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MIPI PHY Roadmap
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A-PHY
A-PHY Power Over A-PHY (PoA)
C-PHY
D-PHY

' M-PHY
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Camera Serial Interface 2 (CSI-2)
Camera Command Set (CCS)
(ommand & Control Interface Service Exteasions (((SE)
PAL/CSI-2

Camera Service Extensions (CSE)}
Display Serial Interface 2 (DSI-2)
Display Command Set (DCS)
Display Serial Interface (DSI)
PAL/DSI-2

PAL/eDP-DP

Display Service Extension (DSE)
Security

SoundWire

SoundWire I13S

Touch Command Set (TCS)
Touch AL for 13C

Control & Data

13C

I13C Basic

PAL/ETH

PAL/GPIO

PAL/I3C

PAL/SPI
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RF Front End I/F (RFFE)
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Camera (A-PHY, C-PHY, D-PHY)
For wse with (512

A-PHY Protocol Adaptation Layer for CSI-2

Functional safety, security and other services
Display (D-PHY & C-PHY)

A-PHY Protocol Adapeation Layer for DSE2
Automotive Display €OP Adaptor
Funcsonal safety, secarity and HOG for displays

Serial Audia/Contral ¥

Touch Adaptation Layer for 3C

- o
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MIPI PHY Feature Roadmap

A-PHY Feature Roadmap

Feature

Board Adogption
Coax Channel 15 meter - 4-inline connectors v v
Channels STP / SPP Channel 10 meter ~ & inline connectors v v
S$TQ 10 meter ~ 3 inline connectors (2 differential pairs} . v TBD

Single Lane Downlink 16Gbps
i o Dual Lane Downlink - 32Gbps 54Ghps

Max Uplink Data Rate Uplink 100Mbps  200Mbps 1.6Gbps

C-PHY Feature Roadmapg

Category

Feature |
Board Adoption 4Q14
Standard Channel, Gsps (Gbps)

Short Channel, Gsps (Gbps) -

Q16 1Q17 3Q19 3Q21

Symbol Rate
(Gsps/Lane)

~1Q23
28(64) 3.5(80) 6(137) 6(13.7) ~5(17.8)
30(69) 45(103) 8(183) 8(18.3) =~7(24.9)

Basic Pre-emphasis v v v v
Advanced TxEQ, Calibration Additional Ul (RCLK) Jitter specs v v v
Rx Equalization v v
Multi-phase 18-state coding (3.556 coding factor)

Increased
Symbol Rate

What’s New and Coming Up on the MIPI PHY Roadmap

AV KEYSIGHT Sep 2022

v

v
v
v

D-PHY Feature Roadmap

Category

| Feature v3.5 EC
| (Optional)

v4.0 EC
(Tentative)

Board Adoption Q21

Symbol Rate 9 e

PPN Standard Channel » 2 Bands B1, B2, 83, 84 ol
Short Channel 11 11 Same as above 180D
Basic De-emphasis v v v v

Increased Calibration v v v

Symbol Rate Additional Ul Jitter (RCLK jitter) specs v v v

Rx Equalization v v v
Category Feature | v20 | vl

Board Adoption Q12 @4 Q117 Q421 2025

Data rate Max data rate per lane (Rate B Gbps) -3 “6 ~12 ~24 TBD
Mobile Long Channel (CH2, channel length in inches) ~13 13 ~“13 .
Channel support Moblle Standard Channel (CH1, channel length In inches) “6 “6 “6 “6 “6
Automotive Channel 18D
Tx De-emphasis v v v v
Equalization Rx Equalization v v v
Advanced Tx and RX equalization
Unterminated Mode v v v .
Burst mode transmission v v v v v

mipiDEVCON



K Simulation \

Physical Layer —
System Simulation

ADS Design Software

Simulation to Measurement

K Correlation /
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Keysight MIPI Solution Overview
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DS010CPHC C-PHY
DS020DPHC D-PHY
DS050MPHC M-PHY
AE2010T A-PHY/ASA

UXR
Infiniium
scope
BWup to
110GHz %

N7010A
or
RTB

Tx

f Interface s-\

Parameters and
Impedance Tests

E5080B-TDR VNA
N1000A + N1055A

M8085ADC/E1A D-PHY v2.1
N5991MC2A/E C-PHY v2.0

NSSS1MMSA/E M-PHY G5

AE2010R A-PHY

Ll

M81S5A AWG
M8040/20A BERT
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/

K Source /

N7010A
RTB for
calibration

4

Interface

_/ Sink Test \

f Protocol Test\

D9010MCDP C/D-PHY
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C-PHYHIIE = 4244

“A” to “B” [+x state)

o TEEES - Lane consisting of 3 wires, A, B, C b —mee - U S

H : « TXs and RXs: Bidirectional [ Tn e 8 '
P - Contention detection (LP only) §rac) ) T ] e
S : o . ° Two set's of TXs / RXs (HS & LP) "30 ik ] P .
= [+ LP-mode: o ]

4l Hi = ; « Large amplitude (~ 1V), unterminated

=y _— i:;:;:t:: * Data format: “RZ"

g g T ]| i . :

‘V.‘m) Control ‘?‘Esj"‘?Ei - S|gnaI|n.g. non-differential

interface [ L * HS-mode:

@) == LAl » Small amplitude (~ 200mV,pp)
1 l « Termination 50 Q — “star-type“ (encircled)
S I - Data format; 3-phase / 3-level
"L ‘ :L  Signaling: 3 single ended wires
[ Ee=ar==) forming a HS-lane,
et |— » Encoding:16 bits to 7 symbols with

