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I Tektronix & MIPI Alliance

Tektronix is a Contributor Member of the MIPI Alliance
— Tektronix participates in several MIPI Working Groups.

Tektronix Testing Support for MIPI includes;
— Analog Validation
— Protocol Debug and Verification

Tektronix is engaged on MIPI Test Methodologies
working alongside the UNH-IOL.

mnbllel industry

processor interface
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Example of Mobile Terminal
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MIPI Standards Overview
Example Mobile Terminal Block Diagram

/ MIPI Specific Standards
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Ear Piece |« ? 5
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FM Radio <
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Microphone i« — Memory Interfaces
L J (exMobite DDR;
CSI = Camera Serial Interface
Memory Memory DSI = Display Serial Interface
(Internal) (SD Card) SLiIMhus = Serial Low-power Inter-chip Media Bus
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What is MIPI DSI ?

= DSl is the specification for
processor-to-display interconnect in
handheld platforms

Could be 45-50 signals

Display 1

= Legacy Standards in a Mobile Device Application
— Exposed wide standards Processor
— RGB, VS, HS or DE

— All are parallel busses
— Each 45-50 signals

Display 2

= MIPIDSI-1
— Physical layer is D-Phy
— Protocol layer is DSI-1

— Only Single standard: DSI-1 - -
— Multiple Displays — One Interface Could be just 8-10 signals
— Supports all Common Display technologies

— A Serial bus
— Just 8-10 signals
— 5:1 ratio savings in signals S :
— Lower EMI L Display 1
ication
= MIPI DSI-2 Pl?gcessor L
— Physical layer is M-Phy Sl
— Protocol layer is DSI-2 \
— Higher Datarate Display 2
— Backward Compatible to DSI
SPl
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What is MIPI CSI ?

CSlis the serial interface
specification for Camera/ imaging
peripherals and host processors

The Legacy Standards in a Mobile Device

—  Exposed wide standards
—  YUV-10, YUV-8, etc
—  All are parallel busses
- Each 20-36 signals

MIPI CSI-2
—  Physical layer is D-Phy
—  Protocol layer is CSI-2

—  Only Single standard
- Multiple Cameras — One Interface

— A Serial bus
- Just 8-10 signals
- 3:1 ratio savings in signals
— Lower EMI

MIPI CSI-3
—  Physical layer is M-Phy
—  Protocol layer is CSI-3

—  Higher Datarate
- Backward Compatible to CSI-2

Could be 20-36 signals

Application Camera 1
Processor
Camere
Memory Bus
(CPU) Camera 2
Could be_just 8-10 signals
Application Camera 1 @
Processor
Camera
UniPort-D -
eSl2 Camera 2
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What is MIPI D-PHY ?

= |t's a PHY standard for interfacing Camera (CSIl) & Display (DSI)

= Two modes of transmission
— High Speed (HS) and Low Power (LP)

= Modes are mixed during the operation
— Transitions from LP to HS and back to LP on the fly

= Maximum Data Rate
— High Speed mode: 80 Mbps — 1 Gbps, Typically at ~500 Mbps.
— Low Power mode: Up to 10 Mbps

= Bus termination
— 50 ohms in HS
— Hi-Zin LP

= Dual simplex communication. Bi-directional & Half-duplex are optional.
Low-Power signaling level (e.g. 1.2V)

Max LP-RX High

Minimum LP-RX Low threshold

HS diff. swing (e.q. 200mV)
ANV, HS common level
_ f(e.g.'.’!ﬂﬂmw

0 Volt - Reference ground
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I D-PHY Testing Challenges

= Logo/Compliance testing is NOT required, but Optional.
—  MIPI is Chip-to-Chip/ Chip-to-Peripheral interface, similar to DDR.
— Mobile Phones do NOT need compliance logos, unlike USB/ SATA

= Bursty, High/Low amplitude nature of D-PHY Tx signaling behavior
makes measurement setups critical for proper evaluation
— Vertical scaling
— High-Impedance probing
— Sample rate

= Characterization is significantly important
— Mobile OEMs select the suppliers based on characterization reports.

= No two MIPI devices are the same
—  Specification enables custom limits.
— Up to 4 lanes of Data traffic, Variable Data Rates
— Multiple different data formats

- Test Equipment &Setups need to be Very Flexible
° 'Ihktron/ix*



MIPI Alllance D-PHY CTS and Tektronix

AMIPT Alliance

p Testing Program
mobile B industry

processor interface Version 1.00

.Ill-:luﬁt 2010

MIPI Alliance Testing Program
User’s Manual, Method of Implementation (MOT). and

Tutorial Documentation for

D-PHY Phyvsical Laver Transmitter Conformance Tests,
Using Agilent, LeCrov, and Tektronix Real-Time D50s, and
DPHY GUI TX Conformance Software (v20100830)

