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Inside Mobile Phones

FingerprintScanner  HRMSensor Rear Camera BT/WiFi Bixby Button

NFC/MST/
Antenna WirelessChargingIC  USBType-C  Battery Speaker HeatPipe EarJack DDI Pressure Sensor

/‘\
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The Standard for Mobile

Specification
Framework

Control/ Data Debug/ Trace

Chip-to-Chip

A~ Inter Process

olaagEn . Commanicatians
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Multimedia

Specificatio
Frameworl

mipralliance

Display(s)

Camera(s)/
Imaging

Touch W

Audio Codec

Q
; Application LLI/UniPort-M
. =1 Processor
Microphone(s) c (Host)
3
a

Speaker(s)

Bluetooth, FM Radio

LLI/UniPort-M

Power Amp 0

Mobile System
Diagram

The Standard for Mobile & Maobile Influenced Industry

—. Sensor

e Sensor Hub

Cellular
Modem

GNSS

Family of
Specifications

Debug (E
={D=

Mass Storage

Companion
or Bridge Chip

loT Connectivity
Modem

LLI/UniPort-M

Wireless
LAN Modem

e
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Switch 5 1
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e ~ RFIC
Chip-to-Chip friemar e

Inter Process S—

noigaagen Communication |t
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Management Battery
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Influenced by... Highly Accomplished Ecosystem

Automotive

Internet Appliances
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Origins: Modular PHY and Protocol Implementations

Display
(Protocol)

Camera : :
Higher Level Protocol (Protocol) Physical Medium

RF
(Protocol)

N
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Flexibility: Variable Data Rate Unlike Other Standards

Low Resolution Medium Resolution High Resolution

Source: Flir Source: PixelPlus Source: Telsa

Low MIPI Data Rate Medium MIPI Data Rate High MIPI Data Rate

Standard does not specify data rate!

/‘\
SWRLTECHNCL DAY @ospecb <MIPI 7 Sl Z[H=tE ?et 578 7|=1t ADAS HEAtH|> 12

technology



Key Takeaways

Modular construction of protocol and physical layers

Any rate operation

Challenge and Opportunity!

N\
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Rapid PHY Evolution (High Speed Links)

M-PHY
V4.1O
: I

V4.00

|
M-PHY I
V3.10 :

Three different high-speed PHYs

supporting up to 7 protocols

M-PHY
V3.00 D-PHY
V2.00

(including non-MIPI) ' |
: V2.00 :

M-PHY D-PHY §/_1P|1_|(.§)(
V1.00 V1.20 '
M-PHY D-PHY ¢-PHY
V0.80 V1.10 V1.00
D-PHY
o.pny | V1:00
D-PHY V0.92
V0.90
D-PHY
VO0.65
Chartered

2003

A 4

2017 14
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Unitied Theme: Low Power, Burst-Mode Operation

HS Dat
Preparation | - (Ifacljei
for HS Data | i = o HS
Transmission)
Low Power State Low Power State
(very long duration) (very long duration)

LP state is included to conserve power

Different PHY layers define the transmission states differently

TN\
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D-PHY is Source Synchronous

HS DP/DN
(Differential)

LPDP  —
LP DN

—

LP DP
LP DN

HS CP/CN
(Differential)

——

LPCP  —
LP CN
N
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D-PHY is Source Synchronous

a _>\ f_: N
CLK N N

Mwmmmmmmmmm

DpDn  ~ Teex Trmemean ~The-zsra— . Y%
| Ten'rlnamr — |
DATA ? o NN\ Yy / _> ool
& v AN Jj"—*’ DODOODC"—’D/ \ j

Capture nr"-

To-rermeen 17 Data Bit —Tumexe— LP-11

\ Y )| Y J\ Y J | Y J | Y J\ Y }
LP consists of LVCMOS Start of HS data End of HS data
single-ended signals is signified by is signified by
SOT word constant value
followed by
HS prep. consists of HS data is LP11 LP is single-
LP11-LPO1-LPOO source ended again
transition followed by synchronous
differential zero signal with CLK
~
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C-PHY is Three Phase Encoding — One Trio, Embedded

Clock

(Up/Down) | Lo
HS B \ — s ‘ CDR
/ \ P A > Symbol Decoder

(Up/Down) |

LP A E— L and De-Mapper

LP B
LP B 1 >
HS C
(Up/Down)
LP C Less wires

LP C — — Less power
More bandwidth

—
~—y—’
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Three Voltage Levels Per Wire Ensure Proper

Ditterential Reception

Single-Ended Field of Differential Field of
Transmitters Receivers
_I_ N N U Regular
A —>—0 —¢ AB Binary
Receiver!

