5:0]_C
DMI[1:0] B - L o DMI[1:0] C
DQ[15:0] B DQ[15:0] C
DQS[1:0]_t B DQS[1:0]_ t
DQS[1:0]_c_B DQS[1:0]_c_
ODT_CA_B ODT_CA_C

Figure 4- 11 LPDDR4 SDRAM Block Diagram

B The RAQ of LPDDR4 SDRAM needs to be pulled-up to VDDQ by a 240 ohm resistor. The RZQ
of RK3399 needs to be pulled-down to GND by a 240 ohm resistor.

B RK3399 can only support 2 rank of SDRAM.

B In LPDDR4 design, all data signals (DQ) of RK3399 must be connected to LPDDR4 pin-to-pin.
That is, DDRn_DO0-D15 must be connected to one channel D0O-D15 of LPDDR4 pin-to-pin,and
DDRn_D16-D31 must be connected to another channel DO-D15 of LPDDR4 pin-to-pin.The
reason is that for one channel(16bits) LPDDR4,the MRR function needs to use DQ[0:7],the CA
training function needs to use DQSO0,DQ[0:6],DQ[8:13],and the RD DQ calibration function
needs to use DQ[0:15] and DMI[1:0].

B The ODT of RK3399 must be floating, and the ODT_CA of LPDDR4 must pulled-up to
VDDQ.shown as Figure 4-12 and Figure 4-13.

DDRA1

LR T

_ODTO

DDR1_ODT1

Figure 4-12 DDR Controller ODT

D11 ~TP1210
ET1 EﬁTP1EOE
F9
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~ , E— | E—
J2 At
BDRo_oOTe ODT. CAa | oODT cAb —
B7 |
ZQ0_a |
A6 |
- - - ZQ1_a |
R3812 R3800 R3801
10K 240R 240R U3800A
R0402 R0402 R0402 LPDDR4_32bitX2_272p
o 1% o 1% o 1% BGA272_15R00X15R00X0R61
| |
VCC_DDRC

Figure 4-13 LPDDR4 LPDDR4 ODT_CA

4.2.3 EMMC Design

EMMC V5.0 is increased Emmc_strobe signal compared with EMMC V4.5.
When RK3399 writes data down to eMMC, the reference clock is emmc_clk; the clock traces do not need to
be equal to the data traces, since the controller has Timing Tunning function.
When RK3399 read data from eMMC, the reference clock is emmc_strobe; the clock taces must be equal to
data traces, since eMMC could not support timing tunning.
eMMC layout requirements shown as Figure 4-14 and Figure 4-15.
® Data[0:7]. cmd. strobe traces as a group,parallel layout and the group traces should be shielded by
GND traces,the reauirement of equal length is £100mil.

Figure 4-14 eMMC Traces (L4 view)
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Figure 4-15 eMMC Traces (Bottom view)

® The CLK traces need to be shielded alone by GND traces.Shown as Figure 4-16 and Figure
4-17.

Figure 4-16 eMMC CLK Traces (L4 view)




Rackchip sismms Ver 1.0

Figure 4-17 eMMC CLK Traces (Bottom view)

® The reserved pull-down resistor connected with Emmc_strobe should be placed close to the pin.

Figure 4- 18 eMMC Strobe Resistor
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eMMC layout requirements shown as Table 4-9:

Table 4-9 RK3399 eMMC Layout Requirement

Items Layout Requirements
Trace Impedance 50Q +10% single ended
Max skew between data signal and clock <20ps
Max trace length <3.93inchs
The minimum spacing of EMMC Signals At least 2 times the width of EMMC trace.
g‘genarl';'”'m“m spacing between EMMC and other | At 0.t 3 times the width of EMMC trace.

4.2.4 PCle Design

PCle layout requirements as follow:

® The TXn[0:3] differential pairs order of PCle can be adjusted according to the actual
requirements,such as the TX0 of RK3399 can be connected to TX2 of device; the RXn[0:3] is the
same too.But the P/N of the difference pairs could not be swapped

® The AC coupling capacitor should be placed close to PCle connector

® The recommended package of AC coupling capacitor is using 0201 to reduce the impedance change
in traces

® |t is recommended to parallel layout of PCle signals.Do not place any other signal traces and vias
between them

® The differential pairs group should be shielded by GND traces, there is no need the GND shield
traces between the differential pairs.

Figure 4- 19 PCle Layout Requirements
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® The TX and RX differential pairs have lane-to-lane deskew function, so they do not require strictly

equal length.

PCle layout requirements are shown as Table 4-10:

Table 4-10 RK3399 PCle Layout Requirement

Items Layout Requirements
Trace Impedance 100Q +10% differential
Max intra-pair skew <4ps
Max inter-pair skew <1.6ns
Maximum signal line length (coupled traces) TX and <14 inchs

RX

AC coupling capacitors

100nF +20%, discrete 0201 package preferable

Minimum pair to pair spacing

>3 times the width of the trace.
Try to increase spacing between pairs whenever it is
possible.

Length matching between reference clock differential
pairs REFCLK+ and REFCLK- (intra-pair)

<4ps

The minimum spacing between PCIE and other
Signals

At least 3 times the width of PCIE trace

Maximum allowed via

4

4.2.5 USB 2.0 Design

USB 2.0 layout requirements are shown as below:

® The ESD parts must be placed close to USB connector.

Figure 4-20 USB ESD Parts

® The USB connector should be placed close to SOC, to reduce the length of traces.
® The USB signal traces must be followed strictly by differential pair’s rules requirements.The turning
corners of signal traces should be as far as possible with arc or obtuse angle, not for right angle or
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acute angle, shown as Figure 4-21.

uUsB
Connector

usB2.0
oTG

Figure 4-21 USB Layout Requirements

® In order to suppress EMI,the USB signal traces is recommended to be placed inner layer and ensure
the reference plane is continuous and complete,otherwise,it will cause discontinuities in the traces
impedance and increase the external noise on them.shown as Figure 4-22.

GOOD BAD

Figure 4-22 USB Signal Trace Reference Plane

® The USB traces at least need to be maintained clearance of 3W with other signals. Shown as Figure
4-23.

Minimizing Crosstalk Between Signal Traces

L3 signals HE signals

|_ . a : a | |

Analeg Ground Plane

Figure 4-23 USB Layout

® To reduce the signal swap layers as possible in layout, via will cause the trace impedance to be
discontinuous.

