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1.1 REER

AR A A B RITE T35 EA hdmi2.0 EEpIRIRAVIKITE R URF A S8 I8V R K H g R 75

R B,

1.2 EREE

ERAFEA hdmi2.0 FRARFE,

1.3 fHXAR

BBEAMS, UREFREXAS.
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2.1 BIRITER

HDMI (High-Definition Multiface Interface) & Hitachi, Panasonic, Philips, Silicon-
Image, Sony, Thomson, Toshiba JIXRARHFE R HHN—REMMER NN, EERTF DVD,
MINEFEZ MR source &l TV, BREIF sink &HFNEH. FRETFTHNE TMDS(Transition
Minimized Differential Signaling) %, Ltsh, A TMDS 2 DVI AN E B4R,

ARIEEPIRIRTE HDMI 4= TR, FJUENFRSE hdmi2.0 71 hdmil.4

2.2 K&, EX. 46l

4EBR I BX

HDMI High Definition Multimedia Interface Bl EMIE Z g kizEO

TMDS Transition Minimized Differential signal /MY IEREDES

Source. Sink {Z/Ris/ iz

CTS 2FF Compatibility Test Suite (FEAMNIK)

HBR £#F High Bit Rate, SLt4FEE audio #IE (BEEN—M)

DDC 2K Display Data’Channel, ER#IEEE, — 12C 24

AKSV HDCP1.4 Tx iR Key Selection Vector, Bl HDCP Tx imFIZR$HEF
M, ' hdcp INEEEHE L Rx i

TE Testing Equipment, MiRi&&

DUT Device Under Testing, #iMiXi&&

HEAC HDMI Ethernet and Audio Return Channel LA M & 57k [O]3& 2§

HPD Hot Plug Detect Bl EIRE 0155

VIC Video Identification Code #R5RiR 553

OUI Organizationally unique identifier A4 —4xiRRF (IEEE 48 HDMI
XNBENRS, 1.4 7 2.0 2FEH)

EDID Extended Display Identification Data /M EBRIGERTEIE

VSDB Vendor Specific Data Block |” & E X

WRAFRE © BseEREROERAE. RE—TNF 2
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BHRRTR

F&

R

{HDCP Specification 1.4)

{HDCP on HDMI Specification Rev2 2
Final 1.pdf)

(HDMI Specification2.0.pdf)

(HDMI Spec_1.4.pdf)

Digital Content
Protection LLC
Digital Content
Protection LLC
HDMI #h&
HDMI &

HDcp1.4 thi¥
HDCP2.2 ¥

HDMI2.0 ¥
HDMI1.4 ¥

3.2 FRER

AW1859 PHY ER=E B, HeFa#2[ERA IP | B,
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4.1 ES5%H

4.1.1 BE IP | i HArg

(1) 5ER% IP | B MAIEAEER, A linux REnXEE, EHAETE linux &Y LIETT;
(2) 3t IP [ iR AR ITRE MRS A1 hdmi2.0 RehHIFEK;

(3) X IP | ARV RBEITEMBIZREILIT, UEEIIABBIE. iS4,

(4) INEIRER, HERSEERSREE N,

4.1.2 H=FA
(1) HDMI E{THmigAES, 3 hdmi2.0 B NETRIZHTIEMMLIET, BRHTE
hdmi BIFRIZEAEN, Lk bug By Bl R3IE 242 AE A bug.

(2) BP=ZEMNIEINENRRNZEMEN hdmi FERSSMHIRNFRERBINLNEHTT
FARRRIZIRIT;

4.1.3 CTS st

(1) @IARER CTS Mhix, aLEE hdmi2.0 WEA MBI —EMNRIL.

(2) WNREEIRE hdmi2.0 B CTS MININEES, BJUERE R EMNEH~RRIFRE .

4.1.4 4. BIATIRHASN BRI REIEN

WER CTS MidBEE, ELIEPAT RN IP MRGERFERIE HDMI2.0 thil B9AT &R
B, BERAFERILEBRETM—RESHEN, BAH HDMI HINEERZERME, RS
w75, HNBBA ENHNEREEREN. BBRINFTEBELINIXAEHBEM (B HDMI
RX #n) RAETTeERENAE, 1558 HDMI2.0 TX ixRIFRE M.

WRAFRE © BseEREROERAE. RE—TNF 4
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4.2 FARMBERD

4.2.1 IP | BAREFEBEBFR S

(1) IP " B1R{H#AY HDMI2.0 WA 2 NAA ZEMAZZER N8RS, ERREZOERD
UFAAZE, MAZRTE(URM io_ctrl FREMNSKREXRERED, ERMNNWERETIFZ—
ERXERF=ENABENLA linux KA

(2) 1P | &2 {HEY HDMI2.0 RS HEAENF RIRME, EEMRITAKNEFSRE —RAX
FERIERE, BN, MABISEHAE LRH, BMIARELIFRIRE, RIIFEREKLR
EENRF, FIRANGEARBXEHIMERBEE L 1000 5(E 100 F, EEEARRY

(HAHBUBERMEETWN) -

(3) IP | BiRHMKIBHA=Z app &. api E. driver:

HDMI Tx AFP

%&”mm

4-1: TP [R]” ABE5RH

Hardware

WEA: (1) BEERA IP T BREMNRERBNZOESDERFPZESENR, HE linux kernel &
73, XZERMA app FRIRAR 10 EOMMmNAER PETER.