Thr rmuirral conisered .-.:::i.' = ned m korror, siher cxprely o implicdy, = any IPR cwsed or contralled by wmy of the suthom or devdopen
of thex maierial or MIP]. The matens :l-ﬂ:..'l-n] berein 18 prosided on en “AS 15 basis end to e maxirmes ecienl pormelied by spplicskle b,
ikin maiersd o provided A9 15 ANTATTH ALL Fall 1.T5, wred e weibors ard develomen of ey ol |.:|-:".-!'|r| herckey dhne |:-|1|.. piher
AR :ll.:l-::l-n-:l ks, rll'h.—rl.'\r:ll: implicd or swtelory, incheding, bt not Erreied o, wrry §if ey rrzlicd wwrrazlics, dutsen or conditiozs
of merchentabikbiy, of fineo S L'\IHI:JIr pupess, = ooy or compleisscas of sexpomes, ol roulia, of workmenkls offon, of bk of

wvirumey, wed of lack of neghgrmee. ALS T {FRT 15 MO '.l.AI"?#.“H_'r O COMTITICN OF TITI E, CANET EMIAYREMT, {UTET
FORSE S0 OO RESMMDENCE TO DESCRIFTION CR -."'IH-FHF?FH""\-'_‘H-T'- H RECEARTI T THIS MATER AL
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D-PHY Tx Testing Solution — Continued

= Scope
— Recommend: DPO7354 or DPO/DSA/MS0O70404/B
— For risetime (150ps) measurements within +/-5% of spec
— DPO7254 can be used when risetime is NOT a concern.

= Probes
— Probing Considerations g |
— Measure both SE and Diff performance Bl ARAL
— Must have >1.2V dynamic range

— Needs minimum probe attenuation T TE
— 1X best, but 2.5X or 5X ok T
— Recommend:
— Four TAP3500 for DPO7000 or Four P7240 for MSO/DPO/DSA70000/B
— (Chl1: D+), (Ch2: D-), (Ch3: Clk+), (Ch4: CIk-)
— TAP2500 fine for low datarate DUTs
— Alternatives:

— For Solder-Down
— TDP3500 for DPO7000 or P73xx for 70000 Series
— (Ch1: D+, Gnd), (Ch2: D-, Gnd), (Ch3: Clk+ &Clk-)
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D-PHY Tx Testing Solution from Tektronix

12

= New Tektronix Oscilloscope Option; MIPI D-PHY Essentials

— An option to DPOJET Analysis providing specific D-PHY setup library & MOI

— Automated measurement set

— Based on D-PHY Base Spec v0.9 and UNH’s Conformance Test Suite v0.08.

— Compatible with Tektronix DPO7000, DPO/DSA70000/B and MSO70000 oscilloscopes

Requires DPOJET Advanced Timing & Analysis Software

Benefits

Characterization

Proper vertical settings
Breadth of Tests Coverage
Comprehensive Test Reports
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Opt.D-PHY (EXisting)

= Opt.D-PHY : D-PHY Essentials
— DPOJET option for setup library &MOI
— Automation similar to Opt. USB3 or Opt. PCE
— Provides Debug Analysis and Characterization Testing
— Based on D-PHY Base Spec v0.9 and UNH’s Conformance Test Suite v0.08.
— Runs on DPO7000, DPO/DSA/MSO70000/B Series oscilloscopes

= Opt.DJA is Pre-Requisite

= Differentiation

— Flexible for Debug Analysis &Characterization
— Breadth of Tests Coverage

= Value proposition
— DPOJET Detailed Test Reports
— DPOJET Scalable for early start on M-PHY (Next Generation Standard)

— Tek 3.5GHz scope is the minimal configuration for accurate testing
— 1.e. unlike Agilent 4G scope at entry-level
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New Opt.D-PHYTX

= Opt.D-PHYTX : D-PHY Automated Solution
— TekExpress option for Fully-Automated testing
— Automation similar to Opt.USB-TX
— Provides Conformance and Characterization Testing
— Based on D-PHY Base Spec v1.0 and UNH’s Conformance Test Suite v0.98.
— Runs on DPO7000, DPO/DSA/MSO70000/B Series oscilloscopes

- O pt . T E K EX P iS P re _ R e q u iS ite % Tek[xpress MIPI Automated Solution (Evaluation v) (ed)

= Differentiation Prmre— e e
— Un-parallel Automation (Auto-Cursors/ Regions) |
— For Conformance testing to Latest CTS (v0.98)
— Based on Latest Base spec (v1.0)

<

uuuuuuu

= Value proposition
— Custom-limits/ Limits-Editing on the fly

[#] .23 Clack Lane Rise Time
112 4 Claek | ane Eall

— Test Reports T

— Zoom-in waveform captures at the Cursors/ Regions
— Pass/Fail Summary with Margin details

— Tek 3.5GHz scope is the minimal configuration for accurate testing
— 1.e. unlike Agilent 4G scope at entry-level
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Opt.D-PHYTX and Opt.D-PHY

Testing Recommendations

Opt.D-PHYTX
Feature Opt.D-PHY (D-PHY
(D-PHY Essentials) | Automated
Solution)
Pre-Requisite tools DPOJET TEKEXP
Automatic measurement selections based on device ID, v
test group, and selected probes.
Single button execution for all measurements v
Configurable setup and Editing of test limits v v
] . Detailed
Detailed or Summary Reports Detailed Only &Summary
Automatically Save Test Reports and Waveforms v
Re-analyze pre-recorded waveforms v v
D-PHY Specific User Interface v
Base Specification Revision V0.9 V1.0
Conformance Test Specification Revision Vv0.08 Vv0.98
: Conformance
: : D Anal e
Testing Recommendation ebug, Analysis 1\, i cation,
&Characterization S
&Characterization
Tekiromnix'
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D-PHYTX Select Panel

« Feature: Single-Button Testing
* Perform Single-button Fully-
Automated testing

¢ Feature: Latest CTS

* Benefits:
» Allows conformance testing to
the latest CTS as of date.