® The power traces width of USB 2.0 should be as wide as possible, it is necessary to consider the
maximum current that may occur.
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USB2.0 layout requirements are shown as Table 4-11:

Table 4- 11 RK3399 USB2.0 Layout Requirement

Items Layout Requirements
Trace Impedance 90Q +10% differential
Max intra-pair skew <4ps
Max trace length on carrier board <6 inchs
Maximum allowed via 6

4.2.6 USB 3.0 Design

USB 3.0 signals layout can basically refer to the section of 4.2.5.Please also note:

® USB 3.0 work mode is full duplex, so it does’t needs equal length between SS_TX and SS_RX.
® The SS_TX signal of USB 3.0 should add a 100nF AC coupling capacitor; they should be placed
symmetrically and close to the USB connector.

|
L

LI

s il i il il

B

Figure 4-24 USB TX Coulping Capacitors Place Requirements 1
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Y
Flane cut out under caps

Recommended

_—

Mot recommended
Figure 4-25 USB Coulping Capacitors Place Requirements 2

® The SS _TX and SS_RX signals must be followed strictly by differential pair’s rules requirements, to
ensure the continuity of trace impedance.

N—

Mot recommended

N

Mot recommended

Recommendsd

Figure 4- 26 USB Signals Layout Requirements

® The delayed serpentine traces of SS_TX and SS_RX signal should be placed as close as possible to
the source.Shown as Figure 4-27.

UsB3.0
Receptacle

Rx lines

Tx lines

RK3399

Figure 4-27 USB Signals Delay Requirements 1
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rj

Met"Typecl _Rxlp" Length: 24319339 MIL

Figure 4-28 USB Signals Delay Requirements 2

® In order to suppress EMI, the USB signal trace is recommended to be placed inner layer and ensure
the reference plane is continuons and complete, otherwise, it will cause discontinuities in the traces
impedance and increase the external noise on them. If the differential pairs group is routed on the
surface layer, it should be shielded by GND traces; there is no need the GND shield traces between
the differential pairs.Shown as Figure 4-29.

Figure 4-29 USB Signal Trace Shielding Requirements

USB3.0 signals layout requirements, shown as Table 4-12:

Table 4- 12 RK3399 USB3.0 Layout Requirements

Items Layout Requirements
Trace Impedance 90Q +10% differential
Max intra-pair skew <4ps
Max trace length skew between RX and TX data pairs | <1.6ns
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Max trace length on carrier board

<6inchs

AC coupling capacitors

100nF +20%, discrete 0201 package preferable

Minimum pair to pair spacing

>3 times the width of the trace.
Try to increase spacing between pairs whenever it is
possible.

The minimum spacing between USB and other
Signals

At least 3 times the width of USB trace.

Maximum allowed via

4

4.2.7 HDMI Design

HDMI layout notes:
® The reference clock of the HDMI TX signal is HDMI TXC, the 4 difference pairs, including the clock

signal, needs to have equal length.
® The ESD parts should be placed close to HDMI connector.

Figure 4- 30 HDMI ESD Layout Requirements

® The reference plane of the HDMI signals should be continuous and complete; otherwise, it will cause
discontinuities in the traces impedance and increase the external noise on them. If the differential
pairs group is routed on the surface layer, it should be shielded by GND traces, there is no need the

GND shield traces between the differential.

Figure 4- 31 HDMI Signals Layout Requirements
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® Use a cable with shielded, to improve EMI problems.

® The HDMI signals can be fan-outed in order, and be connected directlty to HDMI connector.lt is
necessary to reduce the swap layer in layout to avoid impedence discontinuities.If it is not avoidable
because of the mold structure, the impedance change is recommended to be controlled within
10%.and a GND via should be placed close to the signal swap via.

Keepout area

3W clearance

Figure 4- 32 HDMI Signals Swap Via Requirements

HDMI layout requirements are shown as Table 4-13:

Table 4-13 RK3399 HDMI Layout Requirements

Items Layout Requirements
Trace Impedance 100Q +10%
Max intra-pair skew <4ps
Max trace length skew between clock and data pairs <80ps
Max trace length on carrier board 9.8 inch

Minimum pair to pair spacing

>3 times the width of the trace.
Try to increase spacing between pairs whenever it is
possible

The minimum spacing between HDMI and other
Signals

At least 3 times the width of HDMI trace

Maximum allowed via

4

4.2.8 eDP Design

eDP layout notes:

® The reference clock of eDP is built into data and the the clock signal is restored at the receiving end,
so the 4 sets of data differential pairs need to have equal length.
® The coupling capacitor of eDP signals should be placed close to RK3399.
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Figure 4- 33 eDP Coupling Capacitor

® |n order to suppress EMI, the eDP signal traces is recommended to be placed inner layer and ensure
the reference plane is contiguous and complete, otherwise, it will cause discontinuities in the traces
impedance and increase the external noise on them. If the differential pairs group be routed on the
surface layer, it should be shielded by GND traces; there is no need the GND shield traces between
the differential pairs.
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Figure 4- 34 eDP Layout
eDP layout requirements are shown as Table 4-14:

Table 4- 14 RK3399 eDP Layout Requirements

Iltems Layout Requirements
Trace Impedance 90Q +10% differential
Max intra-pair skew <4ps
Max trace length on carrier board <6inch

Minimum pair to pair spacing

>3 times the width of the trace.Try to increase spacing
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between pairs whenever it is possible.

AC coupling capacitors 100nF +20%, discrete 0201 package preferable
gir;enalr?mmum spacing between eDP and other At least 3 times the width of eDP trace.

Maximum allowed via 4

4.2.9 DP Design

DP signals layout can basically refers to the section of 4.2.6.Please also note:

® The reference clock of DP is built into data and the the clock signal is restored at the receiving end, so
the 4 sets of data differential pairs need to have equal length.

® The coupling capacitor of DP signals should be placed close to RK3399.

® |n order to suppress EMI, the DP signal traces is recommended to be placed inner layer and ensure
the reference plane is contiguous and complete, otherwise, it will cause discontinuities in the traces
impedance and increase the external noise on them. If the differential pairs group be routed on the
saface layer, it should be shielded by GND traces; there is no need the GND shield traces between
the differential pairs.

DP layout requirements are shown as Table 4-15:

Table 4-15 RK3399 DP Layout Requirements

Items Layout Requirements
Trace Impedance 90Q +10% differential
Max intra-pair skew <4ps
Max trace length on carrier board <6inch

>3 times the width of the trace.Try to increase spacing

Minimum pair to pair spacing between pairs whenever it is possible.

AC coupling capacitors 100nF +20%, discrete 0201 package preferable
The minimum spacing between DP and other Signals | At least 3 times the width of DP trace.
Maximum allowed via 4

4.2.10 MIPI DSI Design

MIPI DSl layout notes:
In order to suppress EMI, the MIPI DSI signal traces is recommended to be placed inner layer and
ensure the reference plane is contiguous and complete, otherwise, it will cause discontinuities in the
traces impedance and increase the external noise on them. If the differential pairs group be routed on
the surface layer, it should be shielded by GND traces; there is no need the GND shield traces
between the differential pairs.

