MIPI Physical Layer Test Solutions
D-PHY and M-PHY

Jong Bum, Kim
Application Engineer

Tektron/iX®



Agenda

= MIPI® Technologies

= MIPI D-PHY Test Solutions
— D-PHY Tx
— D-PHY Rx

= MIPI M-PHY Test Solutions
— M-PHY Tx
— M-PHY Rx

= Summary, Q&A

Tektron/ix@



What is MIPl and Why MIPI?

Drivers for Mobile Technologies

= Feature set growing rapidly
— HD-Cameras, HD Displays,
Touch screen, USB, etc
— Mobile-TV, WiMax/ 3G, WLAN,

GSM/ GPRS, GPS, FM, etc. Mobile Cohvergence
- N umerous “neW SpeCIa“ZGd partS” Communication, computing, and consumer applications in one mobile device
&suppliers

= Bandwidths growing
— Need faster internal interconnect

= Rising integration Time and e
Costs u"é@ma
— Need faster Time-To-Market B
— Need simplified system
integration
— Need “general-purpose”
interfaces (like MIPI) to integrate
diverse devices quickly
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I MIPI Technologies Overview
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I MIPI M-Phy, Protocol, Application Stackup
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Neither UniPro v1.6 nor CSI-3 v1.1 have been officially released yet.

source: www.mipi.org
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MIPI M-Phy, Protocol, Application Stackup with
Combined Standards

Application
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Neither UniPro v1.6 Nor UFS v2.0 have been officially released yet.
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Tek Strategic Involvement with MIPI Alliance &UNH-IOL

= Tektronix is a Contributor Member of the MIPI Alliance
= Tektronix is actively-participating in several MIPI Working Groups
= Tektronix has a close working relationship with UNH-1OL.

= Combined Tek Press-Release with UNH &MIPI Alliance in Sept-2010:

- Tektronix is spurring the adoption of D-PHY and M-PHY specifications.
Tektronix is aiding the adoption of the new M-PHY interface by giving
designers the testing tools they need to ensure signal integrity and verify
performance of increasingly complex designs.”

— Joel Huloux, Chairman of the MIPI Alliance.

“Tektronix has been supportive of UNH-IOL's collaborative efforts....... ”
— Andy Baldman, Senior technical staff, R&D, UNH-IOL.
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MIPI Display Serial Interface-DSI

What is MIPI DSI?

— DSl is the specification for Processor-to-Display interconnect

Legacy Standards in a Mobile Aoplication
— Parallel busses with 45-50 signals fh

MIPI DSI-1
— A Serial bus with Just 8-10 signals
— Physical layer is D-PHY and Protocol

Could be 45-50 signals

Display 1

Display 2

Could be just 8-10 signals

layer is DSI-1 S| =
Application L
Processor
= MIPI DSI-2 v =
— Physical layer is M-PHY & Protocol layer is DSI-2 Display 2
— Backward Compatible to DSI-1
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MIPI Camera Serial Interface CSI-2

What is MIPI CSI?
— CSlis the specification for Processor-to-Camera interconnect

Could be 20-36 signals

Legacy Standards in a Mobile L
— Parallel busses with 20-36 signals S

Camera 1

O

Camera

Memory Bus

(CPU) Camera 2
= MIPI CSI-2
— A Serial bus with Just 8-10 signals Could be just 8-10 signals
— Physical layer is D-PHY and ]?
Protocol layer is CSI-2 sp ==k
Application Camera 1 @
n MIPI CSI-3 Processor Camera
— Physical layer is M-PHY & Protocol
Iayer Is CSI-3 UniPort-D CSI-2
. Camera 2
— Backward Compatible to CSI-2
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MIPI D-PHY Functionality

= PHY standard for interfacing Camera (CSl) & Display (DSI)
= Synchronous connection between Master and Slave

= D-PHY Configuration
— One clock signal

— One or more data signals (Maximum 4-Lanes)

=  Two modes of transmission

High-Speed (HS) mode

Low-Power (LP) mode

Data Rate : 80 Mbps — 1.5 Gbps
Typically at ~500 Mbps
Bus Termination : 50 ohms
Signal : 360mV (Max: Vouus)
Differential
For fast-data traffic

Data Rate : Up to 10 Mbps

Bus Termination : Hi-Z

Signal : 1.2V CMOS Level,
Single ended

For control purposes

= Modes are mixed during the operation

— Transitions from LP to HS and back to LP on the fly

Tektron/ixw



MIPI D-PHY Lane States and Line Levels

= |Lane States

— Low-Power Lane states : LP-00, LP-01, LP-10, LP-11

— High Speed Lane states : HS-0, HS-1

= Line Levels (Typical)
— LP High Level : 0~1.2V
— HS Common mode Voltage : 200mV
— HS Differential Voltage 200mV

>

IC supply voltage (1_2V-3.3V*)

*..o000000E - 1-1-

HS diff. swing (e.g. 200mV) T

HS common level

[ S A— .f. :{Ejﬁ_"?{]ﬂmv]

Max LP-RX High

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

Reference ground
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MIPI D-PHY Configuration

A MIPI D-PHY Link includes :
-.Clock lane : 1
-. Data lane : 1~-4

ook -> all lanes are differential
Multiplier
L:Jmt APP| = Abstagted PHY-Protocal Interface (complete PHY, all Lanes)
Ref Clocﬁﬁi PPl =PHY Pravegel Interface (per Lane, some signals can be shared withmultiple Lanes)
Controls —'. 1 48.Q
| o D-PHY 5 D-PHY /N §
! IMaster Clock Lane Module Slave Clock Lane Module \I_l/ !
APPI PPI D-PHY D-PRY | PPI ) APPI
. Master Data Lane Module Slave Data Lane Module \l_l/ .
| PHY II—I\ PHY '
| Adapter £ PP D-PHY D-PHY PPI 1 Adapter |
Layer IMaster Data Lane Module Slave Data Lane IModule \I_l/ Layer

Master Side Slave Side

Two-Data lanes MIPI D-PHY Link _
Tektron/lxw



D-PHY Tx : Opt.D-PHYTX Conformance Test Solution

= Opt.D-PHYTX : D-PHY Automated Solution

TekExpress option for Fully-Automated testing
Provides Conformance and Characterization Testing

Runs on 7K/C and 70K/B/C scopes
Opt. TEKEXP is Pre-Requisite

Differentiation

Un-parallel Automation (Auto-Cursors)
100% Widest Test Coverage
Conformance to Latest CTS (v1.0)
Based on Latest Base spec (v1.1)
Fully-Automated for Multi-lane DUTs
Fully-Automated Temperature Chamber

Value proposition
— Custom-limits/ Limits-Editing

D-PHY extension spec (1.5G) ready

Based on Latest D-PHY Base Spec v1.1 and UNH’s Conformance Test Suite v1.0.