(2) ¥+F user space HIXED, &IZOHIERS =8B 4ERY:

a.HDMI Tx App E: 2% hdmi ¥R EE, BRSMEEEZEO (BROULEIEEFREN
video,audio,hdcp £#%, & hdmi #HERAFPEEMNEE), THiXREK;

b.HDMI Tx API &: #{E IP B9 controller #1 PHY Mzl api #2F, # App BiAA;

c.Prototyping Kit API &: IP [ &t 1B FEN— LA UREIIRARR (LLMMARFKEI
EEREMER) W api 127, # App BiAA, EREEESNENFEEX—HHHBER,

WA © BSEERERHERAE. RE—TF 5
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ATHRAEZENER IP | BRENARE, BLOREERNIEEURAT KBRIFLER,
HDMI2.0 Rt RBBREERE T BROBINS B (94 driver B. core B. api &)

HDMI Tx Derver

Lz kemed
HDMI Tx API
External Block
Hardware
Controles and PHY

4-2: WREhiESRERT

WRE:

a.HDMI Tx Driver: FEH®& hdmi R EABY linux JXEPMEZR. hdmi IREHEIXTIMEO,
5 linux BXxWigEEOFBEH T X—F;

b.HDMI Core: &7 HDMI2.0 =ZEI21E %
c.HDMI Tx APIL: &SI Y HDMI2.0 IP B9—MN\IheE, S5 EHEX%,

EFANEER, RIMNFLRE driver EM core BMEEMEYE, XENEFUGNREM
hdmi2.1 EZ hdmi3.0, XIWEE AT UE R, driver B core BAETRZSZIAENERY
MiXEEHAIRE, MRESIER, BATEHFLIE hdmi IP BIREHAVER, FRATLUBRRZ
FRA M),

WA © BSEERERHERAE. RE—TF 6
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5.1 Rt% dts &

dts:

hdmi: hdmi@e6000000 {
compatible = "allwinner,sunxi-hdmi";
reg = <0x0 0x06000000 0x0 0x100000>;
clocks = <&clk_hdmi>,<&clk_hdmi_slow>,<&clk_hdmi_hdcp>,<&clk_hdmi_cec>;
pinctrl-names = "ddc active","ddc sleep","cec active", "cec sleep";
pinctrl-0 = <&hdmi ddc pin_a>;
pinctrl-1 = <&hdmi_ddc pin b>;
pinctrl-2 = <&hdmi_cec_pin_a>;
pinctrl-3 = <&hdmi cec pin_b>;
status = "okay";

5.2 IRZRECE

[hdmi]

hdmi used = 1
hdmi_hdcp_enable = 1
hdmi hdcp22 enable = 1

hdmi_cts compatibility = 0
hdmi_cec support =.1
hdmi_cec super standby»=.1

hdmi skip bootedid = 1

ddc scl = port:PH8<2><default><l><default>
ddc_sda port:PH9<2><default><l><default>
cec io port:PH10<2><default><1l><default>

ddc_en io ctrl =1
ddc_io ctrl = port:PH02<1l><default><default><0>

EESWNA:

hdmi cec_super standby: FBULINEERILUIERFKRIRET, cec AAER, #FUiRAILUEE cec
M B8 % 1K Ui 5

hdmi _hdcp_enable: HFEEHRE hdcp BY, “HHE 1 ZEE;

hdmi hdcp22 enable : & 0 Bf, RFF/S hdcpl.4 IhEE, B 1 B, FFE hdcp2.2 HITHEE;

WRAFRE © BseEREROERAE. RE—TNF 7
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ddc en io ctrl: =HIEEER ddc contrl io Ihae (BN FEMY ddc io ctrl 5IHECE) , BHEF
HFEERE,

ddc control io £ hdmi #HENBEEH 1, 7 hdmi REREEEH 0, FTLUE ddc BB EME
& CTS M ERK,

5.2.1 IXnhECE

CONFIG HDMI2 DISP2 SUNXI=y

CONFIG_AW PHY=y (£&EHiphy) / DEFAULT PHY(IPE[ Hiphy)
CONFIG_HDMI2 CEC_SUNXI=y

CONFIG_HDMI2 CEC_USER=y

WRAFRE © BseEREROERAE. RE—TNF 8
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6.1 #IafLmiz

P &k

+
1S e ndmiF1Z 51 H
boot /3 ZNET 254

RS

_—BO0LE B
~~FEhdmi 2

I
vdeg l:-[1=f:'l
H & &R

TEEEhpd

Create
hdmni thread

6-1: XEh#4A1L

gz

a. A2 iZF B RERIE & boot MR EE KA boot BRKBRHXAEMIERL, AR
7 boot FHERBAEESR hdmi ¥, MATERZMBUMEMEELEBESAEE hdmi £
B HhERAFRAMER hpd FigfF, IAF/EM—LMM LAVERRAIERNR], LB clk A clk

parent B enable count,

b. AZABEMEL, hdmi FEi@id switch H&l (FE extcon HFl) mAF=IE LIR— hpd
BIIRHEIRESIEN hpd RANBEVIRES. HILERZNERLEHZ, cat /sys/class/switch/hdmi/s-
tate TRHAEME 0, MBRUMEBRIR—MEERT—FNTHERBEEEMESE, Z2HAN hdmi
resume FR THEES ARZPBLHN—LARIE, hdmi resume FHETHEE LR hpd ki
KA, BEULRERZDBAM RIS T X NRE,