® The delayed serpentine traces of MIPI DSI signal should be placed as close as possible to the
source.Shown as Figure 4-35.
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Figure 4-35 MIPI DSI Layout
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MIPI layout requirements are shown as Table 4-16:

Table 4- 16 RK3399 MIPI Layout Requirements

Items

Layout Requirements

Trace Impedance

100Q +10% differential

Max intra-pair skew <4ps
Max trace length skew between clock and data pairs <7ps
Max trace length <7.2inch

Maximum allowed via

Minimize the number of via in each lane

Minimum pair to pair spacing

>3 times the width of the trace.Try to increase spacing
between pairs whenever it is possible.

The minimum spacing between Mipi and other Signals

At least 3 times the width of Mipi trace.

4.2.11 SDIO/SDMMC Design
SDIO/SDMMC layout notes:

® The CLK signal should be shielded by GND. DATA alignment spacing should comply with 3W rules

and ensure the reference plane is contiguous and complete.

Figure 4-36 SDIO/SDMMC Layout 1

112




Rackchip sismms Ver 1.0

SDioD_D3 Shlan_D3

G

I ESSESE S ESESS S

Figure 4-37 SDIO/SDMMC Layout 2

® The load capacitor including SD card and PCB, the load capacitor of SD card in protocol should be
less than 10 pF.

B 3.0V operation: 50 MHz with 40pF
B 1.8V operation: 208 MHz with 21pF
Figure 4- 38 SDMMC Loading Capacitor

3. Card capacitance range is defined as follows:

Capacitance Min | Max | Units | Notes
Ccaro (Coie + Crka) 5 10 pF =
Table 6-10 : Card Capacitance Range

Figure 4-39 SD Card Load Capacitor
SDIO/SDMMC layout requirements are shown as Table 4-17:

Table 4- 17 RK3399 SDIO/SDMMC Layout Requirements

Items Layout Requirements
Trace Impedance 50Q +10% single ended
Max skew between data signal and clock <20ps
Max trace length <3.93 inch
The minimum spacing of SDIO Signals At least 2 times the width of SDIO trace.
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4.2.12 MAC Design

® The shorter traces of RGMII, the better EMI, and so PHY should be placed as close as possible to
RK3399. The length of RGMII traces must be less than 6 inch.
® The series resistor should be placed close to PHY to improve EMI.Shown as Figure 4-40.
B The MAC_RXCLK should be shielded with GND traces.

B Layout alignment spacing should be complied with 3W rules.

B The traces length of RXD [0:3], RXCLK, RXDV should be equal, the difference should be less
than 100 mil.The traces length should be less than 6 inch.
B The reference plane is contiguous and complete, could not be directly parallel to other signal

traces.
PHY_ RXDO R126 22R R0402  MAC_RXDO
PHY_RXD1 R127 25R R0402  MAC_RXD1
PHY_RXD2 R128 22R R0402 MAC_RXD2
PHY_RXD3 R129 27R R0402  MAC_RXD3
PHY RXCLK R130 22R R0402  MAC_RXCLK
C70 PHY_RXDV R131 22R R0402  MAC_RXDV
NC
| coao2
_L_
Close to PHY

Figure 4-40 MAC RX Series Resistor

® The series resistor should be placed close to RK3399, shown as Figure 4-41.

B The PHY_TXCLK needs to be shielded by GND traces.

B Layout alignment spacing should to be complied with 3W rules.

B The traces length of TXD [0:3], TXCLK, TXEN need to be equal, the difference should be less
than 100 mil.The traces length needs to be less than 6 inch.
The reference plane of signal traces should be contiguous and complete, and could not be
directly parallel to another signal traces.

F24 MAC_TXD2 1 2 R26  20R 5% R0402
GPIO3_AO/MAG_TXD2/SPI4_RXD_d ~Hz3 MAGTXD3 1 TR oo s Roags o PHY_TXD2
GPIO3_A1/MAG_TXD3/SPl4_TXD_d E3g > PHY_TXD3
GPIO3_A2/MAC_RXD2/SPl4_CLK_U 25— iﬁﬁg_;igg
GPIO3_A3/MAC_RXD3/SPI4_CSn0_U [ o5 TiAC TXOO | 3 5 lndy’ honEi Risd
GPIO3_A4/MAC_TXDO/SPIO_RXD_d 523 MAG TXD1 7 T RE} 2R 5% Roagz oorHY_TXDO
GPIO3_AS/MAC_TXD1/SPIO_TXD_d £z P PHY_TXD1
GPIO3_A6/MAC_RXDO/SPIO_CLK U [Fa7 >»MAC_RXDO
GPIO3_AT/MAC_RXD1/SPI0_CSn0_u SOMAC_RXD1
E29

GPIO3_BO/MAC_MDC/SPI0_CSn1_u [~ga7 SSMAC_MDC

GPIO3_B1/MAC_RXDV_d [~F23 SOMAC_RXDV

GPIO3_B2/MAC_RXER/I12C5_SDA_u [gas™

2 R29

22R 5% 0402

SIMAC_CLK

1
GPIO3_B3/MAC_CLK/I2C5_SCL_u V o
GPIO3_B4/MAC_TXEN/UART1_RX_u géé MAC_TXEN 8 2 R62 | 2R 8% RUACE > PHY_TXEN c109
GPIO3_B5/MAC_MDIO/UART1_TX_U Fo5 — S»MAC_MDI - DNP
GPIO3_BB/MAC_RXCLK/UART3_RX_u [g77 > MAC_RXCLK C0402
)3_B7/MAC_CRS/CIF_CLKOUTB/UART3_TX_u >)PHY_RST i

o~

D27
103_CO/MAC_COL/UART3_CTSN/SPDIF_TX_U FE2g—

GPIO3_C1/MAC_TXCLK/UART3_RTSn_u

sl
MAC_TXCLK< SPOIF_TX ges 22R RO402 =

SSPHY_TXCLK

Figure 4-41 MAC TX Series Resistor

® R102 needs to be placed close to PHY, and needs to be shielded by GND traces, and the
reference plane needs contiguous and complete.

MAC_CLK R101 ~ NC R0402 PHY_XTAL1

S R102 22R RO4DB, PHY_CLKOUT125

y

&

Figure 4-42 MAC CLK Branch Resistor

® The decoupling capacitor should be placed close to RK3399 power pin.Shown as Figure 4-42.
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J22

APIO1_VDDPST —oVCC_1V8

APIO1_VDD ﬁ‘QVCCE\BfSYS

VCC3V3_8YS VCC_1vs

_| ciso1  _| cis02
100nF 100nF
0201 C0201

1 1ov ™ qov

Figure 4-43 MAC Power Decoupling Capacitor
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4.3RF PCB Design
4.3.1 WIFI/BT Design

WIFI module communicates with RK3399 via SDIO interface. BT module communicates with RK3399 via
UART and PCM interface.

For layout, please note the WIFI/BT module must be far from the traces and connectors of high-speed
signals, such as DDR, HDMI and USB and so on.The crystal circuit needs to be placed close to the module,
avoid being interfered. There is no any other signal traces could be placed in the area of crystal circuit.

