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Keysight U7250A C-PHY Tx test software

. ¥ MIPI C-PHY Test — CPHY AWG 2p5Gsps
* MIPI C-PHY Test - CPHY Device 1

File View Tools Help

File View Tools Help
Set Up |Select Tests | Configure | Connect |Run | Automate | Results | HTML Report

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report
MIPI C-PHY Tests
HS Electrical Tests
VOD Tests
Static Vcpbx Tests
Dynamic Vcptx Tests
VOHHS Tests
Clock UI Tests
Global Timing Tests
1.2.1 TLPX Duration
1.2.2 T3-PREPARE Duration Se[ect test
1.2.3 T3-PREBEGIN Duration o
1.2.5 T3-PREEND Duration |tems
1.2.6 T3-SYNC Duration

MIPI C-PHY Test

Continuous and Burst

Data Type Connection Setup

© HS signal @ LP Escape ONLY ' Connection Setup | mode Su pport by ACtiVG

B Lpescapetode probe connection and
B 73-PROGSEQMode

direct connection

Device Information

HS Symbol Rate:[1100 [ W [ Msps ] Set sym bolrate @ crsfvii [¥ S fin CT
B Informative Tests B . v1.0 UppOI’ |ng
and informative
L vl.0andvl.l

tests

Test Information

Eye Diagram Type:| Combined eye diagram

SLS3AL L3I 13S

1.2.16 T3-POST Duration
1.2.17 30%-85% Post-EoT Rise Time (TREOT)
1.2.18 THS-EXIT Value

Test Report Comments (Optional)
Device ID:
(SELECT OR TYPE)

L7

User Comment:

Messages

2018-11-07 11:06:06:771 AM Project Saving #
2018-11-07 11 06:887 AM Project Saved
2018-11-07 11:11:07:827 AM Project Saving
2018-11-07 11 08:120 AM Project Saved

2018-11-07 11:11:08:140 AM Run ended U
v

Messages

2018-11-01 08:41:06:465 AM Connecting to Infi
2018-11-01 08:41:07:673 AM Connected to Infiniium
2018-11-01 08:41:16:941 AM Ready

Unsaved Changes | 0 Tests Unsaved Changes 35 Tests | Connection: Data HS Probing
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Keysight U7T250A C-PHY Tx test software