= Feature: Selective Testing
* Benefits:
» Allows selecting individual tests
or group-wise tests through
tree-structure.
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D-PHYTX Configure Panel

[_/;- Py 1‘%
Configuration for D-PHY - Transmitter CTS 0.98 [Base Spec 1.0]
Parameter Value
Real Time Scope DPO71254 [ GPIBE:1:INSTR ]
Diata + Signal connected to Real Time Scope at CH1
[ata - Signal connected to Real Time Scope at CH2
Clock. + Signal connected ta Real Time Scope at CH3
Clack - Signal connected to Real Time Scope at T
Measurement i Method /~ [Automatic
M arisal
Configuration for 1.1.1 Data Lane LP-TX Thevenin Dutput High Level Yoltage [VOH]
Acquire = Analy Limit: Commenl L
Acquire Type Paramel ter Value
ertical Scale [my) 200
“ertical Position for Data (div] -1.E
Wertical Offzet (W] i}
Data Lane LP-T Thevenin Output High Level Vol =
Harizontal Seale [hs] a0
Sample Rate [G5/5] fl2e
Record Length 500000
Default Settings
Restore Save \ E@ﬁg

Feature: Automated Testing

Benefits:

* Does not require operator
intervention to conduct time
consuming testing

* Reduces the amount of time
required to conduct testing

* Enables customers to test devices
faster

Feature: Setup Customization/
User-Defined Mode
Benefits:
* Modify the test setup as per the
DUT configuration.
* Unit Intervals are automatically
calculated based on the DUT
datarates.
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D-PHYTX Configure Limits Panel

= Feature: Margin Testing/
Characterization

7 configurationpanel ' ito-
. Configuration for D-PHY - Transmitter CTS 0.98 (Base Spec 1.0) ﬁ u B e n e f I tS .
Re:Time Scope |DPO71254 [ GFIBE:1:INSTR ) S AI I OWS C u Sto m - I I m ItS Or

Data + Signal connected to Real Tme Scope at CH1

Data - Signal connected to Real Time Scope at CH2 | . . ..
Clack + Signal connected to Real Time Scope at |cH Ilm ItS—ed Itl n to erform
Clock - Signal connected to Real Time Scope at CH4 g p
Measurement Method ‘Automatic B

malic

Margin testing.
Configuration For 1.1.1 Data Lane LP-TX Thevenin Output High Level Voltage (VOH) * Performs CharaCterlzation Of
s S your design.

Detak Valuol Compave Sting . Va2
DBk Love LI eTe o CupL Hihi eard hudeos DEH [Greater Thon OrEqual To Less Then i Eaus (13 |
Data Lane LP:T= Thevenin Dutput Mich Level Wotage DN |11 Greate Than 01 Equal To Less DrEqua (13 i

(& Compliance Mode Default Settings

) User Defined Mode Restare Save . -
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D-PHYTX Acquire Panel

ekExpress MIPI Automated Solution (Evaluation Yersion) (AllMeas_020Build20)

File  View Tools Help

[ Use Pre-Recorded Waveto) Files

O Acquire Step By Btep

DUTID [DUTEO! H Stop
Select | Acquire Analyze Feport
D-PHY : Transmitter CTS 0.98 (Base Spec 1.0])

TestName Acquisition Status b

1.2.4 Clock Lane Fall Time Clock Lane Fall Time Started Acquisition

1.2.1 Clock Lane LP-T Thewvenin Output High L Clock Lane LP-TX Thevenin Output High Level Started Acquisition

1.2.2 Clock Lane LP-T Thevenin Output Low Le  |Clock Lane LP-TX Thevenin ODutput Low Level V¥ | Started Acquisition

1.2.3 Clock Lane Rize Time Clack Lane Rize Time Started Acquisition

1.1.4 Data Lane Fall Time Data Lane Fall Time Started Acquisition

1.3.1 Data Lane HS Entry: Data Lane TLPX Valu  |Data Lane HS Entry: Data Lane TLPH Value Started Acquisition

1.3.3 Data Lane HS Entn: THS-PREPARE + TH Data Lane HS Entne THS-PREPARE + THSZE | Started Acquisition

1.32 Data Lane HS Entne THS-PREPARE Value  |Data Lane HS Ente THS-PREPARE Value Started Acquisition v
H= >

[ Shous Acquire Parameters

B/8/2010 8:35:25 AM:M/frite: "RST
B/8/2010 8:35:28 AM:W/iite: HEADER O
£/8/2010 8:35.28 A} ite: YERBOSE 0

£/8/2010 8:35:29 A
E/8/2010 8:35:32 AM::Switching to analyze tab

<

)] Dizplay Status
Auto Seroll

E/8/2010 8:35:28 AM::Queny: “IDN?, Response: TEKTRONI= MS070804.0200002,CF:31.1CT Fv:5.2.0 Buid 21
uery: “0PT?, Response: 108LMTH: PTH1,2p% ASM: LT DDRAEMED App App PCE: App App TD Clesar &l

\d Save Status
——
>

TekExpress launched successfully.

Feature: Pre-recorded
waveforms

Benefits:

— Performs Live or Off-line
Analysis through any
Windows PC/ system

Feature: LAN/ GPIB
Connectivity

Benefits:

— Allows remote execution of
tests
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D-PHYTX Analyze Panel

ekExpress MIPI Automated Solution (Evaluation Yersion) (AllMeas_0208 uild20)

File  View Tools Help

pUTID |DUTO!