The max frequency of SDIO3.0 is up to 208 MHz, and so the SDIO signals must avoid being interfered in
layout.Shown as Figure 4-44. The reference plane of signal traces needs to be contiguous and complete, could
not be directly paralleled to other signal traces.The data signal group needs to be shielded with GND traces,
the clk needs to be shielded alone with GND traces. Layout alignment spacing should be complied with 3W
rules.

Figure 4-44 WIFI SDIO Layout

The speeds of UART interface can be up to 4Mbps, and so the reference plane of signal traces needs to be
contiguous and complete.

—Hgrggn Y0s3

ORBERR S

Figure 4-45 BT UART Layout
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The reference plane of 12S/PCM needs to be contiguous and complete, the signals should be shielded by
GND and avoid being interfered.

= Uonogn Bes

DE0EED 2

aL_H

Figure 4-46 BT PCM Layout

If useing a 2X2 MIMO antenna interface, the direction of RF traces needs to take into account the position of
the two antennas. The position of the two antennas needs to be as far as possible and to consider vertical
placement to avoid mutual interference.

The ANT RF traces needs 50 ohm impedance. To reduce interference and reduce trace loss, the adjacent
layer of the ANT RF trace needs be keepout, such as RF traces on the 1th layer, and the 2nd layer is keepout
which reference 3th layer to do impedance design, and the reference layer (keep the same reference plane)
needs to be contiguous, can not cross the power and other signal traces, avoid being interfered. The reserved
parts need to be added on RF traces for debug matching. As shown in Figure 4-46, the highlighted yellow
signal line is the ANT RF trace.
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Figure 4-47 RF Traces Layout
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4.3.2 Antenna Circuit
® 4.3.2.1 Overview

Hue to the rapid development of wireless communication, as the wireless transmission and reception
front-end part - antenna, its performance on the entire system communication quality is essential.
According to the different use of the platform and different application terminals, its performance and cost
control requirements are more and more demanding. Thus, the antenna miniaturization, multi-band and
multi-antenna technology have become a hot and difficult PCB design.

® 43.2.2 Antenna Type Selection

With the intensification of market competition, integration is the direction of the development of
hardware equipment. Antenna is also evolved from external to embedded, according to the actual different
application. The following four kind’s antenna can be selected.

B On Board Type: PCB etching one molding, limited performance, very low cost, used in Bluetooth,
WIFI module integration.

M SMT Package Type: Material with ceramic, metal, PCB, the performance cost is moderate,
suitable for large quantities of embedded RF module.

B |PX External Type: The use of PCB or FPC + Cable combination, excellent performance, cost is
moderate, widely used in OTT, terminal equipment.

B External Type: Plastic rod antenna, high performance, independence, high cost, used in terminal
equipment, without considering the EMC.

® 4.3.2.3 RK Universal Antenna Design

Rockchip had design 4 universal on-board antenna,witch are ANT1227SD, ANT1227SS, ANT2885S,
ANT4411D (Shown as Figure 4-48) ,suitable for different platforms and terminals. RK universal antennas
have good performance and wide applicability; can make a flexible and rapid optimization of the
adjustment according to the actual environment of PCB, which will greatly improve the work efficiency.

ANT1270SD ANT1270SS

S-Single Band S-Single Band

D-Dual Face S-Single Face
ANT2885S ANT4411D
S-Single Band k D-Bual and

Figure 4-48 RK Universal Antenna

The Layout Engineer can import the package of the selected antenna into the PCB. According to the
"Design Guidelines", the engineer can refer to the antenna layout in the PCB. Finally, it is recommended
that the designed PCB be sent to the antenna engineer to simulate the performance to optimize the best
parameters in the current design.

& ANT12705D PCB Antenna Design Guidelines V1.0
[ ANT127055 PCE Antenna Design Guidelines V1.0
AMT28855 PCB Antenna Design Guidelines V1.0
ANT4411D PCB Antenna Design Guidelines V1.0

Figure 4-49 RK Universal Antenna design Guidelines
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® 4.3.2.4 Antenna Specifications

Table 4- 18 BT/WIFI Antenna Specifications

Applicable Standards BT/IEEE 802.11 b/g/n IEEE 802.11 a/b/g/n/ac
Frequency Range 2.4 10 2.49 GHz 2.4 10 2.49 GHz,
5.15 to 5.85 GHz
Maximum Gain 3-4dBi 5-6dBi
Antenna Size 10*5.0*1.0-1.6 (mm) 40*9*1.0-1.6 (mm)
Pakage Size 12*7.0(mm) 44*11(mm)
Antenna Efficiency 50-60% 50-70%
VSWR 21
Input Resistance 50 Ohms
Temperature -40° to +75°C
Humidity 0 to 95%,No crystal dew

For MIMO antennas, in addition to the need to meet the above performance, a very important indicator
is the isolation between two or more antennas (S21 <-10 dB), which is the difficulty of the current
miniaturized MIMO antenna design.

In addition, there is an ECC indicator, in the WIFI band if S11 and S21 meet the requirements, generally
no problem. However, for more than four antennas need to focus on the layout between the antennas.

4.4 Power Supply Design

441 RK3399 Power

® 4411GND
There is a need of a complete GND layer adjacent SOC, for cooling and ensuring power integrity.

Figure 4-50 Complete GND layer
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Every GND pin needs via, shown as Figure 4-51.

Figure 4-51 GND Via

® 4.4.1.2 SOC Power Supply

The high-current power supply,such as VDD _CPUB, VDD _CPUL, VDD GPU, VDD _LOG,
VDD_CENTER, should to be connected to power pin of SOC use the copper,and should be placed as
more vias as possible connected to power pin.

Figure 4-52 SOC Power Supply Copper

It is the best to use double-sided paste structure, even if only place a few 0201 decoupling capacitors
can also improve power performance.For the PCB which can only be supplied with single side
paste,place the decoupling capacitor as close to the SOC as possible,and place as more vias as
possible.
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® 4.4.1.3 DDR SDRAM Power Supply

The copper of VCC_DDR is best to be placed under SDRAM, it will be easy to place the decoupling
capacitor, while not affecting the signal traces.

Figure 4- 53 Refference Plane for DDR

® 44.1.4 Lower-current Power Supply

Little package decoupling capacitor should be placed close to power pin.Shown as Figure 4-54.

Figure 4- 54 Decoupling Capacitor
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4.4.2 PMIC

INBA020850

Should place as more vias as possible on EPAD, it is recommended to use 4*4 0.8/0.5mm or 5*5
0.5/0.3mm or 6*6 0.4/0.2mm vias.

YEC 3V

HE30RT

st

Figure 4-55 PMIC EPAD Vias

DC-DC input and output: The input capacitor of VCC needs to be placed close to power input pin,the
output capacitor close to inductor.The capacitor should have enough vias to ensure the low ESR,and
the decoupling effect can be ensured.In particular,the negative end of the capacitor is easy to be
ignored by the layout engineer.

