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1. FERHNE &

1.1 RGB 0

RGB # B4 #5 4 DPI (Display Pixel Interface) %11, RGB #%H TR KIS 5 Vsync. Hsync.
Den (Enable) #1 DCLK (Dotclk) PUANGI, AR [F) 77 AN [E] 7] L4379 DE mode #11 SYNC mode,
Rockchip - RGB # H (1% H s 57 0] AR IS 328 3

% 1 frame 1

vBP VFP |
> I

o [|[1ITLUUUUUUUTTTTTTTTTTTITAT

T il
DOTCLK ‘ ‘ HH'HH|||||I|I‘I| !

ENABLE L
DB[23:0] []:[]]:[]:I:[]:[]]:[]I[H]:IH:I ! ‘_L‘-H-.‘_“-

'

| ——

H_Low>=3D0TCLKs

HSYNC + A
1H
e R R RO

ENABLE i DTST>=HLW _

Valid data

" VLW : VSYNC Low Width
HLW : HSYNC Low Width
DTST : Data Transfer Startup Time

1.1.1 DE Mode

DB[23:0] ##i & 15 A % Den 5 5 ¥iE, RAE-FIREERG R, R TR

1.1.2 SYNC Mode
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Hsync HBP HAdr HFP
4 > > > -

Vsync E E % 1::1

¥ (Vsync + VBP) - Vertical interval when no valid ; 'g o

display data is transferred from host to display P < :'E
VBP ' P2

' ] g

; )

I T i ] ﬁ. 3

o8

{Hsync + HBP) — = =

Horizontal =

interval when no (VAdr + HAdr) - Period Ss

VAdr valid display data when valid display data are = ;
is sent from host 8

to display transferred from host to @23

display module g3

« > 5 C

5

v Q&

VFP VFP -- Vertical interval when no valid display —p
data is transferred from host to display E

DB[23:0] #u4i i Vsyne Fl Hsync {55 [R5, &8 BB P50 .

1.2 MCU £0

MCU #: O FK 8 DBI $2 M8 8080 #2111, SZHF TX A1 RX ¥ MilEfE, H RS (CSX) .
CSN (D/CX) . WEN (WRX) F1REN (RDX) MAFEE{ES, RK FENFTHF MCU #:11H) TX

ok
Aeo

1.2.1 Write Timing

| CSX

| RESX

| DICX

| WRX

| RDX

DB [23:0]
(MCU to LCD)

DB [23:0]

JEEEEJ

(LCD to MCU)

Signals on DB [23:0], D/CX, RDX, WRX
wires during CSX = H are ignored.

CSX. D/CX Al WRX 5| K IXFIA%, 7E DB[23:0] dEA SUMHIA WRX 8 52 vl HH &

1.2.2 Read Timing
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CSX | \

RESX \

DICX | \ /

WRx | v F

-
]
]
]
- N N

| DE23:0)mcUtoLCD) < command > s

FO

| DE[23:0] (LCD to MCU) i x4 < DUMMY Data >—< Deta(valic) D=

Signals on DE[23:0],/CX RDX WRX
wires during CSX=" H" are ignored

CSX. D/CX 1 RDX 5| KK FiAR, 7F DB[23:0] A %0 A RDX 15 54 hi K & .

o read HSGIEIT — K write K5 Tt BN H 257 A7 25 kA5 5r 45 Panel ¥ .

B —IK read iR [l IEUHE & TC R, MEE K read FF4E A 246 RO Bl
MCU read i % H - panel 141118 debug. #8id[XF panel ID LB % BE A DIRE S M 5, LA
ZIE N XA frame read TIRE.

1.2.3 Bypass Al Normal Mode

o bypass #30: 24 MCU Al panel 2 [Bi# T write/read #AESHT I8 S 4E ik, T/ET bypass iz,

MCU 2 [R5 panel-init-sequence/panel-exit-sequence &4y init/deinit $§4, LA HE4T frame
write/read B CPE LG SC_CHAERLE ) FHTHRIMREED , ¥JET bypass 7.

normal fx: FHHGEMGIE L MCU 2 ML 51 2 panel Ui 1) ram W f 1EH ORI, 188 4L
5¢ panel-init-sequence Jf-#1A panel 1E % W44k J5 it 2 3 N 2% A5 =0,

bypass # R T 7] DL & write/read #1E, normal 3% T {UA write #1E .

2. RK ‘P& FEM
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SOC F&

RK1808

RK312X/PX3SE

RK3288

RK3308B/RK3308BS

RK3326/PX30

RK3506

RK3562

RK3568

RK3576

RV1103

RV1106

RV1109/RV1126

Video Port
B (for
VOP 2.0)

vVOoP

Version

vop
1.0

VOP
1.0

VOP
1.0

VOP
1.0

VOP
1.0

VOP
1.0

vop
2.0

VPO

VOP
2.0

VP2

VOP
2.0

VP1/VP2

vop
1.0

VOP
1.0

VOP
1.0

FE: & VOP J& VP (Video Port) AHICHES S S0
{Rockchip_Developer Guide DRM_Display Driver CN) &

3. @ iER:

1. RK3562/RK3576/RK3506 ¥ &

Output Mode 3 #f

RGB666/RGB565

RGB888/RGB666/RGB565

RGB888/RGB666/RGB565/RGB3x8

RGB888/RGB666/RGB565/RGB3x8

RGB888/RGB666/RGB565

RGB888/RGB666/RGB565/RGB3x8/RGB3x6/RGB2x8

RGB888/RGB666/RGB565/RGB3x8

RGB888/RGB666/RGB565

RGB888/RGB666/RGB565/RGB3x8/RGB3x6/RGB2x8

RGB3x8

RGB666/RGB565/RGB3x8

RGB888/RGB666/RGB565/RGB3x8
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Component RGB888 RGB666 RGB565 RGB3x8 RGB3x6 RGB2x8

Name Pin Name (MCU) (MCU) (MCU) (MCU) (MCU) (MCU)
DCLK VO_LCDC_CLK DCLK(RS) DCLK(RS) DCLK(RS) DCLK(RS) DCLK(RS) DCLK(RS)
VSYNC VO_LCDC_VSYNC VSYNC(CSN) VSYNC(CSN) VSYNC(CSN) VSYNC(CSN) VSYNC(CSN) VSYNC(CSN)
HSYNC VO_LCDC_HSYNC HSYNC(WRN) HSYNC(WRN) HSYNC(WRN) HSYNC(WRN) HSYNC(WRN) HSYNC(WRN)

