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Both A and B dip
together, but receiver
still sees a logic 1

Three Voltage Levels Per Wire Ensure
Proper Differential Reception
Single-Ended Field of Differential Field of
Transmitters Receivers
UM ae e ) SV
- A >AB ..... FB{eceii//er!
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AIways-ToggIe DeS|gn Allows for Simple
Clock Recovery (100% Transition Density)

Single-Ended Field of Differential Field of
Transmitters Receivers
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Three-level single-ended

S i g n aI i n g Transmitters Receivers
A AD—O AB
B AD—() BC
Non-deterministic transitions ¢ > A

based on self-clocked mapping
and encoding algorithm
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Evolution from D-PHY (1 Lane, 4 Wires)
HS A ]
TS : 1 P h>
U I;Ig B )_ FNV\_‘?ﬁ > CDR
p/Down > | E Symbol Decoder
LP A — )L P A and De-Mapper
LP B
LP B
HS C
(Up/Down) ‘> " =T
TXe Less wires
LP C — - Less power

More bandwidth

\. J
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18 pin Forwarded Sync Clock SoC 18 pin Embedded Clock and Data SoC
Limited Fixed Configurations All Configurations Supported
@2.5 Gbps @2.5 Gsps
% o
DAT
X2 5.7 Gbps < 0
DAT
X3 11.4 Gbps
X4 = < o)
CLK 17.1 Gb
10 Gbps 7 ps 5.7 Gbps
DAT
22.8 Gb
” <. .
DAT X2 5.7 Gbps
APP o TEE -8 CHy APP
X1 DAT X2 5.7 Gbps < Lo
2. CLK 11.4 Gb
5 Gbps X1 ps X1 X1 -
5.7 Gbps 5.7 Gbps 5.7 Gbps I:
Al - X1 X1 X1 X1
2.5 Gbps CLK 5.7 Gbps ( 5.7 Gbps 5.7 Gbps < 5.7 Gbps < E
| Total Aggregate BW: 15 Gbps | | Total Aggregate BW: 34.3 Gbps |

Source: MIPI Alliance
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ANALOG DIGITAL
Wires Wire states A>B
A—I_ Wire B>C
differential

AW C>A| |
B ™ r— —>

- N 5 00000000
C - (3 bits) Z Y -Z X AKX -z -y X -2

* 3 wires per lane Symbols < >< >< >< >< >< >< >< >
« 3-level wires (LOW, MID, HIGH) (3 bits) ‘ OAN2ZA2ZA4ANLTAOAQO l 0
|

e Every unit interval must contain

LOW, MID, and HIGH wires 7-symbol to 16-
* No two consecutive identical bit mapping
wire states Integers

(16 bits) X 0x7290 ><

©MIP| ALLIANCE. ALL RIGHTS RESERVED.
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* A wire state is the collection of A, B, and C
* 6 possible wire states

ANALOG DIGITAL
| | (3 bits) |
A B C A>B | B>C | c>a | Wirestate
name

HIGH LOW MID 1 0 0 +X
LOW HIGH MID 0 1 1 -X
MID HIGH LOW 0 1 0 +y
MID LOW HIGH 1 0 1 -y
LOW MID HIGH 0 0 1 +z
HIGH MID LOW 1 1 0 -2

©MIP| ALLIANCE. ALL RIGHTS RESERVED.
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* A symbol represents a transition between two wire states
* 5 possible symbols
Symbol (3 bits)
Flip | Rotate | Polarity
0| O 0 0
Example:
1| O 0 1
+tX 41— -z
2| 0 1 0
3| O 1 1
4 1 DC DC
Flip Rotate Polarity
0 - 0 | Decr. letter 0 -
1 Same letter, toggle sign. 1| Incr. letter 1 | Toggle sign

©MIP| ALLIANCE. ALL RIGHTS RESERVED.




mMipiDEVCON

* C-PHY defines a mapping between 7-symbol words and 16-bit integers

Number of 7-symbol words:
57 = 78125

7-symbol words

>

65536

{0224100} o

1-to-1
mapping

Number of 16-bit integers:
216 = 65536

16-bit integers

65536

12589

unmapped |

words

¢ 0x7290

——{3444443} Sync Word (Alignment marker)

