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® About MIPI Alliance

We are a global,
collaborative organization
comprised of over 280
member companies
spanning the mobile and
mobile-influenced
ecosystems.
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@ Active Technical Working Groups
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(N Overview

Generational advancements and development of MIPI CSl imaging
interface to meet the needs of Mobile and beyond applications
including:

Two equally capable MIPl imaging interface architectures
CSI-2 over C/D-PHYs
CSI-3 over UniPro and M-PHY

Provision to mitigate PSD emissions
Extended Virtual Channels

High Dynamic Range enhancements
Latency Reduction and Transport Efficiency
Always On Metadata and Pixel Transfer
Differential Pulse Code Modulation

mil p I'a | | lance Copyright © 2016 MIPI Alliance. All rights reserved.



{

CSI-2 protocol contains transport and
application layers, and natively supports:
C-PHY, D-PHY, or combo C/D-PHY

& Two equally capable imaging interface
architectures

CSI-3 application stack connects to
UniPro transport layer, which in turn bolts
onto M-PHY

Applications
“““““““ Imaging: CSI-2

Imaging: CSI-3

mipralliance
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Imaging Development

CSI-2 D-PHY 1.2 extension Pix BW

2.5 Gbps Channel delivers 10 Gbps over 4
data lanes and a clock lane (10 D-PHY

CSI-2 C-PHY 1.0 extension Pix BW
benefit from log,5 mapping gain

2.5 Gsps Channel delivers17.1 Gbps over 3
lanes (9 C-PHY pins), or 22.7 Gbps over 4
lanes (12 C-PHY pins)

CSI-3 application stack connects to
UniPro and M-PHY
- supports networking features using fixed
gear channel rates of up to 5.8 Gbps.
- Rev control may run lower rate if asymmetric
gears are supported by Image Sensor and
Application Processor.

\/// )
L
! Effective (usable) BW: 5 Gbps
| Gross BW: 5 Gbps N
! Image Channel Rate: 2.5 Gbps Appllcatlon
! Sensor clock Processor
: CSI-2 CSl-2 D-PHY — D-PHY CSI-2
| D-PHY s n e — '
! (6-pins) - (6-pins) scales linearly
E 12C Compatible 2-pin Camera Control
i pins).
i Pin compatible coexistence supports
! CSI-2 over combo C/D-PHY solutions
i Effective (usable) BW: 11.43 Gbps
! Gross BW: 11.43 Gbps L
: Image Channel Rate: 2.5 Gsps Application
: Sensor Processor
1 embedded
4 CSI-2 C-PHY clock & data C-PHY csl-2
\ CSl-2
| C-PHY — WX AT —
I (6-pins) (6-pins)
E 12C Compatible 2-pin Camera Control
Effective (usable) BW: 3.85 Gbps
Gross BW: 5.0 Gbps
Image Sensor Channel Rate: 2.5 Gbps Application Processor
csl-3 csi-3 UniPro| | M-PHY | “e" M-PHY UniPro | | CSI-3
UniPro . || (6-pins) - (6-pins) | | n
M-PHY
revers\e‘comro\
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§ Solutions for popular imaging use case

4K @ 30 fps and 12 BPP using CSI-2

Required MIPI Required Required Required Variable Control
Specs (IPs) PHY pins Lane Rate BW Link Rate Interface
[CSI-2] 6 1.78 Gbps 3.56 Gbps Yes 12C
[D-PHY]
[CSI-2] 3 1.55 Gsps 3.56 Gbps Yes 12C
[C-PHY]

4K @ 30 fps and 12 BPP using CSI-3
Required MIPI Required Required Required Variable Control
Specs (IPs) PHY pins Lane Rate BW Link Rate Interface
[CSI-3] 4 5.0 Gbps 3.56 Gbps No In-band
[UniPro]
[M-PHY]
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CSI-2 v1.3 over C/D-PHY Evolution & Performance

Evolution of CSI-2 Performance Capabilities
Image Sensor @ 60 fps c.veee 8bpp
40 -EE Y I lobpp
35 _ Achieves 34 Gbps using 18 wires; Optimal Pixel-Rate matched to Link A k- 12 bpp
i E and beyond with scaling Rate with C/D'pHY conduits

30 .
B | I e
o 25 i1 B Y -
g (22.7 Gbps over 12 wires)
32 CSI-2v1.3  CPHYV1.0@2.5Ghz Y Tk
& - sttt Achieves 20 Gbps using
x UGt ) SRR —— oY N 18 wires with scaling
EL Tk > :
al | ettt ro'e L i e 8 S ! |

..... & e ' - Gen2
10 Wt o __ge® |l ]
: CSI-2v1.2  DPHYv1.2@ 2.5Ghz (10 Gbps over 10 wires)
-.' '''''
5 :
CSI-2v1.1  DPHYv1.1@ 1.5Ghz (6 Gbps over 10 wires) }G enl
0 —
10MP 20MP 30MP 40MP SOMP
Sensor Resolution
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| %

CSI-2 Benefits of Embedded Clock & Data

* Multiple port configurations are required to map Imaging Use Cases
e (CSI-2 v1.3 provides Logical Port realizations with embedded clock & data

Copyright © 2016 MIPI Alliance. All rights reserved.