M T et 5 values (0,1,2,3,4) => coding gain 2.28 Receive: A:B, B-C and C-A

AN KEYSIGHT



C-PHY IS CTSE#

mipialliance
DRAFT Specification for

Version 1.2 Revision 01 - § June 2018

*NOTE TO IMPLEMENTERS *

- S . Ne A sna W e g O el S TN L T
N e 01 St 8 Pa VLY e S A et e A 1 et

C-PHY 1.2 : Approved Mar 28, 2016

miprialliance

Specification for
C.-PHY*™

Version 2.0 - 28 May 2018
M Do Axgred § Lecerter 2005

*NOTE TO IMPLEMENTERS *

Thes et 1 8 S S W i COMpOr A W g Sy 45 o W
s A dwhemt v P M Ut A veaet e M5 gl

C-PHY 2.0 : Approved Sep 9, 2019
C-PHY 2.1: Aopted 21 Jul, 2021

AN KEYSIGHT

mipialliance

Conformance Test Suite

for
C-PHY* Specification
vi.oand vi

CTS Vernion 1.0
26 March 2019

Speed up to 6Gsps~8Gsps
RX Equalizer (1% order CTLE)

Fast bus turn around

AN Doarst Agprovest 71 May 2018

/Oscilloscope bandwidth updatA
* Direct connect test for VOHHS

CTS 1.1 : Approved May 21, 2019

mipialliance

Conformance Test Suite

for
C-PHY"™ Specification v2.1

CTS Varwion 1.0
B Auges: n

A Dot Aporaved ) Do 2221

C-PHY 2.1 : Approved Oct 23, 2021

\

and VCPTX

* Reduced amplitude LVHS(Test
1.2.7,1.2.10)

* LVLP operation(Test 1.1.1)

* Removed DeltaUl(Test 1.2.20)

* Eye diagram test with Adv RX
EQ(Test 1.2.21) —rev 02

» Ul Jitter Peak(Test 1.2.22) —rev
02

» Calibration Preamble sequence
(Group 1.5.x) (informative) — rev

: Y




Table 51 Maximum Symbol Rates Without CTLE

G Reference Channel Units Notes
\Y Short | Standard | Long
C—PHY V2_1 Ek:cr%'l‘i When operating above these Symbol Rates, itis | 4.5 35 | 23 | Geps | -
- necessary o use a CTLE
Apcwpiwp2 Stwy X
H(s) = . Equation |
| —— O = TGy Faten ]
1.5 40,408 Apc is the DC gain,
I ' h ‘ 4,85 10,5508 wpy = 2nfp fp1 is the first pole frequency
e et ; wp2 = 2xfp2 fp1 is the second pole frequency
5{‘:{'[ wz = 2=nfz fz is the zero frequency
-11.8 20.7d8
: frr = fz - 10{4ac=40c)/20)
& ; : Table 53 CTLE Reference Parameter Values, Standard Channel, 6 Gsps (Informative)
e fz (GHz) fr1 (GH2) o1l 1z 2(GHz) | Aoc(dB)
0 1.25GHz Linear scale, 1 5G§"|l 10 20 20 10 0
=5 1.0 22 22 10 0
Frequency 125GHz 5.06Hz 1.0 24 24 10 0
Short Reference Sddij. d8 -1.50B £+0 408 | -4 B5dB +0 5508 1.0 26 26 10 0
Standard Reference Sddij, dB| -3.75d8 20.54dB | -11.8dB £0.7dB
Long Reference Sad), 08 | -6.308 0,508 | -20008 20,.8aB 1.0 28 28 10 0
Figure 52 Template for Differential Insertion Losses 10 3.0 3.0 10 0
NOL Rowting Solder Dumg Trace Via DGA Bali
Table 65 C-PHY System Capability, High-Speed Mode ‘B‘—‘“’i—h‘ﬂﬁ'—r—ﬁf:‘-"'g’"“jﬁ_"- 2
TxEQ Option TxEQ Option RxEQ Option i L .
Channel 2 - —
disabled enabled enabled $->__'”me| vx\_}ml__{ 2 aa
Short Reference Channel (Section 8) ' 2.5 Gsps 45 Gsps 8 Gsps + 3 3  F—
Standard Reference Channel (Section 8 1.7 Gs 3.5 Gsps 6 Gsps i 'Lﬂ&a“\mh‘m_’ ro-—r o— 2 5
( ) ps p p nonT A » ’—IH_N- _6‘HT= I‘f faaw unw‘_
Long Reference Channel (Section 8) 1.3 Gsps 2.3 Gsps 4 Gsps L + (8 st 2 + ”

AV KEYSIGHT Figure 138 Reference Package Model Circuit Diagram



Keysight D9010CPHC C-PHY Tx jllist%k{E

¥ MIPL C-PHY Test — CPHY Device 1

',i!'f' View Tools Help

SQtUpiSc-lm:r Tests | Configure | Connect | Run | Automate | Results | HTML Report

Data Type

© Hs Signal @ LP Escape ONLY
B LrescapeMode

. T3-PROGSEQMode

HS Mode: © Normal HS @ LVHS
' (o]

MIPI C-PHY Test

Device Information
HS Symbol Rate:|6000 [V |( M

B informative Tests

Set symbol rate
and informative
tests

Test Information

Eye Diagram Type: Combined eye diagram
Test Report Comments (Optional)

Device 1D:

(SELECT OR TYPE)

User Comment:

4 o 1 &3 10 age

Y

L IR T

o e

AN KEYSIGHT

Connechon Setup

—
Connection Setup

Continuous and Burst mode support
by Active probe connection and

direct connection

Supporting CTS v1.0

v1.1,v2.0

Settings For: Reference Channel Tra
Select or type in a value:

Standard | ¥

Long

Standard

Short

= MIPT C-PHY Test

File View Tools Help

CPHY AWG 2p56G50s

Set Up [sdmve:ﬁs Configure | Connext | Run | Automate  Results | HTML Report

v BT
a

PHY Tests

u VOD Tests

itx Tests

n Dynamic Vieptx Tests

u VOHHS

Tests

B Clock Ul Tests

B Global T

1.2.1 TLPX Duration

T3-SYNC Dus

JO%-45%

T3-PREPARE Duration

3-PREBEGIN Duration

T1-PIEEND Duration

N Son

13-POST Duratior

8 THS-EXIT Value

3T Rise 1

Select test items

{TREOT)

Messages
2018-11-07 11:06:06:
2018-11-07 11
20081307 11:110:07
2018-11-07 11:11:08
20008-11-07 1111100

06:06

Unsaved Changes

1AM Project S
B87 AM Project
827 AM Project 5

120 AM Project Saved

140 AM Run anded

35 Tests

Connecton: Data NS Probing

PASS




CPHY BYBY $4/x & F1 AR 11t

“strong 1" Clock is
“weak 1" _ recovered from
Zero Crossing ——=--—-- .
Sebey E the earliest edge
“strong 0" ' of a sym bol
Trigger, at 1¥ zero crossing transition.