‘\

©MIP| ALLIANCE. ALL RIGHTS RESERVED.
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Integer range Flip bits Rotate and Polarity bits
OxFCOO—OxFFFEF : Flip=[1,0,1,0,0,0,0] Integer=[ i, i, i, i, i, 1, ro05,po5,ro3 ,po3,ro2 ,po2 ,xrol ,pol ,xro0 ,pol]
OxF800—0xFBFF : Flip=[0,1,1,0,0,0,0] Integexr=[ i, i, i, i, i, 0, x06,po6,xo3 ,pe3 ,xro2 ,po2 ,xol ,peol ,xol ,pol)
OxF400-0xF7FF: Flip=[1,0,0,1,0,0,0] Integer=[ 1, 1, 1, 1, o, 1,r05,po5, xro4d ,pod ,ro2 ,po2 ,xrol ,pol ,xo0 ,po0l
OxFOOO—OxF3FF : Flip=[0,1,0,1,0,0,0] Integexr=|[ gl - EIP Ef E o, 0,x06,po6,xrod ,podd ,xo2 ,po2 ,xol ,pol ,xo0 ,pol]
OxECOO—OxEFFF : Fliap=—J0,0,1T,1,0,0,0]1 Integer=[ i, i, i, o, i, 1l,r06,po6,xro5 ,po5 ,xro2 ,po2,xrol ,pol ,xol ,pol)
OxE800—0OxEBFF : Flip=[1,0,0,0,1,0,0] Integexr=[ al,. al,. al, o, al, 0, rxo5,po5, xrod ,pod ,xo3 ,po3 ,xol ,pol ,xol ,pol])
OxE400—OxE7FF : Flip=[0,1,0,0,1,0,0] Integexr=[ i, i, i, o, o, 1l,rxr06,po6,xo04d ,pod , xro3 ,pe3d ,xol ,pol ,xol ,poll)
OxEOOO—OxE3FF : Flip=[0,0,1,0,1,0,0] Integer=[ gl al - al - o, o, 0, x06,po6, xo5 ,po5 ,xro3 ,po3 ,xol ,pol ,xol ,pol))
OxDCOO—OxDFFF : Flip=[0,0,0,1,1,0,0] Integexr=[ als als (0] ~ al, ks 1l,r06,po6,xro5 ,po5 ,xod ,,pod , xol ,pol ,xol ,pol)
OxD800—-0xDBFF : Flip=[1,0,0,0,0,1,0] Integexr=[ el El o, e Lo 0, ro5,po5, rod ,podd ,xo3 ,po3 ,xo2 ,po2 ,xrol ,pol)
OxD400—-0xD7FF : Flip=[0,1,0,0,0,1,0] Integexr=[ S =L o, L o, 1l,x06,po6,xrod ,podd ,xo3 ,po3 ,xro2 ,po2 ,xol ,pol)
OxDO0O0O—O0OxD3FF : Flip=[0,0,1,0,0,1,0] Integer=[ al, al o, ol o, 0, rx06,po6, xro5 ,po5 ,xro3 ,po3 ,xro2 ,po2 ,xrol ,pol)
OxCCOO—OxCFFF : Flip=[0,0,0,1,0,1,0] Integer=[ alo 2L~ o, o, Lo 1l,xr06,po6,xo5 ,po5 ,xrod ,pod , xo2 ,po2 ,xol ,pol)