Select Acquire Analyze Repoart
D-PHY : Transmitter CTS 0.98 (Base Spec 1.0]) Show Pass § Fail
TestName Status Low Limit MeasuredYalue  HighLimit argn Pass/Fai 5| A
11V 1.168Y 1.3V 0.066V.0132Y
1.1.1 Data Lane LP- | Completed v Pass
11V 1.184Y 1.3V NL084 V.OeY
50 mv B 50 mv 50,42 mr——rd]
1.1.2 Data Lane LP- |Completed v Pass
50 miv H i 50 mv 4256 miv
. M. 1053 n§ 2615 14.47 nS
1.1.3 Data Lane Ris |Completed v Pass
M. 1053 2615 145n5
M 1035 nS 2615 T4EGnS
1.1.4 Data Lane Fal |Completed v Pasz
My 976 n5 265 1524 n5
1.V 1.2Y 1.3V [IARUIRRY
1.21 Clack Lane L |Completed " Pass
1.V 1192 1.3V 0.092v.0108Y
50 m my 50 mv 58,42 m v
6,/8/2010 8:55: 37 AM:Wiitting results for 1.5.3 HS Clack Rising Edge Alignment to First Payload Bit A
B/8/2010 8:55:37 AM::Inserting images and hyperlinks o Dty e
6/8/2010 8:55:51 AM::Saving report ax MHT in X AMIPUntitled S essiortDIUT001420100608_0835145DUTO01. mht Auto Scroll
E/8/2010 8:55:53 AM::Cloging M5 -Excel
5/8/2010 8:55:54 AM::Completed report generation for D-PHY Transmitter %
E/8/2010 8:55:54 AM::Test execution completed
<

TekExpress launched successfully.

eature:
— Reliable Results

enefits:

— Avoids double testing,
through accurate and
reliable results from
single-run

Tektron

]xu
/



D-PHYTX Reports Panel

= Feature: Detailed test
reports

‘we = Benefits:

* Provides Pass/Fail summary table

* Provides margin details on each
test

* Provides waveform screenshot of
testing region, through hyperlinks
for each test.

* Provides “single-printable”
consolidated report for all lanes and
all tests.

'Ihktron/ix*
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Opt.D-PHYTX
Ul-design and Reports e eEREsea

Clock Continuous mode

100

Escape mode

i
H
§
g
L
i
2
i
ki

i
H
#
g
i
i
E
3

|
]
&

# TekExpress D-PHY Automated Solution (Untitled)

File View Tools Help | -
2oy T B G G e
Select Acquire Analyze Report - | o
Device Clock Lane Probing Version - ‘ v T
|D-PHY CS5I-2 | (® Single Ended O Differential CTS 0.98 (Base Spec 1.0) v | |
Clock Mode Test Mode
& Nomal Normal 3 o | i
() Continuous
D-PHY CSI-2 Transmitter CTS 0.98 (Base Spec 1.0) Normal Clock Mode Hommal TestMode
p—— A TestDescription (L comoe
Data Lane HS Entry: Data Lane TLI To vefy that the duration
R~ ot : [TLF] of th_e fnal _Data Lane
1.3.2Data Lane HS Entiy: THS-PREPARE Value LP-01 state immediately before | (U ShomSchematic )
HS tansmission is greater than
1.3.3 Data Lane HS Entiy: THS-PREPARE + THS-ZERD Value the minimum conformant value,
1.3.4 Data Lane HS-T Diferentisl Voltages (VOD(0), VOD(1) L —
1.3.5 Data Lane HS-TX Differential Voltage Mismatch [VOD)
1.3.6 Data Lane HS-TX Single-E nded Output High Voltages (VOHHS[DP), v %
1.3.7 Data Lane HS-Tx Static Common-Mode Voltages (WCMTR[1), VCMTX
1.3.8 Data Lane HS-TX Static Common-Mode Voltage Mismatch (VCMTX[1,
1.3.9 Data Lane HS-T Dynamic Common-Level Variations Between 50-450
1T AN b a | mam LS TY Masnmmnio Masamsnin | o sl § farinbiman Ao o SRR
< >
TekExpress launched successfully., Tektronix®
-
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I Opt.D-PHYTX
Fully-Automated Temperature Chamber testing

= Supports HS tests only

= Setup
— 4x P75xXx probes
— High Temp Tips (020-2958-
xX - Kit of 10) eTeees

Tektronix Oscilloscope

1
— Socket Cable XL (020-2960-
XX) Jamres

'Ihktron/iw



Opt.D-PHYTX Release?2
Error Handling

= Test reports with Errors/ Error o
Exceptions information help code Error Description
identify Setup/ Acquisition 50111 | Waveform file not found
ISSUES qUICkly 50001 | Could not find HS region

50002 | Could not find LP region

50003 | HS Ul could not be computed
Pattern 011111/100000 not
50004 | found

50006 Pattern 111000 not found

50007 Pattern 000111 not found

50008 | Possible improper Clock

50009 Could not find HS Trall

50010 Could not find TREOT

'Ihktron/ix*



Opt.D-PHYTX Release3
Updated Features &Benefits 1

= 100% Tests coverage

— 9 new measurements added (Test IDs: 1.1.5,1.1.6, 1.1.7, 1.2.5,
1.3.15,1.3.16, 1.4.15, 1.4.16, 1.5.4)

— Only automated SW that supports all 49 Tx CTS tests.