AR

WA © BSEERERHERAE. RE—TF 9
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hdmi #4565, AR hdmi fFEANEPRE, RehR2pER EDID AR LIREBNRESHY,
BEXMEEANAEERARNZMAMEHIT. FNE edid ISR LLRKE, BERFERZMEAMN
BRaF A RevEE, FILERRRRRSG AR, NN EREIZE—% hdmi run_thread
22, AEE edid FREMEXFAIZETINT, ZEMAITIMARRIZERBIEE,

6.2 HRAIZ

[ ]

: iﬂl:ﬁ___
P hpd_statedf &
. .,
Yas o hpd_state .
. ARoncry_om 7B
[ - =
_Q_,-’ huﬁ""-'l..j:' H“x_.-- bmas++
; '-!-t'*‘w"'# -'i'- no
maleap ‘fE?E imean T

E% hpel_stata=(] hpd_stata=1
Bi | LEW “m:_;'m

I — —
loks o all clisch m
Py standy T TFhgaith.

muba_unlnch [+

6-2: HIRIMIE

gz

a. Aft4 hdmi2.0 FERIL I ERALRR M AR R AP EMNAIS? WNRK A FETmN Y
ARRET?

£ hdmi2.0 JREhFFRBFIEMER, HERECNSRNNBIERA T FEMNAAN, ENRNRET
MRz IRE, EBRRE|ELEE, £ EFHBENL, FINREIESN~ERMERES, Bi/G

WA © BSEERERHERAE. RE—TF 10
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[E]FRA I AHE 400ms, XBY hdmi EHMSELRIELIERMER, ERANNERNAR. £F
MRS, FFX hdmi FEBITRSHITES, LLNMREAHRPEHEE Y, KER
SEERENER, MERLIZNIE, RATFEMNRIENRR, BAELER SR LIF AR
DiEHER, FIMERLER WA UERAEZERIEFNEITRS. BtERFEESSZERITTH,
BRAMHIRITHRIEEILS TAIZRH,

b. RIGHZE

XEFBEELE hpd_state XN EE#HIT, FMEHFEFEFIEREIHN hpd BIES hpd_state
TEHITLLER, MRMMERNMFELE hpd EH~E, WNMRERNMEEE hpd F4~%, EL
#5¢ hpd EH/E, BERZE hpd_state BE. XEEIMAT 600ms BIZERS LI ERES,

c. IENEBHRIRIE: Sk edid, BECE video. audio. cec. hdcp FiEIR;

d. IhHEHIELXIE hdmi #il, AE reset hdmi EREIESEh, SASHEERE hpd, reset
hdmi HWFTEREEN hdcp2.2 B IP BE— 1 #kfE, WRA reset BEANHHYIE, hdep2.2 BY
firmware oA EHEE.

e.hdcp BPREH

hdcp RE#1H5 hpd RSB STE—TNXIEEE, RELXH PRI N EIEZRE N
LAZHAVIE NS ARG MNIE NI IITRIMEE . hdep A hpd XFE MRHIT AT,

\ ¥k 27
6.3 DRI
UIRD MR RIET ERAERERMRATEN, BRENFIELENXIFTHEO, hdmi MR E
ELI XL ORIA,
HZARTZ: hdmi disable——>set_static_config——->hdmi_enable

AR

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 11
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a. BHPYERZ 4k@60fps FIAAIE: 1RIE hdmi2.0 Y, 4k@60fps SEMOBREERLER
Bl=, SN8RMEA hdep, BBATKMEFTFF hdep keepout window, HTF 4k@60fps (Tt
yuv444/yuv422 8bits iFZ yuv420 10bits) By tmds BE&#8id 340MHz, FLLBRAEITH
scrambling,

b. {ADERZ 3D BAIE:

HDMI hXHENX TR 3D L, BERERENRE frame packing X, £EHLERAX
B, W0TER 2D 5 3D MLLER:

WA © BSEERERHERAE. RE—TF 12
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I"bﬂﬂ: Hacive R kani Haclive
o N
. ............... 4 p——
W : [y L i
b 1 I T I:\ .
.'IIII Viacths e | pad_space
¥ Betrvn wien I
viveh =] Viscl_ides

6-4: 2D 5 3D Lt

A UEHE M 3D BGREHMEMA 2D BGRAR, MK 2D EGRERNIEDT A Active
Space, HEA/NgEREFH—Mm 2D Ef&H Vblanking F9E. FFLL, EECE 3D WA, BXE
clock BEFECRERE 72 ¥R 2D EKRW 2 &, »Ib, BT HDMI Vendor Specific InfoFrame
FEEE—T 3D M94&XBAl, 3D BG4 H DE £4 6%, HDMI RS ESMAT L,

c. FAAISIETUERS HDR RUAME:

##3SH HDR, FEREARNER, MEENLKZ—HEER SRM B, #SH SRM NEHSE
RERI R o

d.SDR #1 HDR ;8 abIE

U FE HITIE, RERIEDPR. #8370 (YUV/RGB) . Color Depth(8bits/10bits/12bits/16bits)
RIFARTE, FMAILLHITEBIEE; TR RENT DE 1 HDMI 954 EOTF MBS ERY
FEXMIEERR,, EEEIFTEME, BB CTS EK, HDR FB1% SDR K, EELLKEE

79 0 B DRM 2 #%F, SAEEXF DRM BI&X,

e. RSN a2 HDR AURLIE:
RIEEIGHNZ L, BB KX SRM B, h&SH SRM B, HEGHEFIERE,.
f. FFHRAE0 yuv420 RORMEE:

TF yuv420 18, TEELEMNRFZE pixel clock R, FtFtiReA clock # tmds
clock EF¥,

g. FHMSIE T yuv422 BIRMIE:
1R4E HDMI1.4 thilBVABRIEARPIR], yuv422 RUERFREFN yuv444d —
h. FFHRSIAETC 10bit FYRLEE:

pixel clk #1 tmds_clk EZXi&J 8bits BTAY 1.25 &, 1B yuv422 A 10bit B, BFHIIEETH
8b1ts: EEEEW—F.

WRINFE © HRB2ERRRNERAR. RE—IF 13
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{ vyca, X Yircs, X YiiCa, X Yy/Cm, K Y,1Ce, }:]l

a4 S S r, f
Bis30  { Y,bis30 X v,bis3-0 Y V,o1s30 ) v,bis30 ¥ v,bits30 Y .
Bils T4 :: Caybits 20 ¥ Cr,bits 30 ¥ Ca,tits 30 ¥ Cr, bits 3-0 ;i Ca, bits 30 ::’.

TMDOS
Channel

0

f ¥ \/ T LV 1

1 Bits 7-0 -:II ¥, bits 11-4 :f ¥, bits 11-4 :':-. ¥, bits 11-4 | Y, bits 11-4 ) ¥ bits 114 | .. |
\ / il

I\ !

\ I f 'll_ll

IllI II|I IIIIII Illl II|I Illl
2 BilsTD -.IICBul‘:ritS.H-d:(Ckuhllsﬂ-d:I:Cb.gtnlsﬂ-d Ch._l:ul&ﬂ-dlt,l:tm‘tuﬂ&ﬂ-ill .
M\ o / /

8 4L .IIII. 'Ilu

6-5: 422 ITEER

LFER yuvd22 (NITEFHEN, SEGES Y 7ENRESE U, V EHEISM T 12bits #H1T
£, XTF yuv422 8bits Kift, RGBMRIBAIE 8 {iI, THRMNGS 4bits B 0 RiEFE, FEIEXT
F yuv422 10bits Ki%, &HEHIEAIE 10bits, FITH 2 fIH 0 K&, Fib, FHATITLUA
B, yuv422 RER 8bits. 10bits. 12bits, E{IHEFHEERELE—HER,

i. B PATER By AhIE:

BT HDMI HEEEA, FMES, M 480i@601DSuc50hs, sabsmmzy 13.5m594MHzo
NEXZFFH CEA-861 thilhMIENIRED YR, FIMNEFEZR VESA i BEEMENITESD
R, BEEARERRERL LCD B sECEXMSHE, il HDMI 2.0 EEBNERE
R HEEHEET DI HAIE, EIETER, RN HEEEREIOT:

B FIRTE B el BT HnZRR , BB S B B T8 E BT EPSIE rate (£ clk set round rate) o
MREE, MEREENHINE (FH clk set rate) , WRFEE, NAEMBEEIRE RIS

£, EN1E rate ’RU—MDIMEF div FE—PMEITEBIZERRBIFHAVNE, AEEHIETREY
HEREDTRERIMNEZRENRENHIMES MREREE, WEITMR—D2ARF, EEL—FPH

S8, BERIMRSRIMTEBENRXE#HIREANILE, ATETIER div, div BEEEM 1 Fis.

j.timing BY3RIEAT:
HDMI #1 TCON ¥tF timing BENXBEERE, FrAREMMERER,

detailed timing AR A—MUFIENRERNSE, TEMEMIAB detailed timing
HUHEIR E

WRINFE © HRB2ERRRNERAR. RE—IF 14
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Hiolal

Fidd 1: ¥blank . Wacihe

-
Data i irnnt T Wayne Whack
Enalbla

Hisyrsr+Hi o] | |

WEYNC ;

6-6: detail timing

Ak, BRABAEAEGZESHHNEIRXAREXEEN, REET T, SHINEEXAN
T

hor total time = hactive + hblanking;

hblanking = hor front porch + hsync _pulse width + hor back porch;

hsync offset = hor front porch;

ver total time = vactive + vblanking;

vblanking = ver front porch + hsyn¢ pulse width + ver back porch;

vsync offset = ver front porch;

®E—, 3D #EATF (i frame packing X F# 3D) , vactive space = vblanking
k.DVI &AL 2.