2:VCC_DDR

IN59020809

Figure 4-56 DC-DC Decoupling Capacitor Vias
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® The 32.768 crystal traces need to be shielded by GND traces, avoid being disturbed.

e
2
e

Figure 4-57 RTC Traces

® The distance between two adjacent inductors should be more than 2mm, to avoid the mutual
inductance (especially boost and charge inductance of RK818-3).

IN19334155
1

WEC_SYS_N < 1 ONEC SYS

Figure 4-58 DC-DC Inductors Layout
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® The traces width of LDO should be designed according to the load current, the decoupling capacitor
should be placed close to PMIC.

YCC_SDIO

]
HEOZDRE!

Figure 4-59 LDO Layout

® The 10mR current sampling resistor of RK818-3 should be placed close to battery connector. The
SNSN / SNSP signals should be routed according to differential pair's rules, no impedance
requirements. It is important to note that since the SNSN is a negative side of the 10mR resistor, the
OR resistor connected to the SNSN can not be directly connected to another GND and grounded via
the ground end of the 10mR resistor (Shown as Figure 4-60).

l..l...l..l.-\‘
EEEER ._%_‘ I
i :--1\

Differential Line (SNSN,SNSP) [l T

|
‘ G L

1 i [
i 11 oH

Figure 4-60 RK818-3 Current Sampling Resistor Layout
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® The traces of VBAT+ and VCC_SYS need to be considered 3-5 A load-current capability, could not
have too much voltage drop, so the power vias need enough large aperture and enough more
quantity. The Q23008 in Figure 4-62 is also used to reduce the internal power-path impedance of

RK818-3, which can make the main power circuit impedance smaller, give full play to the battery
performance.

Figure 4-61 VBAT Power Vias

VCC_SYS Q23008 VCC_BAT+
G RQ3E120AT @
HSMTS_3R30X3R30X0R90
5
1 r’h 5
5 7
= et
o R23057
VBUS_TYPEC 5— 12 054 2 ‘5‘07/*(
(1]
5% £ R0402
R0402 o Qggggg ‘/71 2 A vCCEVO_TYPECO_EN
R23059 SOT_23,,
100K
5%
R0402 _

Figure 4-62 VBAT Power-path
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443 DC-DC

The peak current of RK3399's BigCPU/GPU is around up to 4.3A. To reduce the power ripple, it should be
placed as more vias as possible next to the input and output capacitors. It is recommended to place more
than15pcs 0.2mm vias (especially the negative capacitance of the capacitor also need to pass the
corresponding via, which is easily ignored), it is recommended to use SYR837 / SYR838 buck IC, it is WLCSP
package and the size is relatively smaller. The copper needs to be keepout under the buck IC in order to
improve the welding yield and then use thick copper mesh to connect to buck IC pins (similar to thermal pad

connection).

Figure 4-63 RK3399 High-current Vias Layout

4.44 Charging Management
® 4.4.4.1 RK818-3 Charging Path

® RK&818-3 charging path shown as below.RK818-3 supports maximum 5V/3A charge current, should
note the trace widths and via numbers in layout.

RESH_L«—].\é\'é_E?\t_::ﬂgg ag Soa E 3 oscazkouT 2 b uzuuu( 2 é‘m;z UV LU !I'
_SCL_| ] scL
ggg; 1[?02::( éﬁgvﬁosg% | NRESPWRON abways on CLK3ZKOUT1 |23 fesom 1o %é 2$g§ WCC_1Ve
_____ | T 1Dt 6.3V xR ., CLKI2KOUT2 R3304 =_RO02_oyccive ss
3088 2 || 1 1uF 10V X8R g 3 g;:r{,_;r:!_r(oiat‘x.
3083 = | — - - HOMI_SV/S0mA 1 i —pRTC_CLKD_WIFI
230012 1_A75875-01F VBUS TYPEC g CHARGE_GND& —| WCC_SYS
P55 - T Ll R S L 14 L23010 o 9 cos099 1 || 2 22uF fOVXSR ||
3100 2 | 1 220F 10V X5R : T s C0805 |
- — e 0 CHARGE_SW6_2 =
301 2 _|_ 1 100F 10V XsRcosea[ T — [ 61 czatoe 1 H___Z__%Zu?— 10\;_)@5_{;'_
3103 2 || 1_10uF_ 10V X5R COBO3, 9 & L_VEYS2
3104 2 || 1 220F 10V X5R COBOST 1 = nggr—_‘ o 58 vee_BaT
— PGS BOOST i AU o Q__Costog 1 || 2 H0uF 10V XSR ||
VCC_SYS 5 R g SV/2A = ||~ Coso3 L
3108 2 1_Z2uF G 1.0uH - |5 5
10V %5l IND_404020 4 BidcRest
CO80S - | BOOST_GMNDS EXT_TS2 [ Vs baT230
= SNSP Li_a.7v
| 1 Jg] BOaT1 U TS =
3100 2 || 1 100nF X5R6.3V  PMIC_PWRON 717 BOoTo_U QR VLD st | ey pmmmmpm————
[ Cod0z FWRON SNEN i 1 v
SW23002QFNEB_7ROOK7RO0KORE0_T 1
POWER '
SW. 041 |
o e ! :
4 ]
; i y | | e ! VCC_SYS
. SCS751V-40 1 3 i, 4= 2 . ;!
& son_azm ) 5 e, i Close to RK818 : TN el : )

Figure 4-64 RK818-3 Charging Path
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® 4.4.4.2 RK808-D Charging Circuit

In RK808-D power solution, it uses BQ25700 charge IC with power- path management, which supports
multi-cell battery charging.The input voltage is 5V-20V, and supports reverse discharge, which meet with

the TYPE-C PD standard.

e,
e

."_;E_He'?.
"_.
EEEED

T
e e 2o
.

(= s
wgLeeg

Figure 4-65 RK808-D Charging Solution

The ACN/ACP and SRP/SRN current sampling signal must be connected to the respective 0.01ohm
sampling resistor according to the differential pairs rule,no impedance requirements.But they must be
placed close to the resistor pads to ensure the sampling accuracy.lt is necessary to increase vias number
near the GND pin of NMOS to improve the DC-DC conversion efficiency.

WELE_TYPEC

1oaro

DHRETFPIRS BN

4ER |
20019

006U
0014

S3G\D

K J0J4 8JOCD

Figure 4-66 RK808-D Charging Circuit Layout
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4.4.5 Remote Feedback Compensation Design

The DCDC may be placed for some distance away from RK3399, so it usually uses far end sampling voltage
to compensate for traces loss. It generally the current is greater than 1A will use this method, such as
vVDD_GPU, VDD_CPU_B, VDD_CPU_L, VDD_CENTER and so on.

As shown in Figure 4-47 and Figure 4-48.The VDD_CPU_L of VFB2 should feedback from near RK3399,
and use the accompanying traces.

