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Key feature

<+* Win0/1 feature

- Support
- Support
- Support
- Support
- Support
- Support

- Support

rgb565/888,argb8888,yuv420/422/444.
vitual display,max solution in(4k),out(4k)
1/8 ~ 1 scaling down(bilinear,average)

1 ~ 8 scaling up(bicubic,biliner)
alpha,color key

x/y mirror

csc (bt2020 <-> bt 601/709)

» Win2/3 feature

- Support
- Support
- Support
- Support
- Support

rgb565/888,argh8888

vitual display,max solution in(2k),out(2k)
alpha,color key

x/y mirror

csc (bt2020 <-> bt 601/709)

++ Hwc feature

- Support rgh565/888,argh8388

- Support alpha,color key

- Support limit size:32x32,64x64,96x96,128x128
- Support 4 display regions

4



5,2 [H] f)csc
- yuv2rgb:
mpeg: limit range yuv(y: [16, 235], uv:[16, 239]) to rgb[0, 255]
jpeg: full range yuv[0, 255] to rgb[0, 255]
hd: full range yuv[0, 255] to rgb[0, 255]
bt2020: limit range yuv to limit range rgb(64, 960)
- rgb2yuv:
only support full range rgb to limit range yuv

< AR csc
- Y HEbt2020 <---> bt601/bt709 [A] [1t) 5 #i
- N4 B
XA Flcase HIACHE, AT BE PRI VR AR TR 2 7 i 25 A [R] 14 35k 2% ]




HDR10
Dolby Vision
HLG
HDR10+
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HDR Display 57 &

- HDR Bypass & SDR2HDR

463 FFHDRAO[ F 40 | 4B HDRAORIMLA, 44#F3 273 I metadata
> 3ok hmi 4322 A




HDR Display 57 &

- HDR2SDR
£ SDRFAE L% IHDR 1044, VOP{#{HDR2SDR




HDR Display 57 &

- HLG Y 3
EIﬁHLGEIﬁOETFEHa@ﬁnSDRHﬁBT18863@% , P AAEFE T HLGAY At

a. %%JDS'Z%HLG HLGHI 4libypass;
b. B SZFFHDR10: ¥HLGHL iE i SDR2HDR# it HDR 104141 ;

c. MMASLFFHDR: FHLGHL 1% SDRALAAL 3 ;
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“»post scale

< CABC

< BCSH

2* Dither down

< GAMMA

+* Write back

post process
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VOP architecture

vop full

|
|
reg_bit_map lede_cru | lcdc_mem_wrapper

| post_dsp_prs -

backlight
LED

driver

P _OUT

X
LED
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1920*1200@75hz mipi5F

B F: hfp: 20
hsync: 50
hbp: 100
hactive: 1920
pr: 20
vsync: 50
vbp: 100
vactive: 1200

KA : (20+50+100+1920) * (20+50+100+1200) *
75hz *3 * 8bit *1.1 / 4lane= 1.42Gbps #Zirdphy v1.1 7 H]
SE 111.5Gbps )y B PR il




4096x2160@60hz hdmi

htotal: 88+88+128+4096=4400
viotal: 8+10+72+2160 =2250

7 0,

: 4400 * 2250 * 60hz *3 * 10bit = 17.8Gbps$zix

DMI 2.081 5& 1) & Ay T R il . 18Gbps
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MIPI (#3117 AbFEESE: ) /ZMobile Industry Processor Interface
465 . MIPIEREE A& i % 20 N FH AL 25 1) € 1 T80

MIPIERBH 220034 HHARM, Nokia, TIZE A5 o — N, B2
FEFHLAN SR D5 k. BonEREe O B3 8 D SR iEAL




* MIPTERERA R EZRE W TEHAMMAMATE:
Camera T{E4H
» CSI-2(Camera Serial Interface 2) ~>CST-3
Display T{FZH
« DSI(Display Serial Interface)
- DCS(Display Command Set)
- DPI(Display Pixel Interface)
DigRF L{E4H
Device Descriptor Block T4EZH
mEE BN TEA
« HSTI 1.0
M ET/EH
 DPHY
 CPHY
 MPHY