RHE DVI BHNATA], DVI RARBBMEXME R # RGB B, FRIEEM. F7E DVI
tRBY, RECE Audio, HANIZIRE YUV 8

l.map code [a)@:

mapcode £F&#&E hdmi M tcon #¥% video #IERZL El hdmi FHIAR, WOTF:

WA © BSEERERHERAE. RE—TF 15
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Table 2-1 Input Diata Mappings
I
k| N Ch{p-] Wil Cafge0]
breren 4
1akr| ja | Coe) V1] Crt:0)
6| 15 | cepso VIS0 [EEL]
. CEETAT 1 TR T
st s 7 I e 1
B lvoronazd Wkl 20 B i -
E A
- wny 10y
2 - i Tb'lll'l'-‘ll
. SRR ] 1 T ]
% st 11 FIL TR ] 1 L) e
n all - '
E- e VL= TR 'r41+1';n-1g-:]
r 12-bit 13 FILENITTTA TILRne TN 10
% g TIC= T 1o TiCH T TRTT0
- F VILERI[E i 8 TG
g eta| 15 = R DR
ent| = | vro) ] cbra] [ 1 ] ]
Wha| 24 | T Cojg] T
Y OCh e
12| 2= | v Ch{110] ]
fa-bit| 26 Y[i&0] Ch{150] Cr B0
YR EEX
voron el f2bit| &7 —v—':!uﬁu Hgl
VLA TSN LY T
o] [ .':1:- o J| I ki .':'I:-n-1||JJ'."J| I |l ¥ NEEE) I
VLW ] WiLine THG:0] =7
ey M | B V(s T i Vi e T
oox| 20 TILRNRTI ] FILans 1011 ]
I KA WIL=T Rrr= T30 2]
T VI s AT
itz B _V'E‘ﬂ +THATGa] IL= Tin= T T630] 0

6-7: map code

Y0 map code REAN, FSHENEGEBRE EIR.

6.4 Audio #HiEiT

EDPERRIZERM, audio FRIERHEMINRE, SHMEMBELZIRITEF 7O, hdmi Rzpy
ESMRBERIXEED,

Az

audio nitialize gk
2 Haudio “ audic_configure =R

6-8: audio HitHRiE

AR

a. 1R#E hdmi RIMYIRAIAIE, hdmi audio FEMERIEEFER S, hdmi B Rx iR FERE
BMPLES, CAEBLS ICE60958 3 #E ICE61937 Y, BiRIEEIXIRA CTS EM N
ERLET LAERART Tx InE S RMBMER. Hit, EERE hdmi it audio B, XBEEA
BIFH N &, CTS. CA &, &BEMES audio RHRMEEMN 12S 5 SPEDIF #OBIEMHEE,
Ebdn 128, FTHAREE—EELER, 1258 TFNRK—EEEREER.

WA © BSEERERHERAE. RE—TF 16
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b. & hdmi audio FYRE K ENTRY, LLANUZEH 16 UK 24 %, E£EHEE hdmi audio
HE reset fifo, FMNESEMSIAEMEELEBBE o

c.HDMI Audio HBR &R (ZiRIE

33F HBR &3, HBR ERXEIRERERA 768KHz, BE2E 12S(audio RS hdmi &
®EiED) SENERRMBWIAE 192KHz, Fit HBR MEHARFANZ 4 1 12S (ETM HDMI
Tx i E HDMI Rx ixAY 2 8 Mi@E) , 1 12S 192KHz AR Ei6. sA/F HDMI Rx ixH
BiX 4 BEUBEHITENAS, R/E1ST HBR #iE. X2EHa] hdmi I¥zh+ HBR #IEH5EEE,
2 HDMI2.0 #hi¥%t HBR B audio & EHAIME,

d.CA {Eir)&

FriBHY CA {8, $EMIE Channel Allocation, RREIEMES speaker B9 &, HDMI il
Xt CA EMIENXIETE CEA-861 thi¥, RIB1TIHIENN T #2— T, audio H7iEIELEX CA &
MENX, EEE hdmi #H audio B, [ hdmi BIEHIN{EE ca {E,.

e. lRZHEEM audio dma BB EZR AR

FRIFREERMEMT HBR B EROVERRE, BE audio BEHUER, BIUE—MEIZEK
7, Z—TEEEERE, IRXMIHERER—MEREPRT, BTURLEIUERBUEATE
FHIENIR, #MERSMFTEELTENRR.

f. 5% HERIRE S R

TiEERWNFS, HEREN HDMI Audio BY, MIRFER, NFBILMRE SR, 6
#iR: BAF audio MR RIENERER, S8XREBESNNE, audio EH=AMAE hdmi B9
hdmi audio enable() K #{, FRLASXILRES HRAMBEEMECELUE hdmi audio, BF au-
dio 8RB E5EM/E HDMI Rx in{FFEE—EMNMEIE “E|FNERN" (0~2 7, REBN &R
BEH” AE) , A REEMEMT Rx 53K hdmi audio $iE, ERIXBSZ+9EE, FLY Rx
ey “EREN" B, RESHIEREER, ALMIAAIREE T, BEit, Ef5FR audio
7£7% hdmi HHBE S, FESXEEERE hdmi 89 audio IhEE,