1l e P -
LT

N
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Always-Toggle Design Allows for Simple Clock

Recovery (100% Aggregate Transition Density)

Single-Ended Field of Differential Field of
Transmitters

1~ > i
|
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C-PHY is Three-Phase Encoded (Embedded Clock)

5101 ys13)
| W
A/B/C by tapreameLe !
ULt ppepaRe ™
—\—'—\ : "'_tS-PFtEBEGIN_H—tS PRDGSECL_'_H_tS PHEEND_H_tEL-S‘r'NC_" .

Y'Y

\ N s | S e N NN
> | s TERM-EN® | ; Preamble és'ync'h'md; p::‘:‘ H_t}PGST_H—tHS-B(IT_'—H [
i ""_tEI-SEITI.E_"' i i | Post E LP-111 i ;
| LP-111': |_p.0|J1 LP-000 i Preamble is composed of: 3,33,3,3,__ Sync Word: l’nst:smnpaseduf
with mid-section consisting of a programmable sequence. 3444443 multiple of unused code
Reset initializes all to 3,3,3,3,3... {Least Significant word: 4,4,4,4,4,4.4
Symbel first) }
\ J ) LY ) LY J | J\ }
| | . | |
LP consists of LVCMOS Start of HS data is End of HS data
single-ended signals signified by SYNC is signified by
word constant4,44...
See Our Pres at séquence
| HS prep. consists of HS data is “three- LP is single-
&5 LP111-LPO11-LPO00 phase” specially ended again
mipl transition followed b ded
y encoded (no
DEVCON constant 3,3,3,.. sequence clock)

27 October 2017
BANGALORE, INDIA
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Low Power State
(very long duration)
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Visualizing Transmissions — Camera & Display (D-PHY)

RGB = 0x(00, 00, FF)
N

[ OoxFF | 0x00 | 0x00

(_ HEADER ] 11111111 00000000 00000000

RGB = Ox(FF, FF, FF)

RGB = Ox(FF, 00, 00)
N

OxFF | OxFF | OxFF

11111111 11111111 11111111

0x00 | 0x00 | OxFF |

00000000 00000000 11111111 [

iIncrospect

technology
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Visualizing Transmissions — Camera & Display (C-PHY)

RGB = 0x(00, 00, FF) RGB = Ox(FF, FF, FF)

N

HEADER ] [ 0x00 [ OxFF | OxFF [ o0x00 ] |

\

/
e \ y
e N\ e

3333000 00004314 33334314 3333434
// l 7

\ ///

\\ s
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Video Streaming

CSI-2 On D-PHY / C-PHY

Frame Blanking | LP11 StOp State

T —_— ——— _-'—d_-FETlmnlw [y i
Fripis— R o A /e cem o Y I III'III {* ]||'|I[ {* Im]\ /} F] h ]M\ {*
== : : T B T SN i '”"I“ -”"I\I‘

R Soearbos k;:::‘;x:,booc:)cx;@dboooocx:: A \ ]’
5| Line Blanking i% .i \ 1o I\ \
8 % i m | + wm ' FV.H
I T e e, e
2 8 HH” HH” | =
E Zero or more lines of embedded data d o ~
N '
Frame Blanking T T T T Time
5 D-PHY One Packet One Packet One Packet
| Held in for One Line for One Line for One Line
- T — LP11 (after FS)
’”I‘_L:"""“’ VWL.KA;:::::_)DCDDD:)OOOQ [ e e amm— D u ri n g
% | Line Blanking | 8 Frame
b g Blanking
2 &
&
o <MIPI 7K 9 A/ X3S 93 57|20 ADAS X 2 ALE>
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Key Takeaways