= Latest Specifications (v1.0) support
— Only SW that supports both Base Spec v1.0 and CTS v1.0

38 TekExpress D-PHY Automated Solution (Evaluation Yersion) (Untitled)*

Fie  Wew Tookk Help

Bl =181 %
puTio [OUTOO! B e &
Select | Acqure | Anslyze i Report |
Version
) H

Device Clock Lane Probing 5

DPHYCSI2 ] @ Single Ended  Differential [cT5 1.0 (Base Spec 1.0
Clock Mode Lanes To Test Test M

& Nomal P Lane1 F Lone2 P Lane3 [ Lane 4

" Continuous

¥ Automate Lane Swilching with RF switch

D-PHY CS1-2 Transmitter CTS 1.0 [Base Spec 1.0) Normal Clack Mode.Mormal TestMode Automatic
;l Test Description

1.4.1 Clock Lane HS Entty: TLPX Value Select indrvidual
1.4.2 Clock Lane HS Entty. TCLK-PREPARE Value

ode.
ormal I
w its
1.4.3 Clock Lane HS Entiy: TCLK-PREPARE+TCLKZERD Value %

]
1l

IEERNNNEEEEREREE® g

1.4.4 Clock Lane HS-TX Diffeserdial Voltages (VODIOL VOD[1))

4 5 Clock Lane HS.TX Differential Voltage Mizmatch MOD)

1.4.6 Clock Lane HS-TX Single-Ended Dutput High Veoltages (VOHHS{DP). VOHHS(DNJ

1.4.7 Clock Lane HS:TX Static Common-Mode Veltages (VOMTX[1). VEMTXD))

1.4.8 Clock Lane HS-TX Static Common-Mode Veltage Mismatch [VCMTX(1,0))

1.4.9 Clock Lane HS TX Dynamic CommoreLevel Vaistions Betwesn S0-450MHz (VCMTXLF))
1.410 Clock Lane H5-Ti Dynamic Common-Level Variations Above 450MHz (VCMTR(HF))
1.411 Clock Lare HS-TX 20%-80% Rise Tine [R]

HS-TX 80%-20% Fal Time (IF)

LA
4 Clock Lane HS Exit 30%-85% o
N AR 1 i€ Eu vEAL e 'Ih -
ktron]xu
mmmmmmmmmmm esshuly. Tektronix /




Opt.D-PHYTX Release3

Updated Features &Benefits 2

= Multi-lane Full-Automation using external RF Switch
— Only solution that supports automation for multilane DUTSs.
— Enables Single-button execution for “multi-lane” DUTSs.
— Provide single-printable report for all lanes together.
— The results in the report are tabulated lane-by-lane.

18] x|

puTID [DUTOOY B ﬂi %

Select | Acqure | Ansbze | Resort

Device Clock Lane Probing Version
D-PHY C51-2 'l @ Sing Tiat |C15 1.0 [Base Spec 1.0} >

Clock Mode Lanez To Test

& Nommal et e e [Fomal ] Keithley S46 Microwave Switch System
" Continuous A 2
[IEEET X
Waga e Larses sl it typans 1 bocation on e mlay
D-PHY CS1-2 Transmitter CTS 1.0 (Baze Spec 1.0) Noimal Clack Mode, Normal TestMode, Automatic

5 g N e ———

E1i‘i[\lenHSEmy TIPXVae 1 |Select E di 1o view its

descipton

B'I.EZDD:RL&!HS Entry. TOLK-PREPARE Value :

[543 Clock Lane HS Enliy. TCLK-PREPARE +TCLKZERD Valle %

[ 144 Clock Lans HS-TX Differential Vokeges (YOD(OL VODI1 )

[5] 145 Clock Lane HS-TX Differential Vokage Mismatch (VOD) i

|53 146 Clock Lane HS-TX Single-Ended Dulput High Volages (¥OHHS(DP). VOHHS(DN]) % | o) ] =5

1.4.7 Clock Lane HS-TX Static Common-Mods Veltages [VEMT[1L VCMT(D])
[ 148 Clock Lane HS-TX Static CommanMode Veltage Mismatch (VCMTX(1,0]) Mg the inpet types 1o the souice channel on the scape
] 1.4.9 Clock Lane HS-TX Dynamic CommarnrLeved Vaiations Betwesn S0-450MHz (VCMTX[LF)
1.4.10 Clock Lane HS-TX Dynamic Common-Leve! V aiations Above 450MHz (VOMTXHF])
1.411 Clock Lane HS-TX 20%-80% Rize Time [R)

1,412 Clock Lane HS-T 80%-20% Fal Time (tF)

1.413 Clock Lane HS Exit TCLK-TRAIL Value [T e

414 Clock Lane HS Exit 30%-85% PostEoT Rise Time [TREOT) &

|

Data | Sows | Cleck | Somen |
Dy i = Y

IEEEEE

ke B

: Tekironix-
TekExpress launched successhuly. 'R!kl’.l'umx /




I Opt.D-PHYTX Release3
Updated Features &Benefits 2

= Multi-lane Full-Automation Setup Detalls:
— Use external RF Switch:
— Probe using 4xSingle-Ended or 3x Differential supported probes

Dp1
Dn1
pur  Dp?
Dn?2
Cp
Cn

NSSNY

CH CH2 CH3 CHA

RF Switch
: Probing Board
Pme":jg Dp Dn Cp Cn Dp Dng Cd Cn
oar I I 1 1 y L L
CH1 CH2 CH3 CH4 CH1 CH2 CH3 CH4
Scope Single Edged Scope Differential