& TekExpress D-PHY Automated Solution {Evaluation ¥ersion) (Untitled)* =] 3]
Fle Wew Took Help
puTID [OUTON B An Stop
N ——
Select | Acqure | Analze | Repot
Device Clock Lane Probing
D-PHY CSI-2 = & Single Ended { Differential
Clock Mode anes To Test est Mode
& Nomal W Lane1 ¥ Lane? ¥ Lane3 [ Lans 4 :""‘ | |
5 - ormal
€ Continuous ¥ Automale Lane Switching with RF switch
Both
D PLPH-ESL2 Transmitter CTS 1.0 [Base Spec 1.0) Nommal Clock Mode.Bath Testode Autamatic
. Configure
= g G = Test Description
+ta Lane LP-TX Thevenin Output High Level Yoltags [VOH) To veiity that the Thevenin Ouipnt — ——————————————
High Level Valtage [VOH] of the
o 154 Lane LP-Tix Thevenin Output Low Level Voltage [VOL] DUT's Data Lane LP transmitter is g
! e withi i ks This Shaw Schemabc
ane Rise Time st o with LEHS L
. Fal T wavi ot
rerelfme ] |recommen ded. SelectAll
115 e LP-T2 Slew Rate ws. CLOAD L )
= 1.1.6 Data Lane LP-TX Pulse Width of Exclusive-OR Clock (TLP-PULSE-TX)
ata Lbne LP-TX Period of Exclusive-OR Clack (TLP-PER-TX) E——
L
151 Y Enty TOLK PREVslue
S Fuit TOIK PNSTV AR LI
TekExpress launched successfully, Tektronix”

Test Reports with Pass/Fail summary, margins, & "Zoom-in” Waveform Captures
Tek 3.5GHz scope is the minimal configuration for accurate testing
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D-PHY Tx Test Items

Group 4 Clock Lane H3-TX Signaling Group 5 HS-TX Clock-fo-Data Lane Timing
141 Clock Lane HS Eniry: TLFX Value 151 HS Entry TCLK-PREValue
142 Clock Lane HS Entr,r: TCLK-PREPARE Value 152 HS Exit TCLKPOST Value
143 g'm" Lane :i ETTE; JBGLK'PRE'F"‘RE * EE'ZO Vake 153 HS Clock Rising Edge Alignment to First Payload Bit
144 lock Lane HS- ifferantial Voltages [V ,
VoO(1) oo (VODIO) 154 Data-to-Clock Skew (TSKEW (X))
145 Clock Lane HS-TX Differental Voltage Mismatch = —
(AVQD) Group 1 Data Lane LP-TX Signaling Group 3 Data Lane HS-TX Signaling
146 Clock Lane H3-TX Single Endsd Output High Voltages 111 Data Lane LP-TX Thevenin Output High Level Voltage 131 Data Lane HS Entry: Data Lane TLPX Value
[VOHHS(DP) VOHHS({DN)) (VOH) 132 Data Lane HS Entry: THS-PREPARE Valus
147 Clock Lane HS.TX Common-Mods Vollages 112 Data Lane LP-TX Thevenin Output Low Level Voltage 1453 Data Lane H9 Entry: TH9-PREFARE + THS-ZERO
- (VCMTX(1) VOMTX(D) (voL) Value
; . - 113 Data Lane Rise Time 134 Data Lane HS-TX Differential Voltages (VOD(0)
148 Clock Lane HS-TX Common-Mode Voltage Mismatch 114 Data Lane Fal Time - Vo) "
Lio E;ﬂgc?imjﬁosnu . Lovel Variai 115 Dsta Lane LP-TX Slew Rate vs. CLOAD (BV/AtSR) 135 Data Lane HS-TX Differential Voltage Mismatch (AVOD)
h Elew.-ee:nsz 45'0 B AF?;TE\T::GM-F]%[;?' fvel vanations 118 Data Lane LP-TX Pulse Width of Exclusive-OR Clock 136 Data Lane HS-TX Single Ended Output High Voltages
- — (TLP-PULSE-TX) (VOHHS[DP) VOHHS(DN))
1410 Clock Lane H3-TX Dynamu: Common-Level Variations 117 Data Lane LP-T¥X Period of Exclusive-OR Clock 137 Data Lane HS-TX Common-Mode Voltages
Above 450 MHz (AVCMTX(HF)) (TLP-PER-TX) [VCMTX[1),VCMTX(0})
1411 Clock Lane HS-TX 20%-80% Rise time (IR) R 7 Plack | ana | PTY Sigraling 138 Data Lane HS-TX Common-Mode Violtage Mismatch
! n - AVCMTX(1,0))
- 1.24 Clock Lane LP-TX The: Cutput High Level Volta [
1412 Clock Lane HS—T‘K_ 80%-20% Fall time (tR) (V?)H]' ane venin Output High Level Voliage 1358 Data Lane HS-TX Dynamic Common-Level Variaficns
1413 Clock Lane HS E}(l.‘t. TCLE-TRAIL Value : i 122 Glock Lans LP-TX Thevenin OutoutLov Level Voltage Between 50-450 MHz (AVCMTX(LF)) :
14.14 Clock Lane HS Exit. 30%-80% Post-EoT Rise Time (VoL 1310 Data Lane HS-TX Uynamic Common-Level Variations
(TREOT) Value 123 Clook Lano Rs Time Above 450 Mtz (AVOMTAIEF))
1415 Clock Lane HS Exit: TEQT Valug 124 Clock Lano Fall Tmo 1 ; :12 B""‘: t"""& ::g ;gz‘ggz S'Tﬂ“"ﬁf:‘?
. a ane - 0~ all nme
i i 125 Clock Lang LP-TX Slew Rate vs. CLOAD (B\/BtSR)
1418 Clock Lane HS Exit: THS-EXIT Value ock Lang lew Rete vs [ ) a0 Data Lane HS Exit THS.TRAIL Vals
1417 Clock Lane H3 Clock Instantansous (UINST) 131 Data Lane HS Exi:: 30%-00% Post-CoT Rise Time
_ (TREQT) Value
E g - 1315 Data Lane HS Exit: TEQT Value
" & f 1.3.16 Data Lane HS Exit: THS-EXIT Value
= Group 6
’-‘;_,; ' 161 INIT: LP-TX Initialization Period (TINIT MASTER)
S " =n 162 ULPS Entry: Verification of Clock Lane LP-TX ULPS
support
L 163 ULPS Exit: Transmitted TWAKEUP Interval
L 164 BTA: TX-Side TTA-GO Interval Value
= s 165 BTA: RX-Side TTA-SURE Interval Value
il -~ 166 BTA: RX-Side TTA-GET Interval Value

