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MIPI& (S

Mobile Industry Processor Interface Alliance

mipi@alliance ,DwigzirlaerrS]YStem —@S eeeee

« 2003 (CE% L
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« TN\ IViEERFEFEDHDT 0-/\)L AR

o AVHII-AFMEMELTT Y1V LR ERE
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* Protocol Layers

o DSI / DSI-2 (Display Serial Interface)
CSlI-2 / CSI-3 (Camera Serial Interface)
UFS (Universal Flash Storage)
DigRF
UniPro
o LLI (Low Latency Interface)

 Physical Layers
o D-PHY <« XHOH:EE
o C-PHY <« XHOH:EE
o M-PHY
o A-PHY
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MIPI D-PHY Configuration

D-PHY# A (T-92L-YDinE

Ref Clock
Controls

Clock Lane + Data Lane

Clock X U*Data LanelZ Z &)

PHY PHY

Master Slde Slave Slde APPI : Abstracted PHY-Protocol Interface
PPI : PHY-Protocol Interface




C-PHY Configuration

T—=3H3L- D

Ref Clock
Controls

Data Lane® #&
(ClocklIfmiEE )

PHY PHY

Master Side Slave Side  appr; abstracted PHY-Protocol Interface
PPI : PHY-Protocol Interface
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MIPI D-PHY®D:E{EE-F

DDR Clock

2 D2DE-F
MO@OCMDCDQXM CO4XOOCOOO00COCO0CONOEXMXXN
* High Speedt—F (HS) RS S L
o ER{EE e N\ o — | o

o LY=NIEZEB)1000#% s
 Low Powert-F (LP)
- KBEEEN «
o Ly-NIFEKiR

LPE— F =10Mbps

o OCT 2021 11



MIPI C-PHY®D%AE
2DODE-F (D-PHY!¢[REHE)

» High Speed®—F (HS) &Low PowerE—F (LP)

A/B/C 3. preamBLE————"

x> 13.preEPARE™]

V.H{min)-

Vi dmax) "N R s e e oo b

Vnm-su{maﬂ'i" . N

13 presecINT"1 13-preen > L3syne—

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________________________________ l______ __I.______________________________ I__________+_ -
; : ;

I

p@g/ [EEEEEEEEEEEEREEEAEEIO000T MOOCOeeaE /aaaa” | .

: ! i ' ! ! i > = Treot

ght3'TERM‘EN* ! . Preamble ' Sync Word | Packet 13 posT— Sl 5 () E—
; i"_t3_5|.:'|—|'|_|§_"JI i E Data | Post I LP-111

LP-111 | LP-001 LP-000 | Preamble is composed Sync Word: Post is composed of multiple
' ' ' of: 3,3,3,3,3,... 3,4,4,4,4,43 of unused code word:
Prog. sequence in (Least Significant 4,444,444
mid-section is disabled. Symbol first)
< <

LP

HS 8 LP
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MIPI D-PHY / C-PHY(®D

Low - Power signaling level (e.g. 1.2V)

Max LP-RX High

Minimum LP-RX Low threshold
LR R E Y T e

HS dlff swmg (e.g. 200mV)
HS common level

; ...... / f(e.g. 200mV)

Reference ground

D-PHY

---.----------------------.----:'-“1‘3:391”.‘1’ signaling level, VOH ________......
Max LP-RX High ‘ ‘ ‘ | I‘ “ ‘ | |
Tl abmE e 3 N AR RN ORMORAN

| (@ &= \_596.0mv | 1.0psidiv 50.0GSis 20.0psipt |
Single Seq

( 200.0mvidiv 500 Bi:4.0G |
1acgs RL:500.0k

& 200.0mVidiv 500 5@:4.06
@y 200.0mv -225.0ns775.0ns
#TF» 200.0mV -225.0ns775.0ns Cons May 29, 2019 0:20:11

Minimum LP-RX Low threshold
T

HS diff. swing (e.g. 250mV)
HS common level

T e

Reference Ground
C-PHY

@ OCT 2021
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D-PHYDL -2 A7}

HSE-FIEZEE)