Figure 63 C-PHY Eye Pattern Example, Triggered Eye

) Y

2. Using function make VAB, VAC, VBC
(Symbol transition)

3. Among VAB, VAC, VBC, find each first

arrival edge on acquired signal and build
clock recovery

1. Acquire VA, VB, VC at once

AN KEYSIGHT



Keysight D9010CPHC C-PHY Tx il S2 {5l

SAMSUNG

MIPI PRESENT - SAMSUNG 7LPP D/C COMBO

7LPP MIPI C-PHY® Master 3.5Gsps Eye Diagram & CTS

TX Eye Diagram
8

RX Eye Diagram |

18 suitable for measurements only m the HS mode of operation,

x C-PHY V11§18 1.2. 2 1FRE A A 7543
#E2018411H MIPI DevCon Keynote B MAMR, CTSEREAESRRN
¢{MOBILE TECHNOLOGY FOR THE SMART WORLD})

AN KEYSIGHT

o The DUT should be configured 1o transmit o continpous stream of HS data, becau

s¢ this tost st



C-PHY Tx illliX4AM(C-PHY CTS v2.0)

Tabie B.1.2-1 Applicability of Test Setups for Transmit Tests
Test Setup #,
CTS Test B.1.1 | B.1.2-nFigure
1 2 3 -
1.2.1 tex Duration v
1.2.2 tapaseeas Duration v
1.2.3 ta-preseci Duration v
1.2.4 tzrrocsea Duration Y
1.2.S ts-se==0 Duration v
1.2.6 t=-sywe Duration v
- -
1.2.7 HS-TX Differensal Voltages (Veo ss. Voo a2, Voo, ca) I D":;""":; P";"’" * Differential Probes
ne
1.2.9 HS-TX Single-Ended Output High Voltages 71 e (3 per Lane)
(Vorrepey, Vorrsivs), Vosang)
1.2.10 HS-TX Static Common-Point Voltages (Veord) 7 | v DUT ed DUT
1.2.12 HS-TX Dynamic Common-Point Vanations Between S0-450 MHz 7 v mO:CBe mounted
(AVern) on on TVB
1.2.13 HS-TX Dynamic Common-Point Vanations Above 450 MHz p
(AVesmps) Oy v v Figure B.1.2-1 HS Transmitter Test Setup #1 (Differential Probes, with RTB)
— Figure B.1.2-3 HS Transmitter Test Setup #3 (Differential Probes, to DUT)
1.2.14 HS-TX Rise Time (=) v
1.2.15 HS-TX Fall Time (tr) ¥
1.2.16 ty-apst Duration y
1.2.17 30%-85% Post-EoT Rise Time (t==or) v
1.2.18 ts=av Value o DSO
1.2.19 HS Clock instantanecus Ul (UinsT) v v
1.2.20 HS Clock Deita Ul (AUI) (Cbsolete) v v Chi Ch2 Ch3 Ché
jCURESTIRENAE S & g §
1.2.21 HS-TX Eye Diagram v =% =
1.2.22 HS-TX Ul Jitter (Ul_Jitterssax_Tx) v ) J
1.3.1 INIT: LP-TX Initialzation Period (tnrsmary) [canuse B.1.10r8.1.2] v v ___J
1.3.2 ULPS Exit: Transmitted twaewe interval v v 50 Q Coaxial Cables 50 Q Coaxial Cables
1.4.1 HS-TX Differensial Voltages Unterminated P ; DUT (3 per Lane) DUT (3 per Lane)
(Vooryas. Voopmac. Voopryca) [Test is simifar to Test 1.2.7] mounted mounted mounted
1.4.3 HS-TX Single-Ended Output High Voltages Unterminated ; > on TVB on TVB * Active Termination onTVB
(Vorspmpnay, Vorssurgves Vorsunyvey) [Test is simiar o Test 1.2.9] Adapter (3 per Lane) IO
11‘/‘-‘ Hi';r;;_e?:c m”":‘fe:?;‘?;w Unierminated v v Figure B.1.2-2 HS Transmitter Test Setup #2
CETNUT is simif; L

2.4.1 HS-RX tyremuex Duration v

AN KEYSIGHT



C-PHY Rx it/ =AM

0
+ DCD
) . Isl
*  Amplitude
-10
de.i — T3t Refer ence Channe! 0 ‘ AWG Embedding

[dB] - e Test Aeterence Channed 1, Short Red,
1N  [— Test Reference Dhanoed 2
s | 051 Retes ence Channe! 1
Test Reference Channe! 4 .
e wm Test Reference Channel 5. Stantand Rel. Chan,
s T o5t Retecence Chanoe! 6
.20 === lest Neference Chancel 7
s T 51 Refecence Channe! §
2 & Test Reference Channe! 9, Long Ref, Chan,
v T4t Refet ence Channed 10
e T 51 Reference channed 11
.25 Test Refesence channed 12

0 GH: 1GHz 2 GHz 3 GHz 4 GH: 5 GHz 6 GH: |

Figure 2.3.3-4: Template for Differential Insertion Losses - Test Reference Channels

1.25GHz S5GHz Physical Length

'Test Reference Channel 0 -0.9375 -3A75 5cm 2
iTest Reference Channel 1, Short Ref. Chan -1.5 -4.,85 10cm X Recewer
Test Reference Channel 2 -2.0625 -6.5875 15¢cm : - Test