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
DAT X1 D
X2 5.7 Gbps
DAT
11.4 Gbps
X3
X4 X1 < D
CLK 17.1 Gb
10 Gbps X4 ps 5.7 Gbps I:
DAT
22.8 Gh
ps X1 < [ |
DAT X2 5.7 Gbps
APP e cee ° *171.4 Gbps °° .X1 APP
X1 X2 EAM
2.5 Gbps CLK X1 11.4 Gbps
X1 X1
5.7 Gbps < 5.7 Gbps < 57 Gbps< II
X1 DAT
X1 X1 X1 X1
2.5 Gbps e 5.7 Gbps < 5.7 Gbps < 5.7 Gbps 5.7 Gbps II
‘ Total Aggregate BW: 15 Gbps‘ ‘ Total Aggregate BW: 34.3 Gbps
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€ CSI-2 over C-PHY (N-Phase) Data Path

Triode Data Path

Transmitter
Take in 16 bits, generate 7 symbols

Channel

Receive 7 symbols, output16 bits

Receiver

=
of £ £
DL =N | @
15t Nasoeto| NE| N gmeo
gi g (16)) 7symbol [ % | @) X 3 pp e
S = i Mapper [ V5[ V| “priver
x! o i
SRV o

15

(] ] —

21 =7 symbols, 3 FRP bits each.
3 bits define one of5 state transitions

Seven 3-phasepolarity-encoded —
symbols for each16-bit word S 31
AL A | 3Phase T Zsymbol Saq
B2 to | 1 || G| t| ]|t (B °|Receiver, %)\ < (sz to 16-bit < 15
C_|symo|sym1|sym2[sym3|sym4|sym5[sym6] C Symbol ‘I/ _% ‘I/ De- g g
\ Decoder i Mapper £ O
Each symbol has five possible states S & 1=

(ml

The change on ABC from one symbol
to the next defines the symbol value

Transmission sequence of a
16-bit word

MsB LSB
15 8[7 0

N

Mapper |

I

‘ 5

Seven FRP Commands 0‘

Transmit Sequence ‘

<

Y “A” to “B” (+x state)
A D) AT LS50 Regge50
@ N j Ao
P\L’JB “g” Zo=5Q¢—R erm=50 [ /
. —D—q—wv;—u%+
e i
cuc«@ ) ucr : Z,=50 . Rrerm=50 (
o T |

Poc @TWV—l 46 *

\V4 s

3Ph Trio Ares

mipralliance
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N-Phase (CSI—2 over C-PHY): 6 states using 3 wires

PUC

“A” to “B” (+x state)

“p” 2y=50 Rrerv=50
1
+V
"B" rerm=50
PDB /2
*_ L
“c” %=50 Rrerm=50
A W
3
= |-v/2
L+ 1.
v
upr “e~n
B” to “C” (+y state)
“p” 2,=50 Rrerv=50
—
el
-v/2
Al
“g” z° 50 Rrerm=50
el
PDB 4V
v
“cr “'5 rerm=50
¥ +
= |v2
Ly
~
“C” to “A” (+z state)
“A” Z=50 Rrepm=50
1
-v/2
Vil
“g” 20‘50 Rrerm=5
D
PDB -v/2
v
“c” 25=50—— Term=50
A —TW—
el
= |+
L.
~

R_AB .,

RBC g

R_CA 4y

RAB .,

RBC .,

R_CA gy

RAB g,

RBC g

R_CA 4y

PUC

“B” to “A” (-x state)

“p” 2y=50 Rrerv=50
T
v
A
uBn Zo=50_, TERM=50
¥
PDB +Vv/2
¥
“c” %=50 Rrerm=50
A W
¥ +
= |/
Ly
~
uen uprn
C” to “B” (-y state)
“p” 2,=50 Rrerm=50
)
Tt
+V/2
“g” 2=50 Rrerv=50
[
PDB v
v
“c” 26=50——Rreay=50
— W
¥ +
= |/
Ly
~
“A” to “C” (-z state)
up” Zy,=50 Rrerm=50
T
+V/2]
“g” 2y=50 Rrerm=5
¥
PDB J,\i/z
el Zo=5Q¢——Rreru=50
A FTW—]
a ks
= |
Ly
~
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N-Phase: 5 Transition arcs

Trio Wire Amplitude | Receiver diff input voltage | Receiver digital output
State | A B c A-B B-C C-A | Rx_AB | Rx_BC | Rx_CA
wx [ +v | o [+v2] +v V2 | -v/2 1 0 0
-X 0 +V | +V/2 -V +V/2 +V/2 0 1 il
+y | +V/2 | +V 0 -V/2 +V -V/2 0 3 0
-y +V/2 0 +V +V/2 -V +V/2 1 0 1
+2 0 |+v/2| +v -V/2 -V/2 +V 0 0 1
-2 +V | +V/2 0 +V/2 +V/2 -V 1 il 0

Page 15
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N-Phase: 16-bit to 7 FRP command mapping