DEN VO_LCDC_DEN DEN(RDN) DEN(RDN) DEN(RDN) DEN(RDN) DEN(RDN) DEN(RDN)
R7 D23 VO LCDC D23 N v v V(D7 ml) V(D5 ml) V(D7 ml)
R6_D22 VO_LCDC D22 v v v \(D6_ml) \ (D4_ml) \ (D6_ml)
R5 D21 VO LCDC D21 v v v N (D5 ml) v (D3 _ml) v (D5 ml)
R4_D20 VO_LCDC_D20 R R R v (D4_ml) v (D2_ml) V(D4_ml)
R3 D19 VO _LCDC D19 v v v N (D3 _ml) N (D1_ml) N (D3 _ml)
R2 DI8 VO LCDC D18 N v x x x x
R1_D17 VO_LCDC_D17 N x x x x x
RO_D16 VO_LCDC_D16 v x x x x x
G7_D15 VO_LCDC_DI5 N «/ N v (D2_ml) v (D0_ml) V(D2_ml)
G6_D14 VO_LCDC_D14 R R R N (D1_ml) x N (D1_ml)
G5_DI13 VO_LCDC_DI13 v v V v (DO_ml) x v (DO_ml)
G4 D12 VO_LCDC_DI12 R R R V (D7_m0)  (D5_m0) v (D7_m0)
G3 D11 VO LCDC D11 v v v v (D6_mO0) v (D4 mo0) v (D6_mO0)
G2_D10 VO_LCDC_D10 R R R v (D5_mo0) \ (D3_mo0) \ (D5_m0)
Gl_D9 VO_LCDC D9 N x x x x x
G0 D8 VO LCDC D8 v x x x x x
B7_D7 VO_LCDC_D7 N N N \ (D4_mo0) V (D2_mo0) \ (D4_mO0)
B6 D6 VO _LCDC D6 v v v \ (D3_mo0) v (D1_mo0) \ (D3_mo0)
B5_D5 VO_LCDC_D5 N N N V (D2_mo0) v (D0_m0) \ (D2_mo0)
B4_D4 VO_LCDC_D4 R R R \ (D1_m0) x \ (D1_mo0)
B3_D3 VO_LCDC_D3 v v v V' (D0_m0) x v (D0_m0)
B2_D2 VO_LCDC_D2 R v x x x x
B1 DI VO LCDC DI N x x x x x
B0_DO VO_LCDC_DO R x x x x x

2. RK3568 ‘P&



Component Name Pin Name RGB888 RGB666 RGBS565

DCLK LCDC_CLK DCLK DCLK DCLK
VSYNC LCDC_VSYNC VSYNC VSYNC VSYNC
HSYNC LCDC_HSYNC HSYNC HSYNC HSYNC
DEN LCDC_DEN DEN DEN DEN
R7 D23 LCDC D23 N N N
R6 D22 LCDC D22 N N N
R5 D21 LCDC D21 N N N
R4 D20 LCDC_D20 N N N
R3 DI9 LCDC_DI19 N \ N
R2 D18 LCDC D18 \ N x
R1 D17 LCDC D17 \ x x
RO D16 LCDC D16 v x x
G7 D15 LCDC D15 N N N
G6 D14 LCDC D14 N N N
G5 DI3 LCDC _DI3 N \ N
G4 DI2 LCDC DI2 N J N
G3_DI11 LCDC Dl1 N N N



Component Name
G2 D10
Gl _D9
GO D8
B7 D7
B6 D6
B5 D5
B4 D4
B3 D3
B2 D2
B1 DI

B0 DO

Pin Name
LCDC D10
LCDC_D9
LCDC_D8
LCDC_D7
LCDC D6
LCDC D5
LCDC D4
LCDC D3
LCDC D2
LCDC DI

LCDC DO

RGBS888

2. 2 2 2 2 2 2 2 2 2

RGB666

\/

2. 2 2 2 2 2

RGB565

\/

2. 2 =2 2 =2

3. RK312X/PX3SE/RK3288/RK3308B/RK3308BS/RK3328/RK3326/PX30/RV1109/RV1126 “F &

Component .

i Pin Name
DCLK LCDC_CLK/LCD_CLK
VSYNC LCDC_VSYNC/LCD_VSYNC
HSYNC LCDC_HSYNC/LCD_HSYNC

DEN LCDC_DEN/LCD_DEN
R7_D23 LCDC_D23/LCD_D23
R6_D22 LCDC_D22/LCD_D22
R5_D21 LCDC_D21/LCD_D21
R4_D20 LCDC_D20/LCD_D20
R3_DI19 LCDC_DI9/LCD_DI19
R2_DI8 LCDC_DI18/LCD_DI18
R1_D17 LCDC_DI17/LCD_DI17
R0O_DI6 LCDC_DI6/LCD_D16
G7_DI5 LCDC_DI15/LCD_D15
G6_D14 LCDC_DI4/LCD_D14
G5 D13 LCDC_DI13/LCD_D13
G4 DI2 LCDC_DI12/LCD_DI2
G3_Dl11 LCDC_DI1/LCD_DI1
G2 D10 LCDC_D10/LCD_D10
G1_D9 LCDC_DY/LCD_D9
GO D8 LCDC D8/LCD D8
B7_D7 LCDC_D7/LCD_D7
B6_D6 LCDC_D6/LCD_D6
B5_D5 LCDC_D5/LCD_D5
B4 D4 LCDC_D4/LCD_D#4
B3_D3 LCDC_D3/LCD_D3
B2 D2 LCDC_D2/LCD_D2
B1_DI LCDC_DI/LCD_DI
B0_DO LCDC_DO/LCD_DO

3. RK1808/RV1106 “F&

RGBS88
(MCU)
DCLK(RS)
VSYNC(CSN)
HSYNC(WRN)
DEN(RDN)

V’ x
R x
N x
N x
N x
R x
N N
N N
v v
R V
N N
N N
v v
N v
N N
v v
«/ V
J J
N N
v v
d V
N V
N N
R N

RGB666
(MCU)

DCLK(RS)
VSYNC(CSN)
HSYNC(WRN)

DEN(RDN)

RGB666_CPADHI
(MCU)

DCLK(RS)
VSYNC(CSN)
HSYNC(WRN)

DEN(RDN)

RGB565
(MCU)