Probes connectioﬁﬂthr'Data/CLK Lanes
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D-PHY Tx : Recommended Test Setup

Scope
— DPO7354 or DPO/DSA/MSO70404/B/C or higher for rise time accuracies

Probes

— For 7Ks: 4x TAPxx/ P6245/ P6249, or 4x TDP3500 (clock is non-continuous), or
3x TDP3500 (clock is continuous).

— For 70Ks: 4xP7240, or 4xP73xx (clock is non-continuous), or 3xP73xx (clock is
continuous).

Scope Software
— Opt.D-PHYTX on TEKEXP for Conformance Test

Fixtures

— As MIPI is a chip-to-chip interface, most DUT setups are LIVE with Master-Slave/
Receiver-end connected.

— For live-setups: No Fixtures required.
— For non-live setups:
— No standard fixture is defined. \
— We recommend following UNH-IOL Termination board'i;,:{}._
AR

P7380 probe used with a probe-tip

Tektron/ix“@



Stimulus Setup

TLA or PC TLA

System
Under Test

Tektronix:
/



I Stimulus

= Protocol Testing — Stimulating buses with known good data packets
or packets with intentional errors tests the system’s adherence to a
specified protocol

= |Infrequent Events - System bugs that only appear when infrequent
events occur can be quickly reproduced with a pattern generator by
repeatedly stimulating the system with the key external event

= Automated Test — Production line test setups can utilize the PG3A as
a general purpose digital I/O source with a large number of channels

Tektron/ix*?



I P332 MIPI D-PHY Probe for PG3A

Key Features

MIPI D-PHY Probe for use with PG3AMOD
and PG3ACAB

Generate CSI2 and DSI data over D-PHY
4-Data Lanes and 1-Clock lane

1.5Gbps / Lane data rate

SMA outputs for each lane

LP and HS Voltage and Timing adjustable
on a each lane separately

Tektron/ixw



D-PHY RXx : Test Solution Overview
100% Test Coverage

Group 1LP - RX voltage and timing requirements

Test Title Fage Eguipment

21 LF - RO Logic 1 Inpek volbage (Ve 10E

21z LF - RO Logiic O lnpet voliage, non-UILF State (V) 110

ety LF - R Logic O lnpet volisge, ULF Sial (Vi) 112

14 LF - R Mmimam FPulse W0 Resparse: (T 113 2]

215 Wl o i o Sy - p—] 114 =3

R - LF - RO Imipeet Fuis e R cion (Syees) 116 O = AYING = DeT Fower Sy
17 LF - R Inberdepence Tolemmoe (i, and ) 120 O = AV

Z1E LF - T Lol Corbention Theshdids (Ve 805 Ve 122 O = AV

Group 2LP - RX Behavioral Requirements

Tes Title Fage Equipg

Ty _= - 5 v e Sarod (T oz =3 Group 3: HS - RX Voltage and Setup/Hold Requirements
oo ULFEE Sl LF - A T TIMer Visioe 195 2] Test Title Page Eguipment
223 Chock e LR - 5 vl d A boeed LIRS Sty 137 P e HE - R Common ilode wokage Toemnss (Vomsc) 133 =3
- - - = - - — _ iE2 HE2 Diflepeninl npet Hoh Theesk Pl : 3
ZI4 Dwafa Lame L - R Ieralaibated Escape Mo Enbry 3 RO A e e e *
e Cifterenial bnpek Lo Theesbodd (0o 14= G
25 Doafts Lame |5 - R Invelliclborbesd Escmpe Moo Commesnd 120 G
i34 RO SHimagie—Smckan] inpeak High Wolbae {paq) 144
ZIE Dwafa Lame P - RX Escans Mode Invald Exk (incemneate=) 122 3 o e = - . P
325 HZ - X Slmpie-Sndad lnpet Low vVdkepe (i) 45
a7 Daiz Lame LS - RH Escape Mode, grang ot THgpe-Commend it S 124 =3 z3s ~E - R Commeon Mode Flssmenos SIAHE - 4500HT (Sake VOMISILTY 145 3. AN
Z3E ks Lame LF - RX Escans Mode Uns oppatediUnessl gred Commands 125 Fa 227 =2 - F Commeon iode hherenenos Beword 45002 (delie WoMEI-E) 150 G- AN
IEE HE - R SebupHoid and Jiber Toleramnce 154

Group 4: HS - RE Timer Requirements

Test Mo. Title Page Equipment

24 Dmfa Lames HE - AN Tomug Valoe 155 =3
T4z Dimta Lo M2 - B Tegawmmon = Tegmems Tolamnce L] =3
243 Dimnm Lame S G Toggqgry VDR 160 =3
=44 Donfi Lames HE2 - R Tegemen Tolammmoe 182 =3
=45 Confi Lames HE2 - R Togaee WViale 1e4 G
Z4E ol L HE - B Tocmmags WValoe 168 G
247 Chock Lame M2 - A Tecampmony = Tocmms Tobamnoe 167 Fa
245 Cimc Lmme S - A Teggreg Valoe 185 =3
=45 ook Lames HE - BN Towmes Tolammoe T =3
24190 ok Lame HE - RX Togumy Viales 173 =3
2411 ook Lame HE - RX To o * Tecmmy Tobammon 178 =3
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D-PHY Rx : Test Solution Overview

Manual/ Workaround Setup based on PG with PGRemote Software

Simple, Quick, Easy and Re-usable

= 100% Coverage to Rx CTS = PG3A Pattern Generator
— Meets all the requirements in UNH- — Controls clock and signaling to
IOL CTS document (v1.0) establish link with DUT
— Adjusts voltage levels, packet type,
= Quick and Easy setup etc to stress test receiver

— No complex VXI system, just stand AWG7082C with Coupler

alone instruments, and a probe. — Adds jitter and interference to the

: : D-PHY signals
|
Cost effective solution — Needed only for 6 out of 35 total Rx

— 70% Lower list price vs Competition tests.