[datal5, datal4, datal3, datal2, datall, datal0, data9, data8, datal, data6é, data5, datad, data3, data2, datal, datao]
Composition of 16-bit value, Tx Data[15:0] or Rx Data[lS:O]/\
1024) 6,4 0xfc00 to OxEfff Flip[6:0]==0x50==[1,0,1,0,00,0] [1,1,1,1,1,1, z05, po5, zo3, po3, o2, po2, rol, pol, o0, poOl]
1024) 5,4 0xf800 to Oxfbff Flip[6:0]==0x30==[0,1,1,0,0,0,0] [1,1,1,1,1,0, ro6, po6, ro3, po3, ro2, po2, rol, pol, o0, po0]
024 ) 6,3 0x£400 to Oxf7£f Flip[6:0]==0x48==[1,0,0,1,0,0,0] [1,1,1,1,0,1, o5, po5, ro4, po4, ro2, po2, rol, pol, o0, po0]
024 ) 5,3 0xf000 to Oxf3ff Flip[6:0]==0x28==[0,1,0,1,0,0,0] [1,1,1,1,0,0, ro6, po6, ro4, po4, ro2, po2, rol, pol, o0, po0]
024 ) 4,3 0xec00 to Oxefff Flip[6:0]==0x18==[0,0,1,1,00,0] [1,1,1,0,1,1, 06, po6, o5, po5, ro02, po2, rol, pol, zo0, poOl]
1024) 6,2 0xe800 to Oxebff Flip[6:0]==0x44==[1,0,0,0,1,0,0] [1,1,1,0,1,0, o5, po5, ro4, po4, ro3, po3, rol, pol, ro0, poO]
1024 ) 5,2 0xe400 to OxeTff Flip[6:0]==0x24==[0,1,0,0,1,0,0] [1,1,1,0,0,1, ro6, po6, ro4, po4, ro3, po3, rol, pol, o0, po0]
1024) 4,2 0xe000 to Oxe3ff Flip[6:0]==0x14==[0,0,1,0,1,0,0] [1,1,1,0,0,0, o6, po6, zo5, po5, ro3, po3, rol, pol, zo0, poOl]
1024) 3,2 0xdc00 to Oxdfff Flip[6:0]==0x0c==[0,00,1,1,0,0] [1,1,0,1,1,1, 06, po6, o5, poS5, ro4, po4, rol, pol, o0, po0]
1024 ) 6,1 0x%d800 to Oxdbff Flip[6:0]==0x42==[1,0,0,0,0,1,0] [1,1,0,1,1,0, ro5, po5, ro4, po4, ro3, po3, ro2, po2, ro0, po0]
1024) 5,1 0xd400 to Oxd7ff Flip[6:0]==0x22==[0,1,0,0,0,1,0] [1,1,0,1,0,1, o6, po6, o4, po4, ro3, po3, ro2, po2, ro0, po0]
1024) 4,1 0xd000 to Oxd3ff Flip[6:0]==0x12==[0,0,1,0,0,1,0] [1,1,0,1,0,0, o6, po6, zo5, po5, ro3, po3, ro2, po2, zol, pol]
1024) 3,1 0xcc00 to Oxcfff Flip[6:0]==0x0a==[0,00,1,0,1,0] [1,1,0,0,1,1, 06, po6, o5, poS5, ro4, po4, ro2, po2, rol, pol]
1024) 2,1 0x%c800 to Oxcbff Flip[6:0]==0x06==[0,0,0,0,1,1,0] [1,1,0,0,1,0, ro6, po6, ro5, poS5, ro4, po4, ro3, po3, ro0, po0]
1024) 6,0 0xc400 to OxcTff Flip[6:0]==0x41==[1,0,0,0,0,0,1] [1,1,0,0,0,1, zo5, po5, ro4, po4, ro3, po3, ro2, po2, rol, poll
1024) 5,0 0xc000 to Oxc3ff Flip[6:0]==0x21==[0,1,0,0,00,1] [1,1,0,0,0,0, o6, po6, zo4, po4, ro3, po3, ro2, po2, zol, poll aPhiTrioAres
1024 ) 4,0 0xbc00 to Oxbfff Flip[6:0]==0x11==[0,0,1,0,0,0,1] [1,0,1,1,1,1, zo6, po6, o5, po5, ro3, po3, ro2, po2, rol, poll
4) 3,0 0xb800 to Oxbbff Flip[6:0]==0x09: 0,0,1,00,1] [1,0,1,1,1,0, ro6, po6, ro5, poS5, ro4, po4, ro2, po2, rol, poll
4) 2,0 0xb400 to O0xb7£f Flip[6:0]==0x05==[0,0,0,0,1,0,1] [1,0,1,1,0,1, ro6, po6, 05, po5, ro4, po4, ro3, po3, rol, pol]
4) 1,0 030000 to 0xb3ff Flip[6:0]==0x03==[0,0,0,0,0,1,1] [1,0,1,1,0,0, 06, po6, o5, po5, ro4, pod, ro3, po3, o2, po2]
Oxafff
(40%) 6 | —— Flip[6:0]==0x40==[1,0,0,0,0,0,0]
[1,0,1,0, vo5, po5, ro4, po4, ro3, po3, ro2, po2, rol, pol, ro0, po0]
0xal00
Ox9£ff
(a0%6) 5 | —Flip[6:0]==0x20==[0,1,0,0,0,0,0]
[1,0,0,1, vo6, po6, ro4, po4, ro3, po3, ro2, po2, rol, pol, ro0, poO]
0x9000
Ox8Eff
(a096) 4 | —Flip[6:0]==0x10==[0,0,1,0,0,0,0]
[1,0,0,0, ro6, po6, ro5, po5, ro3, po3, ro2, po2, rol, pol, ro0, po0]
0x8000
OxXT££f
(4096) 3 | —Flip[6:0]==0x08==[0,0,0,1,0,0,0]
[0,1,1,1, Y06, po6, ro5, po5, ro4, pod, ro2, po2, rol, pol, ro0, poO0]
0x7000
Ox6£ff
(4096) 2 | —Flip[6:0]==0x04==[0,0,0,0,1,0,0]
[0,1,1,0, ¥o6, po6, ro5, po5, ro4, pod, ro3, po3, rol, pol, ro0, poO0]
0x6000
OxX5££f
(4096) 1 | ——Flip[6:0]==0x02==[0,0,0,0,0,1,0]
[0,1,0,1, Y06, po6, ro5, po5, ro4, pod, ro3, po3, ro2, po2, ro0, poO0]
0x5000
0 £££f
(@096) ( | ——Flip[6:0]==0x01==[0,0,0,0,0,0,1]
[0,1,0,0, Yo6, po6, ro5, po5, ro4, pod, ro3, po3, ro2, po2, rol, poll
034000
Ox3£fff
Flip[6:0]==0x00==[0,0,0,0,0,0,0]
/R[ll,li, ro6, po6, ro5, po5, ro4, pod4, ro3, po3, ro2, po2, rol, pol, ro0, po0]
Legend for abbreviated bit values above:
(0—6 are ro0 = Rotate{0] po0 = Polarity[0]
rol = Rotatef1] po1 = Polarity[1]
all ZGFO) ro2 = Rotate[2] po2 = Polarity[2]
ro3 = Rotate[3] po3 = Polarity[3]
ro4 = Rotate[4] po4 = Polarity[4]
| ro5 = Rotate[5] poS = Polarity[5] =]
ro6 = Rotate[6] po6 = Polarity[6]
(16384) 00000
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16-bit Pix Data
hex decimal