DCLK(RS)
VSYNC(CSN)
HSYNC(WRN)
DEN(RDN)
x

x

RGB565_CPADHI
(MCU)

DCLK(RS)
VSYNC(CSN)
HSYNC(WRN)

DEN(RDN)

N

2 2 2

RGB3x8
(MCU)

DCLK(RS)
VSYNC(CSN)
HSYNC(WRN)
DEN(RDN)
x

x



Component RGB666 RGB565 RGB565 RGB3x8

Name Pin Name (MCU) (MCU) (MCU) (MCU)
DCLK LCDC_CLK/LCD_CLK DCLK(RS) DCLK(RS) DCLK(RS) DCLK(RS)
VSYNC LCDC_VSYNC/LCD_VSYNC VSYNC(CSN) VSYNC(CSN) VSYNC(CSN) VSYNC(CSN)
HSYNC LCDC_HSYNC/LCD_HSYNC ~ HSYNC(WRN) HSYNC(WRN) HSYNC(WRN) HSYNC(WRN)
DEN LCDC_DEN/LCD_DEN DEN(RDN) DEN(RDN) DEN(RDN) DEN(RDN)
R5 D17 LCDC_D17/LCD D17 d x x x
R4 D16 LCDC DI6/LCD_D16 d x x x
R3 DI5 LCDC_DI5/LCD_D15 \ \ y x
R2 D14 LCDC_DI4/LCD_D14 \ \ \ x
R1_DI13 LCDC_D13/LCD_D13 \ \ y x
RO_D12 LCDC_DI12/LCD_D12 \ V \ x
G5 D11 LCDC _D11/LCD_DI1 J J N x
G4_D10 LCDC_DI10/LCD_D10 \ J V x
G3_D9 LCDC_DY/LCD_D9 \ J y x
G2_D8 LCDC_D8/LCD_D8 \ J \ x
G1_D7 LCDC_D7/LCD_D7 \ \ \ J
G0_D6 LCDC_D6/LCD_D6 % y \ y
B5 D5 LCDC_D5/LCD_D5 \ \ \ J
B4 D4 LCDC_D4/LCD_D4 < «/ < J
B3 D3 LCDC_D3/LCD_D3 \ \ \ J
B2 D2 LCDC_D2/LCD_D2 \ \ \ \
B1 D1 LCDC_DI1/LCD D1 v V \/ \/
B0O_DO LCDC_DO/LCD_DO \/ \/ \/ \/

4.RV1103 ‘&



Component Name Pin Name RGB3x8 (MCU)

DCLK LCDC CLK DCLK(RS)
VSYNC LCDC VSYNC VSYNC(CSN)
HSYNC LCDC HSYNC HSYNC(WRN)
DEN LCDC_DEN DEN(RDN)

D7 LCDC D7 \

D6 LCDC D6

D5 LCDC D5 \

D4 LCDC_D4 N

D3 LCDC D3 \

D2 LCDC_D2 \

DI LCDC D1 \

DO LCDC_DO \

4. FHEEE

4.1 BB

RGB/MCU RGB/MCU RGB/MCU
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VOP (Video Output Process) #& RK & /R IT, 775 VOP 1.0 il VOP 2.0 P Fh 424 3 X 5l
Fe Xt 2 I SCRETT AN, VEGR A 48] LR Be SRy

{Rockchip_Developer Guide DRM_Display Driver CN) . 45 #E K43 7% & VOP 1.0 F1 VOP 2.0 3244
RGB/MCU #% 1 ) 7Rl #H, VOP 2 A\ DDR L HE S S I 402, #HE S 274 11 RGB/MCU L,
F2 VRS H I 20 UGB 3 3 o A5 S U B i, B e AR B e bR .

4.2 Panel it B

RGB panel 3% 7] LA 2% drivers/gpu/drm/panel/panel-simple.c FF{SZEL, RS panel 17 AL E -

/A
panel: panel {

compatible = "simple-panel";
bus-format = <MEDIA BUS FMT RGB888 1X24>;
backlight = <gbacklight>;
enable-gpios = <&gpio3 RK_PA6 GPIO ACTIVE LOW>;
enable-delay-ms = <20>;
reset-gpios = <&gpio3 RK PBO GPIO ACTIVE LOW>;
reset-delay-ms = <10>;

status = "okay";

display-timings {
native-mode = <&fx070 dhmllboe timing>;

fx070 dhmllboe timing: timingO {
clock-frequency = <50000000>;
hactive = <1024>;
vactive = <600>;
hback-porch = <140>;
hfront-porch = <160>;
vback-porch = <20>;
vifront-porch = <20>;
hsync-len = <20>;
vsync-len = <2>;
hsync-active = <0>;
vsync-active = <0>;
de-active = <0>;

pixelclk-active = <0>;
}i

port {
panel in rgb: endpoint {
remote-endpoint = <&rgb out panel>;

}i

&backlight {
pwms = <&pwm9 0 25000 0>;

status = "okay";
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o bus-format J& P AR 35 57 i S 711 display mode FC &, 8% 7] LLi# 1T panel datasheet 5] 2 i B &
panel 33 IC () BB XS FFSE T 1€ . DTS HELE 0 % & SV L kernel SCAF
include/uapi/linux/media-bus-format.h, SHELFEREFIN N R R T

Display Mode Bus Format Cycles Per Pixel
RGB888 (24bit) MEDIA BUS FMT RGB888 1X24 1
RGB666 (18bit) MEDIA_BUS_FMT _RGB666 1X18 1
RGB666_CPADHI (18bit) MEDIA BUS_FMT RGB666 1X24 CPADHI 1
RGB565 (16bit) MEDIA BUS FMT RGB565 1X16 1
RGBS565 CPADHI (16bit) MEDIA BUS FMT RGBS565 1X24 CPADHI 1

1t — = =

, MEDIA_BUS_FMT RGB888 DUMMY _4X8
RGB4x8(8bit) - - - 4
MEDIA BUS_FMT BGR888 DUMMY 4X8

o backlight 5 &) pwms e & 7 ZARYEAE AR SLPRABERE NS, 16 n BUEHT R EMR RS RO A IE
W TE. VEIL pwm LS RS (Rockchip Developer Guide Linux PWM_CN) .

