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ZHCACI8 INSTRUMENTS

1 FPD-LINK Il ADAS f#5 2% HUB 7= N @
ERFENEWN (ADAS) H, & :k#nH# L@ N DVP 83 DPHY CSI-2 #: 1, TI HEJ
FPD-LINK HI 7= i 2 SRR IX P A O . JlH R, R HEE (REUEE) 5k kR A
RO, HEadeR GaEdEE) BESkh TR EN X KRBT i A DPHY CSI-2 #:11, Ktk
H BT TI FPD-LINK 11l ADAS fi# 5 2% HUB 7= #8572 DPHY CSI-2 #22 1 H .

TI FPD-LINK 1Il ADAS fi# 5 45 HUB 7= ity H Fi SCHF P B B E DU BS B AL 2 N, LR B35 XL DPHY
CSI-2 55, &M S NRITR,

Table 1. FPD-LINK IIl ADAS f# 5 #& HUB /= A& B 5

fREZ HUB =M | CSI-2 Lane Bk | CSI-2 Port & | B KHH CSI-2 % | 4 Port BRI
pr 2 3 il CSI-2 #5

DS90UB936-Q1 1.664Gbps 1*4 Lane 6.656Gbps 2.528Gbps
2*2 Lane

DS90UB954-Q1 1.664Gbps 1*4 Lane 6.656Gbps 3.328Gbps
2*2 Lane

DS90UB964-Q1 1.6Gbps 2*4 Lane 12.8Gbps 1.330Gbps

DS90UB962-Q1 1.664Gbps 1*4 Lane 6.656Gbps 2.528Gbps

DS90UB662-Q1 1.664Gbps 1*4 Lane 6.656Gbps 2.528Gbps

DS90UB960-Q1 1.664Gbps 2*4 Lane 13.312Gbps 3.328Gbps

KT AL TR REZHE S H R 3, S5 300K 3 VAN 40 T AR, AR D FAEE T S
WA, ARCAHER

2 DPHY CSI-2 A& ANH

2.1 i DPHY CSI-2 805

FPD-LINK Il ADAS fi# 5 2% HUB 7= b 4k 284\ FPD-LINK I {5 5 i CSI-2 #2015 5, HiH
i CSI-2 42 5 5 7] LR 53 A
e Frame Start — 32bits f {4 (short packets) , FEHFKALi# CSI-2 5517 FRBES.
o [RIFERE (LPS)
o AT RMAIEYE — K (long packets) , KA IR N:
o 32 bits {13k (PACKET HEADER)
o AXREIE, Kt T RAW12 ki, HA W MEEA 24bits
o 16 bits f1,/2 (PACKET FOOTER)

2 RA B FPD-LINK Il ADAS f##:# # HUB /%47
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o [RINFERIL (LPS)
o S TATH ML
o [RINFERI (LPS)
o HEATHRMAEE

e Frame End — 32bits %5f. (short packets)

Short Long Long Short
Packet Packet Packet Packet
@@ PH| DATA DATA |PF ﬁe@@@
KEY:
ST — Start of Transmission PH — Packet Header
ET — End of Transmission PF — Packet Footer

LPS — Low Power State

Figure 1. DPHY CSI-2 i |2 Packets 43 %

2.2 DPHY CSI-2 BishFF4

DPHY CSI-2 {8 5K @tk 2 [0 &3 MRS (LPS) , RIJFERI LP11 3 m L i Ut &
2 Jj7 LPOL DL 2 LPOO &5 HAh#L AL s 1], 1Z8%45ehs) (8] v] LR 4 1% TLPX, THS-PREPARE, THS-ZERO,
THS-SYNC, THS-TRAIL fl THS-EXIT, & 2 iz

Clock
Lane

Data Lane
Dp/Dn
VOH le—T gy =T X pngme Ths.zero—#t——Tussync— Disconnect
/—T_ﬁ“\ HS- Terminator \ /15'——
VIH(min)
VIL{max})
r-ﬁ‘---ﬁ‘- "'ﬂ"},/’
A——HF -
voL “ Treor
* > Capture
Totermen 1% Data Bit [—Ths-sxir—> LP-11
LP-11 LP01 | LP-00 « Teon .
l—Ths seTrie—|
+—Ths TraiL—*|*—Ths exir—|
v A v N " y,
LOW-POWER TO START OF HIGH-SPEED TO
HIGH-SPEED HS-ZERO TRAMSMISSION HLFGRHASQEES?S?SP‘]—A HS-TRAIL LOW-POWER
TRANSITION SEQUENCE TRANSITION

Figure 2. DPHY CSI-2 £ 515 B

X%TF TLPX, THS-PREPARE, THS-ZERO, THS-SYNC, THS-TRAIL 1 THS-EXIT, DPHY ## 24 8
e ST BT AS R AT B A ) R BRFR %1 . X T A7 DPHY CSI-2 source, XYL ATRE oA A
MO, {HESRNE DPHY P13 EhrvEE SR (A] i) DPHY M8k, A ARHER) .