789a 30874

bcde 48350

N-Phase: Example of CSI-2 pixel data to C-PHY signaling 1/2

Transmission sequen:
16-bit word

ce of a

MsB

LsB

15

78

8[7

9a

Mapping to symbols over 7 Ul Encoding to Wire State
Region TxSym F R P | state A B C
________________________________ V.0 V2
3; 4K 2 0 10 +y V/2 V. 0

2 0O 1 0 +z 0 Vv/2 Vv
1 0O 0 1 -y V/i2 0 \
4 100 +y V/i2 V. 0
2 0O 1 0 +z 0 Vv/2 Vv
0 0O 0 O +y V/i2 vV 0
B 2 0. 10| + 0 V2 V.
4,0; 1K 4 100 -z V. V/2 0
2 0O 1 0 -X 0 vV V/2
3 0O 1 1 +y V/2 VvV 0
1 0O 0 1 -X 0 vV V/2
4 100 +X V. 0 V/2
3 0O 1 1 -y V/2 0 Vv
0 0O 0 O -X 0 vV V/2

| Mapper |

‘5 Seven FRP Commands 0‘

< Transmit Sequence ‘

Page 17
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N-Phase: Example of CSI-2 pixel data to C-PHY signaling 2/2

in mapp-g tadle . I mapp g tadle =
Same Phase on Symdol 3 ’\ Same Phase on Symbols 08 & T\
\ 654210 , ! 65321
Lopn L opn Dape Don o T} Cena_Polarty Lopn Lo Lo T e W } delta_Polanty
Ox789a = 0111 10001001 10{\ S cans_prase OlbcdtnlOlliOO 110111 &Z“.‘“ AR

——— e —

- e ———

o) 1 2 3 - 5 6

prior —
symbol

0
same_phaze I I l I
delta_Phase (1=CW, O=CCW) | [ =<1 | | =1 | | I |
l dc I
-Z

delta_Polarity (1=change ITI

polarity, O=same polarity)

State on the

S X +y +Z -y +y +Z +y +Z

|
Driver Outputs |

—

viewed usinga | v
single-ended 2 B v/2 _‘_‘_ I I I I l
scope probe, |
, 0 3Ph Trio Arcs

voltage
w.r.t. GND |

¢

re_as’ |
Rx_8C 1 1 1

e 11|

|
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® N-Phase Mission Critical Transfers 1/2