* enable-gpios/reset-gpios F1 enable-delay-ms/reset-delay-ms/prepare-delay-ms/unprepare-delay-
ms/disable-delay-ms [t & 75 ZHLHE panel datasheet™ | N A AL I P EESR, DL S Bt Ha 2% 1)
BT RBE

o (L) enable 5| I H T B im At HAU(EBE, gpio BCE HR T (it F FL K Y BARBL T

o (H[IE) reset T Y Frimar ELEE 5 H, FFAE datasheet Ui A fil & EALTHRERI 5544, gpio BT
BT S AT r B ) B AR Bt

o (H[i%) enable-delay-ms/reset-delay-ms/prepare-delay-ms/unprepare-delay-ms/disable-delay-ms 42
P& datasheet [1] power/reset/signal i 5B R AL H .

o display-timings It /577 s 5 %F datasheet 2X 3R AL RCE, FH ) 00 w] DUARE B A4 i B2 F 5 SRAE S 5E 19
ETFBMEX RN ROE, T EAZRE] panel 5 AL E X M) panel datasheet:

ITEM SYMBOL MIN. | TYP. MAX. UNIT Note
Dot Clock 1HCLK 45 51.2 57 MHz
DCLK pulse duty Tewh 40 50 60 %
Horizontal total Time tH 1324 | 1344 1364 tCLK
DE  [Horizontal effective Time tHA 1024 tCLK

MODE [Hqrizontal Blank Time tHB 300 | 320 | 340 | tCLK
Vertical total Time Vv 625 635 645 tH
Vertical effective Time tVA 600 tH
Vertical Blank Time tVB 25 35 45 tH
Horizontal total Time TH 1324 | 1344 1364 tCLK
Horizontal Pulse Width Thpw 20 - tCLK |thb + thpw =160DCLK is
Horizontal Back Porch Thb 140 - tCLK [fixed
Horizontal Front Porch Thfp 140 160 180 tCLK

SYNC [Horizontal effective Time THA 1024 tCLK

MODE (Vertical total Time TV 625 635 645 tH
Vertical Pulse Width Tvpw 3 - th tvpw + tvb
Vertical Back Porch Tvb - 20 - th =23th is fixed
Vertical Front Porch Tvfp 2 12 22 th
Vertical Valid Tvd 600 th

[F] i) DRM HEZEX T display_timing 451414 S FLA% & (1) 46 7] LLEE SCAF include/video/display_timing.h
HERE], R R

/*

* Single "mode" entry. This describes one set of signal timings a display can



have in

(see include/video/videomode.h). As each timing entry can be defined as a

one setting.

This struct can later be converted to struct videomode

range, one struct display timing may become multiple struct videomodes.

*

* Example: hsync active high, vsync active low

*

* Active Video

* Video XXXXKXXKXXKXKXKKXKXKXKXKXK

= |<- sync ->|<- back ->[<---—- active ----- >|<- front ->|<-

e | | porch | | porch |

*

* HSync |

*

* VSync |

*/

struct display timing {

struct timing entry pixelclock;
struct timing entry hactive; /* hor. active video */
struct timing entry hfront porch; /* hor. front porch */
struct timing entry hback porch; /* hor. back porch */
struct timing entry hsync len; /* hor. sync len */
struct timing entry vactive; /* ver. active video */
struct timing entry vfront porch; /* ver. front porch */
struct timing entry vback porch; /* ver. back porch */
struct timing entry vsync len; /* ver. sync len */
enum display flags flags; /* display flags */

}i

XfF RGB/MCU #:11, display-timings 75 5~ clock-frequency J&PE{E <3 U2 VOP #ir i iR, it
HP R EH 2] drm HEZEFII) 7 JE 1 htotal A1 vtotal, MACEEHGH 73U BH, 7 L
include/drm/drm_modes.h.

MR S AT L2 2% drivers/gpu/drm/drm_modes.c H' drm_mode vrefresh() B&EISZHL, Wiz N
fr MR AN

/**

clock
fre=
htotal x vtotal
struct drm display mode - DRM kernel-internal display mode structure

@hdisplay: horizontal display size
@hsync start: horizontal sync start
@hsync _end: horizontal sync end

@htotal:
@hskew:
@vdisplay:

horizontal total size
horizontal skew?!
vertical display size
@vsync start: vertical sync start
@vsync end: vertical sync end
@vtotal: vertical total size

@vscan: vertical scan?!

The horizontal and vertical timings are defined per the following diagram.



& Active Front Sync Back

b Region Porch Porch

% SEEE e e S L e D G S meeemom= D G
>

* i

* IITITI1101011717177177 |

* Y A P

*

& Lomo=m [hv]display -—--- >

* Komsooosoooso= [hv]sync start -—-----—--—--- >

* <emmmmmmm e [hv]sync end ---—-=-—-————————————-— >

* Commmmm e [hv]total ----—---——--———
>*

*/

Jx*

* drm_mode vrefresh - get the vrefresh of a mode

* (@dmode: mode

* Returns:
* (@modes's vrefresh rate in Hz, rounded to the nearest integer. Calculates the
* value first if it is not yet set.
=Y
int drm mode vrefresh(const struct drm display mode *mode)
{

unsigned int num, den;

if (mode->htotal == 0 || mode->vtotal == 0)

return 0;

num mode->clock;

den = mode->htotal * mode->vtotal;

if (mode->flags & DRM MODE FLAG INTERLACE)
num *= 2;

if (mode->flags & DRM MODE FLAG DBLSCAN)
den *= 2;

if (mode->vscan > 1)

den *= mode->vscan;
return DIV _ROUND CLOSEST ULL(mul u32 u32(num, 1000), den);

}
EXPORT SYMBOL (drm mode vrefresh);

4.2.1 SPI ¥ eE4LEC B

4L RGB B 75 22 F 4l id SPI 42 VR FR A DL e Wi iRE,  drivers/gpu/drm/panel/panel-simple.c 3
¥ 3-wire 9-bit serial interface #}X:
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s at
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Command

k

&
|
|

Data/Command/Parameter

S A

H T RK F & SPI A H 3 #5 BB L %kl B2 N 4/8/16 bit, _ER N 9 bit 2iE 85, FEAE

panel-simple X3 # & F§ GPIO B#l SPI R L H .