State Code Line Voltage Levels High Speed

HS-0
HS-1

LP-00
LP-01
LP-10
LP-11

HS Low
HS High
LS Low
LS Low
LS-High
LS-High

HS ngh
HS Low
LS Low
LS-High
LS Low
LS-High

Burst Mode
Differential 0
Differential 1

N/A

N/A

N/A

N/A

Control Mode

N/A
N/A
Bridge
HS-Rqgst
LP-Rqgst
Stop

Escape Mode

N/A
N/A
Space
Mark O
Mark 1
N/A

14
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D-PHY HS{E 51§

NYAZYY

Vemrx TXaEVE—F&E 150mV 200mV 250mV

|Voo| tH A EEIRNE 140mV 200mV 270mV

VoHHs tH A High&E I+ 360mV

AN

VemRrx RXaEVE—FE 70mV 330mV

ViptH EFALyLalLk 70mV (=1.5Gbps)
High A A&EE 40mV (>1.5Gbps)

VipL EFRALyi 3Lk -70mV (=1.5Gbps)
LowA NEFE -40mV (>1.5Gbps)

ViHs U FHighAAEE 460mV

ViLHs U)LY FLowAhERE -40mV

o OCT 2021 15




D-PHY LP{E 51§

NIYAIYY
VoH H AHighL ~N )L 1.1V (=1.5Gbps) 1.2V 1.3V
0.95V (>1.5Gbps) 1.3V
VoL HALow L)L -50mV 50mV
Lo—-I\
ViHcp ATwI1 ALy 3L KEFE 450mV
ViLcp Ay I0 ALy 3L RERE 200mV

o OCT 2021 16



C-PHYDL-Y 27—k

HSE-FIE3MELAIL (Low. Mid, High)

State Code Line Voltage Levels High Speed

A Line B Line C Line Burst Mode Control Mode Escape Mode
HS +X HS High HS Low HS Mid +x state N/A N/A
HS -X HS Low HS High HS Mid -X state N/A N/A
HS +Y HS Mid HS High HS Low +y state N/A N/A
HS -Y HS Mid HS Low HS High -y state N/A N/A
HS +Z HS Low HS Mid HS High +z state N/A N/A
HS -Z HS High HS Mid HS Low -z state N/A N/A
LP-000 LS Low LS Low LS Low N/A Bridge Space
LP-001 LS Low LS Low LS-High N/A HS-Rgst Mark O
LP-100 LS-High LS Low LS Low N/A LP-Rgst Mark 1
LP-111 LS-High LS-High LS-High N/A Stop N/A

o OCT 2021
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C-PHY HSE-F

AV —+AT—h (C-PHY)

« 371Y- (VA VB, VC)
« 3{ELANJV (VHIGH, VMID, VLOW)
e RXIFENZNOESNEEEXZ{E (VA-VB, VB-VC, VC-VA)

e Y “ate | v | e | Ver

1 0 0
Vouus v /K /\ )( >< -X 0 0 1
tx -y -z “+z ty =X

+y 0 1 0

Strong 1 -~ 3
Weak 1 -----noeee Y 1 ° 1
I - +7 0 0 1

Weak 0 -- 3
Strong 0 ---------- ~Z 1 1 !

o OCT 2021 18



y
=

I AT=F (C-PHY)

A= AT=bDBV VNI AT

R

Negative
Polarity

L | EE |

000 REFEH A A [ 43 14
001 CCW R EE
010 RSt 5 A] [l By &
011 CW ]R3
1XX #EOEn B

T —JIL &L Y 2.28 bit / symbol

19
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C-PHY HS{E 51§

NIV AIYS
-_Mmm
Veprx TXaE'VE—FE 175mV 225~250mV 310mV
Veprxqwisy TXOAEE—FK %E,H_: 150mV 200mV 225mV
(Low Voltage High-Speed Mode)

|Voo| stong  ZENEE (strong 0, strong 1) 300mV
|Voo| weak  ZEBIEE (Weak 0, weak 1) 90mV

|Voo| weak ZEIEE (weak 0, weak 1) 70mV

(LVHS) (Low Voltage High-Speed Mode)

|AVoo| strong 0, strong 1O HEFEDE 17mV
VorHs H AAHIghE £ 425mV
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= 1 O =
= 7 on S &1 _
B . Setup Time
J0vI DB | CEHET ENERS m

-
- JOVYIH

= Setup Time / Hold Time

. 7Ovo4E (IYRR-9097) .+ s—
o IYIRKRUVTA 1T I3 s

Pk-Pk Jitter I —
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CLK — Data 913Y%

70v7(3DDR
0.5 Ulinst + Tskew
DATAp
Symbol | Min | Max | |
U1 Variag U -10% 10% UI=1ns
ariations
DATAn -5% 5% 0.667ns<UI<1ns
Data to Clock -0.15Ul  0.15Ul  bps=1G
CLKp Skew TSKEW(TX)

-0.20Ul  0.20UlI  1G>bps

CLKn

4—1 Ul UIINST(1)—H—1 Ul UIINST(Z)_'”

*—1 DDR Olock Perlod—-;

D-PHY Clock-Data Timing
o OCT 2021 23




MIPI D-PHYDEye Diagram®R;BI{l

DDRYOY) & EAE(CT -5 DEyeZ &3 A

YBv7-AN)DYITTL I RE Y7L R RV =90y - TyP-0.5Ul TIEAY+0.15U1(231.48ps) LA
Ch3(CLK)DIL LI FIvPISHRE

Plot 1 - Eye Diagram (Meas 1) v Add New...
MEAS 1 (©)

TIE >
?