€% Tlola|x] €8
O | =3¢ o+« || ™ O|lo|lo|lo]l=3E
g | @02 |S|ls|(s|s|s 2| 2|2|2|5Le
w co-og i © © | ®© © © © © < | © S E-
a | e o|jao|ao|an | o |@|®|T <
=) o|lo|o|lo O«
S Y A .v. _V_I
32-bit PACKET DATA: 16-bit
PACKET Length = Word Count (WC) * Data Word PACKET
HEADER Width (8-bits). There are NO restrictions FOOTER
(PH) on the values of the data words (PF)
PH C-PHY Packet Data PF
£ o £
e
- c = I3 o | o o] = Sg
g 8 |38 | & %2 o|l+~ || ™ OO0 |0 =8¢
S| e | 202 | Q@2 |os|s (s | S S (s | (=28
n © ©Dova © c o © @© © © © © © © O cC o
F | B|Teu|TOg Q|2 |R|A ol |® || O
= & I< = = T = o<
o . o
Total Packet Byte Count = 2n
Lane 1 SOT PH ESC PH Bytel ByteO Byte 3 Byte 2 Byte 2n-3 Byte 2n-4|Byte2n-1 Byte 2n-2 EOT
Total Packet Byte Count = 2n+1
lne1 | 50T | PH [ Bc | PH | Byrel Byteo | Byte3  Byte2 Byte2n-1 Byte2n-2| Filer  Byte2n | EoT |
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Transmitted Symbols

N-Phase mission critical transfers 2/2

Link Error Example (a): Loss of No Symbol Clocks

Symbol Interval

l«—TX: Transmit ESCAPE [s0:56]——»]
s0 sl s2 s3 s4 s5

S
3(alaflalala]s

Transmitted Wire States | +z

Received Wire States | +z

Received Symbols

Transmitted Symbols

z|1|3|2|1|3|o 2|4|3|
+x|-z|+x|+y|-x|+y|+x -y|+y|»y|+y|-y|+y|-z -x|+x|-y|
+x|fz|+x|+y|—x|+y|+z 7y|+y|—y|+y|7y|+y|—z —x|+x|7y|
|l«——RX: Detect ESCAPE [s1:56]—»;
2|1|3|2|1|3|214|4|4|4|4|3 2|4|3|

j«—7 Received Symbols——

Link Error Example

Symbol Interval
——

l«—TX: Transmit ESCAPE [s0:56]——»f
s0 sl s2 s3 s4 s5

(b): Loss of One Symbol Clock

1|3|o|3|4|1|4

S
3|aflalalalals

ofa]1]

Transmitted Wire States | +z

AR El A KN

—Z|+Z|—Z|+Z|-Z|+Z|-X

—Z|+X|—Z|

Received Wire States | +z

IEEIEE

»Z|+Z|—Z|+Z|»Z|+Z|-X

NI

Received Symbols

Transmitted Symbols

RX: Detect ESCAPE [s1:56]—>f

ENEN

Symbol Interval

"7
1|3|o|3|4|1l124|4|4|4|4|3
j«—7 Received Symbols ’

Link Error Example (c): Loss of Two Symbol Clocks

l«—TX: Transmit ESCAPE [s0:56]——»f
s0 sl s2 s3 s4 s5 s6

4|3|1|2|0|1|1

3|aflalalalals

of2]a]

Transmitted Wire States | +z

-z|+x|-z|-x|-z|+y|-x

1 K T K A

+y|+Z|-Z|

Received Wire States | +Z

—z|+x|—z|—x|—z|+yl+y

) 1 E T A

+y|+Z|-Z|

Received Symbols

Notes:

|«——RX: Detect ESCAPE [s1:56]—»

of2]a]

® Symbols are transmitted serially from left to right

® Wire state and symbol errors are highlighted in yellow
® 4 : point at which symbol clock is lost

® a : point at which symbol clock is restored

¢ @ : point of incorrect word alignment

* @ : point at which correct word alignment is restored

4|3|1|2|0|1lll44|4|4|4|3
j«—7 Received Symbols: ’
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Evolution of CSI-2 Imaging Interface

Gen 1 CSI-2 v1.1 protocol over D-PHY v1.1 (at 1.5 Gbps), and bidirectional command over I12C_FM EQY 2012
(at 400 Kbps)

Provides effective (usable) BW of 3 Gbps over 6 D-PHY v1.1 pins

Gen 2 CSI-2 v1.2 protocol over D-PHY v1.2 (at 2.5 Gbps), and bidirectional command over I12C_FM EQY 2014
(at 400 Kbps)

CSI-2 v1.3 protocol over C-PHY v1.0 (2.5 Gsps or 5.7 Gbps) and D-PHY v1.2 (at 2.5 Gbps), and
bidirectional command over 12C_FM (at 400 Kbps)

Provides effective (usable) BW of 5 Gbps over 6 D-PHY v1.2 pins
Provides effective (usable) BW of 11.43 Gbps over 6 C-PHY v1.0 pins

Gen 3 CSI-2 v2.0 protocol supports C-PHY v1.2 and D-PHY v2.1, with bidirectional command over
12C_FMP (1GHz) and 13C v1.0.

EQY 2016
C-PHY v1.2 provides up to 4.5 Gsps (10.3 Gbps) over 3 pins

D-PHY v2.1 provides up to 4.5 Gbps over 4 pins

Bidirectional CCl over I2C_FMP provides around 880 Kbps of effective BW, and CCl over 13C
v1.0 provides effective BW of: 10.67 Mbps over SDR, 19.2 Mbps over HDR-DDR, 18 Mbps
over HDR-TSL, and 29.3 Mbps over HDR-TSP.