Display and camera systems leverage packet-based transmission technology

through MIPI standards

Signal transmission mechanisms vary slightly at the physical layer, but they

always strive for low power dissipation

N
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Practical Implementations — Display

Display ecosystem is heavily invested in ;, ‘ ]
MIPI DSI/DSI-2 protocol WS )
« Pervasive presence of D-PHY 1.1, 1.2 P g — ™

« Strong growth in C-PHY 1.1 due to
reduction in number of wires

 Trends:
 Higher speeds!
» Scrambling
* 30 bpp color depth
* VESA v1.2 compression

Original image: 24 BPP On the wire: 8 BPP Received image: 24 BPP

|| ," ;
. :‘ vll
inGr

N ot £757|S1t ADAS H AR > 28
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Practical Implementations — Camera

» D-PHY protocol is simple, and it is
here to stay for image sensors:
» User-facing camera
* Medical imaging
* Infrared

« C-PHY addresses new trends:
* High performance imaging (SLR quality)

* Amenable to vision technologies (LRTE,

Result of the test can be a photo! ROI, fast BTA)
N\
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Unidirectional Links

Unidirectional Link

) F—-
HS DP/DN D Ql—
(Differential) )
LP DP — — LP DP
LP DN LP DN
) F—-
HS CP/CN ’_/L’:VV::JJ]
(Differential) )
LP CP — — LP CP
LP CN LP CN
N
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Feedback Through Software (No Loopback)

MIPI Input Port Device Under Test Only HW connection to APU
Under Test is through MIPI
Pattern Generator

~~

JwiLLTECHNGLBEY INCrospeck <MIPI 7 Sl %| =
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Feedback Through Software (No Loopback)

Stimulus De5|gn@

Traffic Generation

Pass/Fa|I Checking

@ Data detection [

JWILL TECHNOLOGY mbr‘ospecb <MIPI 70 & XM E ot - 7|
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Pattern Generator Waveforms

Single-Ended LP High-Fidelity Deterministic Alignment
Waveforms Differential Waveforms
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Real Time Eye
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Two Categories of Test Requirements

Global Timers Test Receiver Eye Test
 Stress components related to state « Stress components related to the High
transitions from Low Power to High Speed Speed receiver itself
| . | N L
 HS-ZERO  SoT | | |  HS-TRAIL
[ X X ] | \
f 5 I_ K .
LP11LPO1 LPOO_ 00000000000...000 00011101:00100100 10000011 Inverse of last bit ~ LP11
wLLTecHuGiESY  INGPOSpect (0xB8) (0x24) (0xC1)

36
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xample CTS Test 2.4.3

False Leader

L

HS-ZERO l

False Leader

«-.r,.vf-,:'m.-/.:w.w'm.v.’»'-!'m;'«wxw:jwtw_‘a%*'?‘m\\ﬂw&‘-."'-'w’-‘:.'v'-.a.:yrm‘w'vcw-*u;,’mwe-w,-.o' g B el
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Results in Need for Protocol Level Patterns!

Params | Log l Results |
Components dphylmagePattem1 properties (class: MipiDphylmage Pattem)
- f— 1
e _ ==~ ] fntrospectlogojpal | Input picture file from Windows File System
dphyParameters1 aa::'leters <~ image Format CSI_RGBSss
mipiDphyGenerator Il horizLineTime 2.58e+04 l
N | frameRate 40 L\
S || wantframeNumbering False ' N
N\ i T
N I virtualChannel 0 \
\ |
NI l

————————————————————— Regardless of test pattern, all frame
parameters are configurable

| Sample photo being transmitted

/V“‘ F
' VI'X ////'/
.
wsey Introspect
awitrecknoieay [V TOSDEC & 2 A > 38



Practical Tip: Use Color Bar Pattern Generator!