Test Reference Channel 3 2625 8325  20cm S Y  Board
|Test Reference Channel 4 -3.1875 -10.0625 25¢em

|Test Reference Channel 5, Standard Ref. Chan. -3.75 -11.8 30 cm > '—

| Test Reference Channel 6 -4.3875 -13.85 35¢cm —

?Yen Reference Channel 7 -5.025 -15.9 40cm g — N5991 M02N2E S/W
\Test Reference Channel 8 -5.6625 -17.95 45cm

jTest Reference Channel 9, Long Ref, Chan. -6.3 -20 50 cm

Test Reference Channel 10 -6.9375 -22.05 S5cm

|Test Reference channel 11 -7.5756 -24.1 60cm Jon

\Test Reference channel 12 -8.2125  -26.15 65cm - -

AN KEYSIGHT
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* MIPI C-PHY Update and Solution
 MIPI D-PHY Update and Solution
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D-PHY #SEACTSEH

mipialliance

DRAFT Specification for
D-PHY™

Version 18
Mo vmasns MY
23 Nowermde 2018

D-PHY 2.0 : Approved Mar 8, 2016

mipialliance
DRAFT Specification for
D-PHY™

Wernien 28
]

23 Neverrts 3014

( Up to 11000Mbps with Short reference\
channel

RXEQ CTLE

Lower LP voltage level from 1.2V to 1V
HS-Idle (lower latency)

Programmable Preamble(RX PVT

D-PHY 2.1 : Approved Mar 28, 2017
D-PHY 3.0 : Adopted on Jul 2021

ANV KEYSIGHT

mipialliance

Conformance Test Sulte

for
DPHY™ 1.2

CT vernan 1 8
00 Pemruary 20T

e g 4 e 0T

CTS 1.2 : April 24:- 2017

\ calibration due to LP signal) /

mipialliance

o A £ by 25

mipialliance

Conformance Test Sulte
for
DPHY™ v2.1

CTS Vorwion 1.0
12 Octobes 2018

LI Bewet Seprrrwd § Duewaer 3718

CTS 2.1:Oct 2018

Clock Eye Diagram

Test 1.4.19 — TX Spread
Spectrum Clocking(SSC)

Requirement

Test 1.4.18 - Clock Lane HS
Clock Delta Ul(new method)
Test 1.4.20 - Clock lane HS

Clock Period Jitter
Test 1.5.9 - Alternate
Calibration Sequence

Test 1.5.10 - Preamble

\ Sequence

Test1.5.7 — HS-TX Data and\

)

17



Keysight D9020DPHC D-PHY Tx Mlif#k

¥ MIPI D-PHY Conformance Test MIFI D-PHY Device 1

File View Tools Help

Set Up Select Tests Configure Connect Run  Automate

HIML Reg

Setup
© Auto Load Switching
Fixture:
@ Manual Load Switching
Data Lane
tane0 i} Lanet [ Lane2 ] Lane3
Device Information
: High-Speed Data Rate:| 4500 52 Mbps
2 Continuous Data
n Continuous Oock
Z1D:/100 ohm [ Y
Device ID: (SELECT OR TYPE) | W |

User Cor (SELECT OR TYPE)

Different ZID
support

Connection Setup

CIS: v2oand v2.1 ¥

vi.o

vil

vi.2
Cloatyz 0 and va.1

Y

on Setup

Probe/Direct connect supporting

¥ MIPI D-PHY Conformance Test Project

File View Tools Help

Set Up Select Tests Configure Connect Run Automate Results HTML Report

|Test Name

el e ontinuous Clock]
Lontinuous Data)
Jitter [Continuous Data]
r [Continuows Data]

jontinuous Data)

CTS1.0,1.11.2
"> and 2.1 supports
. }

& SSC Modulation Rate [Continuous Clock |
 (Max) [Continuous Clock]

¢ SSC Devistion (Min) [Continuows Clock)

Actual Value Margin ’i,?t'.—y:; Umits

0,00000 100.0  VALUE = 0.00000

67 mut 77.7 VALUE <= 300 muUl

12 mul 94.0 VALUE <= 200 mul

56 mul 44.0 VALUE <= 100 mul

0,00000 100.0 VALUE = 0.00000

33,08 kHz 2.7 30.00 kHz <= VALUE <= 33,00 kHz
1.98689 kPP NI -5.00000 kPPM <= VALUE <= 0.00 PPM
13.33 PPM 5.00000 kPPM <= VALUE <= 0.00 PPM

Parpmeter Value

IBLEER

g 200100_Eye Dsagram 0.00000
Additional Info
Eye Width 170.8 ps
Eye Width Minimun NA
1) (Extrapolsted) NA
Eye Height 134.1 mV
Eye Height Minimum NA
Bt Ervor Rate Level 1E-6

Eye Hesghit Location 12305

»

200100 _Eye Diagram

Realtime updated
testing result

Summaries {click for details)
2016-08-22 01:30:43:736 PM Connected to Infinlium

201B-08-22 01:30:48:451 PM Refreshing HTML Report
2018-08-22 01:30:48:476 PM HTML Report Refreshed

2018-08-22 01:30:54:300 PM Ready

unsaved Changes 0 Tests

AN KEYSIGHT

Detasts

Messages
Sumimaries (chck for details)
2018-08-22 01:59:48:302 PM Project Saving
2018.-08-22 01:59:48:421 PM Project Saved
2018-08-22 01:59:48:547 PM Project Saving
2018-08-22 01:59:48:661 PM Project Saved
2018-08-22 01:59:48:665 PM Run ended

|
v

msaved Changes 5 Tests  Connection: Auto Load Switch Board - Data Continuous D10.2 Pattern with SSC Probing FAIl




D-PHY Tx MiXAME(D-PHY CTS v2.1)F1ZER

HS Transmitter Tests

Setup #1
Continuous stream of HS bursts

LP Transmitter Tests DSO -

CIC IO

Differential Probes
(2 per Lane) mounted

DuT

mounted
onTVB

HS Transmitter Tests DSO
Setup #2

O

)

. Continuous stream of HS data only

.

v' D-PHY v2.1 CTS supporting
 HS-TX clock/data Eye Diagram
« TX Spread Spectrum Clocking(SSC)
* HS Clock Delta Ul
* HS Clock Period Jitter DUT
mounted