Provides effective (usable) BW of 9 Gbps over 6 D-PHY v2.1 pins
Provides effective (usable) BW of 20.6 Gbps over 6 C-PHY v1.2 pins
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(‘ CSI-2 over C-PHY PSD emission reduction from scrambling
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@ CSI-2 over D-PHY PSD emission reduction from scrambling
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CSI-2 Latency Reduction Transport Efficiency

Packet transfers using legacy EoT, LPS, SoT delimiters

Short
Packet'."
l"

KEY:

Reduce interpacket latency by replacing legacy EoT, LPS, SoT with PDQ, and SoT —Legacy Start ofTransm|ss_|on
. EoT — Legacy End of Transmission
enhance CSI-2 transport channel with ALPS
LPS — Legacy Low Power State
ASoT — Alternate Start of Transmission
AEOT — Altemate End of Transmission
Shart Lang Long Shart ALPS — Altemate Low Power State
Packet Packet Packet Packet PH — Packet Header

AL A

PDQ - Packet Delimiter Quick

N I \ Is N N

Packet transfers using LRTE PDQ & ALPS

* Reduce latency and improve efficiency (preserving PHY based delimiters / B2B)
* Provides longer reach over C/D-PHYs without need for redrivers or retimers
» Alleviates electrical overstress current leakages impediments

Page 24 mlp"'al | lance Copyright © 2016 MIPI Alliance. All rights reserved.



® CSI-2 Sensor Fusion using CCl

Effective (usable) BW: 5 Gbps
Gross BW: 5 Gbps

Image Channel Rate: 2.5 Gbps Application
Sensor beriodic clock Processor
D-PHY - 2 D-PHY
Sim CSl-2 T Dat J Rx Lcsl2
- TX (6-pins) = ; (6-pins) RX

12C Compatible 2-wire Camera Control
‘ o= === — - deoeny
AF | i Gyro | |OIS | | Flashi MEMS

Pin compatible coexistence supports
CSI-2 over combo C/D-PHY solutions

Effective (usable) BW: 11.4 Gbps
Gross BW: 11.4 Gbps

Image Channel Rate: 2.5 Gsps Application
Sensor Processor
Embedded
C-PHY clock & data | C-PHY
CSI-2 CSl-2 TX T ¥ RX | csl2
C-PHY TX (6-pins) - > (6-pins) RX

12C Compatible 2-wire Camera Control
AF | iGyro | |0IS | iFlash! MEMS
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@ CSI-2 CCl and AON Advancements 1/2

ARRAY Optimal pathway for multiple forward-looking advancements in imaging

------- Drivers: Health, Convenience, Security, Lifestyle, Efficiency
High-perf pixel conduit needs met with C/D-PHY advancements
Broad definitions and fuzzy range: (i.e. Wearable: Near Body, On Body, In Body)

e i Define imaging requirements for CCl, emerging AO], array, and non-symmetrical
ALS, PREé) ————— . applications
| i o
! Camera Controller Interface (CCl) and AON advancement considerations
i using 12C /13C (SDR DDR, TSL, TSP)
GYRO / OIS ;
A e —— — ——— JI
e = | | | |
7, i Point-to-Point and Multi-Drop configurations
i APP
] |
cci -« 1 - cal
CSl2
CID.I:)FEHY > csi2
C/D-PHY
RX
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(A CSI-2 CCland AON Advancements 2/2

|
|
[
|
|
|
[
: I Token Data Pl Payload Data | :
| I
| . I
| AON LS1 Line 1 cre | 1
i 1] FS1 | (optional) i (PH WC+2) Bytes fopom) i
| I
; Y |
| Y |
I S |
: : Horizontal Line n : :
fJtle——_———-— - - - - - - - - - -k Y - - Y Y Y Y - - - - - - - === 1
L I
! : Token Data ! : Payload Data | :
| I
|| AON LSn v Line n e | |
| IBI (optional) (PH WC+2) Bytes orenb |
I
| I
| Y |
I
: Y :
A S |
: : Frame End : :
| e, r - - - == 1
i : Token Data : : Payload Data : i
| I
' AON LS Line 1 !
| CRC
Bl FE1 | optionay | FH (PH WC+2) Bytes ||
| I
| I
| I
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% CSI-2 over C-PHY Virtual Channel Extension

5-bit Reserved Field (RES) + 3-bit Virtual Channel Extension (VCX) bit:
— RES (bits 7:3) is set to zero and reserved for future use.

VCX (bit 2:0) is the most significant bits of the 5-bit Virtual Channel Identifier for the C-PHY Physical Layer option.

8-bit DATA IDENTIFIER (DI):

___ Contains the 2-bit Virtual Channel (VC) and the 6-bit Data Type (DT) Information.
VC (bits 7:6) is the least significant two bits of the 3-bit Virtual Channel Identifier. DT (bits 5:0) denotes
the format/content of the Application Specific Payload Data. Used by the application specific layer.