MIPI DSI

MIPI DSI F1IVOPX [a] [f) 3%

&

{1

I
i
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Flash

RAM

FMC

o) [+ Jod

DSI
host

4 to 6 pins

- 1 clock lane

- Up to 4 data lanes

- 80 Mbit/s up to:. sGbit's




Application Processor Peripheral

Pixel to Byle Packing Formals

Application Application DCS S pEC

Command Generation / interpredation
Data Comtrod Dt Conirol
1 S Z

< L 8bits | di B hils
Cata Canino Packet Based Protoool (hata Gomirol
Low Level Protocal ECC and Checksum Generation and Low Level Pretocol

Te=sting
Dala Canino C-oning

AT | 7T oom ~ DSl spec

. |

Lane Distribution and Merging

Lane Management Lane Management

dpmet)xsoed [ [ ] Ghmnenxs il |

Uala Lonira Start of Packet / End of Packel Uala LAy
Seralizer | Desedaliper

PHY Layer el st (DO PHY Layer = D-PHY spec

Elecirical Laver (SLVS)

High Speed Unadirectional Clock f

Lane 0 = High Speed Data [Dl:?illl.'.ﬂ'lﬁlhr Bidirechonal in LP Mode)

Lane N - High Speed Unidirecbional Data




Application =

< Pixel to Byte Packing

EIZ9LLP(Low Level Protocol) ER— 1 HEIAFHRY , EFTERIMN |
FRLAFELLP Z B/ T 15895 T 6.

_ Type

Loosely Packed Pixel Stream, 20-bit YCbCr, 4:2:2 Format 0x0C YUV422 8-bit Ox1E
Packed Pixel Stream, 24-bit YCbCr, 4:2:2 Format 0x1C RGB444 0x20
Packed Pixel Stream, 16-bit YCbCr, 4:2:2 Format 0x2C RGB555 0x21

Packed Pixel Stream, 30-bit RGB, 10-10-10 Format 0x0D RGB565 0x22
. . raw8 Ox2A

Packed Pixel Stream, 36-bit RGB, 12-12-12 Format 0x1D
- - raw10 0x2B
Packed Pixel Stream, 12-bit YCbCr, 4:2:0 Format 0x3D UserdeﬁnedbyK%base[kﬂaUﬂﬁDPD\ 0x30-
Packed Pixel Stream, 16-bit RGB, 5-6-5 Format OxOE JPEG4E) 0x37
Packed Pixel Stream, 18-bit RGB, 6-6-6 Format Ox1E
Loosely Packed Pixel Stream, 18-bit RGB, 6-6-6 Format Ox2E

Packed Pixel Stream, 24-bit RGB, 8-8-8 Format Ox3E

#lgn - XFRAW0,844 pixeldE# /951 byte FTEEINAUT :

DO[9:2] D1[9:2] D2[9: 2] D2[1: 0] | D1[1: 0] | DO[1: 0]
Rackchip

Tt e T




Application =

Figure 42. Packed pixel stream, 16-bit format, data type (Ox0E)

., 1 byte , 2 bytes . 1 byte , 1byte , 1byte , , 1byte ,1byte , 2 bytes
¢ i e e e h—iie pi

10 7i0 150 70 ; ; 10 7:0
o 5 : '

Word count

V. channel

Checksum

Packet header i Variable size playload

b
i
4
4
. 2
& ]

Figure 45. Packed pixel stream, 24-bit format, data type = (0x3E) ’

. 1byte 2 bytes ,1byte 1byte 1byte 1 byte . 1byte 1byte 1byte  2bytes
i 7io 150 70 7i0  7io ' : ;

7:
05 e B

0 : : : 15

Packet header Variable size playload Checksum

i
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Application &

<+ DCS(Display Command Set)

DCSHSIRE : DCSHATHANIRER : FIF S SRS,
NS EOX00EOXAFHIYRES

power on panelZ2/VE XL 254 ¢

- exit sleep mode: 0x11

- display on: 0x29

power off panelZ/DEKLIT2HESDS -
- enter sleep mode: 0x10

- display off: 0x28

mipi_DCS_specification_v1-2a.pdf




Low Level Protocol &2

“» LLP(Low Level Protocol)=E2— HRE=ZTR

EI’JTJJ\% B EEA/\RZ JSL.:, %ﬂﬂ@mﬁ@w
= EOT-LPS-SOTR4I[EFF

b | (50 SP] (=5 &PE
Separate Transmissions

KEY:

LPS = Low Power State
50T = Start of Transmission
EoT = End of Transmission

w o

Single Transmission

SFP = Short Packet
LgF - Long Packet

Figure 10 HS Transmission Examples with EoTp disabled
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Low Level Protocol &2

OATA IDENTIFIER (D4}
Cortains tha Virtugsl Channal Indendifiar and the Oata Typa information

Data Type denates the formabcontent of the Application specific payload data
Used by the Appicaion layer

PACKET DATA:
Length &= fxed Bt twn bytes
There are no valee resirictions on data words

B-hit Error Correction Code (ECC) for the Packet Hoader:
Bhit ECT for the Packet Header

Allows one-bit errors within the Packet Header to be comected
and bwo-bit arrors o be datected

W

PACKET
HEADER

PH)
Figure 14 Short Packet Structure

Generic short write Generic short write Generic short write
0 parameter 1 parameter 2 parameters

Parameter

Parameter 1
Parameter 2

DatalD Datal0 Datal ECC DatalD Data0 Datal DatalD Data0 Datal ECC

MEw441321

29 Rackchip
TR T




Low Level Protocol &2

DATA IDENTIFIER ([@1):
Containg Vintual Channel identifier and Data Typa information
Dizta Typa denatae the format and cenlent of application-specific payload data

1 6-bit WORD COUNT {(WC):

The Ward Count conveys how many words (bytes) are in packet payload
Thia recedver uses WC to determine the packet and (after Payload + Checksum)

&-hit Error Correction Code (ECC) for the Packet Header:
8.bit ECC for the Packet Header, protects up to 8 bytes in header
Enables one-hit errars in Packet Header {0 be corrected and twebit ermors to be detected

APPLICATION SPECIFIC PAYLOAD CHECKSUM(CS)
M

16-bit
Checksum

Word Count
(wc)

Data WC-2

Data WC-1

L
32bit
PACKET
HEADER
FH)

. 1byte 2 bytes . 1byte

e L]

,1byte 1byte 1byte  2bytes
) 7i0 15i0 7io : ) : 7i '
0 5

V. channel

Packet header Checksum

Bt

30 Rackchip
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Lane Management =

Byt 5

Byte 4

Byte Stream

(Conceptual) Byt 3

Byte 2

Byte 1

Byte 0

v

Single Lane Link

Lane Distribution Function

. v v

Byte 4

Byta 0

v

SarDes I

Lare 2

single Lane Link Four Lane Link

Figure 5 Lane Distributor Conceptual Overview

Four Lane Link

e,

SerDes |

| SerDes |

'

v

v

Byta 5

Byte &

Byte 1

Byte 2

v

v

Lane Marging Function

Byle Stream
{Conceptual)

!

Byta §

Byle 4

Byta 3

Byta 2

Byte 1

Byla 0

Figure 6 Lane Merger Conceptual Overview

Rackchip

mREF




Lane Management =

o NCHTERR I 1 5

- Number of Bytes, N, transmitted is an integer multiple of the number of lanes:
All Data Lanes finish at the same time
- Agp—— -\ : P

/

:/-

( Byte M5 X Byte N3 X E'.l‘t:N-"J X EoT }

Number of Bytes, N,Etrnnmnirr.ed s NOT an integer multiple of the number of lanes:

Data Lane 0 finishes 1 b‘y'te latarthan Dﬂta Lane 1 /-

.r"

.-"': !
'r i ¥

{ Byte M4 KEI;.-IH N2 X EaT }

LF"E- Low Power State SaoT — Start of Transmission EaT —End of Transmission

Figure 8 Two Lane HS Transmission Example




v B TIEHEEES T, WA/ AR, SFSUH

EaEz
+ LP ( Low-Power) #&Ez{, : B HEMEHIEE , &=EE 10 MHz
« HS ( High-Speed ) 2% : HFE&EEHivideozigzCommand
Lanelkzs
- LP mode & 4 #R7Z : LPOO, LPO1 (0) . LP10 (1) . LP11

(Dp. Dn)
« HS modeﬁZ%Wﬁ?ﬁS: HS-0, HS-1
LaneFB /% ( EFY )
- LP: 1.2V

« HS: 100 ~ 300mV , HS common level = 200mV , swing =
200 myv




< High Speed Data TransmissionH] /7 :

Dp/Dn

—T px—

!
“WIH{min}

N

#THsPREFAREH*— THSZERO—**+—— THS.SYNC—*

Disconnect
Terminator \ /7/‘ !