OxC800—0xCBFF : Flip=[0,0,0,0,1,1,0] Integexr=[ al aby o, o, el 0, x06,po6,xro5 ,po5 ,xodd ,pod ,xo3 ,po3d ,xol ,pol)
OxC400—0OxC7FF : Flip=[1,0,0,0,0,0,1] Integexr=[ al,. al; o, o, ©- 1l,ro5,po5,xrod ,pod ,xro3 ,po3 ,xo2 ,po2 ,xol ,pol)
OxCO00O—0OxC3FF : Flip=[0,1,0,0,0,0,1] Integer=[ al - al, OP o, o, 0,rx06,po6,ro4d ,pod ,xo3 ,po3 ,xo2 ,po2 ,xol ,poll
OxBCOO—-OxBFFF : Flip=[0,0,1,0,0,0,1] Integexr=[ al - o, al - al 2l 1l,xr06,po6,xro5,po5 ,xro3 ,po3 ,xo02 ,po2 ,xol ,pol)
OxB800—-0xBBFF : Flip=[0,0,0,1,0,0,1] Integexr=[ il o, il il il 0, x06,po6,x05 ,po5 ,xod ,pod ,xo2 ,po2 ,xol ,poll
O0xB400—-0xB7FF : Flip=[0,0,0,0,1,0,1] Integer=[ al . o, al - al o, 1l,xr06,po6,xo5 ,po5 ,rold ,pold ,xo3 ,po3 ,xol ,poll
OxBO0O0O—-0xB3FF : Flip=[0,0,0,0,0,1,1] Integexr=[ al - o, il al - o, 0, r06,po6,xo5 ,po5 ,xod ,pod ,xo3 ,po3 ,xo2 ,po2)
O0xAOOO—-OxAFFF : Flip=[1,0,0,0,0,0,0] Integer=[ el o, al - 0, ro5,po5,rodd,pod,ro3 ,po3 ,xro2 ,po2 ,xol ,pol ,xol ,pol)
O0x9000—-0x9FFF : Flip=[0,1,0,0,0,0,0] Integer=[ il o, o, 1l,x06,po6,xro4d,pod,xro3 ,po3,xo2 ,po2 ,xrol ,pol ,xol ,pol)
Ox8000—0x8FFF: Flip=[0,0,1,0,0,0,0] Integer=[ 2l o, o, 0,xr06,po6,xo5,po5, xo3 ,po3 ,xo02 ,po2 ,xol ,pol ,xol ,pol)
Ox7000—-0x7FFF : Flip=[0,0,0,1,0,0,0] Integexr=[ o, al al 1l,xr06,po6,xro5,po5,xrod ,pod ,xro2 ,po2 ,xrol ,pol ,xol ,pol)
O0x6000—0x6FFF : Flip=[0,0,0,0,1,0,0] Integer=[ o, al, al 0,x06,po6,xro5,po5,xod ,pod ,xo3 ,po3 ,xol ,pol ,xol ,pol)
O0x5000—-0x5FFF : Flip=[0,0,0,0,0,1,0] Integer=[ o, al, o, 1l,r06,po6,xro5,po5,xrod ,pod ,xro3 ,po3 ,xro2 ,po2 ,xol ,pol)
Ox4000—0x4FFF : Flip=[0,0,0,0,0,0,1] Integer=[ o, al, o, 0,xr06,po6,x05,po5,xod ,pod ,xo3 ,po3 ,x02 ,po2 ,xol ,pol)
O0x0000—-0x3FFF : Flip=[0,0,0,0,0,0,0] Integer=[ o, 0, ro6