= Re-usable for Protocol test \

— PG3A is the Only 4 chann Manual Setup
solution for CSI &DSI test

g {AWG?OSZ%

\4

S« ‘ D-PHY
| A
- ‘ P332
S = | Poancas
*These Moving Pixel products are available as Tektronix part number
Wktronix part number not available. -
Tektronix®




I PGRemote

Push Button User interface to generate CSI2 or DSI vectors and
probe control
Adjust frequency, voltage and delay in HS and LP modes
Adjust D-PHY state timing parameters
Adjust frame timing and generate looping video
Enter and exit Low power states
Create custom commands, Macros and assign them to buttons
Save restore a configuration
Ability to use P332 as a generic high-speed serial probe
The PG can be operated in several modes
— Pushbutton Mode using the PGRemote software
— Macro Mode using the PGRemote software
— Scripting
— Full remote control mode

Tektron/iX@



PGRemote

Push Button Interface to generate CSI2 / DSI Vectors

Options  About

SR Set Column Addr Bt 'Send Save Del

EAFEEI DCS Long Write ¥ Color On Color Off
( Defl ne \ sle=le ] BEEL Set Column Address ¥ Shutdown Periph. Turn On Periph.
CSI/DSI dia _ Enter Idle | Exitldle
DataFileName [  EnterSleep ||  ExtSleep
commands : , =
and viechan(i0) [ Enterlvert | Exitinvent
arguments DCSCmd(7:0] Display Off Display On Command
k ) StanColumn[15:0] Bus Turn Around GetDiag Result BUttOﬂS

EndColumn(15:0] [Ui:

Set Column Addr

Set Max Retumn

|
DatalD[7:0] Set Partial Area Geen Short Write
WordCount[1 5:0]
eccro Send FicFrame1/2
_ . \ CheckSum(15:0] Send HDFrame
Conflguratlon Send F’iéZJ‘é SendVSDiFrame
Parameters ‘Writehern | readCustom
for PG [ Readaddr
playback, - - PG b
‘ ) ge— rope
and D-PHY DT Mode LPFreq (MHz) HSFreq(MHz)  LaneCnt | N || PG:stepped ) , Pro
frsor <[ oo0 7000 RN - [ e ClcPuming. | Po Retar status and
Contention: None r .
operational
_ , - controls
Status Bar Command sent (Set Colurnn Addr). | DOA | Moving Pixel Company

PGRemote Main Window
Tektron/ixw



CSI12/DSI Protocol validation

Solution Overview

P6982 or
P6980 Probe

D-PHY
Preprocessor

USB Cable
For Control

Clk Data
(up to 4 Lanes)

D-PHY Preprocessor

Tektronix:
/



D-PHY Preprocessor

Support 1.5Gbps per lane

Support for up to 4 Lanes of D-PHY data

Color coded solder down probes for easy identification
Support CSI2/DSI Protocols

Advanced Packet Level Triggering

Real Time Filtering

Lane activity and Error Status

Simultaneous Low Power and High Speed Data Acquisition
8x improvement in TLA Memory usage

Image Export

Compatible with both TLA6k and TLA7k

Preserve your investment with the ONLY 4 lane,
1.5Gbps protocol solution in the market.

Tektron/ixw



D-PHY Preprocessor control Ul

Flle  Control cConfig About Debug
“onfig
MIPI Standard m I Deta Mode Trigger Pkt Types
Preprocessor MaxLane Court. IR Escee Mode ;-B;ngnwz"_eﬁnhuﬂ
Configuration i [ Clewic St Waed Trigger & Filter
- [#] Generic Short Wrie1
: [ Generic Short Wite2 S
150 broq (MH2) B i Definitions
HSCk Adiust fps) ETII= | < [0 Generic Read Rejuest1
— ' - - [] Generic Read Request2
[ Set Max Retum Pkt Size
‘... ] Null Packet
. [ Blanking Packet
ECC Error Short Pkt Crr: 15280336 [ Generc Long Wits
Sticky ECC Emor: I Long Pkt Cri: 6548715 ] 0CS Wike Commands
ECC EmorCrt: 0 1 DCS Read Commands
LP Pkt Crt: 6548715 [ Read Response Commands
e CRC Enmor HS Pit Crt: 15280336 [ Packed Puxel Stream Commands
Sticky CRC Error: I
CRC EmorCrt: 0 Total Pkt Cnt: 21829051 Field ByteOf  Mask Op  Vale
Trigger: | TLA Output: Active ® —T
Sticky Trigger: (Geneic!
TrggerCrt: 4365811  HS Active Lanes: 4 ) CE |
Meas. HSClk: 749 MHz 4 m
5 [
Status Area ln0 Ln Ln2 Ln3 Ok Y Cr|
sLane Activity PAcivty 33 33 3T 33 __ — &5&6 TT -
) Hsay t T T % 3 TR 16283848586 |
*Trigger Status :
*Error Status =t
Send configuration successful.
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D-PHY Decode

Supports from 1 to 4 lanes of D-PHY
data

Decode and Display

All LP and HS state transitions
LP commands and data

LP and HS Data in Byte Format
All types of Short and Long
packets

DCS Command decode
Supports different RGB and YUV

File Edit Wiew Data System Tools Window Help
Gl R 4 = A || M explorer ~ Jifll setup iR Trigger 2 Waveform
& s/H Analysis [l MEX-DOR-PROTOCOL [ iverify 7} Define Compare