» Alternate calibration sequence e
* Preamble sequence

v And more
« Jitter test D-PHY v2.0 S LA M ZEEBursti2 N AIELEAR T, IRENMIAEEERELERET

AN KEYSIGHT



MIPI C/D PHY Rx testing solution

« ETM8195A AWGES
. BPIRIREY S IRIRSZ 5C-PHY v2.0, D-PHY v2.1

W o W— ] | A e Avds

AN KEYSIGHT
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Agenda

*  MIPI Technology Overview

« MIPI C-PHY Update and Solution
* MIPI D-PHY Update and Solution
 MIPI M-PHY Update and Solution

« MIPI A-PHY Update and Solution

AN KEYSIGHT 21



Keysight MIPI M-PHY test solutions

M-PHY Y18 EZ214

ab v

RX

|High Speed Modes

l

M-PHY-Type-| Madule (PWM)

data rate [GB/s] inats
| s Goarl A 8 | detaunt |options
NY
Emr-areak
p 4 2085 2915 RT NT

1 1248 | 1858 RY N1

M-PHY-Type-Il Module (NRZ)

} P [ a] | emrean [
o T I Zy = R e y =
2 6 - I NT [ fw=182 26, or z
’ g » 4 | | 18.2, 26. 38.4 or 52 MH
C ol en Tw ] P
X TXDN RXDN| Terminations / § D= et FET = Reeltheh taeruaad
- ~Conligred PREPARE Peeiord — »Coofiguad SYNG Leogih »e PAYLOAD -“ i PWM Scheme ) :E'rFﬁ-i i |
Bt:zfr DIF-P | . 1 through the inferoonnect .
« Unidirectional e e — _
oEN [ { | L FEM 0L ! )
« DC Coupled TXFSM _STALL-+—HS-PREPARE 8b10b SYMBOLs l STALL : s
I [LOF-H) IRy
* High Speed NRZ (HS) and Lower Speed (LS) modes ANV VAV

« Common LS mode: Pulse Width Modulation (PWM)

Always differential and 8b/10b coded

High and low voltage swing operations

« Terminated (100 ohm) or not terminated operation
AV KEYSIGHT




M-PHY Specification and CTS Update: v4.1to v5.0

mipialliance mipialliance

Conformance Test Suite

Errata 01 for for
MIPI M-PHY Specification M-PHY® v4.1
Specification Version 4.1
Specif ' Dated 01 Dy ber 2016 CTS Version 1.1
Soechcascn NESY Boand Adapsed 28 Nar 2017 20 March 2020
. M Bowrs Apprnsnd 14 Aord X000 ( Added HS'G EAR5 \
Erata 01 Dated 14 May 2018 / Doubling of data rate (23.32Gbps) \

requirements

CTS v4.1 (v1.1) : Approved Apr 14, 2020 * Updates to TX/RX Eye Tests
(New pkg model and ref CTLE)

* Updates to TX/RX Vcm, Vdiff,

Freats NPT Deardt Appeond 1T My 700

CH1 mandatory, CH2 optional for G5
Spec v4.1 : Approved Mar 28, 2017 New pkg model and ref EQ for G5

v4.1 Errata : Approved May 17, 201 - Removed PWM GO, G2-G7

Removed HS Unterminated mode na and Freq tests
"% Removed OMC support i .
Uy . \ / ‘ *  PWM tests are now PWM-G1
mipialliance mipi-alliance Lo D
P Conformance Test Suite
pecification for or
M-PHY* M-PH'Y" v5.0
Version 50 CT:)V::'I.NN;:
Spec v5.0 : Approved Sept 29, 2021 CTS v5.0 : Approved June 2, 2022

AN KEYSIGHT



IS Channel Ref Pkg

Embedding Embedding CILE DFE
'I‘R{t
MIPI M-PHY il £A M Ze a9 35 et R S S—_
GEARA4 Yes G4 PkgModel G4 CTLE
GEARS Yes G5PkgModel  G5CTLE
~MIPI M-PHY HS G3/G4 test ——— [
E Transmitter
3
™
V]
(%)
2
5=
a
=
| [
5{8. | Reference package wih pad capactance |
—

PLL J A
‘Gear4/5 \ 1,’ Oscilloscope

m-

AN KEYSIGHT [ e oo masne e e e | ...

eaae -
ettt 3 5 s 2'ls
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Magsitude o8|

M-PHY G5 &&iBiafliZs

HS-RX Reference Equalizer for HS-G5
Aac - - 12 dB |CTLE AC gain
Aoc C6) | - 6 | a8 [cTLE DCgain
2 04 - @ GHz |CTLE zero frequency
fe2 - - @0 GHz |CTLE second pole frequency
Vore_rx -60 - 60 mV |DFE feedback voltage signal

Note:
1. fp1 is determined by other parameters: fpi = fz * 10044c-Accl20)

Table 11 Recommended HS-G5 CTLE Parameter Summary (for Large Amplitude with CH1)

CTLE Filter | AC Gain (Asc) | DC Gain (Aoc) z’;::)"" ﬁ'(’;:;"e S“?F":)P*
1 1.75d8 146 dB 2.01 GHz 6.58 GHz 20 GHz
2 11.86 dB 17508 2.06 GHz 6.59 GHz 20 GHz
3 1.74d8 2.03 dB 2.03 GHz 6.21 GHz 20 GHz
4 11.55dB 2.99 0B 1.80 GHz 4.84 GHz 20 GHz

H - 104l —_—
\ 10
2 — On 4
ANS - 1
y ;on O \Vi:—.gu:cu 8§ »
o — § ]
e \ i 20—
" \3———" 1S5 = 078 - ]
" o
— 10 =075
" ]
N
Lo’ iy B 25 | 47 g ‘.‘7 !
S R el <, Coe oy ¢ : )
Figure 21 HS.G3, HS-G4, and HS-G5 Reference Channel Insertion Loss SDDIL_REF_CH
Templates Figure 29 HS-G5 Reference Package plus Effective Pad Capacitance Insertion Lass
o
] » . »
H(s) = ApcWp Wps stw, -
w, (st wp )+ “"Pz)
AV KEYSIGHT
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Keysight M-PHY G5 Tx —3i;Mit A5