DC-DC

Vb

Vout]

VCC3V3_SYS
VDD_CPU_L | ©21271 || 2 22uF o 23
o Fcosas 1 [xer 1o 24| YOC14 pepc2
- L21006 1uH 6.8A 25 SWe Buck?2
X 021025‘_ C21026 i 26 SWa 5h
22uF 22uF IND323015 .|| A 27 GND? 0.7v-1.5v
——C0805 C0805 28
X5R X5R 1 2vDD_CPU_29 | GND2
2 ! VFB2
v 10V R21016 “ 100R
: ? R0402 5% \i Kirmd
Figure 4-67 PMIC Feedback Design
L - Power Coupper . 50C
T 100R L

Figure 4-68 DC-DC Feedback Design

Figure 4-69 PMIC Feedback Traces
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Chapter5 Thermal Design

5.1 Thermal Simulation

In this report, we present the thermal characteristic for RK3399 828-pin EHS-FCBGA mounted on 8 PCB and
JEDEC PCB using the Finite Element Modeling (FEM) method. The 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 be analyzed according to the application conditions.

A Notes:

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.

5.1.1 Result Summaries

Thermal simulation report shown as Table 5-1; it could be easy to get conclusion that EVB thermal
resistance coefficient is better than JEDEC.

Table 5- 1 RK3399 Thermal Simulation Report

Package o 5 5
(EHS-FCBGA) Power(W) Bfr!'[ Eﬂ'ﬂ BjE'l: E.'H“Ir} lef."[: E.'Hm
JEDEC PCB 6.25 11.9 7.5 0.38
Customer PCB 6.25 9.8 5.3 0.38

5.1.2 PCB Description

The PCB description for thermal simulation is shown as Table 5-2.

Table 5-2 RK3399 PCB Description

PCB Dimension (L x W) 101.6 x 114.3 mm
JEDEC PCB PCB Thickness 1.6mm
Number of Cu L 8-layers
umber ot Lu Layer L1/L6-0.045mm, L2~L5-0.035mm
PCB Dimension (L x W) 130 x 115mm
Customer PCB PCB Thickness 1.6mm
Number of Cu L 8-layers
umber ot Lu Layer L1/L6-0.030mm, L2~L5-0.017mm
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5.1.3 Terminology

The terminology in this chapter is explained as following:
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 power input

The thermal parameter can be define as following

1. Junction to ambient thermal resistance, 014, defined as:

7;-T
Bri= JP = 1 (1)

Thermal Dissipation of EHS-FCBGA

Figure 5-1 6JA

2. Juncrion to case thermal resistance, G, defined as:

I;-T
Orc = JP < 3 (2)

Attach a block with constant

femperature onto package.

Figure 5-2 6JC

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

T;-T
O = JP £ (3)

S

Attach a block with constanf =
temperature

Figure 5-3 Ojb
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5.2 Universal Heat Dissipation Method

RK3399 maximum power will reach 6.5W, the good heat dissipation on the RK3399 product is particularly
important for performance improvement, system stability and product safety.

5.2.1 Common Way of Heat Dissipation

As we all know, any place where the temperature difference exist, there will be heat transfer, the heat will be
transferred from the high temperature part to the low temperature part until reach the same temperature. The
conduction process of heat can be divided into steady-state process (the temperature does not change with
time) and unsteady process (the temperature changes with time). The heat conduction is common in the
following three ways.

® 5.2.1.1 Conduction

There is no relative displacement between the parts of the object, relying micro-particles thermal
movement to generate the heat conduction, such as molecules, atoms, free atoms and so on. Such as the
movement of the heat inside the object from the high temperature part to the low temperature part.

® 5.2.1.2 Convection

Fluid (including the liquid and the gas) is in the process of flowing, the phenomenon of heat conduction
which from the higher temperature to the lower temperature. Convection is divided into forced convection
and free convection. The former is the movement of the fluid in the external power driven, such as pump,
fan, pressure and so on; the latter is the movement of the fluid under the action of buoyancy, due to the
inhomogeneity of the density induced by the uneven temperature distribution.

® 5.2.1.3 Radiation
Objects via electromagnetic waves to conduct energy, do not need the material as a medium.

5.2.2 System Common Heat Dissipation Method

Common heat dissipation methods are active cooling and passive cooling two ways.

Active Cooling: that is, use the external equipment to force cooling the heat away from the heat sink away,
such as fans, etc.; its advantages are high cooling efficiency, small size; the disadvantage is the introduction of
noise and power consumption. This method is generally used for the relatively large heat generated by the
device, such as PC.

Active Cooling: That is, via the heat sink to increase the surface area of the CPU, to speed up the heat
transfer and convection; from the cooling effect point of view, the passive cooling is not better than the active
cooling. But In the case of heat is not great, basically can take this way of cooling, the advantage is low cost,
reduce noise, no power supply, energy conservation.

5.2.3 Heat Dissipation Design

In RK3399 products, RK3399 is the part which generates largest heat, all heat dissipation methods is mainly
for the chip. In addition to RK3399, the other major heat sources are: PMIC, charging IC, backlight IC and
inductance. Please note that the heat source should be placed disperse, do not pile up together.

The high-current power supply traces (such as DC input traces, the battery to the PMU power traces) also
affect the whole product heat; the power trace should be as short and wide as possible.

For the shell product which both ends are plastic and middle is metal, please note that the main heat source
must be placed in the bottom of the shell metal part in layout, away from the RF and GPS modules.

® 5.2.3.1 PCB Heat Dissipation

The following three ways to enhance heat dissipation:
B Place vias on PAD of heating parts.
B Has a continuous copper on the PCB surface.
B Increase the copper thickness.

® 5.2.3.2 Structural Heat Dissipation

Structural thermal dissipation can be used for actively cooling, that is, add the heat sink. According
to the heat radiation diffusion characteristics, CPU use the heat sink, the best way is heat source as
the center, the use of square or circular heat sink, make sure to avoid the long strip of heat sink.

Commonly used heat sink:
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B According to the material distinguish: Aluminum alloy, copper alloy, aluminum-copper alloy,
thermal grease, graphite, nano-carbon, ceramics and so on.

B According to the process distinguish: aluminum extrusion process, casting process, mechanical
pressing process, cutting process.

The thermal conductivity of each material is different, current commonly used the cooling material is
generally copper and aluminum alloy; copper heat dissipation is good, but the price is more expensive,
pure aluminum is too soft, can not be used directly, so generally use aluminum alloy, Low price, light
weight, but the thermal conductivity is much worse than the copper; based on low cost to consider the
selection of aluminum alloy material heat sink. Refer to the following recommendations for the selection of
the heatsink process type:

B Extruded fins are better than cast aluminum fins. Cast aluminum heat sinks in the proportion of
aluminum metal 25-30%, the other for the carbon and other metals alloy. The proportion of metal
aluminum in the extruded heat sink is 70% to 80%, and the other is alloy of carbon and other metals.
So aluminum extrusion heat sink high purity, thermal conductivity, density, low price.