A FHEFPD-LINK |1l ADAS #7425 HUB /%47 3
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3 FPD-LINK Il ADAS f#H 8% HUB 7= DPHY CSI-2 £ A/N48

%+ FPD-LINK Il ADAS CSI-2 fi#H: 2% HUB 7=, M FPD-LINK I {5820k 2] CSI-2 (5 5%, Hid
FBERFE/NR, Wl 3 Frs.

( Y
~ CSITX0
RX0 o Rx . _
Buffer 0 ~| Round Robin "
| Forwarding N
| C5-2
i TX D
CSITX0
RX1 RX »| Synchronous J Port 0 o
Burter 1 =| Forwarding Data path
RX —*1  CcsITX1
RX2 Buffer 2 * Round Robin -
Forwarding ~
- | C51-2
RX 7 csitxi oS
RX3 ™| Buffer3 "l synchronous Ja Port 1 .
]| Forwarding Data path
) iy

Figure 3. FPD-LINK Ill ADAS f# & 33%# i CSI-2 Jife
ME 37T LA B HBATFE A -
o H—, B RX port BB I BIEAFAEEA port INZEAFIXE (RX Buffer) .,
o W, CSI-2 KBS a7 23 iC & Al A2 port HIHE 2 15 ready.

o =, CSI-2 KA IHBAF AL A7 X (1 12 1 CSI-2 17 5 i e Bt 2R R CS
Uity [ o

VER: FPD-LINK IIl ADAS CSI-2 i 23U S G 172547 (line buffer) , A2 MZE4 (frame buffer) ,
WPEAT H s B /N, RX Buffer i R BEZEAF 1-2 178G, JFH CSI-2 KA HIGEZ 54 HahiE.

CSI-2 fth A WA AL B, —F A Round-Robin /&4, 7 —FONRIGER, 1 [R5
AL AL =Fb:

e Basic synchronized CSI-2 forwarding
e Line-Interleave forwarding

e Line-Concatenated forwarding

4 IR ZEEFPD-LINK Il ADAS #7474 HUB 7~/
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Round-Robin &4k s ] B AR, ARA 8% HUB 7= SRR 3 eI 21 A B AU 5 P () R DL
(VC) ID Fi%#EI5%Y (Data Type) KHEAE—EMAE S, HHRIEIINE 5 6256 E FIUT %

fFREN CSI-2 5 1. [ M BT Round-Robin /& #iii & E 44—, FEXH4EE— RX port i A\f5

SHATE, FEHXHERE RX port 1915 5 34T EAHAE A CSI-2 {5515 HAERER) CSI-2 ¥ [ .

2R T LA R R SRR 55 DA AN ]
Table 2. B2 HUB =R #H CSI-2 BERAH

B 7R R
AN RX port EHERA (DT) , PR LIA
Round-Robin [7]; it CSI-2 1555 port ] VC ID AN[F], Jf
Rt HEA RX port HIEASEHARATELA, L3k
o
FAS RX port EFERT (DT) , /PR 20
Basic synchronized CSI-2 [F; it CSI-2 {5 554> port (1) VC ID A, Jf
forwarding HARBEEA RX port [1] CSI-2 ikl B (55,
A RX port Fi 1447 B4 .
4> RX port FIEERR (DT) , ¥R i
. . /s it CSI-2 {5 558> port ) VC ID #H[A], %%
R Line-Interleave forwarding JEHT (DT MR UAAERE, 3HHAG A

Wk UESE S, B4 RX port B 1247 B4,

Line-Concatenated forwarding

A RX Port IEHEZRAL (DT) , 2 HER A2
[A]; #ith CSI-2 15 55> port ) VC ID #H[F, H
H—"MikmiEE S, B RX port B 1% i &
éﬂo

A FHEFPD-LINK |1l ADAS #7425 HUB /%47 5
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4 FRER

4.1 HEBRRKE

TI ADAS FPD-LINK I fif 25 HUB /™ Wi RS A\ {5 5 BoA 355 1S Wi g, - al ORI L 27 4745
R (1 R, 3R 3 R YR AT e RAG 06 o A\ A 5A T5 T A 2 47 4 DL S A