16-bit WORD COUNT (WC):
— The receiver reads the next WC 8-bit data words following the Packet Header.
The receiver uses the WC value to determine the end of the Packet Payload.

16-bit Cyclic Redundancy Check Code (PH-CRC):
___ 16-bit CRC code for the Packet Header; computed over the
Reserved, Data ID, and Word Count fields (4 bytes). Enables .
multi-bit errors to be detected. 16-Bit Packet Data CRC:

s ; . Computed over WC
CSI-2 ?Insert Sync Word™ PPI Command: Packet Data Words

— The physical layer simultaneously inserts an Sync Word on all N
Lanes at this point as a result of executing a CSI-2 PPI command. Sft to Sft to
WC PH-CRC APPLICATION SPECIFIC PAYLOAD 0 0
— e~ —— A /—L
- IS - IS £
< € = S= | X == S S| oo S% -
S Ol | =88 C>) Ol | 228 )lo|~|a|® OOV |0 =28 )0 O
lPS|soT |+ | |BC2 | Rge ]t |o|RC2 | Do le|s|l8|e S22 282 )5 L 1 EoT | LPS
n | ® ©T | ©ocz n ®|©D 3 © Cc 3 © © © © © © © © ocx | = S
Dl s g0 e R0 B A 8|8 2]t |E
- S L _| o .- o1 1.
%_%_%_%_%_%_A v %_)ﬁ_—/
N Copies N Copies N Copies N Copies N Copies N Copiess = PACKET DATA: 16-bit  FILLER:
. ~ ’ Length = Word Count (WC) * Data Word  PACKET FC 8-bit bytes added to
PACKET HEADER (PH): 6N x 16-bits Width (8-bits). There are NO restrictions FOOTER ensure that all Lanes
(N =Physical Layer Lane Count) on the values of the data words (PF) transport the same number of

16-bit words; FC may be 0.
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® CSI-2 over D-PHY Virtual Channel Extension

8-bit DATA IDENTIFIER (DlI):

Contains the 2-bit Virtual Channel (VC) and the 6-bit Data Type (DT) Information.

VC (bits 7:6) is the least significant two bits of the 3-bit Virtual Channel Identifier. DT (bits 5:0) denotes
the format/content of the Application Specific Payload Data. Used by the application specific layer.

16-bit WORD COUNT (WC):

— The receiver reads the next WC data words independent of their values. The
receiver is NOT looking for any embedded sync sequences within the payload
data. The receiver uses the WC value to determine the end of the Packet Payload.

6-bit Error Correction Code (ECC) + 2 Virtual Channel Extension (VCX) bits
ECC (bits 5:0) enables 1-bit errors within the packet header to be corrected and 2-bit errors to be

detected. VCX (bits 7:6) are the most significant bit of the 4-bit Virtual Channel Identifier for the D-
PHY physical layer option.

APPLICATION SPECIFIC PAYLOAD CHECKSUM/CRC (CS)

— . —r—
E% (9 slolals] €2
0| =3= | |o|<|a|= el1el1e18l=2s
mo Qe © © © © 9 Q@

LPS SoT _% CCI’-EE + o o o] o) p . © . © é 3 EoT LPS

ol s |5 |e|le|o|o s|s|s |8 22
<2 s Olololo O v
32-bit PACKET DATA: 16-bit

PACKET Length = Word Count (WC) * Data Word PACKET

HEADER Width (8-bits). There are NO restrictions FOOTER

(PH) on the values of the data words (PF)
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@ CSI-2 DPCM & HDR Advancements

DPCM 12-10-12

SNR & 1Q Benefits over varying degrees of noise,
edges, MTF

Superior to straight RAW-10 capture or existing
DPCM 12-8-12

mipralliance



® CSI-2 HDR Advancements

HDR-16

P1[15:8] (A) P1[7:0] (A) P2[15:8] (B) P2[7:0] (B)
( ~ Y ~ Y ~ Y ~ »

Data

A8 | A9 |A10|A11|A12|A13|A14|A15

A0|A1|A2|A3|A4|A5|A8|A7

B8 | B9 |B10|B11|B12|B13|B14|B15

BO|B1|BZ|B3|B4|BS|BS|B7

Byte n

Byte Values Trans

Byte n+1

le——— B8-bits ——Ple——— 8-bits ——Ple——— 8-bits ———Ple——— 8-bits ——

mitted LS Bit First

Byte n+2

Byte n+3

b0[b1{b2]b3|b4[b5[06|b7

b0[b1]b2[b3[b4|b5[b6[b7

b0[b1]b2[b3[b4|b5[b6[b7

b0[b1{b2]b3[b4|b5[b6|b7

HDR-20

Data

P2[19:12](B)

P1[19:12] (A) P1[9:2] (A)

P2[9:2] (B)

A12|A13|A14|A15|A1G|A17|A15|A19 A2 | A3| A4 | A5 | A6| AT | A8 | A9 E12|B13|B14|E15|E16|B17|E18|E19 B2 | B3 | B4| B5 | B6 | B7| B8 | B9

i
P4[19:12] (D) :

LP1 Pl P2 P2
[11:10] [1:0] [11:10] [1:0] | P3[19:12] (C)
—A—— A A

n
|
|
|
!