,Po6,ro5,po5,rod,pod,xro3 ,po3 ,ro2 ,po2 ,xrol ,pol ,xrol ,pol)
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~N

Eco-System Is Developed for Tools

[ESREERT)
Captured:

a5} MipiCphyDataCaptureViewer

Lane 1 @

Bis: 3612:3701 [ <« J[ < J[_ > J[ » ]

wireAB: 000000000111000111000111000111000111000111001010110101011001010110001010000100101100100000

Th ree_Phase wireBC: 000000001100011100011100011100011100011100010101001110110100100011010111011001010111010110
wireCaA: 000000000001110001110001110001110001110001110101011011101010001101100101101110001010111011

Signals & || ————— =
wireState: 000000002645132645132645132645132645132645134343453635365214241563124363123512425632531231

symbol: 888888888333333333333333333333333333333333334444430022000422200122100402101230024223401011
data (dec) : 160 17450 36850 3654 60328 412

data (hex) : oozno 4422 s01a OE46 EB2S8 a1l

i
Decoded Data

.

©MIPI ALLIANCE. ALL RIGHTS RESERVED.
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LP-111 LP-001 LP-000 3/3/3/3)3)/3)3)3)3 Qaaaaa

Data Payload

Preparation for HS Start of Transmission
Transmission Marker

©MIP| ALLIANCE. ALL RIGHTS RESERVED.
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4 16-bit SYNC and POST 28 3-bit Flow 16 3-bit Encode 16 16 6-bit
words insertion symbols, , ctrl symbols symbolsatatime pre-drivers
N J \ I\ )
N \_Y_) \_Y_}
21
16 N\
> Mapper Prog. seq |
64 SYNC 84
TX data — POST ~,| Symbol 48 Symbol | 96 16 64
20ST ] FIFO 5 y4 |~aIXUC
51 encoder
AR top 16 I 1% oxpc
16‘ Mapper | Prog. seq » x4 _
i sYNC_| [
E— {3333333..) Bl nenatas —
16 64 ’
. 2/1 R » x4 ~—»I1XD_B
2 | Mapper | Prog.seq |
i SYNC_» 1,6 » x4 _6,‘L,TXU_A
S 16 64
» X4 __/_>TXD_A
2)
1§‘ Mapper Pro'g. seq g |
o SYNC_
POST
TX data valid »  MUX j
Module enable » control
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Rx: Avoiding False Sync Detection
(Problem Statement)
Tx With Short Prepare
LP-111 LP-001 LP-000
3/3)3/3/3(3/3)3/3/3)4)4)4)4)4)3)
Tx With Long Prepare
LP-111 LP-001 LP-000
o SERBEEEREEANEREE
T Equivalent to SYNC
C ———— , /\/\/ AB \ =~
____________ (:
\fzz\ W
L

©MIPI ALLIANCE. ALL RIGHTS RESERVED.
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LP-111 LP-001 LP-000 2 Symbols |
Start of Transmission
3/3/3/3/3/3/33)(3)3)(4)4)4)4/4)3)
anélog effect |
Termination Nl
efmina Off Prepare & Settle 50 Ohm Stable
System
CDR System Reset Tracking Enabled
Decode &
Measurement Ignore all HS Data Observe Da.ta But NO Erotcess
System Sync Detection ata

Detect SYNC with Pre-End as Marker for Start of Transmission

©MIP| ALLIANCE. ALL RIGHTS RESERVED.
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Filler

Footer

Payload

Header

Header

Build packet as
list of bytes,

similar to DPHY

0x
00

(0)%
00

Ox

Ox
B5 | C1

0x

(0%
04 | 05

0x

0x
02 | 03

0x

0x

0x

0x

0x

0x

0x

0x
9B | 00|24 | 80| 07 | 08 | 9B | 00 | O1

(0)%

0x
08

0x

80 | 07

0x

0x
00 | 24

0x

Bytes

a
[21]
>
o
5]
n
5T]
o
[
4
I
9
o
-
-
<«
i
Q
4
4
-
-
<«
a
p3
©
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Filler

Footer

Payload

Header

Header

Repeat header

twice

0x
00

0x
00

(0%

0x
B5 | C1

0x

0x
04 | 05

0x

0x
02 | 03

0x

0x

0x

0x

0x

0x

0x

0x

0x

08 | 9B | 00 | 24 | 80 [ 07 | 08 | 9B | 00 | O1

0x

0x

80 | 07

0x

0x
00 | 24

0x

Bytes

a
[21]
>
o
5]
n
5T]
o
[
4
I
9
o
-
-
<«
i
Q
4
4
-
-
<«
a
p3
©
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T

A\
<
Header Header Payload Footer Filler

( : \ : \ : ' : '3 X
S 5 S 3 s 3
s 8 £ s 8§ £ © ~ o m v < &
€ $ 5 5 & £ S5 @ ¢ ¢ g ¢ g ¢ g o
S ;E S § £ & % ;E s 5 X ;? > LD D § & & @
g 3 9 g &8 £ £33 8 8 ¥ £y r® R ™R T ® & 5
§ = 3 35S S § 23 F S S8 88 S g 38 = .
g & $ 5§ O 9O S S S X X X O
& § £ 3 F &5 §&FLHLLF L F & i &
Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox .oe Ox [ Ox [ Ox [ .| Ox
Bytes 00 [24 | 80 )07 |08 | 9B |00 |24 |80 |07 |08 |9B |00 |01 |02]03]04]05 B5 | C1 | 00 00
Payload and Footer are DISTRIBUTED across lanes
0x4140
| Add filler bytes to
make all lanes the
same length