CONFIGURE

L

REFERENCE LEVELS

CLOCK RECOVERY

Explict Clodk
- PLL

Constan

Bl Clack

L B B

2 All Bits
I-level: 0.0169215V
1803/16576 Total: 1803/16576

Waveform View

At: 25583 ps  1/At:39.09kHz ~  ~ T oTTooTooToooooooooooooooooooo oot 28783 ps 0 T Lo -

GATING v:261.278 mV : Av: 439.018 mV  Av/At: 17.16 kV/s

FILTER / LIMIT RESULTS ? oy i " o Al e . i
200 m\V/div || 200 mv/div 180.3086 .. 200 mvirdiv 4 pg/div 40 ps (1) ™\ 896 mV Auto, Analyze
500 500 Ch1~ ¢h2 00 SR 25G5/s 40 popt Sample: & bits ETRAERETaN
PASS / FAIL TESTING ’ B8 GHz & GHz 8 GHz RL: 1 Mpts G 12% Single: 1/1 10:47:05 AM,

T 9hE-0 5771 6ns) =S Data Rate=648Mbps: 1Ul=1.5432ns
e OCT 2021 24




LPHOGHSAYIVE DB Y1)

L= NIFZDF AT TR RN 510008 im A

Edit  Applications  Utility  Help Te:fﬂonix
CLK :
:mm:mm: 4 e e e e
_ Tiex . Thsprepare ; Tus-zero Ths-syne R
Dp/Dn ) ) 0 "
S S— ‘ «
“ - . . e f-w Ny JvH‘.fn‘u.
- /'\MMM»«WWWW Kooty ot o i
VIL(max)
(max) ¢
LP-11 LP-01 LP-00 HS-0 HS-00011101 —» Data

e OCT 2021 25



HSHOLPAYIVE DB Y1)

L= INEZDT A2 T100Q#& m NS FEFL b A

CLK

Dp/Dn

THs-TRAIL

Treot

A

Y.

r' 3

Teor

Y

A

Data —»

HS-0 / HS-1

v

-~ VIH(min)

LP-11

Tektronix
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C-PHY Eye Diagram
& NAROZEBNE S 5

« VA-VB, VB-VC, VC-VAZZNZ &I
» Zero Crossingx £

“strong 1”
“weak 1”
Zero Crossing
“weak 0”

“strong 0”

Trigger, at 1% zero crossing

27



A5 (C-PHY)

Eye Diagram#

:Voltage Autofit Mask Hits1: Eye Diagram

@ 50.0mV 4.0us @I 500mV 2.0ns  -1,000.0ps 100| (@@ 0.0V 200.0ns/dlv 25.0GS/s  40.0ps
aTD 50.0mV 4.0ps T 50.0mV 2.0ns  -1,000.0ps 100 | Preview Sample

T 50.0mV 4.0ps 0acqs

@I 50.0mV 2005 1,000.005 K Auto May 30,2019

RL:100.0k
10

CH1(E®) : Va
CH2(7k &)
CH3(#L %)

<<
A W




AV ITA=NIARTAE

MIPI D-PHY CTS (Conformance Test Suite)

« MIPI AllianceDNEHTRIZEET AR

- MIPI D-PHY

« Section 1 : Transmitter TestD

o GROUP 1
= Data Lane LP-TX Signaling Requirements

o GROUP 2
= Clock Lane LP-TX Signaling Requirements

o GROUP 3
= Data Lane HS-TX Signaling Requirements

mipialliance

Conformance Test Suite
for
D-PHYSM v2.1

CTS Version 1.0
22 October 2018

MIPI Board Approved 8 December 2018

o GROUP 4
= Clock Lane HS-TX Signaling Requirements

o GROUP 5
= HS-TX Clock to Data Lane Timing Requirements

o GROUP 6
= LP-TXINIT, ULPS, and BTA Requirements

o OCT 2021
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AV ITA=NIARTAE

MIPI C-PHY CTS (Conformance Test Suite)