kernel-5.10 A PA_E A AR (1 S R PG 6«

spi _gpio: spi-gpio {
compatible = "spi-gpio";
#address-cells = <0x1>;
#size-cells = <0x0>;
pinctrl-names = "default";
pinctrl-0 = <&spi gpio pins>;
spi-delay-us = <10>;

status = "okay";

sck-gpios = <&gpio4 RK PA5 GPIO ACTIVE HIGH>;
miso-gpios = <&gpio4 RK PA7 GPIO ACTIVE HIGH>;
mosi-gpios = <&gpio4 RK_PA6 GPIO ACTIVE HIGH>;
cs-gpios = <&gpio4 RK PA4 GPIO ACTIVE HIGH>;

num-chipselects = <1>;

/*
* 320x480 RGB/MCU screen K350C4516T
=/

panel: panel {
compatible = "simple-panel-spi";
reg = <0>;
bus-format = <MEDIA BUS FMT RGB666 1X18>;
backlight = <&backlight>;
enable-gpios = <&gpio3 RK PA6 GPIO ACTIVE LOW>;
enable-delay-ms = <20>;
reset-gpios = <&gpio3 RK_PBO GPIO ACTIVE LOW>;
reset-delay-ms = <10>;
prepare-delay-ms = <20>;
unprepare-delay-ms = <20>;
disable-delay-ms = <20>;
init-delay-ms = <10>;
width-mm = <217>;
height-mm = <136>;
rockchip,cmd-type = "spi";

status = "okay";

// type:0 is cmd, 1 is data
panel-init-sequence = [
/* type delay num vall val2 val3 */
00 00 01 €0
01 00 01 00



00 78 01 11
00 00 01 29
1

panel-exit-sequence = [
//type delay num vall val2 val3
00 0a 01 28
00 78 01 10

17

display-timings {
native-mode = <&kd050fwfbal02 timing>;

kd050fwfba002 timing: timing0 {
/*
* 10453500 for RGB666 (18bit)
*/
clock-frequency = <10453500>;
hactive = <320>;
vactive = <480>;
hback-porch = <10>;
hfront-porch = <5>;
vback-porch = <10>;
viront-porch = <5>;
hsync-len = <10>;
vsync-len = <10>;
hsync-active = <0>;
vsync-active = <0>;
de-active = <0>;

pixelclk-active = <1>;
}i

port
panel in rgb: endpoint {

remote-endpoint = <&rgb_ out panel>;

o FTHEFTIFHCE I CONFIG_SPI_GPIO, JFEARFEME(F 5 11T B XM (1) sck-gpios. miso-gpios. mosi-
gpios 1 cs-gpios, T WLAKZ) drivers/spi/spi-gpio.c.

o panel T AECE S FICEAMIE, FEESWR:

o compatible fEKN “simple-panel-spi*.
o rockchip,cmd-type T AL E N “spi”.
o {E panel-init-sequence/panel-exit-sequence 3H_I#H 5 [ init/deinit 741
o kernel 4.19 LA W #ZfA, SPIRGB B F 2] SDI/SCL/CS (JE B SEBR LA HF SDI, dts H1AC
E 1 SDI L R M L i) SDO, MR MAMRAZEIR) 5l EIEAE simple-panel X2+ gpio £
L, KW =77 SPI Bk&). =l R

panel: panel {
compatible = "simple-panel";

spi-sdi-gpios = <&gpiol RK PC7 GPIO ACTIVE HIGH>;



spi-scl-gpios = <&gpiol RK PDO GPIO ACTIVE HIGH>;
spi-cs-gpios = <&gpiol RK PD1 GPIO ACTIVE HIGH>;

rockchip,cmd-type = "spi";

/* type:0 is cmd, 1 is data */
panel-init-sequence = [
/* type delay num vall val2 val3 */
00 00 01 eO
00 78 01 11
00 00 01 29

panel-exit-sequence = [
/* type delay num vall val2 val3 */
00 0a 01 28
00 78 01 10

o RNEWNENA SPIRGB RIS EE BT :

o kernel 4.19 & LLF: arch/arm64/boot/dts/rockchip/rk3308-evb-ext-v10.dtsi
o kernel 5.10 &L _I: arch/armé64/boot/dts/rockchip/rk3562-evb1-1pdx-v10-rgb-k350c4516t.dts

43 RGB #01

rgb IRENXF B S drivers/gpu/drm/rockchip/rockchip _rgb.c, 7% dts BEE Wl F:

&rgb |
status = "okay";

pinctrl-0 = <&rgb666 pins>;

ports {
port@l {
reg = <1>;

rgb out panel: endpoint {
remote-endpoint = <&panel in rgb>;
}i

//VOP 1.0
&rgb_in vop {
status = "okay";

}i

//VOP 2.0
&rgb_in vpO {

status = "okay";
}i
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o X7 VOP 1.0 #1 VOP 2.0 WiFh4eHy, RGB £ HAHK T RN EA AR, SHENE.:

o VOP 1.0: arch/arm/boot/dts/rv1106-evb-ext-rgb-v10.dtsi.
o VOP2.0: 7] LLZ7% arch/arm64/boot/dts/rockchip/rk3562-evb1-1p4x-v10-rgb-FX070-DHM11BOE-
A.dts.
o pinctr] At & 75 EARYE PR IR EME, AT PATE rkxxxx-pinctrl.dtsi/rvxxxx-pinctrl.dtsi SC2F A& 2
T o N R E

4.4 MCU #0O

meu % 0 & mcu panel 3X5h 0] LL&F drivers/gpu/drm/rockchip/rockchip rgb.c, dts A 'E 5 rgb 2 M3 A
[[], AshasZm EYi# meu B bR EAT timing, ZHRE W T

&rgb |

status = "okay";

rockchip,data-sync-bypass;

pinctrl-names = "default";

/*
* rgb3x8 pins m0/rgb3x8 pins ml for RGB3x8 (8bit)
* rgb565 pins for RGB565 (16bit)
*/

pinctrl-0 = <&rgb565 pins>;

/*
* 320x480 RGB/MCU screen K350C4516T
=

mcu_panel: mcu-panel ({

/*
* MEDIA BUS FMT RGB888 3X8 for RGB3x8 (8bit)
* MEDIA BUS_FMT RGB565 1X16 for RGB565(16bit)
*/

bus-format = <MEDIA BUS FMT RGB565 1X16>;

backlight = <&backlight>;

enable-gpios = <&gpiol RK PA3 GPIO ACTIVE LOW>;

enable-delay-ms = <20>;

reset-gpios = <&gpiol RK PA4 GPIO ACTIVE LOW>;
reset-value = <0>;

reset-delay-ms = <10>;

prepare-delay-ms = <20>;

unprepare-delay-ms = <20>;

disable-delay-ms = <20>;

init-delay-ms = <10>;

width-mm = <217>;

height-mm = <136>;