Table 3. fRH% HUB = HiEARFEENY

B e DA R 47 B

fift B 25 1) Lock ARA LK Lock IR T A A4

- T STS1 R K _ .
BEDERAEORIS th, MR Lock %I R .

fift £p AR P BT BB HOR B R AL, IE

OX4E - RX_PORT_STS2 LR AT EC S SRR R AR

Ox73 - LINE_ COUNT 1 e 8 el B B — W 478 (Vactive)
0x74 - LINE COUNT 0 IEFEEN T 58514k Vactive fREF—2K.
Ox75 - LINE LEN 1 e B ) B — WS BB (Hactive)
0x76 - LINE_LEN 0 IEH DT 544% 3k Hactive fRHF—2L,

42 GPIOfz5RE

bR 25 ey, fRef 28 HUB P2 i) GPIO i m] DLE I A4 e B Wit 23 IR ZS, bl Lock /5%, Pass {5
5, Frame Valid {55%, PLF AR P HKIASRESE S

Table 4. fRE %% HUB ™ & GPIO #iAfs S st

Rt L
RX Port Lock Indication fif B BE 1 Lock IR A&

Frame Valid Signal 1 A RSB 5 3 4 s
Line Valid Signal 1 A RS BRI 5 AT S
FrameSync Signal M R BRI S AL SR IR P £
Frame Valid (sending video frame) it H B 3 BT E B I AU E S
Line Valid (sending video frame) fif 8 IR BRI 5 T 2 5

T EE B S 5 R 45 HUB 77 i N KUK 15 GPIO & A7 31 W]

6 RA B FPD-LINK Il ADAS f##:# # HUB /%47
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4.3 FrameValid (FV){5 5 LineValid (LV){& 5/} ] A fRA 2

fife 5 2% HUB 7= 5 AT AR SR P FIC 0 R AL 2338 5 LAE7E RAW B3 CSI a0, X TIEAE RAW #i0R, H
TR ef 2% HUB 77 5 20 DVP i NS S #6¥ i CSI-2 {55 (FEA 80T 3R 35k 2 1 4 . FrameStart
), Frbh FrameValid (FV){& 5 75 Z4EH 2 LineValid (LV) {55 Z AT @37,

T TAEEANE RAW R, iR 28 HUB 77 it i [ B AN R R 2K
o RAWI12 LF f/hif[] N 2 PCLKs, fifHh 23 BRIAEL By 130 PCLKs.
e RAWI12 HF /M)A 3 PCLKS, fi# 23 ERIABCL & 195 PCLKSs.
e RAWIO 5/ [E]2h 5 PCLKs, fi# i #3BR AL E S 261 PCLKSs.

fift ef 22 0] LLIE T OXBC B A s & ctise /NS TR TRI B 7 a DL I & 3545 2k sensor % H 45 B AL 25 11
HSYNC (LV) 5 VSYNC (HV) 155 8] [a] FEHfIA & 7539 A2 fF 5 23 0 B f /)N i ] (8] g 225K

FW

Figure 4. FV 5 LV {55 EIFE

4.4 CSI-2 [ ERRARERE

fifeR 48 HUB 7 it CSI-2 #2215 ST AP AR, 705108 Round Robin BT RP . AHER
T Round Robin 3 GEEISEERAD , FPHEASHWTILRER.

o Hi—, WA RX port B RIS S HEFR DA ATHIIREZN
o W, FrAMEREM RX port A A RIS T, WARAH A RX port 7 25 H] .
o H=, T RX port 55U HFKEIERE (DT MHe,

T [F 220+ 9 Line-Interleave forwarding A1 Line-Concatenated forwarding %! CSI-2 {55 4
AN Port lEHLIEIE (VC) ID AF-— ID, FTLAfEAS Port ] 0x70 53 Ox71 ME#UEE (VC) ID A& FH R
FF—%, 1M Basic Synchronized CSI-2 Forwarding £ =04 H ) CSI-2 1551 4 4~ Port ¥ i flJE &

(VC) ID AN, FrLAEEAS Port 0x70 B(# Ox71 Fic & FF %A R ELEE (VO IDEE. TN
4*DS90UB933-Q1 4 it DS90UB964-Q1 i i Basic Synchronized CSI-2 Forwarding 5 = iz~ 514X
i

board.WriteI2C(TI964, 0x4C, 0x01) # RXO
board.WriteI2C(TI%64, 0x70, O0x1F) # Port0 VC ID 0, RAW1O0 datatype yuv422bl0
board.WriteI2C(TI%964, 0x4C, 0x12) # RX1
board.WriteI2C(TI%64, 0x70, Ox5F) # Portl VC ID 1, RAW1O0 datatype yuv422bl0
board.WriteI2C(TI%964, 0x4C, 0x24) # RX2
board.WriteI2C(TI9%964, 0x70, O0x9F) # Port2 VC ID 2, RAW10 datatype yuv422blO0
board.WriteI2C(TI%964, 0x4C, 0x38) # RX3