SWOOMIPI MIPI Validation License Suite

The MIFY Vakdation License Suse is part of the subscoption based
Osci

Help
Set Up rsdeavm C ; 3 s | HTML Report

cope Complancs Test Software Suites. This sulte covers Tx
Vaidation licenses for MIPI with coverage acrass the MIFt
% M-PHY, D-PHY and C-PHY. Together with the
subscription model, this enable:

= the support and covarage coatinuity
a3 M2 MIFY technology progresses theough ravisions

Yy

) 5o by Karywght Dwwct Spes - O Ax ansiadit/

[EEREE

S1S 31

HTML Repos
Actunl Vab
2 ppm
WY Sk b Ao Same Partres - Ok yvadadidy
7 YEYE_G4_LA X AC_G4_LA_RY_Y
EYE_GA_LA_RY_TX, AC_GA_LA_RY

@ See Bay or Rest Optacs

186.8 m 1 > 100.0 AL
Yew Domes an L
124.6 OWI |6 s ¢ 320.0 o O Yew Dones an

253 it

42.7 mut

SWOOMIPI = All TX conformance apps for C/D/M-PHY
SWO2MIPI = SWOOMIPI + all MIPI protocol apps

D9050MPHC

S ' JEDEC Universal Flash Storage (UFS) v3.0 specification

N 20190605 12;74503:732 PM Sun ended

A, A e ot s *ED020JITAIE {4

¢ outpul high voltage (V

o

OH)(infarmative
output low voltage (VOL Kinformative)
¢ output rise time (TORISE)
Referenca clock output fall time (TOFALL)

Reference clock frequency error (FERROR)
Reference clock duty (TOC)

AN KEYSIGHT

Realerence clc

¢ noise floor density (NDENSITY)




M-PHY G5 Tx — &t Mlit2H M

o i)

L]
Diff Probes
(2 per Lane)

Unterminated-Mode PWM/SYS Tests

500Q SMA Cables
(2 per Lane)

DUT

Unterminated mounted
Test Fixture on TVB

AN KEYSIGHT



M-PHY G5 2 Ta 3K * Modify CTS to allow using 33GHz for Normative TX tests
Keysight 8i¥ , CTSTEE &I

* Add notes to say 40GHz is required for Informative TX jitter

tests (1.1.15-18)

Andy Baldman  2022-10-21 19:10:57 UTC Comment 2 [reply] [ -]

Formal text content (taken from pressntation attached abs pied here for convenience):

Proposed new text for Annex A 1 1, ltem ¢

* Require 40GHz for RX eye calibration

(DS0), §/10/20/25

VT,

1 x Four-Channel Real-Time Digit
4 peasurenents,

width for

» minimm ba
bject to modi

values may b
bazed on the Bandwi = 0.

pec limit is

r the values above are
thand, and the fact that the
L35 / 17, 2ps = 20, GHz,

howey

0[O repechimsie

the G4 measurements are made through a reference channel, the bandwidth is

- Negt
X11.7 TEYE_G5_LA_RT_TX, VD
FAIL Test Descrpti

" channel (CH1) &nd pi
Iy wuu.&nl" w0r CTS v jon. This ts &n informative

a minimm bandwidth may be to demonstrat anformance for the requir

1117 - AS-TX -:E'.!le«‘&\ha AC E\w “The "shart® channel (CH1) &nd pa

X tests ¢ the to T ~— T are 1o be periorne 8 madel wil be emteded when performing this test This test is only wr.ucablo fof CT5 v5.0 option. This is &n infarmativ c:dered as PASS.
1 ‘A s, It the niormative 1% Jitter Tests 1.1 are to be parformed, 4 minimum mask violation must not be greater than 1 1ut 1o be considered &s PASS C_G5 LA RT_TX {CH1] [005|Feil
18 required. Alzo, a minimum of or performing the jitter calibration Pass Limits:= 0 0001945_TEYE_G5_LA_RT_TX VDIF_AC_G5_LA | R\ _TX(CH1] [0cS|Fail
— T T - —T Result Datais 205652
uremants for the purposs of KX Result Detas & 1abla HS-TX G6 Differential AC Eye LA_RT Screen Capturel image Number of Mask Violation2 916720
TEYE Table(Sae tabkaHS-TX G& Differential AC Eye LA_RY Screen Capture(See imageNumber of Mask Violation2 967670 IAzonIVOIF_AC_TX Minimum Limitd 0375 - AC_ I VTEYE_HS_GS5_TXS02 mIATEYE_HS. G.’: T
¢n14 a a 51 ( . = N " 191 \ MiponiVOIE_AC_TX Minimum Limitd 0375 YVDIF_AC_TX Maximum Limit0 31 VTEYE_HS_G5_TX795 mLNTEYE_HS 65 X Minimum Limit] 39 UiReference Channel and Package ModelCH!T + Package Mode/CTLE IndexCTLEIAC GainZ 9
S0 1dd the following statement to A 2.1 (as new list item 3, after item 2, "An ISI Compliance Minimum Limitd 3¢ UiReference Channel and Package ModelCH? + Package ModelCTLE TIndexCTLE1AC Gaind Gaint 183Zero Frequency? 010 GHzPole 1 Frequencyl Pole 2 Frcqucncyzﬂ 000 GHzOFE Voitape l'aplvﬁf }
Charnel... ): Gaint 1832Zero Frequency? 010 GHzPole 1 Frequencyf zPole 2 Frequency20 LOD GHZDFE Voitage Tap(V)50 mvData LaneLanal
mvData LaneLana0 Triad 1
Trigv 1 TEYE Tebls
1 x Four- '.nrrwl Real-Time Digit ope (DS0), with 5/10/20/25/40 GHz minimum EYE Tabla [nee Location (1)
bandwi at " 63/64/6S. 1 e it Location (U] 50 ™
bandwidth for HS He/GWy, respects - Max Eye Botlon(VDIF_AC_TX_Min) 147 2 mV] .
T—hiin ~ e : TE0 4 o Bandwidth more than 48GHz
T . P 3 12 & — s Bandwidth 33Ghz
o, add the following to the Peoszible Problems sections of Tests 1. 1. 15-18: : TX_Min Limit