// type:0 is cmd, 1 is data
panel-init-sequence = |
//type delay num vall val2 val3
01 00 01 55 /*

* interface pixel format:
* 66 for RGB3x8 (8bit)
* 55 for RGB565 (16bit)
*/
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01 00 01
01 00 01
00 78 01
00 32 01
00 00 01

1

panel-exit-sequence

a0 /*

* frame rate

control:
for RGB3x8 (8bit)
for RGB565 (16bit)

* display function control:

* 70 (45hz)
* a0 (60hz)
*/

02 /*
* 32 for RGB
* 02 for MCU
*/

11

29

2c

=1

//type delay num vall val2 val3

00
00

0a
78

01
01
1

display-timings {

native-mode

kd050fwfba002_

/*

* 7840125

28
10

<&kd050fwfbal02 t

timing: timing0 {

for frame rate

iming>;

45Hz

* 10453500 for frame rate 60Hz

*/

clock-frequency

hactive

vactive

hback-porch
hfront-porch
vback-porch

viront-porch

hsync-len

vsync-len

hsync-active

vsync-active

de-active

pixelclk-active

<10453500

<320>;
<480>;

<10>;

<5>;

<10>;

<5>;

<10>;

<10>;

<0>;

<0>;

<0>;

<1>;

panel in rgb: endpoint {

remote-endpoint

}i

ports {
rgb

reg = <1>;

#address-cells

#size-cells

out: port@l {

<1>;

<0>;

>

<&rgb_out_panel>;



rgb out panel: endpoint@0 ({
reg = <0>;

remote-endpoint = <&panel in rgb>;

}i
}i

}i

//VOP 1.0
&rgb _in vop {
status = "okay";
bi
&vop |
status = "okay";
/*

* Default config is as follows:

* mcu-pix-total = <9>;
* mcu-cs-pst = <1>;

* mcu-cs-pend = <8>;

* mcu-rw-pst = <2>;

* mcu-rw-pend = <5>;

* mcu-hold-mode = <0>; // default set to 0

* To increase the frame rate, reduce all parameters because
* the max dclk rate of mcu is 150M in rv1103/rv1106.
%Y
mcu-timing {
mcu-pix-total = <5>;
mcu-cs-pst = <1>;
mcu-cs—-pend = <4>;
mcu-rw-pst = <2>;

mcu-rw-pend = <3>;

mcu-hold-mode = <0>; // default set to 0

}i

//VOP 2.0
&rgb _in vpO {
status = "okay";
}i
&vp0 |
status = "okay";
/*

* Default config is as follows:

* mcu-pix-total = <9>;
* mcu-cs-pst = <1>;

* mcu-cs-pend = <8>;

* mcu-rw-pst = <2>;

* mcu-rw-pend = <5>;



* mcu-hold-mode

*

= <0>;

// default set to 0

* To increase the frame rate, reduce all parameters because

* the max dclk rate of mcu is 150M in rk3562.

*/

mcu-timing {
mcu-pix-total

mcu-cs-pst = <1>;

mcu-cs-pend

mcu-rw-pst = <2>;

mcu-rw-pend

mcu-hold-mode

<5>;

<4>;

<3>;

<0>;

// default set to O

X VOP 1.0 Al VOP 2.0 BiFh4EHy, MCU # HAHKT fiEC B A IAE, SERHE:

o VOP 1.0: arch/arm/boot/dts/rv1106-evb-ext-mcu-v10.dtsi.

o VOP2.0: 7] LLZ7% arch/arm64/boot/dts/rockchip/rk3562-evb1-1p4x-v10-mcu-k350c4516t.dts.
IREH F 22 ARHE rgb 5 £ N ) rockchip,data-sync-bypass J&PE KV meu Al rgb FiFhEE O, A%

JETEBRIA rgb #2101, AEREJE WP E) meu #2141

7E kernel-5.10 & LA ERIRRA, meu 42 110 B[ panel fic B HE#E7E rgb 19550~ , kernel-4.19 J¢ B 5.
R N A%, TR AR F 5 r i simple-panel JXBI#)4610 . #70% simple-panel BXRE) % B ) panel
TR R rgb AT TR B

o ffifR panel 77 551 % N mcu-panel, IXZNH AR ML R A FHEEHT meu panel S5,

o compatible JEPER] LAMIER, TCFHRECE.

mcu panel J8F 75 E@ LG 7 FRWI464E display mode/pixel format/frame rate AL E (HAKH
panel FIAKZ) IC #iE) , PASIEIE LHTIR 75K O] panel ¢ A1 BEE N low-power 055 . AHIR
panel-init-sequence I panel-exit-sequence J& 14 FVE R S0 R -

o JFHIHHBE ML, T EM ¢ IR DTS BLE

o FFHEAT NEAAWRICN: 184K Memd/data. FEIRFFE] (ms) « HHEKE (byte) . Hi¥f.
o iz D Bl ¥ WA T AW E B B dhAT, THEER_(Panel L) HTHE B TR AR XS

NLo TR B 9RE) 1C T i ] -

5.3.2. Frame Rate Control (In Normal Mode/Full Colors) (B1h)

B1h FRMCTR1 (Frame Rate Control (In Normal Mode/Full colors))
D/CX | RDX | WRX D [23:8] o7 D6 D5 D4 D3 Dz D1 Do | HEX
Command 0 1 t p o4 1 0 1 1 0 0 0 1 Bih
1% Parameter 1 1 t XX FRS [3:0] 0 0 DIVA[1:0] BOh
2" Parameter 1 1 t XX 0 | 0 | 0 | RTNA [4:0] 11h




Frame rate(Hz) R
FRS [3:0] CNT Tearing Effect Line OFF(R34h) Lot st b

VBP+VFP <24
o|lo|o 0 37 28.78 27.64
o|o|o i 35 30.38 2917
o | 0] 0 33 32.17 30.89
0o| 0 1 1 3 34.18 32 82
o | 1 0 0 29 36.46 35.01
o |1 0 i 27 39.06 3751
0 1 1 0 25 42.07 40.40
0 1 1 1 23 45.57 43.76
1100 0 2 49.71 47.74
1 0 0 1 19 54.69 5252
110 ] 0 17 60.76 58.35
1] 0|1 1 15 68.36 65.65
1 1 0 0 13 78.13 75.03
1 1 0 1 n 91.15 87.53