“VIL{max)

MrerpenMaxy--4

LP-11

R

TD—TE RM-EMN —*

LP-01

-

—THsseETTLE—*

Capture
1°T Data Bit

7 ——— /-
N f— 71

Y
e

i
"Tﬁmrﬁ

‘—TH%K,F—-% LP-11§

Teor

Figure 14 High-Speed Data Transmission in Bursts

—THs TRAIL—*

“'_THS_EXIT_H:




Application Processor Peripheral

Pixel to Byle Packing Formals

Application Application DCS S pEC

Command Generation / interpredation
Data Comtrod Dt Conirol
1 S Z

< L 8bits | di B hils
Cata Canino Packet Based Protoool (hata Gomirol
Low Level Protocal ECC and Checksum Generation and Low Level Pretocol

Te=sting
Dala Canino C-oning

AT | 7T oom ~ DSl spec

. |

Lane Distribution and Merging

Lane Management Lane Management

dpmet)xsoed [ [ ] Ghmnenxs il |

Uala Lonira Start of Packet / End of Packel Uala LAy
Seralizer | Desedaliper

PHY Layer el st (DO PHY Layer = D-PHY spec

Elecirical Laver (SLVS)

High Speed Unadirectional Clock f

Lane 0 = High Speed Data [Dl:?illl.'.ﬂ'lﬁlhr Bidirechonal in LP Mode)

Lane N - High Speed Unidirecbional Data




RK1808 MIPI

DSI RX
C51 RX
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RK1808

DPHY !:

TF

CSITX ‘

1

VOP RAW ‘

K1808-2 { }

DPHY

e e

_ar
CSI TX

VOP RAW

%\
\
/

ar

4

} J DPHY

CSI RX

< T Resoss 4 [

CIF

Bl

AP

CSITX

VOP RAW

N
/1

g
i

DDR

\

DPHY

DPHY
=i

CSI RX

CSITX

. { ;RK1808—4

el =

VOP RAW

L
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RK1808 MIPI Z&E:

‘ RK1808-1 RK1808-2

=i

VOPO

RK3399 { RK1808-3 RK1808-4
HDMI

[

HDMIPHY |

| N | I | [ | \ )
_% csim [} opHY [T - = Y 51X L

=

1
CSITX

RK1808-1 4\ C RK1808-2 RK1808-3 RK1808-4
CIF VOP RAW

<L  qp

Rockchip
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- RGB

- MCU

- LVDS

- eDP/DP
- HDMI

- CVBS/AV

- VGA

- DVI

- o E A
. S video




- pRGB: 7 L1142 125145 RGB888/RGB666/RGB565, —4°
dclk cycle \\—>pixel.

. SRGB: % ILI{#: 112547 sRGB 3*8bit/sRGB 3*8bit+dummy
sRGB 3*8bit: 3~"DCLK cycle /1% —“~pixel
sRGB 3*8bit+dummy: 4/~dclk cycle & i%—“-pixel.

BEOkR ‘ EHlE5%
RGB888 | R[7, 0], G[7, 0], B[7, 0] DCLK/HSYNC/VSYNC/DEN
RGB666 | R[5, 0], G[5, 0], B[S, 0] DCLK/HSYNC/VSYNC/DEN
RGB565 | R[4, 0], G[5, 0], B[4, 0] DCLK/HSYNC/VSYNC/DEN
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- FE4y: i8080F1m6E800 T Fh b v

- BHE 26 1132 1 2R AR GB 5 3 — 2, A 8bit/16bit/18bit/24bit .
- ¥E1{E 5 Mdclk/hsync/vsync/denZZ ik T dclk/cs/wr

- meubt L H— 1"RAMZZ 17

MCU LCD interface timing (iB0B0)

MO FIX TOTAL __MCY PIX YOTAI
MU OS5 PEND *T e L% PLEMD =

i""'
ML CS PST L QIO S PST .