Bif: ®XRECESE hdmi audio THEE, Rx HEIHE—EMMEE “EfMER" NWERE: EBEE hdmi
89 audio IN8ERYIZHZ: send audio mute ——> EEEHEXEFFE ——>clear audio mute.
Rx IH7EURE Tx 312 3RM audio mute MES/E, MAEEMM hdmi FIERFH audio Z5,
BERLBMERKE audio mute ESEMEEZXH hdmi audio fBifIhEET , FEILHERR clear
audio mute /5§, Rx X EHFEEE hdmi BI#RINEE, ERX N EHFEEEREEMEM,

g. BEiRA

HDMI HBZNAEEFTERS: —=2 HDMI AUDIO #EESEHR—EE XX av mute, &
FfRESE, AGAEE clear av._mute, X@ATHILE audio BXAERARTU=LEIES. ==
AEY audio HIRA[E HDMI {HHURHEIERN, EEEFREF clock FEEELE, FJiXiEn] LAY
fifo b FiEEIBPIRE, 5 hdmi RETRIESMEE 0 BUEURE. MRFXENIE, & HDMI t)5H=xR
Bf, HDMI FERKELN, BEEEM audio HHFELERRENEIE, SBUESTLE,
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6.5 TRERMREEIZ

B2 HERE—, AERMEERECLHETRIAE, BRIEEELIEITFTED, hdmi K5
MAESMB AR LR,

B2 hdmi disable——>hdmi suspend——>hdmi_resume——->hdmi_enable

#4872 hdmi disable #1 hdmi_enable Ri2ES%E L&,

hdmi_resume
hdmi .."H -nden'nnfﬂ
- HERAR
stop hdmi thread F8Enpd
| i
SEAT T create
A ? % o3 hdmi thread

75

6-9:  tRHERMR R

cec super standby #1!

SEFHMER, BE—IX cec HEXR, MERABMEMBEARENEF. ETENKERSE,
ccmu. BIRFELFXARE, & CPU #FLLETIETT, FILEAM LS FmMEBILERNE
EMERRX MR X, 7T RRXNR@, Fi1i%i+T cec super standby #Hll (AT LA
£ board.dts FEEERTEHRRE): HEALTHRERSH, cpu {*FELEETHRES, B2
CPUS #I@7EiE1TH, BEtFEIRERE CPUS HIE1TIEFENNA cec FSHIBER, HEER
SFRIRES AR X HDMI MR, A% CEC MBS, BBATNIFAA LUZWRRI B AT R cec
58, WARTE cpus WFE, BETLEALMILINEE, 0 H616,
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6.6 HDCP Ihgeskil

Wt i 0E
FNE 13
E® e
Fhicp

hdcp
_disabla hdop_emable

encrypbon

Oy Yem
Mo
B Miracpt 4
IP ..,i

6-10: HDCP 78

WRE:

a. U Eigit 2RNFEA hdepl.4 1 hdcp2:2 BI&It A%, 7 board.dts BEEEXHHENX T —
hdmi hdcp22_enable BHR, BHFRLUEBTENMNAXEEEERE hdepl.4 # hdcp2.2 [
RREANAR. URIMAREEITH, WREE hdepl.4.

b.hdcp2.2 EEH ER— MR IP, |4 ESM, ZEKE IP [ BiHM firmware iz1T (IP
T EFREERE) , X irmware B—1MER, XAZENRESHNE6, UAE reset
A hdmi B9 clock, #ERZFILE reset 4 hdmi 9 clock ti2EFXFEFE,

ESM AZR— N2, BRALENTE, BERILTIET, REERE soc FAFHRIE—KRAEL
HitG, BREFFINIZIENE, XEAERIE, MREFA kmalloc H#E get free page K
ERiERY, HiB firmware EFIEIFIENREFE, HNER| cache, FALLREIERZBTE cache
BEHEEHEN dram, AT EFRI cache WA, E— I LEREFNAEMEER DMA REHN
B, XEFALUEF cache,

c.hdepl.4 M hdcp2.2 HIEKE key W2 1EiESZE (HDCP 2.2 /% key A ZE.pdf) . (HD-
CPvl.4 }% key i key tz.pdf) o

6.7 CEC #izigit

BT ERRFRS CTS X, BFARIEIFELTE:
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i 0% BE Ry
i# edid E& cecitl B M iT4EE |
local_standby Bl ERcec_thread
EECECER, 7
CECT- I {E Nao
?E’Lﬁ rfﬁstandhy
fﬁ&@ﬁfg’%}mx . 3T
- =  Hinactive_sourcele— EJHETHJ:P: TiEES
i &5 1 3E :hEEﬁHR = ; i
- I playback {1 7Z B L %%Rﬁ Elﬁ?jﬂhg?ﬁ%ﬁm
£ B {f B4 5 hdm_send._pol cec B MITHIE | | BB IE B rdm sond. pol
1 BN R cec_thread
S E T A e B . o e e
| BHERAERMINE
i]ﬁﬁ%ﬁiﬁﬁ& S AT EE
|
EA am#mmt R S A E A