17303 mv
g IR

"If this informative test is to be perforned, s minizum
1

See Annex A 1 L

oscope bandwidth of 40GH

801.6 mUl
30 0 muUl
198.2 muUl

Kirill Dimitrov  2022-11-07 15:30:49 UTC Comment 3 [reply] [—]

Par ¥

to the proposal in t from 21

AN KEYSIGHT



M-PHY Rx R Rz 4A 7

Rx Calibration HS-GEAR1 to GEARS3

4 RT-Oscilosc
VN 3 § 100 0h
. ‘ .""DI"efCﬂl:‘l ~\ ﬁ

{ w__ Probe goo o

\—

b Vi
gs:e];n d_";J : ’_i_‘ll/L's ~ _— —F@)

Gcncra?o[‘ ~ (G 1 ( \ Trace TP‘
wi TTCs T 1% | ﬂ\\ —
J \ [»“ | 5 - A5
IS| Conformance Channel \\ )

—S

3 SBreakout T}x-

BH +—

=21 I
Internad Loopback o
NLEoR Enorcounter ¢ 24

Rx Calibration HS-GEAR4 to GEARS

BERT ()
Pattern =)
Generatof -]
wi TTCs L]

O

feH HeX_

IS1 Conformance Charnel

Ref Cik In

buT

AN KEYSIGHT




M-PHY G5 Tx Rx Solution

D9050MPHC Rx Solution M8040A
MIPI M-PHY Conformance Test Software

for Infiniium Oscilloscopes

§
* HS-G1 through G5 :
« CTS V5.0 * HS-G1 through G5
* Newer solution * N5991A Software

* N5S991MM5A

AN KEYSIGHT * N5991IMMS5E



Agenda

*  MIPI Technology Overview

« MIPI C-PHY Update and Solution
* MIPI D-PHY Update and Solution
«  MIPI M-PHY Update and Solution

« MIPI A-PHY Update and Solution

AN KEYSIGHT 31



A-PHY-Based Zonal Architecture

Display DP

\ Downlin EX&mD'BS:
B ;. . x SoC CSi-2
Coax. STP or SPP Cable > Disnlay DSE-2
77 ey
Uplin

 Simplification of zonal ECU
« Low computing overhead

» Lower protocol overhead — Maintain native protocols for MIPI CSI-2 (e.g., camera) or Ethernet (e.qg.,
lidar)

» Designed for ultra-low PER at high noise environment for the entire lifespan of the vehicle

« Future-looking design and easy migration path
« Scalable downlink speed from 2Gbps to 64Gbps over a single cable
 Flexible and rich protocol support .

» Layered security scheme supporting variety of use cases ;:3——'. >
. Embedded functional safety T
N = /.
« Guaranteed interoperability and backward/forward compatibility {. g

AN KEYSIGHT



Standardized Automotive SerDes

« How to enable next-gen applications?

* A new standard in collaboration: OEM,
Tier 1, Silicon, Test

Definition and adoption of test methods
relevant to automotive

inialli mipiallian
mipr alliance pialliance

kw:l:::"h' rrrr m(h‘o'\-‘-wwhﬁ -

B ARV GanerAzston vl 0 "\:‘ﬂ
_ i AUTOMOTIVE
e e———— T SerDes
CONFERENCE

AN KEYSIGHT

e

Rear Mirror e —

Display /G-

Head U :
Side Mirror Dei:p‘ayp ’/ m Side Mirror
Display - Display
(LEFT) s (RIGHT)

Centre Info
Display ﬁ Co-driver
Display

_ ; Driver \

e [ Instrument
Display

\ " :
Rear Seat \ P ] Rear Seat
Entertainment . Lower Info = | Entertainment
: (LEFT) Display , | (RIGHT) .
— n =t p
B A-PHY J A-PHY J A-PHY r

‘, A-PHY SoC A-PHY

y N




MIPl A-PHY v1.0 CTS v0.7

Transmitter Items

mipialliance

DRAFT Reference Compliance Test Suite
for
A-PHY Specification v1.0

CTS Version 0.7
Release 11
07 Oct 2021

NOT MIPE Board Appeoved D i ¥¥¥¥

Group 1 PMD Transmitter Electrical Specification Tests for Source Devices
Test 2.1.1 TX Power Spectral Density Mask
Test 2.1.2 TX Maximum Output Droop
Test 2.1.3 TX Timing Jitter
Test 2.1.4 TX Symbol Rate Accuracy
Test 2.1.5 NRZ Downlink TX Eye Opening
Test 21,6 PAM-X Transmitter Linearity
Test 2.1.7 Downlink TX Retumn Loss

ANV KEYSIGHT

Group 3 PMD Transmitter Electrical Specification Tests for Sink Devices
Test 2.3.1 TX Power Spectral Density Mask
Test 2.3.2 TX Maximum Output Droop
Test 2.3.3 TX Timing Jitter
Test 2.3.4 TX Symbol Rate Accuracy
Test 2.3.5 Uplink TX Return Loss

Receiver Items

Group 2 PMD Receiver Electrical Specification Tests for Source Devices
Test 2.2.1 Uplink RX Bit Error Rate
Test 2.2.2 RX Symbol Rate Frequency Tolerance

Group 4 PMD Receiver Electrical Specification Tests for Sink Devices
Test 2.4.1 Downlink RX Bit Error Rate
Test 2.4.2 RX Symbol Rate Frequency Tolerance

34



AE2010T A-PHY/ASA Transmitter Test Solution

SerDes Test Application -- New Devicel

Deavice Under Test

e View Tools Help
et Up | Select Tests | Configure | Connect | Run | Automate | Re