« MIPI AllianceDNEHTRIZEET AR

* MIPI C-PHY

« Section 1 : Transmitter TestD

o GROUP 1
= LP-TX Signaling Requirements
o GROUP 2
= HS-TX Signaling Requirements
o GROUP 3
= LP-TX INIT, ULPS, and BTA Requirements

mipialliance

Conformance Test Suite
for
C-PHY®M Specification v2.0

CTS Version 1.0
31 July 2020

MIPI Board Approved 3 September 2020

o GROUP 4

= HS-TX Burst Signaling Requirements HS
Unterminated Mode

o GROUP 5

= HS-TX Calibration Preamble Signaling
Requirements

o OCT 2021
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fIIAIYI - TAR

RxZz £ L (E 5 & &8

« CTSTIERTB (Reference Termination Board) Z#f#2
« {55 [3Positive& NegativeZx 5l 4 OF v k)L TER A

CH1 : Clock Positive
CH2 : Clock Negative
CH3 : Data Positive
CH4 : Data Negative

CH1 : Clock Positive
CH2 : Clock Negative
CH3 : Data Positive

CH4 : Data Negative

i

=
& LP : 4R
HS - 100Q

i

Reference Termination Board

Reference Termination Board%{£ Master(DUT)-SlaveiZE it

o OCT 2021



Reference Termination Board
I E S FIYICEE

LA ol

- R = .

o i i m LS

RTB for D-PHY RTB for C-PHY

A5 : https://www.iol.unh.edu/solutions/test-tools/mipi

32
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MIPI D-PHYD{E B FHlilCcRBELAYORI-T

6U—-X B MSOIYIAR -V F) - AYOQRATI-T

B R Em3s, © 1GHz~10GHz
s XV JIVL-b  50GS/s
« AEURE (BE#) : 62 5MIKAV K L —
« RAATUR (ATY3Y) 1 1GKRAUE W@V

« FEEDHREE
- 8wk (@50GS/s)
o 128y (@12.5GS/s)

o« 2F vV XKJVFlexChannel ® 3£




y
=

63— B MSOMD45,

EJAR, 12Ey b fiRgeAY0OAI-T

R &G 1GHz, 2.5GHz, 4GHz, 6GHz, 8GHz, 10GHz
BRAT7FTOT - FrorILE 4 6 8
BRRT ORI -FroRIILE(FTay) 32 48 64
EaYrIFIL-L—k 50GS/s (@2ch), 25GS/s (@4ch), 12.5 GS/s (@All ch)
ZEATR 62.5M7RA 2k
RARAEVR(FTLaY) 1GRA >+

ADC D 53 iR HE 12Ewhk

HE D fiREE 8E Wk (@50GS/s, 25GS/s)

12Ewk (@12.5GS/s)

35



MIPI D-PHYD{E B FHlilCcRBELAYORI-T

DPO70000SX/Y—-X A¥OAX1-S

« FELRE S - 13GHz~70GHz

« XY TILL—k : 50GS/s

- XEUR (1B2#) :62.5MikMYh

« EAXEUR (ATv3v) :250MikA Vb

36
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DPO70000SX/Y—A D45

KJAAX, AYOATI-T

_ DPO71304SXE! | DPO71604SXE! | DP072304SX | DPO73304SX%!

BRI 13GHz 16GHz 23GHz 33GHz(@2ch)
23GHz(@4ch)

TFHayv - FroRILE 4

U TIL-L—Fk 100GS/s (@2ch), 50GS/s (@4ch),

THEATEYR 62.5MRA b

RAARUR(F T aY) 250M7RA >

= E 7 fFAE s8E vk




WIZAYOAI-TRER w15

D-PHY

C-PHY

R e e o e K K

tos- . | N I N I A

2.5Gsps
4.0Gsps
6.0Gsps

8.0Gsps

38



{EE HEE ﬁ@%/\ﬂbﬂ%/\xwmﬁlf
» TDP77xx%! TriMode0-7 \NEEAN -
AR ¥  4GHz~10GHz AN R

1000 \ \__ h —P7313

o 61— B MSOF
e P77xxE! TriModeJO-7J
R E38, © 13GHz~20GHz
> DPO70000')—AFH

—P7700
100

erential Input Impedance (Ohms)

Diff

10

10E+01 10E+02 1.0E+03 1.0E+04 10E+D5 1.0E+06 1.0E+07 1.0E+D8 1.0E+08 1.0E+1D 1.0E+11
Frequency (Hz)