ai Listing

o P B v & | & Activity  F Threshold A A & i @& |Seach
& 'IEurSDH'l e 7wz
. . F\Ie Edit View Data System Tocls Window Help
oPh
=P0 ph il | s = f = A || W Explorer v Jif] Setup  I] Trigger %Y Waveform 35 Listing
T’Eﬂ% %% 5/H Analysis [l NEx-DDR-PROTOCOL B iVerify 1%} Define Compare
E"“ T, = g v A || A Activity £ Threshold A A ¢ M P Geach
< -
il 21079 | - _6 - ICulsDH '|tol Cursor 2'|— Os
21080 | -
1081 cample DP hyPre_EE4_PE330 P hyPre_EBE4_POP hyPre_BE4_P|DP hyPre_BE4_P|DPhyPre_BE4_F)
21082 P DPhy Packet Decode Lane® State |Lanel State fLane2 State |Lame3 State
21084
VIRTUAL CRANNEL - O
g DATA TYPE = 3Eh
S1087 | - WORD COLNT = 960
51088 | -- ECC = 0Bh
10 EED CRC = CES3h (G00D)
v 70754 P R5-Data 0x33 | h5-Data OxCE
o VIRTUAL CRANEL = 0 = s
P =1
E NoRD Tt - 3
21080 | - ECC = 10h
21081 | - CAC = ACELh (GOODY -
21092 70805 D
21093 VIRTUAL CHANNEL = O
21054 DATA TYPE = 21h
21085 | - PARAMETER = 0000h
2108 | - ECC = 12h
aoer |- 7082L D D
hes |- VIRTUAL CRANNEL = 0!
Bt DATA TYPE = iih
1Tt | - PARANETER = 0000h
51102 | - S - T
21103 | -- i F
104 | -- VIRTUAL CRANNEL = O
21105 | - DATA TYPE = 3Eh
21106 SN WORD COLNT = 360
v ECC = Bh
Drt 3
'ET a a 3
21107 | -- DATA TVPE = 13h
gﬁgg - WORD cou:"r 36
- ECC = 10
21110 | -- |
Erred = CRC = ACELh (G00D) -
21112 | --
VIRTUAL CRANNEL = Of
Frerey DATA TYPE = 21h
S1115 | - PARANETER = 3000k
ECC = 1zh
el TII06 D
2117 | --
113 | - L
2115 | -- DATA TYPE = 3th
21120 | - PARAMETER = 0000h
2112 |- ECC = 0lh
A1z EEEEN B D
v VIRTUAL CRANNEL = Of
o TA TYPE =
W WORD COLNT = 360
E ECC = GBh X
71173 R e L5000 T ——_—

Schemes

Supports ECC and Checksum
verification.

selectively view the decoded é
iInformation at different levels of

Jm
i s Cydm
ks fre
Cydm

T = b

hierarchy
Packets extracted & stored for further
analysis
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I System Configuration

— TLAG6K or TLA7ACXx (1ea)

— TLA7012/TLA7016 (1ea)
— For use with TLA7ACXx

= Option -2

— DPHYPRE (1ea)
— P6980 (lea)

— TLA7BBx (1ea)

— TLA7012/TLA7016 (1ea)
— For use with TLA7BBXx

Protocol Decode Stimulus
= Option-1 = Option-1
— DPHYPRE (lea) — PG3AMOD (1ea)
— P6982 (2ea) — P332 (1ea)

— PGRemoteSW (lea)

— TLA7012/TLA7016 (1ea)
— For use with PG3AMOD

Option - 2
— PG3ACAB (lea)
— P332 (1ea)
— PGRemoteSW (lea)
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MIPI Solutions and Techniques

Oscilloscope

— Signal Integrity Image Logic
— D-PHY Physical Layer Test Senor Analyzer
Logic Analyzer (LA)
— Validation and debug of the MIPI e
Protocol
Pattern Generator (PG) _ e
— MIPI Signal Generation BELAY Generator

— Stimulating Driver ICs, Devices
Scope, L
)

and Processors

= Oscilloscope, Logic Analyzer T‘ i
Display [T ISPy <>
and Pattern Generator R ] apee
. . I — | P
— System level Validation & Debug M camera L[ "
— Testing fully integrated mobile )
handset platforms Audio Memory
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I What is M-PHY ?

= M-PHY is a Common Electrical Spec for
— DigRFv4, UniPro, LLI, HSI, CSI-3 and DSI-2 protocols of the MIPI Alliance.
— SSIC (Super Speed Inter Connect) protocol of USB-IF.
— UFS (Universal Flash Storage) protocol of JEDEC.
— MPCle — PCle protocol on M-PHY
— Supports high data rates at Minimal power, Cost & I/O redesign
— For High Definition Video capture/ transmission in a mobile phone, etc.

DigRF v4 DigRF
CSI-3 UNIPRO
DSI-2 UNIPRO

UFS Memory UNIPRO
SuperSpeed USB SSIC

DDR Memory LLI

PCI Express MPCle
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MIPI M-PHY Configuration

M-PHY Operates as

— Link : is made up of two SUBLINKs
— Sub-link : Containing one or more LANEs
— Lane : Consists of an M-PHY transmit MODULE (M-TX), an M-PHY receiver

MODULE (M-RX), and a LINE
. unidirectional point-to-point differential serial connection between PINs

— Line : the point-to-point interconnect between the M-TX and M-RX

LANE MANAGEMENT

LANE MANAGEMENT

==

SUB-LINK
‘ A LINE
MTXPIF M-TX I 1 M-RX WRXPF |
=] TXDN RXDN P
PINs
[ | _(Eﬁl[r}] LINE RXDRY ] Lk
w1 M-TX IXOXOXOXOOOK] M-RX | e
I TXDN RXDN J
? PINs
P LINE o,
1 RXD TXDP 1 1
weer 1 MRX [EOXOCOOOCKOOK ] MTX E e
m RXDN TXDN 1
PINs
SUB-LINK
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M-PHY Signal Characteristics

M-PHY Signal Characteristics

Signalin :
J J Data-rates Amplitudes Impedance
mode
Gears|A (Gbps)|B (Gbps) Large Small TSreni:f]g\tls d Non-Terminated
High Speed Gl 1.25 1.45
(HS) G2 2.5 2.91 100 ohms -
G3 5 5.83
Gears Min Max
(Mb/s) | (Mbls)
GO 0.01 3
G1 3 9 Terminated: | Terminated:
160-240mV, |100-130mV,
BWM G2 6 18 Non- Non-
_ Terminated: | Terminated: | 100 ohms 10k ohms
(ie. TYPE-) | G3 | 12 36 | 320-480mv | 200-260mVv
G4 24 72
G5 48 144
G6 96 288
G7 192 576
SYS 576
(ie. TYPE-II) (Mb/s) 100 ohms 10k ohms
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M-PHY Bit Signhaling Schemes