Y

i
; P3[9:2] (C)

Y

A10|A11| A0 | A1 |B10|B11| BO | B1 C12|C13|C14|C15|C16|C17|C18|C19 c2 | c3 | c4 | C5 | ce | c7 | C8| c9 D12|D13|D14|D15|D16|D17|D18|D19

¢——— 8-bits ———Pi¢——— 8-bits ——pi¢——— 8-bits ——Pi¢——— 8-bits ——»!
Byte Values Trangmitted LS Bit First

Byte n Byte n+1 Byte n+2 Byte n+3

b0[b1]b2[b3]ba[b5]b6[07[b0]b1]b2[03[b4]b5]b6]b7[00]b1]b2[b3]04[b5]bE]b7[bO]1]b2]b3[b4[05]bE]LT

mipralliance
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Questions?
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Backup
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MIPI C/D/M PHYs

Characteristic M-PHY v3.1 D-PHY v1.2 C-PHY v1.0
Primary use case Performance driven, Efficient unidirectional Efficient unidirectional
bidirectional packet/ streaming interface, streaming interface,
network oriented with low speed in-band | with low speed in-band
interface reverse channel reverse channel
HS clocking method Embedded Clock DDR Source-Sync Clock | Embedded Clock
Channel compensation | Equalization Data skew control Encoding to reduce data
relative to clock toggle rate
Minimum configuration | 1 lane per direction, 1 lane plus clock, 1 lane (trio), simplex, 3
and pins dual-simplex, 2 pins each | simplex, 4 pins pins

(4 total)

Maximum transmitter

SA: 250mV (peak)

LP: 1300mV (peak)

LP: 1300mV (peak)

Page 34

swing amplitude LA: 500mV (peak) HS: 360mV (peak) HS: 425mV (peak)
Data rate per lane (HS) | HS-G1:1.25,1.45Gb/s 80 Mbps to ~2.5 Gbps 80 Msym/s to 2.5 Gsym/s
HS-G2: 2.5, 2.9 Gb/s (aggregate) times 2.28 bits/sym,
HS-G3:5.0, 5.8 Gb/s or max 5.7 Gbps
(Line rates are 8b10b (aggregate)
encoded)
Data rate per lane (LS) | 10kbps - 600 Mbps <10 Mbps < 10 Mbps
Bandwidth per Port ~4.0-18.6Gb/s Max ~10 Gbps per 4-lane | Max ~ 17.1 Gbps per
(3 or 4 lanes) (aggregate BW) port (aggregate) 3-lane port (aggregate)
Typical pins per Port 10 (4 lanes TX, 1 lane RX) | 10 (4 lanes, 1 lane clock) | 9 (3 lanes)
(3 or 4 lanes)

mipralliance
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$ CSI-2 over D-PHY signaling

CLK

Dp/ D n ; TLPX ;I TH S-PREPAREN"THS.ZERo—bé

ISisconnect |
; | ‘ Terminator\ /_‘_
~VIH(min}—— : ; 5 |
~VIL(maxi— : = T
A TR G mee || vmwg
 fped ] f—t—rf
T : _’ i Capture *Treor* :
i D-TERM-EN | 15T Data Bit —Ths.skp— LP-11 |
LP-11 | LP-01 LP-00 T |
—Ths.seTTLE— - E
— THs-TRAL—"*—THs.EXIT—*
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§ CSI-2 over C-PHY (N-Phase) signaling

Detail of Programmable Sequence
e g g e e
\ '
15,6860 06006 606 08600 T 50 7,55 € &
ABe =t x>t PREPARE": SN sl —
. A t3-preseGIN t3~PROGSEQ - t3-pREEND t3.5vne -
Vi (max) T ] . / :
Vreamen(max)HX; X p@q’ AEEEERER 699999990000090000 haaaa” ; \ \
’ i - 5 it * tReoT |
“t3-TERM-EN” ! Preamble Sync Word acipt T3.posT Ths-exir ,
t3.seTTLE ! Data Post LP-111 |
LP-111 | LP-001 | LP-000 | Preamble is composed of: 3,3,3,3,3,... Sync Word: Post is composed of
; : * with mid-section consisting of a programmable sequence. 3,4,4,4,4,4,3 multiple of unused code
Reset initializes all to 3,3,3,3,3... (Least Significant word: 4,4,4,4,4,4,4
Symbol first)
hebns —=tpx—rts PRE|>ArzE"<—t3-PREAMBLE—>
3 — —l >l —
R o - t3-preBEGIN t3.preenD>*T3-5ynC <
Vi (max) :
Vreman(max) P~ o0 ]Lo B0 00 EOE0EO000000 008808/ 80080000 000K . B
i - “ treor
“T3-TeRM-EN” | Preamble Sync Word s t3.p0st HS-EXIT
t3.seTTie ! Data Post LP-111
LP-111 : LP-001 LP-000 ! Preamble is composed Sync Word: Post is composed of multiple
’ of:3,3,3,3,3,... 3,44,4,44,3 of unused code word:
Prog. sequence in (Least Significant 44,44444
mid-section is disabled. Symbol first)
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