0 OCT 2021 39



MIPI D-PHY / C-PHY TxB &1

TekExpress D-PHY, TekExpress C-PHY

« MIPI Allianceh'F4TL TLACTSIZZEEHL
« TN YTEEITAR
o TARLIN—MMERK

DUTID [DUTO01 @

= Acquire live waveforms

Use pre-recorded waveform files

Suite : Ti Version : CTS 1.2, Base Spec 1.2

Device Profile

Clock Lane Probing HS Data Rate (Gbps)
Ditferential | ¥ | [<=1 [v]

Clock Mode
v [ Disable Single Lane Popup

Test Mode

Multi-Lane @ Clock Lane Sources

Selected Lanes
Lane 1

TekExpress D-PHY

.
N
e

}

EVIMITT

Test Name

Result

Data

1.3.2 Data Lane HS Entry: THS-PREPARE Value

Pass

Data Lane HS Entry: THS—PREPARE Value (ns) : 71.933ns.

1.3.2 Data Lane HS Entry: THS-PREPARE + THS-ZERO Value

Pass

Data Lane HS Entry: THS—PREPARE + THS—ZERO Value = Valuel + Value2*Ul (ns) : 172.72ns

1.3.4 Data Lane HS-TX Differential Voltages (VOD(0). VOD(1)}

Pass

Data Lane VOD(1)(mV) - 183.263mV

Data Lane VOD(0XmV) : ~192.055mV

1.2.5 Data Lane HS-TX Differential Voltage Mismatch (VOD)

Pass

VOD(mV) - —8.792mV.

1.3.7 Data Lane HS-TX Static Common-Mode Voltages (VCMTX(1), VCMTX
(0)

Pass

Data Lane HS-TX Static Common-Mode Voltage VCMTX(0)mY) - 208.818mV

Data Lane HS-TX Static Common-Mode Voltage VCMTX(1)(mV) : 208.768mV

1.2.8 Data Lane HS-TX Static Common-Mode Voltage Mismatch (VCMTX
a.0)

Pass

Data Lane HS-TX Static Common-Mode Voltage Mismatch (VCMTX(1,0)(mV) : 0.025mV

1.3.9 Data Lane HS-TX Dynamic Common-Level Variations Between 50-4
50MHz (VCMTX(LA)

Pass

Data Lane H5-TX Dynamic Common-Level Variations(VCMTX(LF)mV) : 19.213mV’

1.3.10 Data Lane HS-TX Dynamic Common-Level Variations Above 450M
Hz (VCMTX(HE)

Pass

Data Lane HS-TX Dynamic Co ] NmV) - 10.296mV

1.3.11 Data Lane HS-TX 20%-80% Rise Time (tR)

Pass

Data Lane tR : 0.091UI

1.3.12 Data Lane HS-TX 80%-20% Fall Time (t})

Pass

Data Lane tF : 0.092U1

1.3.13 Data Lane HS Exit: THS-TRAIL Value

Pass

Data Lane THS-TRAIL Value = Valuel + Value2*Ul (ns) : 93.293ns.

1.3.14 Data Lane HS Exit: 30%-85% Post-EoT Rise Time (TREQT)

Pass

Data Lane TREOT(ns) - 32.093ns.

O — T T

8

Signal Type

Signal Mode

02425

« Acquire live waveforms

Device: Transmitter

Version |C-PHY 2.0 ¥ CTS1.0Spec20

Data Rate (Gsps)

LP-HS L4

T3 Post Duration (Ul)

[ 7

Use pre-recorded waveformfiles  Session : Default

I e [ LvHs

Burst E [ ALP Mode

Termination Voltage (V)
T3-PROGSEQ

[~ PROGSEQ

00111222333444

TekExpress C-PHY

OCT 2021
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* MIPI D-PHY / C-PHYI(ClZLow Power¥High SpeedDE 5hETE
o FHMICITH IR N E
= Reference Termination BoardzZ &
o D-PHYDFHM(Z[EPositive NegativeDfE 5% 5 4 [CERAIT 2 EHLH D
- JO-JI34ARE
- FIKIHDESEEATBICETO-TOANIVE- T VAILER
o FIEETO-TDEIR
- BHENTAN-YILILT
o MIPI AllianceH'7E $hdConformance Test SuitezxfE (C1TOZE N AT BE
o TARLIN-t%&BEIERK
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ARTXFADOEMER . SHZTELFET
AT INOAZIR&TIL—S
Copyright Tektronix

1 Twitter @tektronix jp
81 Facebook http://www.facebook.com/tektronix.jp
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