Header is not distributed but
| t

COPIED on every lane

0x2400 | 0x0780 | 0x9B08 | 0x2400 | 0x0780 | 0x9B08 ]| 0x0302 [/0xOBOA ]

0x2400 | 0x0780 ] 0x9B08 | 0x2400 | 0x0780 ] 0x9B08 ]| 0x0504 /[ 0x0DOC )

distributed

Integers - 4 lanes
(L0x2400 | 0x0780 | 0x9B08 | 0x2400 | 0x0780 | 0x9B08 ] 0x0706 | OxOFCE ]

©MIP| ALLIANCE. ALL RIGHTS RESERVED.
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CSI-2 Long Packets in C-PHY

The Invisible SYNC

02 103 |04 ]05

Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox | Ox

002418007 08 ]9 10024 ]80]07|08]9B]|00]O01

-

(aXakaka) -~ @

Invisible in Integer Domain, But

Transmitted in Symbols!

t

X Footer X POST

Payload

( PREAMBLE X SYNC\X Header X SYNC X Header X

e e e e e e e e e e e e e e e e e e e e e e e e = = P

|

[

|

\l

[

33

31333 -+ 313333

a
[T}
>
o
L
0
L
o
n
T
pu
9
o
-
-
<
i
O
z
g
r
|
<«
a
b3
©
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mipi

b}

Payload

Header

Header

Ox

Ox
04 | 05

0x

Ox
02 | 03

0x
01

(0)%
00

SSS

0x
39

SSS

Packet header
contains its

own 12-bit
checksum

a
[21]
>
o
5]
n
5T]
o
[
4
I
9
o
-
-
<«
i
Q
4
4
-
-
<«
a
p3
©
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r

Payload

Header

Header

Ox

Ox

04 | 05

0x

02 | 03

Repeat header

twice

a
[21]
>
o
5]
n
5T]
o
[
4
I
9
o
-
-
<«
i
Q
4
4
-
-
<«
a
p3
©
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0x

0x

SYNC is visible

04 | 05

Payload

in the protocol
specification

»

Header

Header

bytes makes an

Each pair of
integer

39
Y
Integers IT;8139 [ | ] eee

Integer LSB = 15t byte

2nd byte

a
[21]
>
o
5]
n
5T]
o
[
4
I
9
o
-
-
<«
i
Q
4
4
-
-
<«
a
p3
©
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And so on...
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mip

o

Header

Header

Payload

Ox

0x
04 | 05

Ox

Ox
02 | 03

0x
01

Ox
00

SSS

SYNC is repeated!

0x
39

\

x0504

0x010

Header is distributed!

l\— |~ |~ |~

(L0x80F0 | SYNC ] 0x8139 | 0x8192 [ SYNC ] 0x0302 | 0x0706 )

((0x8139 | 0x8192 | SYNC | 0x80F0 [ SYN

N\

Integers - 2 lanes
distributed

a
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DSI-2 Sample Protocol Analyzer Trace