'Ihktron/ix"



Opt.D-PHYTX Release3
Updated Features &Benefits 3

= |mproved reports with “Zoom-In” screenshots of the
cursors placement for each t

i 2 ]

DPHY C512 Transmaies C15 1.0 [Base Spec 1.0 Hotmal Clock Mode, Normal Testbode Audomatic

Tektronix

D-PHY Transmitter Signal Characteristics Test Report




D-PHY Tx Testing Solution — Continued

= Fixtures
Issue with HS vs. LP termination, Z id load variation, C load

Ideally, fixture would provide active reference termination

Solder-in high impedance SE probes or DIFF probes connected for SE

are best for in-situ test

No standard fixture defined by MIPI

Tektronix Recommendation:

— Follow guidance and purchase as necessary from UNH-IOL

— MIPI D-PHY Reference Termination Board
— MIPI TLIS Board

— MIPI D-PHY Probing Board

— SMA Alignment Fixture

— SMA Couplers

= Test Data Generation

— Vendor specific
— No standard test pattern generation defined

29

$2,395.00
$795.00
$450.00
$95.00
$9.00
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D-PHY Tx Testing Solution — Continued

MIPI D-PHY
REFERENCE TERMINATION BOARD (RTB)
OVERVIEW AND DATASHEET

'Ihktron/ix*



I D-PHY Rx Testing Solution

= Require generation of SE signals

= Recommend: PG3A Pattern Generator from Moving Pixel

— PG3ACAB (External module), Or, PG3AMOD (Plug-in for TLA)
— DPhy-P6980
— P331 or P375

= Alternatives:

— DTG5078 with Pattern Gen files
— AWG7052 or AWG7102 for D-PHY &M-PHY

A\ 4

D-PHY
Coupler DUT
A
P331
oo

3 'Ihktron/ix*




PHY Specification History

M-PHY
v3.00

M-PHY
v2.00

M-PHY
v1.00
M-PHY
v0.80

D-PHY

v1.00
D-PHY
v0.92

D-PHY
v0.90
D-PHY
v0.65

PHY IG
Chartered

2004 2005 2006 2007 2008 2009 2010 2011

Chart courtesy of MIPI Alliance 'Ihktl'oniX“
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What is M-PHY ?

= M-PHY is a flexible architecture that allows the implementer to
support high data rates at minimal power, cost & I/O redesign

= Brings to the mobile device industry an optimized chip-to-chip spec for
High Definition Video, large Internet data traffic loads

33

D-PHY M-PHY
Min. # of pins per direction 4 2
Min. # of pins for Min. 4 4
configuration only unidir or half-duplex dual-simples
HS >80 Mb/s ~ 1%, 2% . 5 Gb's
Data rate per lane (Practical limit 1Gb/s) ~1%% .3 .6 Gb/s
LS < 10 Mb/s 1 0k-800Mb's
HS DIl (200m\Vpk) DIff (200/120mVpk)
Electrical !-Ignarlng LS LVCMOST. 2V DIff (400240mVpk)
HS Clocking methad DDR Source-Sync Clk Custom Clk
| Line coding ~ MNone or Bb3b gb10b
Power — Enargy/bit Low Lowe

'Ihktron/ix*



M-PHY Architecture

= A Fast, Scalable, Serial Communications Architecture
— Link — Connects M-PHY Transmitter to an M-PHY Receiver
— Sub-link — Manage one or more lanes

— Lane — Operation defined in the protocol (DSI, CSlI, UniPro, DigRF)

LAME MAMAGEMENT

i

— SLR-LINE

LINE

MTX [XOOOOCOTKE] MR
— .\..:.r.. - 'INI— . -

MTH  [TEOOCOROCOOO] MR
PN
s LNE moel

M-RX  LXOOOOOOO] MWTX

I

LAME MAMAGEMENT
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M-PHY Testing Challenges

Signaling Mode | Speed Level (V) Impedance

MPHY-PWM 576Mbps 500e-3/250e-3 10k/50 ohms
260e-3/130e-3

MPHY-SYS 576Mbps 500e-3/250e-3 10k/50 ohms
260e-3/130e-3

MPHY-HS 5.83Gbps | 250e-3/130e-3 50 ohms

Higher data rate will increase importance of Signal Integrity of links
— Acquisition capability of oscilloscope will need to increase
— More emphasis on timing/jitter and noise (signal integrity)

— Receiver testing will be needed to stress-test resulting BER

'Ihktron/ix“



I M-PHY signaling scheme

= Non-Return-to-Zero (NRZ)
= Pulse Width Modulation

Pyyhd-ta1
Torr > Toirn

Pih-t0

Tor-p < Toirn \

TFU'I.I.IJ.IIIIZI R
(DIF-P)

TFI.I'I.I.IJ.I.M:IR
(DIF-M)

AW WTRTRTRWIYRvRN)

Figure4 PWM Bit Waveforms and Bit Stream Example
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M-PHY Physical Layer Testing Solution

= QOscilloscopes
— DPO70604B for HS-GEAR1

— DPO/DSA/MSO70804 for other HS-GEARs
— For risetime (70ps) measurements within +/-5% of spec

= Probes

— Recommend:

— 2X P73xxSMA or P73xx or P75xx per each Lane
— TDPxx can support limited HS Gears

— Probing Considerations

— Two types of terminations - Restive terminated, and not Terminated.
— LS mode can operate either terminated or not terminated
— HS mode it is always terminated, so the swing are halved.