* mcu-timing ] T-ACE MCU #% 1 normal mode f%#//15 5 CSN/WEN/REN I /7, % J& 1473 B0 2T
54K W RN ) o IR P % 4% IX 1 P LA 3SR A 7391 dlts T2 2 panel 55401 Fg
datasheet. " E¥F /T mcu-timing # % J& % & display-timings # clock-frequency J& V£ I & 777 .
o WA H ptotal ¥ meu-timing H mcu-pix-total [FJ{H, T ] % panel datasheet HZ 3K
MCU_PIX_TOTAL X [A]B [AIA /N Tt

(panel datasheet ' ty,, = 40 T 9X3] ic datasheet ty,, =30, HUH#E H HRAED

tmin = Toaw + Tast + Twe + Toaw = 40(ns)

Xt T2~ panel, [FE 32 MEDIA BUS FMT RGB888 3X8 Al

MEDIA BUS _FMT RGB565 1X16 #§fl mode, Cycles Per Pixel {8 (F5#—1> pixel HI%E 2>
B n AN cycle 2iKI%, TEW,_(Panel FLE) A7) WA cpp, T LATHE H P 3 X0 B AR B 142 o
IR PRIBA fromax M fipmax)

1 % 1000000000
<
htotal x ptotal X cpp X tmin

fr

htotal = hactive + hback — porch + hfront — porch + hsync — len = 345

vtotal = vactive + vback — porch + vfront — porch + vsync — len = 505

1 % 1000000000
< 345 x 505 x 3 x 40
1% 1000000000
< 345 x 505 x 1 x 40

BRI, AT rgb3x8 B fiy = 45(Hz), JFAT rgblxl16 HaKWIZ fiy, = 60(Hz).
CRICBRE N s Ron serial H11T, p #IR parallel AT, AEHEIR)
[FI B 0] 55 3 B & display-timings B B # clock-frequency J& 14 1 1H :

clocks = frs x htotal x vtotal = 45 x 345 x 505 = 7840125

jpm— ~ 47.83(Hz)

rp-maz ~ 143.49(Hz)

clock, = fr, x htotal x vtotal = 60 x 345 x 505 = 10453500

o BT E meu #E M) delk #2A B ARSI, T drivers/gpu/drm/rockchip/rockchip_rgb.c 3
HH meu_max_delk rate fEME, BN 150000000 Hz, 3Rz AH N A A2 38 1E L
rockchip rgb_encoder mode valid() Bi%%.

MR delkp,y MBTEEAFF HHBC E I MiZE GROVASE: fr, {HIEH N 60Hz) , 7] LLELH ptotal
{F=PNIER

delkmaz
cpp % clock B

150000000
ptotals,maz < m —1~5.38
150000000

1 x 10453500

ptotal e, <

ptotaly ez < 1~13.35



SEFR Y ptotal X5 & B /ME ptotal =5, [F) B B 5 B AT # % meu-timing Y H At JB %
18 .

o &J5, EHEMIE datasheet I 7 RN H 5 H B LPREE R K

MCU #z F I 5EFR delk JEA5 2 display-timings FLE H clock-frequency J&PERI{E, EHT meu-
timing * mcu-pix-total it & fll Cycles Per Pixel fHf 5<:

delk = clock x cpp x (ptotal + 1)
delky = 7840125 x 3 x 6 = 141122250
dclk, = 10453500 x 1 x 6 = 62721000
IR delk IR delkpay FIRATEAFS H MCU_PIX_TOTAL [X 8] SE BRI [A]:

(ptotal + 1) x 1000000000

t dal 52(ns)
(ptotal + 1) x 1000000000

t, = =~ 95.66

P dclk, (ns)

& MCU_PIX_TOTAL [X [E]H 8] t 3573 /& KT 40 ns 1JE K

4.4.1 MCU Bypass Timing it &

B F MCU .0 /)°F &, W1 RK3308 A1 PX30 %%, bypass mode ] timing it & IR normal mode #&—%{
1. 1E RK3562 K G F&, IC fEw It LT 7k, WRshh o —4HERIA K bypass mode timing H
TR K ZEE UL T bypass mode 1 write/read #AE I 75 22, £ WL
drivers/gpu/drm/rockchip/rockchip_vop_reg.c F drivers/gpu/drm/rockchip/rockchip vop2 reg.c H1 &5 iy fk
vop_mcu_bypass_cfg FIFHICE S, Ul:

static struct rockchip mcu timing rk3506 mcu bypass timing = {
.mcu pix total = 26,
.mcu_cs_pst = 3,
.mcu_cs_pend = 24,
.mcu_rw pst = 6,
.mcu_rw pend = 15,

}i

static const struct vop mcu bypass cfg rk3506 mcu bypass cfg = {
.timing = &rk3506 mcu bypass timing,
.dclk rate = 120000000,

}i

N R ER N bypass mode timing oV & N I 2L, SCRRAE dis HHRE (2%
arch/arm/boot/dts/rk3506g-evb1-v10-mcu-k350c4516t.dts) :

&vop |
mcu-timing {
mcu-pix-total = <5>;
mcu-cs-pst = <1>;
mcu-cs—-pend = <4>;
mcu-rw-pst = <2>;

mcu-rw-pend = <3>;

mcu-hold-mode = <0>;
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mcu-bypass-timing {
mcu-pix-total = <9>;
mcu-cs-pst = <1>;
mcu-cs-pend = <8>;
mcu-rw-pst = <2>;

mcu-rw-pend = <7>;

mcu-hold-mode = <0>;

o HEIEREMZ, bypass mode A AE LI K MCU read #:4F, M@ % T, MCU read timing ]
min R #] & KF MCU write timing (7] L% {1 — % 5 )75 datasheet) , FTPL mcu-bypass-
timing i % 2 LA datasheet F read timing HIPR S AMNEE, PLURIF 345 write/read $4F KR 7 2

4.4.2 MCU Frame Write/Read

fE MCU normal mode F, BJLLEIT frame write/read ThHELEMIE] 2 3E4T 45 H0 panel [8] K154 HAT A,
FF 1 panel WPIRASZ A8 BOUERIRIGA B S, 0% T o R el 2 — L HF € panel 2
SR AR A A B 1 RS R