A color bar is an algorithmic pattern generator that allows you to very

quickly generate MIPI D-PHY or C-PHY traffic

Params Log | Resuits

l Componerts (| dphyColorBarPattem 1 properties (class: MipiDphyColorBarPattem)

Height

aphyParanetas1 mWﬂh g

21 mageFomat CSI_RGBSSS 8x8 Checkerboard
usePreBuitColorBar False
preBuitColorBar Example Software-generated preview
numCols 8
numRows 8
valuesMode raw
rgbValues
rawValues [0. 255. 0. 255. 0. 255. 0. 255. 255. 0. 255. 0. 255
horizLine Time 258e+04
frameRate 40 D S | - 2
wantFrame Numbenng False
wirh iChannel n

D-PHY C-PHY

or your even own protocol layer

iBay INGCrosSpect -
e e\ D aes: <MIPI 7HE A XM BHE I 575 7|&10F ADAS M At >
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Define traffic to create your own test patterns, color bars }



Practical Tip: Use Color Bar Pattern Generator!

The Introspect tool allows you to also define your own protocol, controlling

every bit that is transmitted over the wires

Params Log | Resuits

l Componerts (| dphyColorBarPattem 1 properties (class: MipiDphyColorBarPattem)

Height

aphyParanetas1 mWﬂh g

21 mageFomat CSI_RGBSSS 8x8 Checkerboard
usePreBuitColorBar False
preBuitColorBar Example Software-generated preview
numCols 8
numRows 8
valuesMode raw
rgbValues
rawValues [0. 255. 0. 255. 0. 255. 0. 255. 255. 0. 255. 0. 255
horizLine Time 258e+04
frameRate 40 D S | - 2
wantFrame Numbenng False
wirh iChannel n

D-PHY C-PHY

or your even own protocol layer

iBay INGCrosSpect -
e e\ D aes: <MIPI 7HE A XM BHE I 575 7|&10F ADAS M At >

Introspect Test Solutions

Define traffic to create your own test patterns, color bars }



While Controlling Analog Parameters

Params | Log l Results |
o ) ) ) Components dphyParameters 1 properties (class: MipiDphyParameters)
Glc()jbal timing pgrarST\g_’lc_eI;s are mgludﬁd in uplts ofblIJI ph,,Ba,pem — -~ o 0011101 -;
and nanoseconds. its need to be configurable - ,
9 e Il tipxDuration 80.0 |
\ | tHsPrepareDuration (5.0, 60.0)
N j|  tHsZeroDuration (10.0, 145.0) |
\ tHs Trail Duration (8.0, 60.0) I
AN Il tClockPrepareDuration (0.0, 80.0) ,
P \ I| tClockZeroDuration (0.0, 300.0)
i | Log | [emds | N || tCockTriDuaton (0.0.80.0) I
Components [ dphyColorBarPattem1 properties (class: MipiDphyColorBarPattem) \ tClockPreDuration (32.0, 0.0) I
| ______ i - 1 v Il tCockPostDuration (60.0. 60.0) |
dphyParametersT imageWicth 640 | e e e e e e e e e e -
TR\ imageFormat CSI_RGB288 I
\ usePreBuittColorBar True |
‘\ preBuittColorBar ColorBar_ctsHs TestPattem . dphyPattern component shown here as a
\ numCols I color bar generator. Frame height & width
\\ ";m%;’d : are included as well as selection of Pixel
valuesivioge
\ b Vikses : format (CSI-RGB888 shown)
\\ rawValues
\ horizLine Time 2.58e+04 l
\ frameRate 40 TN tandard test color bar included by default
\ wantFrameNumbering False L N
‘\ vitualChannel 0 ' N\
) - Y Y Y I
Regardless of test pattern, all frame
parameters need to be configurable
imageHeight
The image height in pixels
| Add_ || Remove | | Config | <MIPI 7} 9! £ X312 QI3 £ 7| &1 ADAS XA > 41




Signal Calibration Very Similar to Other SerDes

Voltage Amplitude Common Voltage

o -

wease [NGPOSpPECE
SWLLECHNCL DAY : <MIPI 7 & 42
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Real World Tips

When things really need to get done...

N
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Avoid Long Cables

LP signals are unterminated
Reflections

LP to HS transition includes switching

termination
i il e

\\.——u“--”“ Mk “lM

Charge injection, ringing

o e
V JWII.LTECHNDLC!GY mbr‘ospecl: MIPI 71 & X H3E st =77 e QQ_‘—J A4



Passive Probes Do not Always Work Well!