B In natural cooling conditions, the black aluminum heat sink cooling effect is 3 to 8% better than
the silver-white; this is because the black heat radiation effect is stronger than the white.

B The surface treatment of the heat sink has electrophoretic paint or black oxygen polarization
treatment, the purpose is to improve the cooling efficiency and insulation properties. In the natural
cooling can be increased by 10-15%, in the ventilation cooling can be increased by 3%,
electrophoretic paint can withstand pressure 500-800V.

B Heat sink manufacturers will give different types of heat sink thermal resistance or give the
relevant curve, and given different heat dissipate condition with different thermal resistance.

5.2.4 Heat Sink Size Calculation

The structure of aluminum extrusion heat sink is shown as Figure 5-4.

THERMAL RESISTAMCE
— Ta: aMBIENT TEMPERATURE

1 Osa.  HEATSINK
HEATSIMNK
TIM _— Q&ﬁ TIM

TC: cASE TEMPERATURE

D

DEVICE Blic  JUNCTIONTO CASE

FCB
TJ: suncTION TEMPERATURE

Figure 5-4 Heatsink Structure
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Formula 1:
R=1/hA
Variable descriptions:
A: Heatsink area
h: Heat conduction coefficient (related with the heat sink material, thickness, density, temperature,
wind speed and other parameters)
From the above formula, the larger the heat sink area is, the smaller the thermal resistance is, and the
following empirical data are obtained:
2mm thickness of aluminum heat sink, surface area (square centimeters) and thermal resistance ('C / W) of
the corresponding relationship is as follows:
® 500 cm? correspond to 2.0°C/W
® 250 cm? correspond to 2.9°C/W
® 100 cm? correspond to 4.0°C/W
® 50 cm? correspond to 5.2°C/W
® 25 cm? correspond to 6.5°C/W
Formula 2:
Q=Tj-Ta/ (Bsa+Bcs+6jc)
According to the formula 2 can be deduced the chip heat sink required thermal resistance formula 3:
Bsa=(Tj-Ta)/Q-(Bcs+6jc)
Variable descriptions:
Tj: Maximum working junction temperature (125C)
Ta: Maximum working ambient temperature (55°C)
Q: RK3399 power sonsumption (6.5W)
Bsa: Heat sink thermal resistance (need to consider the ambient wind speed)
Bcs: Thermal resistance of the thermally conductive medium TIM (thermal interface material ) (0.11 °
C/W,k=2W/mC 100 ym thickness)
Bjc: SOC package thermal resistance (8 layers JEDEC PCB board 0.38 ‘C / W)
The above formula 3 to get the heat sink thermal resistance requirements, and then compare the thermal
resistance data of the heat sink, you can get the required heat sink heat dissipation area.
For example: in the ambient temperature of 55 C, the product temperature rise 15 ‘C, use a thermal
resistance of 0.11 C / W thermal adhesive, the heat sink size which is wanted, available from the formula 3:
Bsa =(125-55-15) /6.5-(0.38+0.11)=7.8(°C/W)
The results: It needs to choose more than 25 cm? cooling area of heat sink to meet the conditions.

A Notes:

The above is the ideal calculation, the actual situation in accordance to the use environment, the coverage of
thermal paste, eftc., the results will be different.Different heat sink type area and thermal resistance of the
corresponding relationship will be very different, need to consult the corresponding heat sink manufacturers.
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5.3 System Temperature Control

5.3.1 Temperature Control Strategy

In the Linux kernel, the definition of a set of temperature control framework linux Generic Thermal System
Drivers, it can control the temperature of the system through different strategies, current commonly used in are
the following three strategies:

® Power-allocator: Introduce PID (proportional - integral - derivative) control, according to the current
temperature, dynamically assigned to the module power, and power converted to frequency, so as to
achieve the effect of limiting the frequency according to the temperature.

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

® Userspace: Do not limit the frequency.

RK3399 built-in T-sensor to detect the chip temperature, the default use of Power-allocator strategy, the

working state of the following circumstances:

® When the temperature exceeds the set value:
B The temperature trend rises, then to set down frequency.
B The temperature trend drops, then to rise up frequency.

® \When the temperature drops to the set value:
B The temperature trend rises and the frequency does not change.
B The temperature trend drops and then to rise up frequency.

® When the frequency rises to the highest, the temperature is below the set value, CPU frequency is no
longer limited by thermal control, and CPU frequency enters the system load frequency modulation.

® 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; when can not restart due to deadlock or other
cause,leading to the chip temperature more than 100 C, it will trigger the chip internal OTP_OUT
signal to PMIC direct shutdown. Refer to Section 3.2.5.1 for specific actions.

)

A Notes:

The temperature trend is obtained by comparing the two temperatures which collected the before and the
next. When the device temperature does not exceed the threshold, the temperature is collected every |
seconds; when the device temperature exceeds the threshold, the temperature is collected every 20ms and
limit the frequency.

5.3.2 Temperature Control Configure

RK3399 SDK can respectively provide temperature control strategy for Little-CPU A53, Big-CPU A72 and
GPU, the specific configuration, please refer to our "Rockchip Thermal Development Guide”.
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Chapter6 ESD/EMI Protection Design

6.1 Overview

The chapter gives recommendations for ESD / EMI protection design in the RK3399 product design to
help customers improve the antistatic and electromagnetic interference levels of their products.

6.2 Terminology

The terminology in this chapter is explained as follows:

ESD:Electro-Static discharge
EMI:Electromagnetic Interference

6.3ESD Protection

To ensure a reasonable mold design; port and connector parts need to be reserved ESD devices.

In the PCB layout should do a good job in the protection of sensitive parts, isolation.

In PCB layout try to place RK3399 and the core components on 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
2MM above, and to ensure that the shield can be reliably grounded.

It should be layout according to the function module and the signal flow, the sensitive part should be
independent, the parts which are easy to be interfered should be isolated.

A reasonable placement of ESD parts is required, the general requirements is placed on the source,
that is, ESD devices placed in the interface or the electrostatic discharge position.

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

The PCB surface must have a good GND loop; the connector in the surface must have a better GND
connection loop. The shield should be connected with the surface GND, and in the position of the
shield cover welding need to added more vias to GND. To do this, there is no any traces can be
placed in the surface, and do not appear the copper trace cut off a wide range.

The PCB surface edge should has a GND ring.

When it is necessary, do a good isolation between the signal and the ground.

More exposed copper, in order to strengthen the electrostatic discharge effect, or to add conductive
cotton and other remedial measures.

6.4EMI Protection

There are three elements of electromagnetic interference: interference source, coupled channel and
sensitive equipment. We can not handle sensitive equipment; can only deal with EMI by 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 to
avoid the antenna effect.