S

[~ f&request_active_source
- ]
w2 msta N — B & S R20meto N — R E

i &) Etme source s I 2 active_source
I B '
fe 10/ ‘ \ — 45104

uest_active_source

17 B active_source’d

T~ {image_view_on

I

J'L ]ﬁ actve_source

|
ik

6-11: CEC #fg 1
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SRiomstaM—5ES
B R Bcecil B | L6 500me l
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Yes BE
‘Jcec
ﬂiiﬁftﬁ?\# < Rx cec %7 EE
HE ﬂlﬁ%ﬁﬂﬁ b4 ELAT:
B

6-12: CEC i 2

. 6 13 RX LEE;\ lu\/}lL*EE
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6.7.1 CEC ZiBtthttp9igERN (HDMI CTS thg)

(1) BHRIEZEMIISEREN, MRARFSEMINSERNES, IRFEWAE CEC HB
BY;

(2) 188 CEC ZiEtthit 7 /1, FE poll BiEhit, MEX MUELEREMIZESAE (RFK
2| NACK [EIN) , ZAREIREXMEEMIL;

(3) poll :ZiEnt 51k
/% HDMI R BHENEMMEEFH poll —iZiEHE, BIRE poll FIANZiEML,

XEMERARFREE, BAEBEASZ—MEE, FUBEXMREPIRFREMKENE
B BAEWSRAT, FILURFHFEER poll ZiEHiL,

AR REBENG, Fipoll WE—MEIEMULAIIR E—RIRFF G ARZiENE, NRX D
ZAEMAIR S AT, 7 poll B MZiEME, XE CTS EXRBIIRE,

6.7.2 £/ F/E/ANR[EIFEINEE

ME: SNMEREHONIZRE (press) FMFTFEK (release) 73ISR A% EFHFEFH N Eh1E,
AR BUN—ERE, TV 22 Xki% press 8, Ul BEfRrHER B2 Bk ;

release JHERNATIERARIREE CHNARECRE, TRMAIARRHE, BRIEA, release oJ{E
A Ul BfnELERERES, BAMTUEEMAER, fladKBM L, MR —H press, A4
Ul BfrRZaedkst 2 T—1TH%E — 1 BfF, 24 release [GH press, 7 HEBEERIE _1TRVEM
El#Ro

AHE. opcode: 0x44 operand: 0x03 opcode: 0x45
A#: opcode: 0x44 operand: 0x04 opcode: 0x45
L% opcode: 0x44 operand: 0x01 opcode: 0x45
T#: opcode: 0x44 operand: 0x02 opcode: 0x45

iR[E5E: opcode: 0x44 operand: 0xOD opcode: 0x45

6.7.3 RERIREST cec KXEIE)
T ELI B IRER S FRITHEE,
BiER:

MRFBEXMINEE, FER board.dts #, hdmi T2 F#TH hdmi cec super standby,
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IRFRERIRE T, cpu BEIREE, 2E cpus £, FEILEFEETE cpus HRBHRINLIE cec JH
B,

EE: cpus HAEIUMIGITRANERIFEIER (big-endian, RAMIIKESUAESD) , 5
X cpu EARNRIETR (little-endian, MABMIEKESUREFESR) BF—H#MW. L, £ cpu
MATEINTFeSHIE, T#HAN cpus ZEFEERE,

R

g0, K cpu AT, CEC TX CNT 89ttty 0x06007d07 Bk, #HEIK cpu MitFr7E
=¥, 0x06007d07 % 4 = 3, FRUAEFREMF 7 0x06007d07 - 3 = 0x06007d04 FRLA,
K cpu F, XM FRENMUENHAIBE R A 0x06007d04 0x06007d05 0x06007d06
0x06007d07, B A cpus R AKim, PFLLAK 0x06007d07 ZFH#F287E cpus HIHHE)
0x06007d04

6.7.3.1 {kBR#i, hdmi_suspend FIiZ#B9Eh{E

RAKERE, cec BEFERERIFEIT, ELFEERXHF cec WBTHFIRER CEC BISIH, FrLL,
23X hdmi/ddc/hdcep BIBS$F, #FK ddc 5|, CEC B suspend ZE3X suspend, REHIT
MERIBIEANE, WX cec WIAKIE, THITHEMARE,

cec HEABAZE:

(1) &%, #N cpus NIE{TRIE/E, cec FEEMMNE—HERVAL: FREXFUTIR
BEER, ARTERABEE PN ceciEHR. XHFMERN, cec HANKEEZHI, KiET In-
active Source, FrLAEB{Ie#E cec net LEMIAMNEEAIEES LW active source BER,
active source 163 2R FRIREER 2 —, [ALLX2SH—H#HNKIR, IIZEEE, FIRFIEEHAN
RER;

(2) KEMRFEEREEMIL. cec WREXLNBRZEMAUL, RFEHANKEZA, Bt
BRIRBHEN, FIfE cpus 7, FHER poll Eigtht, REFEAEXMNFFEREERENE
et