= Signal Generators
— AWG7112B

= Software
— DPOJET Timing and Analysis with M-PHY setup files and MOIs*
— ERRDT Scope Error Detector
— SerialXpress Software for AWG.
— DigRFv4 Decode Software from Moving Pixel

*Early-Market needs. Contact Tektronix MIPI Solutions team for complete details. 'Ihktl'on/lxM



M-PHY Physical Layer Testing Solution
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— DPO70604B for HS-GEAR1

— DPO/DSA/MSO70804 for other HS-GEARs
— For risetime (70ps) measurements within +/-5% of spec

= Probes
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— 2X P73xxSMA or P73xx or P75xx per each Lane
— TDPxx can support limited HS Gears

— Probing Considerations

— Two types of terminations - Restive terminated, and not Terminated.
— LS mode can operate either terminated or not terminated
— HS mode it is always terminated, so the swing are halved.

= Signal Generators
— AWG7112B

= Software
— DPOJET Timing and Analysis with M-PHY setup files and MOIs*
— ERRDT Scope Error Detector
— SerialXpress Software for AWG.
— DigRFv4 Decode Software from Moving Pixel
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Tektronix Supported by UNH-IOL
For D-PHY & M-PHY Conformance Testing

/2 MIPI Alliance - Workspace - Windows Internet Explorer

.,

| & A Ii https: [ imembers, mipi, org/mipi-testingworkspace/StartPage

WAk - MIPI Alliance - Workspace | I

D-PHY Testing Resources: o paQ
e
Test Suite Documents: \3\“q
D-PHY Physical Layer Conformanc &Q‘&\éuite {vD.08)
(NOTE: Previous versions ca@éa(\gj\md in the Files
area, here.) \{
o°
Test Toels: N\

DPHY GUI5 %aveﬁarm Conformance & Analysis

Soft (w20090507)
N ip file containing compiled EXE, source code, and
documentation.)
{NDTE Mhasrims e srmmminne —amn e Faiomd in Fha Cilae

whadll [ README and Rev Log - Notepad
T I

File Edit Format Wiew Help

=

~-10|x]

core measurement algorithms described in the test suite. It performs
measurements an arrays of sampled waveform data, and currently supports
This code does not Include capahility

additional data

types in future reyizions,

Aﬂi1ent (.bBind, Tektronix . wm LECFD¥ (.trc), and MATLAE (.mat) formats.
or acquiring/downloading data directly

from a scope [e.g., yia GPIB/LAN, etc). The code may be modified to support
ile

% 'Ihﬂﬂhnn:ﬂb&*



CSI/DSI HS Data Listing for Logic Analyzer

40

Low Level Protocol
— Disassemble & Display of data (4 lanes)
and clock

— For Link widths of less than 4 user has
option to select Lower Link Width

— Decode & Display LP & HS transition
states

— Display HS Data in Byte Format

— Suppression of idle cycles for easy
analysis

MIFI_DSI

MIFI_DSI

by

Sample

MIPI_DSI MIPI_DSI
Lanel State LP_Data

MIPI DSI IHIP[_DSI MIP1

LP_Datad §LP_Datal

o
5

H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare

H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare
H5-Prepare

S5-Prepare

Ty

e
Lanal H5-Data: Ox15

=]
=
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S
=T
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=
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CSI/DSI HS Data Protocol for Logic Analyzer
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Packet by packet view of data

Decode & Display Long & Short
packets

Payload data decoded

Payload extracted & stored for
further analysis

Packet data can be exported I
and saved as Bitmap Image oI

Properties - Protocol 2

[] Frame Across Gaps

Samples To Analyze

Start: l:l Number of Samples

Sample Range: 0-131071

DSI_A_Solder_In Cortrols

Number of Lanes: |x2 v|

[N .\ My Documents'image bmp ]

Save Image File

'Ihktron/ix*
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DigRF — Standard & Testing Support

= Inter-Chip specification for connecting Baseband IC to RF IC
— Protocol Layer Debug/Validation
— Physical Layer Debug/Validation

= RF-IC Validation

— Protocol Layer Validation
— Physical Layer Validation

I = T 7 r
RX Stream «— LR [* | n.7 RX Stream

| | | |
| |

| ! | |
| ' | |
| ' t |
| ' l |
| l [, De- |
[ TX Stream | . LE " MUX I
I (Data + Control) I I 3 o » TX Data |
| I | TA |
| | l I
[ I

I I I PLLxN I
| i SyCIK I Fy |
| I SysCIKED | I
| SAatasaans I F—+ xo |
Baseband | S RFIC |

|4 ......... d -mmmmm———- >| — TA : Time Alignment
I LD : Line Driver
LR : Line Receiver
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Analysis — Signal Integrity

= DPOJET Jitter and Timing Analysis
Software provide the highest
accuracy and lowest noise jitter
measurements available

= |dentifies rare anomalies or glitches
in seconds with Real-Time DPO
acquisition

= Most complete trigger system in the
industry

= User customizable User Interface




Analysis — Digital Verification & Debug

Glitch Capture & Display

— Only LA to trigger on glitches and
display their location

= Set Up & Hold Trigger & Display

— Only LA to trigger on these type of
violations and display their location

= 125ps Timestamp resolution

— Highest resolution LA will find more m S— 3
glitches e
= Support packages for uP and Bl
Memory devices =1l
— Complete analysis of the Baseband —1  TEL
design .