= Two signaling Schemes I
— Non-Return-to-Zero (NR2) 1 {
— HS-Burst
— SYS-Burst
Tewm_mmor Tewm_measor

(DIF-N) (DIF-P)

— Pulse-Width-Modulation (PWM) Signaling
— Self-clocking TPWI:H-;_ﬂ
— PWM-Burst ol o

PWM-b0O
Toir-p < ToiFn

Tran_malton Tevm_minor

(DIF-N) (DIF-P)
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M-PHY Tx Testing

Transmitter Testing

Oscilloscope
Gl 1.45 Gb/s 5 GHz
G2 2.9 Gb/s 10 GHz
G3 5.83 Gb/s 20 GHz

Probing/Connectivity

e 2 ea. High-Impedance, Low-Capacitive-Load
Differential Probes

e 1 ea. M-PHY 1000hm Terminated-Mode Test Fixture
e 1 ea. M-PHY Unterminated-Mode Test Fixture

Device Under Test
(oum

TxDp

Positive

DPO/DSAMSQ 70000 Series
Digital Oscilloscope

(i G bl ——=—5 |
6%2.?5;5
SR
E’Eo!:éc
ok oloTho
abba

=
@060 RHEE"]
1 =

=
Ch1Ch2

AN Differential probes in

Negativ single ended mode

TxDn
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M-PHY Tx : Opt.M-PHYTX Automated Solution
Beyond Conformance Test, with Seamless-Debug

= Opt.M-PHYTX
— Single-button Fully-Automated Transmitter Test Solution
— Provides Conformance Test &Debug Analysis to Base Spec v1.0 &UNH’s CTS.
— Runs on a DPO/DSA70KB/C/D or MSO70K/C scope (6GHz and above)
— Opt.DJA is pre-requisite. Opt.M-PHY not required. (Based on TekExpress 2.0.)

= Differentiation
— Seamless Debug on Failures, &User-Defined mode
— Scope-based PSD Power-Spectral Density tests

— Most Complete Test coverage. pgane) 7" pevicaproe
— (95% HS all Gears, 74% PWM all Gears).

— Multi-lane one-time Setup (Diff Acquisition mode)
— Tekis Industry 1stin M-PHY Test, since Sept, 201(

= Value Proposition

— For Gear2 M-PHY Tx testing, Tek 8GHz oscilloscope is sufficient. Where as,
both competition requires a 12GHz or 13GHz oscilloscope setup.

— For Gear3 M-PHY Tx testing, Tek 20G oscilloscope is sufficient. Where as,
both competition requires a 25GHz oscilloscope setup.
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M-PHY Tx: Opt.M-PHYTX Automation Features
Oscilloscope based Power Spectral Density(PSD), Eye Diagram

Power Spectral Density

-80
: : : : : : Comman-Mode Limit
100 i i i i i i F,MHz | Limit, aBm/Hz
: : ; H : : 500 -109.9
: ; i : : : 1000 -119.8
120 b e i i i i i 1500 1256
: i Commo#-mode Liénit 2000 -129.7
! : : : 2500 -132.9
-140 e i ; ; : 3000 -135.5
: : : : H : 3500 1377
24000 1396

Power Spectrum Megnitude, dBrHz

200 : ; i i i H
500 1000 1500 2000 2500 3000 3500 4000
Frequency, MHz

Figure 34 Common-mode Power Spectral Magnitude Limit

PSD Spectrum using Scope Math

M-PHYTX performs both Time & Freguency Domain Tx Tests.
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M-PHY Tx : Opt.M-PHYTX Automation Features
Beyond Conformance Test, with Seamless-Debug

Key Feature Benefit

» Automates ~1000 tests in regression, in different combinations of Gears,
Sub-Gears, Terminations, Amplitudes, etc
« Significantly reduces testing time, and enables you to test devices faster

Single-button
Fully-Automated

» User-Defined mode allows Pause on a Test while in Automation, and Switch

Seamless Debug to DPOJET Analysis Tool for Detailed Debug of failures

» Performs Power Spectral Density (PSD) Tests using Oscilloscope-integrated
Highly Algorithms Uniquely,

Optimized Setup | *Does not require an External Spectral Analyzer or Extra Hardware to
Perform PSD Measurements

» Automates 95% of High Speed, and 75% of PWM tests
* All HS Gears including Gear3, and all PWM Gears, and sub-Gears
» Configure for Large/Small Amplitudes, Termination/Un-termination, etc

Most Complete
Tests coverage

Multi-lane » Connect upto 4-lanes of DUT to 4-channels on an oscilloscope, using
one-time Setup differential mode of acquisition.

» Provides Single Printable Report, across Different Combinations
» Provides Pass/Fail Summary Table, along with Margin Details, Optional
Waveform Captures, and Eye Diagrams

Single-Printable
Test reports
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M-PHY Tx : Opt.M-PHYTX Automation Features

DPOIDSAMST 70000 Series DPOMSAMSO 70000 Series
Digital Oscilloscope Digital Oscillescope

- Acouirg live wavetorns | Use pre-recarded wavefarm files

View |Compliance | ¥

ST -
. M‘ ™ Diferentil prebe Posive . S
. - osi
Version|CTS v0.6 | ¥ Signal Type o -~ " Diferential rokesin
ol '
. § ) e | Device Under Test Hegative single endedmode
Device Profile Device Under Test ouT)
oum T<Dn
Amplitude Gear Selection TDn
r Small [:7 Gear 1 A only v

Wl Large

Termination
|+ Terminated

[ Non Terminated

Transmitter : HS

Test Selection
.1-HS-TX Unit Interval and Freguency Offset
. FREPARE Lenath
4-HS-TX Commaon Mode DC Output Yoltage Amplitude

5-HE-TX D?m.arentia\ pc Out.put Tektronix TekExprass HS.TX
B-H5-Tx Minimurn Differential £ Report

g vt

7-HE-Tx Maximurm Differential 4 ot i ooy
8-H5-Tx 20-80% Rise and Fall vy i tL BN Eercaion T
Status Ready | Qverall Compiante Woge:
1 3-HE-TH Intra-Lane Output Ski Dvecall Test Rewnikt FAIL
N 4-HE-TX Transmitter Pulse Wi [ER— [reu— ‘Seope FIV Vission: 334 BUILD IS
i %o Surial Mumbwes. [-1E] SPC. Fasory Calibrasen: PASS:PARS
15-HS-TX Total Jitter rata s 1o i TokExprns Veesicon [FW, el 200158, 8.0.0.44
; Probe Sertal Hamber iCHIE W LI Ve L