° NeulHelium
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CTS TestID Test Name TestID | Test Availability [CPHY v1.0] C-PHY w11
Connestion type lorz H 3 4 [Pattem
T P-TH Thewenin Dutput High Level Yoltage [¥OH)] ESCAPEMODE ULFS
- P-Ti Thevenin Dutput High Level Voltage [YOH) ULFS
1z P-T Thevenin Output Low Level Yoltage [WOL) ESCAPEMODE ULFS
FT# Thewenin Dutput Low Lewel Yollage [VOL) ULFS
113 P-Ti 155 ise Time [TRLP| ESCAPEMODE ULFE
14 F-T 1532-85% F all Time [TFLP) ESCAFEMOCE ULFS
® P-T 1522855 F all Time [TFLE] OLFS
o P-TH Slew Rate vs, CLOAD ULP
= F- Fiate vz, CLOAD (FiseEdgeMin ULF:
% 115 Fiate vz, CLOAD (RiseEdgelargin P
Fiate vs. CLOAD [FalEdgellan] ULF"
Fiate vs. CLOAD (FalEdgeldin) ULF"
16 [LP-T# Pulse Width of Exclusive-DR Clock [TLP-PULSE-TX) ULFS
F-T# Pulse Width of Exclusive-OF: Clack [TLP-PULSE-T#) [Initial] ULFS
7 LP-T# Petiod of Exelusive-OR Closk (TLP-PER-T# [Fising-to-Rising] ULFS
. LF-T+ Period of Exslusive-OF Clock (TLF-PER T [Faling-to-F allin ULFS
HE-TH Ciferential ¥oltages (VOD-AE-Strongl) [Max] VES | WES | Cont
TH Ciferential ¥oltages [YOD-AE-Weaki] [Min] VES | WES | Cont
T Differential ¥oltages [YODO-AE-Weaki] [Max] YES | WES | Cont
T+t Differential ¥oltages (VOD-AE-Strongl] [Min] YES | WES | Cont
TH Ciferential ¥oltages (YOO-BC-StrongT) [Man] VES | WEE | Cont
127 T Differential ¥oltages [YOD-BC-Weaki) [Min] YES | YES | Cont
T+ Differential ¥oltages (VOD-BC-weaki] [Max] VES | WES | Cont
TH Ciferential ¥oltages (YODO-BC-Strongl] [M4in] VES | WEE | Cont
T+ Differential Yoltages (YODO-CA-Strongl) [Max] VES | WES | Cont
T+ Differential ¥oltages (VOD-CA-weaki] [Min] VES | WES | Cont
TH Ciferential ¥oltages (VODO-CA-weakil] [Max] VES | WEZ | Cont
" Differential oltages [YOO-CA-Strongl| [FMin] VEZ | WEE | Cont
128 H3-Tx Differential Yoltage M ¥ 00] VES | WES | Comt
o HS-T+ Single-Ended Dutput High Yoltages [VOHHE[YA]) YES | WES | Cont
I 12.9 " Ended Output High Valtages [YOHHS{VE]] VES | WEE | Cont
Lt H3-Tx Single-Ended Dutput High Yoltages [VOHHS(VC]) VES | WES | Cont
B HS-TH Static Common-Foint Yoltages [YCPTX_HE. ++) YES | WES | Comt
g HS-TH Static Common Foint Yoltages [YCPTH_HE 1) VES | WEE | Cont
= 1210 HS-TH Static Common-Point Yoltages [YCPTH_HS +7) VES | YES | Cont
@ HS-TH Static Common-Foint Yoltages [VCFTX_HS ) YES | WES | Cont
= HS-TH Static Common-Foint Yoltages [VCPTH_HE. +2) VES | WES | Cont
HE-TH Static Common-Foint Yoltages [YCE TR HS -2 VEZ | WEE | Cont
1211 H3-Tx Static Common-Foint Yoltage I LVCETHHS] VES | WES | Comt
1212 HS-T+ Dynamic Common-Point V. nz Eretwsen 50-4500Hz [WWCETHLE VES | WES | Comt
1213 HS T# Dynamis Common Point Variations Abowe $50rHz [AYCPTHHF)) VES | VES | Comt
1214 HS-T+ Riise Time (tFi) [LGGbps and below] Tnfar | infor | Cont
HS-Tx Fiise Time [tFi] [above 15Gbps) Infor_| Infor | Cont
12.15 HE-TH Fall Time [tF) [15Gbps and below] InFor | Infor | Caont
HE-T# Fall Time [tF) [sbove 1.5Gbps] InFor | Infor | Cont
1213 HS Clock Instantaneous UL [DINST 1sx VES | WES | Comt
12.20 HE Clack Delta Ul [2U1) [1Gbps and below] VES | WES | Cont
HE Clock Dielta UL (3U1) [showe 1Gbps] VEZ | WEE | Cont
1 T+ Eve diagram VES | WES | Comt
2 £5 Dur ation YES Burst
- 2. - FREF AFE Duration YES Burst
| 2. -FREEEGIN Duration VES Burst
= 2 -FROGSEG Duration YES Burst
2 2.} - PREEMD) Duration VES Burst
E X -5 RIC Duration YES Burst
= 12 T3-FOST Ouration YES Burst
E 12 THE-ERIT Yalue YES Burst
12 30%-85% Post-E0T Fise Time [TREQT] YES Burst

Enabled
Protocol
Related

Test item

Data DIlf VAB, VBC, VCA

ta Diff VAB, VBC, VCA

13463 ps

T3-PREBEGIN

T3-PREEND

T3-SYNC

T13-POST




Keysight U7250A C-PHY Tx test software

11.2.9 HS-TX Single-Ended Output High Voltages (VOHHS(VA), VOHHS(VB), VOHHS(VC))
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Figure 1.2.7-3: Sample Vgp Measurement at 20% Ul Width
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Keysight U7250A C-PHY Tx test software

Clock recovery

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

“strong 0” —_— ! Clock is recovered
from the earliest

edge of a symbol
Figure 63 C-PHY Eye Pattern Example, Triggered Eye transition

Trigger, at 1* zero crossing

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

° NeulHelium
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Keysight U7250A C-PHY Tx test software