'Ihktron/ix*



Analysis — DigRF Verification & Debug

= DigRF packets decoded and
displayed

Fieids Comment or value BiTmask
i

= Ability to Search & Filter on
fields within DigRF packets N e

Header Payload Frame Guard | Bit Period ... Timestamp (ps)
4545 AD [ 3.2 0
1 AB4B AD Fouu 0 3.2 1240500
2 2848 aD F. 0 2 1112250
3 548 AD 515 [} 2
4 AB4E AD =5 o z
5 AB4B AD D4 FC E4 EB 10 00 20 30 08 44 E... 0 2
wexJoo e Jo | © 4548 ap Fa OC E4 08 DC 08 DO 04 CB F8 D. [ 2
o 548 AD 00 10 FO FC F8 D4 10 BC iC €O 0. [ 2z
w s | B AB4B AD 00 FC 1C 10 O 24 DC 1€ CE 00 D. o z
» joc (uiw |9 A84B aD EC 00 D4 04 DO F4 EC FO 00 10 E. 0 z
10 848 aD 24 E4 2C 00 18 18 FO 20 C4 OC B. [ 2
- - 11 4545 AD 08 BS 24 B4 24 D4 FC FO E4 EO F. [ 2z
= Flexible data extraction for . E f GRERRigabEe
13 2848 aD 28 00 OC FC EC EC DC EOQ DC EC D. 0 2
14 848 aD 0C F8 0C F4 EC FO CC D8 DO €8 E. [ 2
iz AB4E AD CC EE E4 E0 FE EQ 14 E4 34 F4 4, o z
= 16 AB4B AD BB FO C8 DB FO BC 20 BC 24 E8 E... 0 2
17 2848 aD AC 10 84 00 8C ES CO F8 D4 28 C. 0 2 1144250
SIS 18 AD 0. [ 2z 23387
13 A AD £. o z 1240500
20 AD ] 2 1108875
. 21 L 12 s
22 1233875
— Extract IQ data for Modulation

Analysis
— Extract sync, header & payload
data

= Transitional mode acquisition
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Analysis — DigRF Verification & Debug

Seamless integration between

Digital and Modulation Domains

— 1Q is automatically extracted and
loaded into RSAVuU

No specialized hardware or
probing is required

Customizable, allowing propriety
and non compliant DigRF
signals to acquired and analyzed

DigRF solution is available

Packet | Sync Field
0 4545
1 AB4B
2 2848
1

5

5

S

3

1

1

€75/ Reserve

44 49 47 52 a6
Header Payload
FC E5 35 1C 28
14 40 08 34 08
24 1C 0C 20 OC
0C 0C FO 18 D8
EC 04 04 OC OB
D4 FC E4 EB 10
Fa 0C E4 08 DC
00 10 FO FC F8
00 FC 1C 10 08
EC 00 D4 04 DO
24 E4 2C 00 18
05 BS 24 54 24
14 €C 48 FO 20

FE5EEE56555888

Frame Guard | Bit Period ...
40 08 1C 18 EC
18 04 FB FC D4
10 20 10 1C 24
10 D4 F8 F4 E8
0C FC 04 E4 FC
00 20 30 0B 44
08 DO 04 C8 F8
D4 10 BC 1C €O
24 DC 1C CB 00
F4 EC FO 00 10
18 FO 20 C4 0OC
D4 FC FD E4 ED
24 EC 20 DO FE

CMmmMOoDmAR T W
CoooCoOoOOOoO

Freq: 2.70500 GHz

© RefLev: 0.00 dBm

| Autoley

2
T T e —— H
o EEE o :
Bitr “|Show =t On
s e RMS Peak 3
@ Offset: EvM: 1778%  3685% e 73845us 2
RO 350008 -28.672 dB 3
SEHE MagEm: 1194%  3500% & S7.023us i
oo -38.461c8  -29.118 d8
& RBW PhaseEm: 0,755 * 2111° & 73845
200k
Origin Offst: 49787 B Frequency Error: -26.1 Hz
Gan Imbdance: 0.048d8  Quadrature Error: 0.088 °
Rho: 0.999842
__[@x

Autoscdle ] © CF: 270500 GHz = Span: 16.00 MHz
Awg Channel ch Offset Lower Upper

Power (Man): | a7 5 MHr 8.75¢8 58.29dB
-4.12 dém

Timestamp (ps)

]
1240500
1112250
1237250
1255750
1108875
1234000
1253625
11059000

1234250
1115500
1272500




Summary - Tektronix MIPI Testing Support

CSI/DSI Protocol & Loaic Analysis D-PHY & M-PHY/ Physical Layer Analysis

DigRF Verification & Debug CSI/DSI Pattern Generation
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Understanding and Performing

MIPI® D-PHY Physical Layer, and

CSV DSl Protocol Testing
o

W g
-~ R
Appiication Note

Additional References

= D-PHY Datasheet
= D-PHY/ CSI/ DSI Application Note
= DigRF Application Note

= Fact Sheet:

= Opt. D-PHY MOI

= DPOJET Analysis Tool

Other:

= D-PHY Conformance Test Spec (CTS):
— Rev 0.98:

— Rev 0.08:

=  MIPI Alliance Video on Tek Solutions
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