A FHEFPD-LINK |1l ADAS #7425 HUB /%47
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board.WriteI2C(TI%64, 0x70, OxDF) # Port3 VC ID 3, RAW1O0 datatype yuv422bl0
board.WriteI2C(TI9%964, 0x32, 0x01) # select CSIO Port
board.WriteI2C(TI%64, 0x33, 0x1l) # enable CSI-2
board.WriteI2C(TI9%64, 0x21, 0x14) # select Basic Synchronized CSI-2 Forwarding
board.WriteI2C(TI9%964, 0x20, 0x00) # enable RX0-3 Port to CSIO Port

TIANPIR R S i EE 25 MBI 2% HUB 7 fh RS 5

4.5 % CSI-2 {55 Timing 8 &
fift ef 25 HUB 7™ bt 9 [ g il 22 CSI-2 55, HilF 5igH SIS E N %5 CSI_PLL_CTL

OX1F ZAAASMCE AL, W FRFR.

Table 5. #iH! CSI-2 Date Rate

SENER CSI_PLL_CTL[1:0] #Ht CSI-2 Data Rate
26 MHz 1.664 Gbps
25 MHz 00 1.6 Gbps
23 MHz 1.472 Gbps
25 MHz 01 1.2 Gbps
25 MHz 10 800 Mbps
25 MHz 11 400 Mbps

2 2k CSI-2 15 5464 Lane Bt & 1% 800Mbps, 1.2Gbps 5% 1.6Gbps I, i 82> HEIECE
CSI-2 timing, JTHH A EE. Mt CSI-2 {5 545 Lane L& i 400Mbps I, fifH 234t CSI-2 {5
SHEETHE E MK timing 2%, 4*DS90UB933-Q1 #t DS90UB964-Q1 #ii i CSI-2 it B R

FRo
board.WriteI2C(TI9%64, O0xBO, 0x2) # set auto-increment, page 0
board.WriteI2C(TI%64, OxBl, 0x40) # CSI-2 Port O
board.WriteI2C(TI9%64, 0xB2, 0x83) # TCK Prep
board.WriteI2C(TI9%964, 0xB2, 0x8D) # TCK Zero
board.WriteI2C(TI9%964, 0xB2, 0x87) # TCK Trail
board.WriteI2C(TI9%964, 0xB2, 0x87) # TCK Post
board.WriteI2C(TI9%64, 0xB2, 0x83) # THS Prep
board.WriteI2C (TI%64, 0xB2, 0x86) # THS Zero
board.WriteI2C (TI%64, O0xB2, 0x84) # THS Trail
board.WriteI2C(TI9%964, 0xB2, 0x86) # THS Exit
board.WriteI2C(TI%04, 0xB2, 0x84) # TLPX

5  ~BIREE
S T, AT T 3T 44DS90UB933-Q1 #45i DS90UB964-Q1 I N ACHD, FH Rl H R
SR AT ARG

8 JRABERE FPD-LINK [l ADAS /74 # HUB /7/f;
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board.WriteI2C(TI%964, 0x01, 0x02); //reset all digital part
time.sleep(0.5)

## Internally generated framesync configuration

board.WriteI2C(TI%964, 0x0C, 0xOF); //enable RX0-3
board.WriteI2C(TI9%964, 0x4C, O0xOF); //write enable for RX0-4 registers
board.WriteI2C(TI9%964, 0x0F, 0x00); //disable GPIO input
board.WriteI2C(TI964, 0x4C, 0x01);//page to port RXO
board.WriteI2C(TI964, O0x6E, OxAA);//set RX0 SER GPIOl output framesync signal
board.WriteI2C(TI%64, 0x4C, 0x12

board.WriteI2C(TI%64, Ox6E, OxAA
board.WriteI2C(TI964, 0x4C, O0x24);//page to port RX2

( )

( )

( )

( )

( );//page to port RX1

( )

( )
board.WriteI2C(TI9%964, 0x6E, OxAA);//set RX2 SER GPIOl output framesync signal

( );

( )

( )

( )

( )

( )

( )

’
’