Keyzight Infiniium : Tuesday, August 14, 2018 11:39:29% &AM
Data Diff VABC

I Real-Time Eye
3.00359 MUI
400 Wims

Test 1.2.21 Eye diagram test

example with Standard

channel embedding

-40.0 ps 400 ps

° NeulHelium
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Keysight Solutions for MIPI TX PHY-test

8GHz

DSAVO84A

DSOS404A

N5752A

2.5GHz

1GHz

DSOS104A
N2750A

500MSym/s

° NeuHemJﬂ
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MIPI TX Test Solutions

Product Number

- <500MSym/s <1GSym/s <1.5GSym/s <2.5GSym/s

Oscilloscope DSOS104A DSOS254A DSOS404A DSAV804A
1169A:
) , ) 12GHz active probe x3
Probe N2750A: N2751A: N2752A: And

1.5GHz active probe x3 ~ 3.5GHz active probe x3 6GHz active probe x3 NT7010A: active

termination adapter x3

UT7250A : MIPI C-PHY conformance test application

E2688A: Serial data analysis/mask testing with clock recovery
N5414B: InfiniiScan software

N5465B : InfiniiSim waveform transformation toolset

Software

Oscilloscope base line software must be same or above 6.20

° NeulHelium
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Agenda

Transmitter Testing

Receiver Testing
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About Receiver (RX) testing

RX testing
An RX test is used to determine an RX" s capability to properly detect the digital signal content, even for worst-case

impaired input signals. For this testing:--

« ABitError Ratio Tester’ s (BERT) Pattern Generator (BERT PG) is used to emulate a system’ s TX plus
channel thus generating a data signal containing the impairments to be expected at the RX input when it is
operating in a target system.

This signal has to be calibrated according to the specification
e Theinputofthe RX under test is stimulated with this signal

«  Properdetection of the digital content is monitored in a suitable fashion to determine performance

according to target BER

° NeulHelium
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Jitter Tolerance Calibration and Measurement

Calibrate the Rise/Fall times from the test equipment generator to approx. 115ps using 20%-80% transition time
converter

Calibrate the Eye width of three differential signals A-B, B-C, A-C to be 0.7Ul by adding Jitter (e.g. DCD) over the
already present switching jitter, of course using proper C-PHY clock recovery algorithm.

Add ISl jitter by either using a HW channel or SW-programming of the generator to meet the 0.3Ul of channel IS
requirement.

Tune the Amplitude and the amount of ISI to meet the eye mask requirement of +40 to -40mV for EH and 0.4Ul for
EW.
(Allow 10% of variation in calibration over the time scale wrt. the targeted eye mask spec.)

After generating the worst case eye as per the mask requirements, Check for any errors in the receiver by
comparing the received pattern with the receiver expected pattern and varying DC Common mode.

° NeulHelium

M= 3= AN T BE




How to Test MIPI C- /D-PHY RXs acc. to CTS?

Keysight M8000 Series of BER Test Solutions!

Modular system in AXI form factor consisting of

*  AWG modules M8190/95A

(used for multilevel and non-NRZ signals)

plus M8070A SW with application plug ins (e.g. M8085 for MIPI)

Test Automation SW: Keysight N5S990A

NEI_I|—|E|.ILIm
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Setup for C-PHY, single lane:

M8190A, 5 Slot Frame, Embedded Controller

1-lane C-

PHY DUT

embedded controller (1 slot) @ »

° I\IEL_lHELiL}m
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Setup for C-PHY, single lane:

M8195A, 5 Slot Frame, Embedded Controller

1-lane C-

PHY DUT

o
B
o
B
o
A r—

;O S = S S
D

4X channel density (4 channelsin 1 slot module vs 2 channels in 2 slot module)

I\Ieul—hELlum
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Setup for C-PHY, single lane:

M8195A, 5 Slot Frame, Embedded Controller

1-lane C-

\ 4 v \ 4

PHY DUT

: 2% w BN WM cmbedded controller(1slot)g
2 . = =0 a0 0 0T N W ey

4X channel density (4 channelsin 1 slot module vs 2 channels in 2 slot module)

Alternative setup: M8195A, 2 slot frame, embedded Controller

1-lane C-
PHY DUT

n
>
;
»
»
»