(3) FREUMRFBUHIEIE

EIRFHNKEFIELEXHAT dde, FIEEEEE dde 3 edid RIREWIERIEE ROTEEMN T ,
BMERTLL, 445 ddc INRE=FER, FERTERS standby FPRETIE1T. Eitb, cec BY¥IEMuE
HEEEE Linux ARZEHNKRIRZ BIE 3 RASERERS, BREAIE, X1MHE standby H9F
EXIAEXEO,

(4) MREER

0x04: 0x0d: 0x82: , source logical address & tv 7 MEiEE //0x80: , ESH SR FHYIE
HLtAEERY, AMEEE 0x86: , HEM SR FHIEMUIEERT, A MREE

(5) HttE 2AIRIE 0x8f: I #&[EI 0x90:

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 23



@LWIMIER
g MXHEER: WE

6.7.4 t5E CEC IREiAZE

Pz

IBkRHY CEC WRzh5ZMIEREE: |HAREY CEC IR5h, B% CEC BEE (EER—LEAINEERIH
2, Lty poll, IREVIBMULE) MAET RepRAIE, XEHLEFAEN, CEC FEEEERET
535324, XERNBREERNE, ERNXFNREETEZRNINEEAFEFLEER,

6.7.4.1 A=E

£ CEC REhAREME, Rzhld ioctl WARAAA SRR TZEO:

(1) &EFFLE initiator WH#IEMAE: CEC S PHYS ADDR. CEC G PHYS ADDR
(2) I&EFMIKEY initiator HH4PIBHIIL: CEC S LOG ADDR. CEC_G LOG ADDR
(3) @ follower %1% CEC ;#E: CEC TRANDSMIT

HPRERRE, XX CEC HERLUAEMMGA: BEMIFEE, REAWHSAETERETH

cec THANEE

(4) U follower XXHCEC JHE: CEC RECEIVE

6.8 log BIEHZE

AT AERRAEE hdmi BIETTIRE, 7 hdmi WIRHAERIZE TITENER, WMT:
121E757%: echo [log level] > /sys/elass/hdmi/hdmi/attr/debug
log level B9EX:

1—R$TEN video B9 log

2—R$TEMN edid B9 log;

3—R$TEN audio B9 log;

4—3$TEN video + edid + audio 89 log;

5—34TEN cec B9 log;

6—S=$TEN hdcp B9 log;

7—LA_EROERFTED;

8—LL_ERYERET, log trace WITEN;
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CTS i

HDMI #&EIEEH cts Mk, UKk HDCP/CEC MEARMEMIRX, BEAXRFIBEENRER
(xxCTS HIEEEXE)

BES KA, ER (HDMI2.0 EahHAF R 24#E V1.1) CTS MXET,

R
\,\“"“ﬂe
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SR TF HDMI XM INFURIZRAERIEIR, AL ZY), MNIZEBF DT, 7
REFAFRZAE, MBENMNHETRDMFES, EFLF, REpBIFLASGM IP BIIRIEA SR L
NERNES. e ARTERE, FENRGHIT—EEMNRRFIERE K.

R
\‘\y\\“xﬁ
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E{E =R

WRAXFAE © 2021 HKiEEERHRHDBRATE. RE—TIF,

AN RNBEREERUERP, HEENEKELTRERRGERAT ( “2F ) HEHRZ
_t)J*y*lJo

AR E2SHREFRMRRIM =, RELTFEITFA, FARUMTAFFEEHL. £
fil. B ARVEBRAIEABTHBIHEE, BERSFUEMAPHERE,

(ot

LLWINER LLWINER LLWIMWER'
C 2*?4&\2".:\ *‘I’ *i C (=275

é)ﬂhﬁﬁéuﬂ&kﬁﬁm VBB EEMER. EAEERNTmPHRNEERS
*T’ Fﬂﬂ%ﬂ: ﬂ]ﬂ[ﬁﬁz%ﬂ'\, igﬁﬂﬁ%@ﬁﬁﬁkﬁﬁo

REFNA

BHEO~m. RSFFENZRESHKEEEREROEBRAE ( EE" ) 2EEENHIE
EFMFREILIR AXEPEARN2EHER D ™~ m. RS AFEAIRER A EFr LS fEBEERE
N EARIBIARRIRERFMMAERRA, HREREAXENERNR, ERBTREEH
FAYERITH (BEERRFINEE, 8, BRER) EMNAFER, £EMFARE,

ZISSU‘%H’E?JT@%?“ RESE BT mREARLEMRE, FAXEABTEREEN, 88X
B, BAFTEN. 2EREDNELAXEPREFEHNER, EHFTHERBTT2REHEIR, H
ﬁmzﬁﬁlﬁﬁﬁ?ﬁi#ﬁ% (BEEAFRTEHER. BN, BHHHRK) IRERILE=ZANNE
t, @EHAAT. AEPHFRERFRR. 58 MBINHF AR EARREERERIES &S,

AR UABRRE R R E B th 75 TR T 2 EERET AR~ N BRI R ER ™ mY
HiEd, AIRERERTE =ZFIINFFF BEBTRASEZANFANRBEXNIFA, TR
BUARRAZMAERRTREEZ S AR RZEMRR (TR . 2EFWEMRERNE=
BIFARAMEERRIE. BEFEERMX S,
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