; //set RX1 SER GPIOl output framesync signal

board.WriteI2C(TI964, 0x4C, 0x38);//page to port RX3

board.WriteI2C(TI964, O0x6E, 0xAA);//set RX3 SER GPIOl output framesync signal
board.WriteI2C(TI%64, 0x19, 0x01
board.WriteI2C(TI%64, Ox1A, 0x15
board.WriteI2C(TI%64, 0x1B, 0x09
board.WriteI2C(TI%64, 0x1C, 0xC3
board.WriteI2C(TI%64, 0x18, 0x01

; //FS_HIGH_TIME_1

; //FS_HIGH_TIME_O

; //FS_LOW_TIME 1

; //FS_LOW_TIME 0

; //enable framesync

## RX0-3 I2C pass through and slave ID configuration

board.WriteI2C(TI964, 0x4C, 0x01l); //page to port RXO

board.WriteI2C(TI%64, 0x58, 0x58); //enable passthrough
board.WriteI2C(TI964, 0x5D, snrID); //imager slave ID = 0x30
board.WriteI2C(TI9%964, 0x65, aliasIDO); //imager slave alias, portO
board.WriteI2C(TI%964, 0x6D, Ox7E); //'set input FPD-LINK mode
board.WriteI2C(TI9%964, 0x7C, 0x01); //set frame valid polarity to active high

board.WriteI2C (TI%964, 0x4C, 0x12); //page to port RX1

board.WriteI2C(TI964, 0x58, 0x58); //enable passthrough
board.WriteI2C(TI964, 0x5D, snrID); //imager slave ID = 0x30
board.WriteI2C(TI9%964, 0x65, aliasIDl); //imager slave alias, portl
board.WriteI2C(TI%964, 0x6D, Ox7E); //'set input FPD-LINK mode
board.WriteI2C(TI9%964, 0x7C, 0x01); //set frame valid polarity to active high
board.WriteI2C(TI%964, 0x4C, 0x24); //page to port RX2

board.WriteI2C(TI%64, 0x58, 0x58); //enable passthrough
board.WriteI2C(TI%964, 0x5D, snrID); //imager slave ID = 0x30
board.WriteI2C(TI%64, 0x65, aliasID2); //imager slave alias, port2
board.WriteI2C(TI964, 0x6D, 0x7E); //'set input FPD-LINK mode
board.WriteI2C(TI9%64, 0x7C, 0x01); //set frame valid polarity to active high

board.WriteI2C(TI964, 0x4C, 0x38); //page to port RX3

board.WriteI2C(TI%64, 0x58, 0x58); //enable passthrough
board.WriteI2C(TI%964, 0x5D, snrID); //imager slave ID = 0x30
board.WriteI2C(TI%64, 0x65, aliasID3); //imager slave alias, port3
board.WriteI2C(TI%964, 0x6D, O0x7E); //'set input FPD-LINK mode
board.WriteI2C(TI9%64, 0x7C, 0x01); //set frame valid polarity to active high

## CSI output configuration for basic synchronized forwarding
board.WriteI2C(TI9%64, 0x4C, 0x01); //page to port RXO

A FHEFPD-LINK |1l ADAS #7425 HUB /%47
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board.WriteI2C(TI964, 0x70, Ox1F); //RAW10 datatype yuv422bl0 VCO
board.WriteI2C(TI964, 0x4C, 0x12); //page to port RX1
board.WriteI2C(TI964, 0x70, O0xS5F); //RAW10 datatype yuv422bl0 VC1
board.WriteI2C(TI964, 0x4C, 0x24); //page to port RX2
board.WriteI2C(TI964, 0x70, O0x9F); //RAW10 datatype yuv422bl0 VC2
board.WriteI2C(TI9%64, 0x4C, 0x38); //page to port RX3
board.WriteI2C(TI%964, 0x70, OxDF); //RAW10 datatype yuv422bl0 VC3
board.WriteI2C(TI%64, 0x32, 0x01); //read from CSI port0O, write to CSI portO
board.WriteI2C(TI9%64, 0x33, 0x03); //enable CSI port0
board.WriteI2C(TI%964, 0x32, 0x12); //read from CSI portl, write to CSI portl
board.WriteI2C(TI964, 0x33, 0x03); //enable CSI portl
board.WriteI2C(TI964, 0x20, 0x0C); //[3:0]: 0: CSI-2 port 0; 1l: CSI-2 port 1;
board.WriteI2C(TI9%64, 0x21, 0x03); //enable round robin forwarding for CSI port 0&1

6 ZEH

10

1. DS90UB960-Q1 datasheet (SNLS589C)
2. DS90UB964-Q1 datasheet (SNLS500)
3. HEAZEFPD-LINK /250 2 71 777 (ZHCAAT6)
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