16-H8-T Short-Term Total itk F e W
.17-HE-TH Deterministic Jitter Prebe Serial Humbar (CH2k i

Probe Model [CHI) “TCAS2D"
.18-HE-TX Short term Determini Freie Serial Hambar (CHix el

Probe Nodel [CHAL TCAIRID

o Sarial tembar (A “nua-

Test Narsa,
Test Description
To verity that the length of the DUT's transmitted
HS-PREPARE period is consistent with the value
indicated byits TX_HS_PREARE_LENGTH TN T ACRTE Commes ot DEOURE |y i
i = Vikage A . .
configuration attribute S e Suadh )
[T w
b E— Tess 1.1.4HE X Cilferemmal CC Cupar Lo ar
Vamage Ampiait
Geadh, "
1
Steus Rely | e e T
EVEHIHF R
aarta ) T it
Towt 1.4 T-nl]:,l:x:ub""'ul!: i ar TR EF -:‘J
Geadh, " e
e
Geth w =
TRt 1 1 BTE T e e Pl Tt | Lanad w .
i a o
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I M-PHY Rx Test Automation

Equipment Setup Equipment Setup

For Bit Emor For Bit Error
Learn Operation DUT Tasting

AWG Signal AWG Signal

Generafor Generator ‘

DUT

Scope Error Scope Error

Detector Detactor
.-?“T, P )

ll e<e

= Oscilloscope-based M-PHY
BER with AWG as Pattern
Source

= HS Gear 8b/10b Error
Detect & Pat Gen:

— Hardware Serial trigger: 1.25
Gb/s -6.25 Gb/s

— BER covers PRBS 312Mbs+
data rates

= Testing Guidance in
published Methods of
Implementation
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I M-PHY Rx Testing

Generation of M-PHY test pattern

Signal input through 1SI Compliance Channel

Calibration
Error Analysis

AWGT000 Series
Aribitrary Waveform Generator

=70

- .- -'----
- -
-
& & -

-

mj‘_:mps RiseTime filer

=
e

Ch1  Ch2
Andlog  Analog
| RiDn

03302 RiDp

Device Under Test
(DUT)

Negative

TN \ Positive

DPO/DSA/MSO 70000 Series
Digital Oscilloscope

— g o o r

x,":"

\‘ [}
(0L N p7300sMA

TxDp
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M-PHY Rx: Opt.M-PHYRX Automated Solution

= Opt.M-PHYRX

— Automated Receiver Conformance

M-PHY : Receiver : No Version
test

(Deselecty ~ Select
_ Runs on a DPO/DSA70KB/C or R () Sy

M 8070 K/C SCOpe ~{#] 2.1.1 - Differential Input Valtage Amplitude Tolerance (YDIF-RX)
2.1.2 -Receiver Eye Opening and Accumulated Differential Input ¥

ilal 213 - Common-kode Input Voltage Tolerance (WCH-R

2.1.4 —HE-RX Differential Termination Enable Time (TTERM-OM-H!

2.1.5 —H5-RX Differential Termination Disable Time {TTERM-OFF-|

21.7-Receiver Jitter Tolerance (TJR¥, SJRX, RJR¥, STTIRX, STS,

= Differentiation 218~ Revsie Pulse Wi Tolrance (TPULSE R0
— Simply 2-box setup.
— Scope ErrorDetector ERRDT based
— Wide HS Rx Tests coverage

./ TekExpress M-PHY Rx (Eval

Jl

Test Description

To werify that the DUT s HS-RX is able to
successfully receive HS signaling that meets the

= Value proposition

requirements for DC differential input voltage

— Test Reports with Pass/Falil aotude
summary, with Bit-Error counts

Status Ready |
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M-PHY Rx: Opt.M-PHYRX Automation Features

Feature Benefit

* Reduces the complexity of executing receiver tests
* Reduces testing time
» Enables you to test devices faster

Automated
Testing

» Automated test setup has comprehensive coverage of high speed Rx tests,

Tests coverage with Pre-created patterns.

» Simple Scope+AWG setup for a complete Receiver as well as Transmitter
testing of M-PHY.

» Enables easy and quick setup, saves resource time and costs.

* No other instrument is needed.

Simple setup

 Leverages Bit-Error-Rate or Error-Counting using Scope-Integrated ERRDT.
Integrated BER *Scope ERRDT testing supports PRBS 312Mbps &above for all Gears.
* No external/ extra hardware is required to perform BER testing

» Check the acquired signal for correct Data rate/ Unit-Interval, MARKERO

Signal Validation (both positive and negative disparity), or one complete CRPAT (LLI specific),

» Provides a Pass/Fail summary for all tests.
»-Provides additional details -Signal type, Bit Error, Execution time, etc

Tektron/ix*?
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M-PHY Rx : Opt.M-PHYRX Automation Features

. TakExprass M-PHY Rx - (Untitled)"

Bit Errors: 0 % - 8 ’ ; Tost Hame o Pes | Wewirowsend Dotald

,,z.l. -lwuu_uu nnrwuu W

_mmwmmmmm Gaar 1R High Ampatude  CITRAT

BERate: 0.00

DuT = Compliance hiode

‘Gear 10 Average Ampitude  CJTPAT

mmalmwm (TEVE R VDIF-ACC o P
J— 5 203~ Comumeon Motk Inpes Viltage Tobesance . Guar 1 B Commen Mode — CITPAT
: ohal Settings ' (EMLRO0) Lowe Amplitud - Differential
TeSt Selemlon Cormimon-Eode npad Voltage Toles ance Guar 1 B Cormemon-Mode CJTPAT

High Aanpditude . DN erential
=-HS Lo

. Gaar 1 A Common Moda

KPS e Amplitucs . Differantisl
2.1.3 — Comimeon- Mode Ingan Voltage Tolerance ‘Gaar 10 Commen. Moda CJTPAT

4 (VO R High Ampatude - Differential

High

CATPAT

2.1.1 - Differential Input Woltage Amplitude Tolerance [WDIF-Rx)

21.2 - Receiver Eye Opening and Accumulated Differential Input Yoltage (TEYE R, W