I ﬁ W piniE

SECL TIX TO 1|I MX TONT AL

E":l'lt".'u PEMD [Tl |-:'. P

- --l—l--,
BT t'.'-lﬂ-.i {81 kW s
- - |

L L LT

(|

Fig. 9-19 RK281x LCDC MCU LCD.nterface output timing

Rackchip
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- 19944F (36 [ [ K 2 FAR A B R B B — R E S A&, 2 —Fh P
P

- R B W B b UE 2) vesabs HE Flljeidabs i ;

- ARIE F AR 20 X4 N 18bit/24bit/30bit = .

- AR A ) N IR IELVDS M XA IELVDS:

- RIS S hRES HLVDSHisubLVDS, subLVDSZLVDS%k &, ml Ll T

PRI L T, DB

Parameter subLVDS
Vemlo 0.8v
Vem 0.9v
Vemhi . 1.0v




8hit LV DS input

%:Tclké

[URERERARRRN

Tdispih)

Thik({h)

RGEBE Datal
(Oodd)

Invalid D3

Pixe

3

Pixe
)

Pixe

M-1/

\‘( Invalid Dg

RGE Data
(Even)

Invalid D3

Pixel
M-23

Pixe
™M

Invalid Da

4

Rackchip
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- eDP &5 T DP WM AR F R e

- Rk3399 _I-eDPJ7ii % y5.4Gbps/lane. fir Lhdlane i LAz K37 H
5.4*4=20.16Gbps, 1] L3 ¥ K3840*2160@60fpsfiit!;

- BTN DP 1 AR HE B IE TE 7 5 i) DLk £1]8.1Gbps/lane,4i# & i‘ﬁilﬁ I
32.4Gbps, Biif |7l Ll Hr4k@120hz5 % 8k@60hz /i i

="




- 20024F12 H kA THDMI 1.0RRA, 7E8: T kI JLEERE 22 &K AAHDMI 1.1,
1.2, 1.3, 1.4(4k@30hz, 7 %:10.2Gbps), 2.0(4k@60hz,HDR,BT2020,
15 7 18Gbps), 2.1(8k@60hz, #IZ&HDR, i 7E48Gbps).

LY PEJAREEE
19%t, WEN13.92 K. EENAASEXK

INYEBE(CHESE

19pin 10.42x2.4: 19pin 2.8 mm x 6.4 mm

Rackchip
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1 3 5 7 911315119

2 4 6 8 1012 14 16 18

HDMI {ES35IHENX
| &= 3w &
HiE2 + 2 | HE2 R
i1+ 5 SR Fis
Higo+ 8 iR 0 ik
i+ 11 bR R

CEC 14 PrEs
SDA 17 DDC/CECHk
dd S

B aeEs Pee loEns JJ e




CVBS/AV

- A E AR ST, XNTRM.CVBSAE 5 B M X CVBSH: [
, HIYAVEE M8 videodz I

A MBE S FEANTSC. PAL. SECAM=Fh#IZ, XF N )4 #E%
43 BNT720x480i. 720x576i. 720x576i. | B& = Fh| = AE 2 BR AT
5341

s EAE AeE

AV ESsmEEC

T
. %3? 5“ ”
O secam

B PAL or PAL/SECAM
[ no info




- IBMAE1Q87 A H 1) — R AL Fn ks v, fER B Rmas s G2l 1)z
S FH
- VGARZ # F15%T DAY iE R 2%




- B FE I TMDSTE 5 H AR RAL M E 715 5

- WReAR T 20 5 oy AL T s 5 (7 DA R T B8 ) 422 AL 3 Aix
S5 EBA bR, EEEIEA—FE, FrblE)E 2 Nk EFEHDMI
B0




- K SR AR SR Lk, TR OS 5 ULHRGB®E N, Al LLA
SRR, WYPbPr(iZ17), YCbCr(FE4T).

BESERE




S-video

- S-VideofE S M FZE S HL %L, —FHTREREFES, 5%
Fﬁﬁiﬁéﬁéﬁ:73o

2 3
4 $t5-VideoB}3k: = M §t5-Videolr3

FHRE B YRl

&% 5E S
GND YRS
GND C RS
Y "=EES
o BES
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