° I\Ieul—hELiL}m
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Realization of "C-PHY-editor “ within M8000

attern File Symbol Legend

System Clock Generator Analyzer Patterns Measurements Utilities  wWindow  Help

C-Phy Frama

KEYSIGHT

TECHNOLOGIES

High Speed Mode

Line States

% [Percent)

o
1

| | Rotate COW, polarity stays same
| f1,0,%) | Rotate CCW, polarity is inverted
| 10,1,%) | Rotate CW, polarity stays same
| 14,1,0) | Rotate CW, polarity is inverted

1%, 0,1} | | Same phase, polarity is inverted |

| 10, %1)
{1, %, 0}

Symbol Mapper

Starts or stops binary to symbol mapping. Number of enclosed bits must be a multiple of 16.
Once the first % Is found the subsequent symbols may only contain the binary states 0 and 1
interpreted MSE first. The % may only occur in pairs. It can be placed freely inside the pattern

| definition and its output will always be regarded as high speed mode symbols.

Binary 0 (Low]

| Binary 1 (High}

Low Power Mode

Pttesn Logend

2N

° NeulHelium
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| Ome "L" sets all three wires to low state
One pattern file entry defines the state of all 3 lines (1 lane).
| An upper case letter means only the selected line is high, the 2 other
| lines are low.
| Alower case latter means only the selected line is low, the 2 ather lines
| are high.

- IR 1T -t |

._ One “H* sets all three lines (the complete lane) to high state

Protocol  Sequencs

High Speed Mode
Impairments
Low Power Mode
Pattern

Init 3t Path
Loop Pattern Type

Pattern Path

reymbol Interfarence
AWG Setup
* AWG] Setup
AWG2 Selup
= Calibration

T Usdlloscope Setup

Loop Pattern Type

CPHY1.Lanel
CPHY L Lanel
CPHY1.Lanel
CPHY1.Lane1

CPHY 1 Lanal

ptrm

CPHY L.Link
CPHY1.Link
CPHY 1. Link
CPHY 1. Link

CPHYL.Link

HS-Pattern can be set up as
e Serial data

(encoder Is integrated)
*  Symbol value (0,1,2,3,4)
*  Wire state (+/- x,y,2)

*  Predefined PRBS

LS-Pattern

(8 possible states)

* can be set up as symbols
(L,H,a,A b B cC)




ealization of "C-PHY-editor “ within M8000

File Application System C K Generato Analyzer Patterns Measurements Utilities Window  Help

Set up of a sequence with
F LP - HS patterns, transition

generated automatically

Loop Pattorn Path

g @ £

£% ES E5 %

&G m &R a4 = 5 & =
-] @ T & & & Auto-Ganerite Tranlions
= = 13 o i

-3 =3 x

I oy g Parameters and patterns
/ \\ \\\\

can be edited

LP-111 | LP-001 | LP-0OD LP-111
\\ Low Powar Ilnqh.‘i/pn/d | Low Power
. o ./
—— T

LP —p HS Transition

CPHYLLane1

CPHY1.Lane1

° NeulHelium
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Realization of "C-PHY-editor

< M8070A

File Application System Clock Generator Analyzer Patterns Measurements Utiliies Window Help

% Modules View C-Phy Frame Generator 1 X

attern File Symbol Legend KEYSIGHT

TECHNOLOGIES
High Speed Mode

Line States

Pattern Line Line State Pattern Symbol Activity

File Entry State {Line A, Line B, Line C} File Entry _Input Value

Rotate CCW, polarity stays same

1,0, %} | Rotate CCW, polarity is inverted
0,1, %} ] Rotate CW, polarity stays same
%, 1, 0} Rotate CW, polarity is inverted

{%, 0, 1} Same phase, polarity is inverted

[+z [o%1}
-z {1, %, 0}

16-Bit to 7-Symbol Mapper

% (Percent) Starts or stops binary to symbol mapping. Number of enclosed bits must be a multiple of 16.
Once the first % is found the subsequent symbols may only contain the binary states 0 and 1
interpreted MSB first. The % may only occur in pairs, It can be placed freely inside the pattern
definition and its output will always be regarded as high speed mode symbols.

Binary 0 (Low)
| Binary 1 (High)

Low Power Mode

Pattern Line A Line B Line C Usage

File Entry

One “L" sets all three wires to low state

One pattern file entry defines the state of all 3 lines (1 lane).

An upper case letter means only the selected line is high, the 2 other
lines are low.

Alower case letter means only the selected line is low, the 2 other lines
are high.