- Common-Mode Input Yoltage Tolerance [WCH-Ri<)
R

l 3 | Configuration

Preferences

CJTPAT

2.7 - Receiver Mter Tolerance (TIR0, SJRX,
SO0

o Gear 1DLTJ - Frequency 1
= luu,su-lmsr MHz

& “m m‘:rnsml’mm‘lm S.HX, & Pass ::: AHLTS . Fegquency 10 CITPAT

< 0 v a Rn‘:msz;;’mm MRS, pay ﬁ::l:l :};:ﬁnw CTRAT

Configure Settings for n Data Rate n 2 mmsf%wumﬂmsm. G Paxs CON1DSTI cJTPAT
Diff Woltage 01 [y Common Mode Yoltage 018 | v

Sinusoidal Jitter

LT 5T Teklmn/lx TekExpress MPHY-RX
i 0.35% i 0.2 Enading Insovation .
Amplitude ul Amplitude ul Receiver Test Report
1 A 1730
@F'WW“W 1 MHz Frequency 1 MHz DUT ID: DUTBE Device Type : M-EHY
DaterTime © A3, 25, 20 Execution Time : 31 i
E Frequency 2 10 tHz MONCTS/UTD! Spec Version -
Ouerall Compliance Mode - Yes
E F[EIEII.IEHCV 3 Owerall Test Result : Fai
-
)
Test Time Duration 29 Seconds NG Seral Number. 50022
Test Hame Measurement Details Fatten  Bit Error Test Result Limit E"?T"“:"“
s 1 4 Low Ampiitude CITPAT o
[Gear 1 A Average Ampit crrar s
nformative c
T 50.0mVidiv Status Completed 11— ntisl Input Voltsge Ampituds niemat
: DIF-RX) cesr 1 4 bigh Ampitude CITPAT 0 2 bin
ey P
Samj .emawm.:\z PTEYF_ R, VDIF-ACC-R [B237 T A Average Amplitude CJTRAT 0 <1 Min
1 (Gear 1 A Low Amplitude - Dif ferential
4011 acgs cuTPaT 0
i T vrage o
Auto  July 02, 2012 ,.—O,E,a, CITPAT o
L e
. CITPAT 0
Cear 1 A Low Ampimas -
fh cITPAT 0
. - 1 1 hversge gt
Automated Recelver Jitter Tolerance Test, as per CTS spec | p——
y f21.3 - Commor-lie Input Vohtsg= Tolrancs  (apr s & St Aaeitoce - Drerente
veH-RY) o CITPAT 0 4 4in
(Gear 1 A Minimum Prepare CJTPAT 0
[£.1.4 = HE-RX DifFarantial Terminstion Ensbis Trme
TTERI-ON-HSE-RX) Gear 1 A Mascimum Prepare CITRAT 0 1 Hin
esr 1 4 inimum Stz CITRAT 0
[2.1.5 - HE-RX sl Termination Dissbis
[Time (TTERM-OF F-HS-RX} [Gear 1 A Maximum Stall CJTPAT 0 1 Min
s 1 4 L0 - Freumncy ¢ CITPAT 205
Gear 1 4 LTU - Frequsncy 2 coteaT | z2emor
f£.4.7 - Receiver Jitter Tolersnos (TURX, SURX,
R STTIRY, STSIRX s 14 L) - Freusncy 3 caTPAT 0
[£.1.5 - Receiver Fuls= With Toisranos (TPULSE-
20 ear 1 & Minimum Puise Width CITPAT 0 1 Min
oesr 1 8 Low Ampiis CITPAT 0
Gear 1 & Aversgs Ampias- -
Informative CJTRAT o
1 8 High Amplitude CUTRAT 0 2 Win
Gear 1 8 Aversgs Ami CITPAT 0 20
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M-PHY Tx &Rx Recommended Test Setup www.Tek.com/MIPI)

= Qscilloscope
— DPO70604/B/C or above, for HS-Gearl Only (Tx &Rx).
— DPO70804/B/C or above, for HS-Gearl&2 Only (Tx &Rx)
— DPO71254/B/C or above, for All HS-Gears (Tx & RX)
— DPO72004/B/C or above, for All HS-Gears (Tx &RX).

= Probes

— 2x P75xx with P75LRST for Tx HS All Gears, or 2x P73xxSMA/P73xx for Tx HS up
to Gears2.

— 2X P73xxSMA/P73xx for Tx PWM All Gears.

— 1x P73xxSMA for RXx.

= Signal Generator for Rx
— AWG7082C, AWG7102 or above, for HS-Gearl Only.
— AWG7122C without Interleave, for HS-Gear1&2 Only.
— AWG7122C with Interleave (option 06), for All HS-Gears.

= Software A\
— Opt.M-PHYTX Transmitter Automated Solution (Opt.DJA is pre-requisite). 2
— Opt.M-PHYRX Receiver Automation (Opt.ERRDT is pre-requisite). \\\\ P,

— PGY-UPRO Protocol Decode (Opt.ST6G optionally required).
— PGY-LLI Protocol Decode (Opt.ST6G optionally required).

— MPHYVIEW, for DigRFv4 Protocol Decode

— Opt.SR-810B, for 8b-10b Decode

— Optional: Opt.M-PHY Essentials for Customization (Opt.DJA is pre-required).
— Optional: SerialXpress for custom-patterns using AWG

P7380 probe used with a probe-tip
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M-PHY Rx Recommended Test Setup - continued

= Recommended Accessories, for opt.M-PHYRX Receiver Automation setup
— 2x Matched pair of SMA cables
— 1x GPIB Cable

— 2x Rise Time Filter — 120 ps (part number 5915-121-120PS from Picosecond) with barrel
connectors

= Optional: Accessories for Rx “custom-pattern generation” using SerialXpress, in

manual setup
— 2x Matched pair of SMA cables, , for AWG custom patterns creation
— 2x Rise Time Filter — 120 ps (part number 5915-121-120PS from Picosecond) with barrel
connectors
— 2x BiasTee (part number 5542 from Pico Second), for AWG Interleave Option (for HS-Gear3)
— 2x TCA-SMA Connectors, for AWG custom patterns creation
— Option 01 —Memory expansion to 64 M enabled on AWG
— Option 08 — Fast Sequence Switching enabled on AWG

— Option 09 — Subsequence and Dynamic Jump enabled on AWG. MODEL 5542

BIAS TEE

<

W
N\ Picosecond

..... Pulse Labs

Tektron/ixw



Thank

Tektronix-

/