~

#g CPHY DataCapture: Run_2016-08-05_1129_2lane / dsiDataCapturel

HS_immediate
ane ane2 ' GoTo: | Packetf. v)
HS Bursts DSl Packets
.. Bust VC DT DTname  HeaderCRC WC  Shot Payload CRC ~
Distributed (x39 DesLongWite
integers/symbols as ‘Q lO 0(39~DcsLongWr'le~0t0192 ~3»841 ~()(6414
0 |0 |39 DesLongWite | 00192 3841 06305
seen on the lanes [0 |0 |03 Destongwite 20152 | 3841 |ocag23
\ [« lo [o 039 | DesLongWite | 00192 |3841 lo0sFs | .
Packet 0 Detai
o k< << | [T< > >> | o>l
0 1 2 3 4 5 3 7 8
lane1 dat ~8139 '1230410°" ‘8152 '2012410°" ‘DSYNC '3444443" 80F0 '0033400°" DSYNC '3444443" 012C '0320100°" 1207 '3100201°" [OOOB *3200000" '0002 *2000000"
lane2 data: 80F0 '0033400" ‘DSYNC '3444443" 8135 '1230410°" 8182 '2012410°" DSYNC '3444443" 000F '3300000° 0104 '0100100" IOCOO '0000030" .0007 *3100000°"
bytes 3981F080 ‘9251 | 3981 F0809281 2C010F00 07120401 "OBOOOOOC '02000700

Transmitted bytes

\.

©MIPI ALLIANCE. ALL RIGHTS RESERVED.
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DSI-2 Sample Protocol Analyzer Trace

#g CPHY DataCapture: Run_2016-08-05_1129_2lane / dsiDataCapturel [EHEHE’

HS_immediate

@ lenel O lane2 Go To: || Bursté... v

HS Bursts DS Packets

Burst ID NumData PreBegin ProgSeq PreEnd Post NumBits SyncOffset PostOffset DSI Packets A

7

1 122808 |97 14 7 60 |861824 |213 859876 | 121 -
2 (122808 |97 [14 7 59 |861760 |198 859861 | 127

3 122808 |97 14 7 64 |861824 |249 leseor2  |127

4 12808 |97 [14 7 |61 |es1824 |235 850898 | 118

5 122808 |97 14 7 57 |ss1824 |224 |gs9se7 | 108 v

Burst 0 Detai

°"-*= k< << < > >> > SYNC POST PKT

wireAB: 101010001101111110110010101101110100101011000001101010101011011110110101000010100011011000110100000001001010001101101011
wireBC:101010100010101001000101010011001001010100110111000111111110110101101110011100001110110101011001011010010100111011011101
wireCA: 010101110110010100101101010110010011010101101010111101000101101011011000101001010101101110000011101100100001010110110000
wireStates: 616161314534656542541343434536452413434345321236515363626365365653653624123241412365365312462413123124124241236536536246
symbols:_12304102012410344444300334003444443032010031002013200000200000010001300200100000010011003101100000200010000000101
data (dec 33081 33170 DSYNC 33008 DSYNC 300 4615 11 2 3329 264 256 1797 S 258 1024
data (hey): 8139 8192 80F0 012c 1207 000B 0002 0D01 0108 0100 070S 000S 0102 0400

lane1 data

lane2 data

Time domain view illustrates
C-PHY byte ordering

N .

©MIPI ALLIANCE. ALL RIGHTS RESERVED.
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Tx mapping and encoding in parallel domain

. N\
Rx false sync avoidance required pre-begin @ @
monitoring

Packet header definition required careful
design of SYNC manipulation (both Tx and Rx) -

CSI-2 & DSI-2 treat SYNC insertion differently

©MIP| ALLIANCE. ALL RIGHTS RESERVED.
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4 ) 4 )

2.0 Gsps

Leading Image Sensor —l

)_
Manufacturer Test Chip — inbr‘OSper
(Tx) — — technology

- J o J

First Packet Received First Eye Diagram

r
a5 MipiCphyDataCaptureViewer o S
lane 1 @ Captured: |Wires v

Bits: 3612:3701 i —— | ——

000000000111000111000111000111000111000111001010110101011001010110001010000100101100100000
000000001100011100011100011100011100011100010101001110110100100011010111011001010111010110
000000000001110001110001110001110001110001110101011011101010001101100101101110001010111011

wireAB:
wireBC:
wireCa:

wireState: 000000002645132645132645132645132645132645134343453635365214241563124363123512425632531231
symbol: 888888888333333333333333333333333333333333334444430022000422200122100402101230024223401011
160| 17450, 36890 3654| 60328 412

data (dec) :
00R0] 442n 901a OE46 EB28 a1l

data (hex) :

©MIPI ALLIANCE. A RESERVED
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Thank You!