=ielololkiklole
= = =1 =]

One “H” sets all three lines (the complete lane) to high state

Pattern Legend  Protocol  Sequence

S M

° NeulHelium
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“within M8000

Not Started

Parameters

Sel

Impairments

High Speed Rise Time

High Speed Fall Time
Sinuseidal Jitter Amplitude...
Sinusoidal Jitter Frequency
Bounded Uncorrelated Jitte
Analog Skew A

Analog Skew B

Analog Skew C

Low Power Mode
Pattern
Protocol

Trigger

Intersymbol Interference
Enabled

S-Parameter File A
S-Parameter File B

S-Parameter File C

Qutput Jitter

CPHY1.Lanel

200 ps

200 ps

0ps

100.00 MHz

CPHY1.Lanel
CPHY1.Lanel
CPHY1.Lanel

CPHY1.Lanel

CPHY1.Lanel

Off

SParameterFileA.s2p

SParameterFileB.s2p

SParameterFileC.s2p

I et =
lect type of loop pattern. Either user defined from pattern file or
generated PRBS.

Set-up of parameters in a BERT-like fashion

HS-impairments

ISI via S-parameters




GUI for C-PHY CTS Calibration and Test Procedures

Configure Calibra d n High Data0 A

esi

H JusLBunE

MIPI C-PHY Editor 1 MIPI C-PHY CTS 1 X

Test set-up / cabling

Connect the outpt f the AWG valuation Board (into open) and the
impedance probe to the Oscilloscope.
rst AWG Module, Channel 1, AMP OUT (Normal) -> Evaluation Board -
> Osdilloscope, Channel 1 .

Connection Diagram
A 1 Wamings | @ 17 Information
Description
@ Step 13 - Calibrating V_OH 50 mv;

@ Step 14 - Calibrating V_OH = 600 mV; V. OL =0V

NeulHelium

=0 S

T ==R

=

AE

at Measurad

S a
Result
=i Level [mV]  Level [mV]

1300 1185

1090
1043

905

900 1000

853

Numerical results
of calibration or
measurement

Event
logging

Measured Level

graphical

representation

of calibration

or

s e EASUIENENE

600 700 0 90 1000 1100 1200 1300
Set Level [mV]

t.MIPI C-PHY
Y CTS L.LP
M
Measurement.MIPI C-PHY
CTS.MIPI C-PHY CTS 1.LP 8/27/2015 3:24:09 PM
Level Calibration High Data0 A

d Offline Finished

LP Level Calibration High Data0d A .System
M P High Lev

Min LP High Level

Offline

Step Size

Transfer Functiol

Tra Func

Use Infiniisim

calibration or
measurement
parameters




Keysight Solutions for MIPI RX PHY-test

2015: MB085A w/ M8190A addressing C-PHY

C-PHY

AWG M8190A
M8085A-CT1,-CTA

2013 2015

° I\IeuHeLigm
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Keysight Solutions for MIPI RX PHY-test

2016 and beyond: M8085A w/ M8195A rev. 2

& M8000 family of R

BER test solutions...

C-PHY

AWG M8190A AWG M8190A / M8195A rev. 2
M8085A-CT1,-CTA | MB085A-CT1,-CTA - Multi Lane

- J

2013 2015 2016

° Neul%eLigm
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MIP| RX Test Solutions

Availability and Product / Option Number

- MB085A

Instrument / HW M8190A M8195A, rev. 2

Link-type Single-lane Multi-lane

C-PHY N5990A-010, CT1, CTA N5990A-010, CT1, CTA
Sept. 2015 Q2FY2016

M8070A rev 3.0 or higher is required to host the M8085A Pluglns
All “T* licenses also available as “N* = network license

° NeulHelium
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Keysight MIPI C-PHY Solution Coverage

° NeulHelium
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—

SW

HW

—
—

Fixture

|

—]

DUT

/ Transmitter Test \

U7250A MIPI C-PHY
Compliance Test Software

real time

scope
13 GHz

RTB
(reference
board)

TN

termi

Tx

DSAV134A Infiniium +

Source

Interface

S-parameters and
Impedance Tests

E5071C Option TDR
ENA Network Analyzer

SMA cable

Interface

N

Sink Test \
MB8085A Automatic SW for \
C-PHY compliance
M8190A/M8195A \
8. i RTB for
by ¥ calibration
S aaniaiiin
\
RX
Sink

/D
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