SerDes Standard: MIPI A-Phy Ver1.0
MIPI A-Phy Ver1.0
Link Direction: ASA Beta Ver1.0 . SerDes Tests
B MiPi Tests
B Speed Grade 1 (2G)
B Speed Grade 2 (4G)
B Speed Grade 3 (8G)
B Test Mode 1 Tests
B Transmitter Power Spectral Density
B Test Mode 2 Tests
B TX Maximum Output Droop (Positive)
B X Maximum Output Droop (Negative)
B Test Mode 3 Tests
B Transmitter Timing Jitter
B 7X Symbol Rate Accuracy
B Test Mode 4 Tests
B PAM-X TX Linearity RMS
B PAM-X TX Linearity Peak
B Return Loss
B Speed Grade 4 (12G)
B Speed Grade 5 (16G)
B Test Mode 1 Tests

._ Transmitter Power Spectral Density

Baud Rate / Gear / Speed Grade:
SG1 SG2 SG3 SG4 SG5

v
2G 4G 8G 126G 16G
(NRZ-88/10B) (NRZ-8B/108) (PAM4) (PAMS) (PAM16)

Spectral Settings

Spectral Analysis: ) Oscllioscope @ Spectrum Analyzer

Connection

DUT Connection Type: © Twisted Pair (Two Channels) @ Twisted Pair (One Differential Probe) @ Coaxlal (single-ended)
Vector Network Analyzer

© Manual Calibration Conhigure ..

™ SMA cables

A\ KEYSIGH T



AE2010T A-PHY/ASA Transmitter Test Coverage

MIPI A-PHY 1.0 CTS version 0.7

PMD Transmitter Electrical Test for Source Devices PMD Transmitter Electrical Test for Sink Devices (Uplink}

{Downlink)
211 TX Power Spectral Density Mask | 231 TX Power Spectral Density Mask
212 TX Maximum Output Droop | 232 TX Maximum Output Droop
213 TX Timing Jitter | 233 TX Timing Jitter
214 TX Symbol Rate Accuracy | 234 TX Symbol Rate Accuracy
215 NRZ Downlink TX Eye Opening | 235 Uplink TX Return Loss :. SMA cables
216 PAM-X Transmitter Linearity |
217 Downlink TX Retum Loss | DA
ASA Specification 1.012
Standard test R
44 PMA Electrical Parameters
454 MDI Return Loss

Adapter board
SMA cables

AEG960A Keysight SMA to H-MTD adapter board AEB965A Rosenberger H-MTD 1o 2.92 Y adapter AEBS62A Rosenberger HFM (High-speed FAKRA
Mini) to 2.92

AN KEYSIGHT 36



AE2010R Automotive SerDes MIPI A-PHY Receiver Test Solution

Arbitrary Waveform Generator

miprallian

Soeciisaion
DAC R0 OnSUCtion -
Fillur

e A 11

|

e I filf
— " vy v g,".nll h.‘h.

';'l‘ '!II 'I t “‘ ‘,."'.';J "

Receiver
Under
Test

Link
Partner

SMa

Adapters
MB195A/001/16G/ AWG
MAS02A/MI53TA o pe .
AE2010R Valiframe Test Software Ampllflcatlon &
AE2090A Test fixture for nolse injection Coupling Fixture
154434 Qty 2 matched cable pairs
AEG962A qty 2 each: option HFM and HFK

AN KEYSIGHT

=Noise will be coupled to an active link

*DUT's Receiver circuitry will be stressed to maintain

BER
»Error count will be maintained in DUT register space

»Register space accessed in-band or through

sideband access

o dd &8 9 " e 0
St BT Y | ¥ -
7o — e -
=0 ~—r~-
e A e—
2 ——r
o - - o toaae
et Ve
et pe—— -
— —— e A et W s
b —

S e—
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g Sy s v V-
P Pugmn 4] D WS T ot e Gommnt B §
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AE2010L Automotive SerDes Channel Test Solution

MIPI A-PHY 1.0
Software - compliance test software is automated. PLTS adds customization
t ” O D““‘Ptbn “ ] : Required Test Automation Platform, Developer's Systen KS84008
6562 Cable Transmission Line Interconnect Structure IL, RL, Coupling/screeninglunbalanced attenuation Required Channel complance core software _ AE ",’ff',",f '
663 End Node Interconnect Structure IL, RL, ANEXT Required Automotive SerDes Channel Complance Test Software AE2010L

Measurement descriptions for the listed test parameters.

[ | Descriptions and Definitions | ]
IL {Sae1) Insertion Loss {Differential Mode)
RL (Sas11, Sa2) _ Retum Loss (Differential Mode)
ANEXTB, C,D,E Alien Near End Crosstalk loss
(Sdda1, Sddxt)

There are both coax (Single ended: Syx) and SDP (Differential: Sddyx) test modes.

B\ rmgre aniboywget

KEYSIGHT

TECHNOLOGIES

GENCNAL I ORMATION

MW KEYSIGHT —



Keysight MIPI Solution
f Simulation \ (Transmitter Tesh_/ Interface S- \_/ Sink Test  \/ Protocol Test )

/ 10CPHC C-
B hseall Deaorne Thy || Parameters and || \gossaDc/E1A D-PHY v2.1 || D9010MCDP C/D-PHY B
ySlGa LAyl ABAR . Impedance Tests N5991MC2A/E C-PHY v2.0 || D9010MPMP UFSUniPro2.0
System Simulation AE2010T A-PHY/ASA N5891MMS5A/E M-PHY G5 D9010MCDP RFFEN3C/SPM
e SW AE2010R A-PHY
ADS Design Software | St — A i
g UXR ES080B-TDRVNA
- Infiniium N1000A + N1055A M8185A AWG
scope M8040/20A BERT
HW BWup to
110GHz %
Signal A
Cond- 4 Y
tioning
el | | A |/
| I [ : )
N7010A | N7010A
Fixture | o RTB for
RTB calibration
Probe or 1=
4 = pemn — u cables . =
Simulation to Measurement .
Correlation DUT Tx Rx Tx Rx
/ L K Source / Interface / \ Sink / \ // )

AN KEYSIGHT



Thank you