{EREIZINRE 75 B2 AE dts AL E panel-frame-sequence 751, 7] LLZ3# arch/arm/boot/dts/rk3506g-evb1-v10-
mcu-k350c4516t.dts, <41

panel-frame-sequence = |
//type delay num vall val2 val3
00 00 01 Oa
02 00 01 Oa
02 00 01 Oa
00 00 01 2c

o i[a] ] write/read #2{F & 7E drivers/gpu/drm/rockchip/rockchip rgb.c HHSEZHLH :

static void mcu_ interframe work func(struct work struct *work)
{
struct rockchip mcu panel *mcu panel =
container_of(work, struct rockchip_mcu_panel, interframe_work);
struct drm panel *panel = &mcu panel->base;
struct drm display mode *mode = mcu panel->desc->mode;
struct drm_crtc *crtc = mcu_panel->encoder->crtc;
u32 timeout = DIV _ROUND CLOSEST ULL (1000, drm mode vrefresh (mode)) ;

int ret;

ret = rockchip drm wait vact end(crtc, timeout);
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if

(ret)

DRM DEV ERROR (panel->dev,

return;

{

"walirt vact end timed out\n");

ret = rockchip mcu panel xfer mcu cmd seq(mcu panel, mcu panel->desc-—

>frame seq);

if

(ret)

DRM DEV ERROR (panel->dev,

return;

{

"failed to send frame cmds seg\n");

schedule_work(&mcu_panel—>interframe_work);

}i

IR E MR R, AT LA AT B2 3k work (11583

5. IR

1. Bk rgb/meu 3% 1% pin I BEMFERE, 75 EERRAT 6 pin BIRTHL J7 20T RES A A AN
& b ) FAY.

LCDC

CLE C

RA002

R

RO402

5%

N ¢{Leoe_cLE
LCDC DEN C RIO03 OR 1 2 RO402 5% P
LCDC_DEN
LCOC HSYNGC C R9004 OR 1 m 2 RO4DZ 5% O CDEHEYNE
TCOC VSYNC C R3005 08 1 . AUn 2 RO40Z 5% JLenC VEYNG
o —_
LCDC DO C RIO0E OR 1 2 RO4D2 5% //LCDC DO
LCDC DL C RO007 OR_1 w Z_R04DZ 5% PO
LCOC D2 C RS008 R 1 ,Y.Y. 2 H040Z 5% )
LCDC D3 C R009 OR 1 V.Y 2 RO402 5% 2Lone DS
LCOC D4 _C RO0ID OR 1 ,“.“. 2 R0402 5% O oD
LCDC D5 C RIOIL OR 1 s s 2 RO402 5% SLene oS
LCOC D6 C R9012 OR 1 ,“.“. 2 R0407 5% O oneDe
LCOC 07 C RO0TS OR 1 V.. 2 R0402 5% P
Leoe_ b
LCDC D8 C RI014 OR 1 2_RO402 5% AALeD
LCDC DB
LCDC DI C R9015 OR 1 w 2 RD4DZ 5% e bs
LCOC D10 C R9016 OR 1 ,“.“, 2 R0402 5% O o0
LCDC DIT C RIO1T OR 1 ,\“s°s 2 RO402 5% SLene il
LCOC D12 C R90TE OR 1 ,“.¥. 2 RO040Z 5% D .
LCOC D13 C RS019 DR 1 ,Y.Y. 2 H040Z 5% M oD DL 3
LCDC D14 C R3020 OR 1 .Y 2 RO402 5% 2O oD a
LCOC D15 C R902T OR 1 V.Y 2 RO402 5% O ot DLs
o T —_
LCDC D16 C R902Z OR 1 2 RD402 5% P
LCOC D17 C R9023 OR_1 m 2_R0O4D2 5% P
LCOC DIB C R9024 OR 1 vV, 2 RO040Z 5% b
LCOC D19 C B5025 0 1 \YavUa 2 RO40Z 5% >
LCDC D20 C R9026 OR 1 V.Y 2 RO402 5% 5y
LCOC D21 C R9027 OR 1 ,“.“. 2 R0402 5% S
LCOC D22 C R9078 0R 1 ,\aUa 2 RO402 5% P
LCOC D23 C R9029 0R 1 ,".“. 2 R040Z 5% 5
)

(S I R o o, W ]

5

L

oo oo

oo

u

H

tnoun

2. Hi4fE panel datasheet 1EFfRC B enable/reset 12l 5| IR AN _E LR 55, DAKES 6B 21 pwm 8
. #9meu Bf, 7L E EMRVIMHLT .
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LCD PWREN 5
VOCON LEDEWM C R3032 0R 1 V.V, 7 R0402 5% =

VOCON RESET C R9030 OR 1 2 R040Z 5% cpomer g
VOCON EWREN C R9031 OR 1 VoY~ 3 RO40Z 5% Seo_Aed e
YAV CDC_BL_EWM 5

3. TR L A ERIE T, F AL T enable/reset 55 5] JE 5 0 IERA R B, 2 szbrillE 53k
TRAME, MHAT iomux f2 %5 IEAIELE N GPIO.

6. & W, A @

6.1 RGB/MCU B L E KB ERE LH S SBREFESSEMNI
%R

o A DA T delk B ETAR M, XFR display-timings T pixelclk-active &, FILASAS delk 5
data {55 HJAH X ARAL .

display-timings {
native-mode = <&fx070 dhmllboe timing>;

fx070 dhmllboe timing: timingO {
clock-frequency = <50000000>;
hactive = <1024>;
vactive = <600>;
hback-porch = <140>;
hfront-porch = <160>;
vback-porch = <20>;
viront-porch = <20>;
hsync-len = <20>;
vsync-len = <2>;
hsync-active = <0>;
vsync-active = <0>;
de-active = <0>;
pixelclk-active = <0>; // 1 #I¥, o AHE:


af://n1343
af://n1344

	Rockchip RGB 和 MCU 接口开发指南
	基础概念
	RGB 接口
	DE Mode
	SYNC Mode

	MCU 接口
	Write Timing
	Read Timing
	Bypass 和 Normal Mode


	RK 平台支持情况
	硬件连接
	软件配置
	显示通路
	Panel 配置
	SPI 初始化配置

	RGB 接口
	MCU 接口
	MCU Bypass Timing 配置
	MCU Frame Write/Read


	调试流程
	常见问题
	RGB/MCU 屏可以显示图像但屏幕上有噪点或者存在显示错位现象