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

The commonly used to deal with EMI is shielding materials, special 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 (the general single-ended signal
interface is high impedance, such as SDIO, RBG, CIF, etc.), then select the capacitive filter device
into the trace; if the load is low impedance (such as power output interface), then select the inductive
filter part into the trace. The use of the filter can not make the signal quality beyond its SI permissible
range. Differential interfaces typically use common mode inductors to suppress EMI.

The PCB shielding measures to be a good grounding, or may cause radiation leakage or shielding
measures to form the antenna effect, the connector shield needs to meet the relevant technical
standards.

RK3399 can be used spread spectrum function by modules. The degree of the spread spectrum
depends on signal requirements of the relevant part. See RK3399 spread spectrum description for
specific measures.

EMI and ESD have a high degree of consistency on the requirements of LAYOUT, the layout request
of ESD, most applicable for EMI protection. Also add the following requirements:

B Ensure signal integrity as much as possible.
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The differential signal to do the same length and tight coupling to ensure that the differential
signal symmetry; and minimize the differential signal and the clock dislocation, to avoid EMI
caused by the common mode signal.

Use plug-in electrolytic capacitors and other components with metal shell devices, should avoid
the coupling interference signal to produce radiation. Also need to avoid the interference signal
from the housing coupling to the other signal.
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Chapter7 Welding Process

7.1 Overview

RK3399 for the ROHS directive certification products, that is, Lead-free products. This chapter regulates the
basic settings of the temperature of the client when using the RK3399 SMT. It mainly introduces the process
control of the customer when using re-flow soldering for RK3399; mainly lead-free process and mixed process.

7.2Terminology

The terminology in this chapter is explained as follows:

Lead-free: Lead-free process.

Pb-free: Lead-free process; all parts (motherboard, all IC, resistance capacitors, etc.) are lead-free
parts, and the use of lead-free solder paste pure lead-free process.

Reflow profile: Reflow soldering temperature curve.

ROHS: Restriction of Hazardous Substances.

SMT: Surface Mount Technology.

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

7.3Solder Re-flow Requirements

7.3.1 Solder Paste Composition Requirements

Solder alloy and flux specific gravity of 90%: 10%; volume ratio: 50%: 50%, solder paste refrigerate
temperature is 2 ~ 10 C, should be used after the temperature restore to room temperature, the restore
temperature time is 3 ~ 4 hours and make a good time recording.

7.3.2 SMT Re-flow Profile

As the RK3399 and other IC are environmentally friendly materials, it is recommended to use Pb-Free
process. The reflow profile below is only recommended by the JEDEC J-STD-020D process, the user needs to
adjust according to the actual production situation.

Profile Feature Sn-Pb Eutectic Assembly Pb-Free Assembly

Preheat & Soak
Temperature min (T ) 100 °C 150 °C
Temperature max (T .. 150 °C 200 °C
Time (T, min 10 Tama) (L) 60-120 seconds 60-120 seconds
AVERage. IRmp-Up ot 3 *C/second max. 3 *C/second max.
(Tamax 12 T,)
Liquidous temperature (T, ) 183 °C 217 °C
Time at liquidous (1) 60-150 seconds 60-150 seconds
Peak package body temperature (T )" See classification temp in Table 4.1 See classification temp in Table 4.2
Time (t,)** within 5 °C of the specified . .
u:lassiﬁgatlon ternperature (T.) 20 saconds 30°* geconds
Average ramp-down rate (T, to T_....} 6 "Clsecond max. 6 “C/second 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 termperature (1) is defined as a supplier minimum and a user maximum.

Figure 7- 1 Reflow Profile Classification

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 7-2 Lead-free Process Device Package Heat-resistant Standard
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Figure 7- 3 Pb-free Reflow Profile
7.3.3 SMT Recommended Reflow Profile
RK recommended SMT curve is shown in Figure 7-4:
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° Cf 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.t6°215°C):
0.35 -0.75°C/sec,

Peak Temp Range,
and Time Above >217°C spec’s met.

PCBand/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 7-4 Pb-free Reflow Profile Parameter
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Chapter8 Packaging and Storage Conditions

8.1 0verview

The chapter provides of the RK3399 storage and use norms to ensure that the product is safe and correctly
used.

8.2Terminology

The terminology in this chapter is explained as follows:
® Desiccant: A material used to adsorb moisture.
® Floor life: The product allows the longest time in the environment, from unpacking the moisture barrier
bag to SMT.
® HIC: Humidity Indicator Card.
® MSL: Moisture Sensitivity Level.
® MBB: Moisture Barrier Bag

8.3Dry Vacuum Packaging

The dry vacuum packaging material of the product is as follows:
® Desiccant.
® HIC.
® MMB, aluminum foil, silver opaque, with a wet-sensitive grade logo.

Figure 8-1 RK3399 Dry Vacuum Packaging

Figure 8-2 Humidity Indicator Card
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8.4Product Storage
8.4.1 Storage Environment

Product is vacuum packaged, environment temperature < 30 ‘C and relative humidity 60% RH.

8.4.2 Shell Life

In the temperature = 40 °‘C and relative humidity <90%, up to 12 months.

8.4.3 Exposure Time

Under ambient conditions <30 ° C and relative humidity 60%, please refer to Table 8-1 below.
RK3399 MSL is grade 3, very sensitive to humidity. If you do not use after the unpacking for a long time, and
in SMT without baked, will be likely to appear chip failure.

Table 8- 1 Moisture Sensitivity Level (MSL)

Exposure Time

MSL Factory environmental conditions: =30 C /60 %RH

Unlimited at <300 C/85 % RH

1 year

4 weeks

[

168 hours

72 hours

48 hours

24 hours

W)

ONARWININ|I—

Mandatory bake before use, must be reflowed within the time limit specified on the label.

8.5Moisture Sensitive Parts use method

The RK3399 must be baked in the following cases:
® Humidity indicator card at 23 + 5 C,> 10% of the points have been discolored. (Please refer to
the humidity indicator card for color change).
® continuous or cumulative exposure time of more than 72 hours in the factory environment =
30 °C /1 60% RH, or not stored in the <10% RH environment.
RK3399 after unpacking the time to re-baking please refer to the following table 8-2, 125 °C to be 9 hours,
90 °C to be 33 hours. So please use immediately after unpacking, if placed in the air for more than 72 hours,
please bake and then use.

Table 8-2 RK3399 Re-bake Reference

High Temp Bake @125°C Medium Temp Bake Low Temp Bake @40°C

Package +10/-0°C @90°C+8/-0C +5/-0°C
Body MSL | Exceeding | Exceeding | Exceeding | Exceeding | Exceeding | Exceeding
Floor Life Floor Life by | Floor Life Floor Life Floor Life | Floor Life

by > 72h <72h by > 72h by < 72h by > 72h by £72h
Thickness = 3 Bake 9 Bake 7 Bake 33 Bake 23 Bake 13 Bake 9
1.6mm hours hours hours hours days days

A Notes:

The table shows the minimum baking time required after damp.
Re-bake the preferred low-temperature baking.
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