Loading the HS lines means that load

seen by Tx is no longer 50 Ohm

~~

i Wsay Introspect .
mrreondBEy ([ UrOSE e <MIPI 72t D X[ K{5tE 2




Instead, Use Active Probes!

lllustrating how to use active

probes to measure a live iPhone

~~

W1 iBay introspect N
mrecciBay  \NVMOSPECS <MIPI 7t QU %X 3}
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Beware of the Discontinuities

Discontinuity

Discontinuity Bend or Via (Connector)
(Test Point) \
. . . IC
Discontinuity
(Connector)
/ Flex 4 Flex

Discontinuity

Test Instrument (Connector)

\ /

Discontinuity
(Connector)

<

~~

W1 iBay introspect N
mrecciBay  \NVMOSPECS <MIPI 7t QU %X 3}
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Beyond Mobile... Beyond 1 Lane... Beyond 1 Protocol

N\

Mo I8N i n UPOS er
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Key Takeaways

Limit cable lengths
Avoid probing with passive signal taps

Ensure all-lane testing, but avoid discontinuities

TN\

isay INnGrospect . .
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Application Spotlight: ADAS

Rear-seat
Infotainment

N
s mmondlE O <MIPI 7} U A|S{SE 9I8k 577120 ADAS M EAtel > 51
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Auto SerDes Links in ADAS Systems

FW]______————"mm to 15m
Camera

~“3Imto 4m

AutoSerDes links are used in ADAS systems to drive long cables (Source: MIPI Alliance)

N

JWILLTECHNGLSEY INGrospect
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Auto SerDes Links in ADAS Systems

R

“- ‘hr

TN
ISe

W
.

\..

, 'MIPI Output MIPI Input (image sensor installed)
, .

FPD-Link Il sub-system block diagram under test
N

W1 iBay introspect N
mrecciBay  \NVMOSPECS <MIPI 7t QU %X 3}

i
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Anatomy of an ADAS Sensor System

Image ‘ Serializer

From mobile
technology;
Increasing
resolution and

bandwidth

nnnnnnnnnnnnnnnnnnnnnnnn

Proprietary
technology for
driving long cable
in harsh
environment

TN
inGrospect
N

technology

SerDes
Signal

Deserializer mmmp

Proprietary
technology for
receiver over long
cable in harsh

environment

<MIPI 7 G X

Image
Signal
Processor

CSI-2 receiver just
like the one found
in smart phones;
typically contains
many links!

=1} ADAS M8 AL >

Extends processing
from ISP; performs
large computing tasks
and redundancy
checks

54



Test Scenario #1: Live Link Probing

Teo¥ ~ Image
Image :- Serializer " SerDes | Deserializer - Signal ‘ ECU
Sensor | . Signal | . Processor |

« Check for proper reception of frames from multiple
sensor streams

« Verify design configurations (e.g. data type, virtual
channel, interleaving, scrambling, compression) N Fechnology

« Verify signal integrity effects (e.g. CRC errors)

« Perform system-level stress testing (e.g. cold/hot
temperature functionality)

Analyzer ~

/—\
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Test Scenario #2: Deserializer Verification

; 3 Analyzer ~
Image - Serializer "_sg[?es_" Deserializer | NP £ CU

Sensor | | Signal

« Similar to live testing, but now focus on the
deserializer output directly

 Perform characterization or global timing
measurement by controlling the deserializer 12C bus
and sweeping it through its analog parameter range

N
HolgHIgax I n C r‘OS eC b 2 e
wnsreervsigey [N5MOSPect <MIPI 7 3 2|H LS 9iot Z7| =T ADAS X SALE> 26



Test Results for Test Scenarios T & 2

[ DPHY DataCapture: Run_2017-10-27_1110 / csiDataCapturel - m] X

burst mode: 1540 bursts, 1540 CSl packets, 4613 IpStates, 3079 IpEvents, 2 frames

lanel lane2 lane3 laned Times: | relativeToStart V‘ Images: |adud$ze ~

HS Bursts CSlPackets LP States LP Events Frames

D Time(ms) VC Index DT DTName  ImageWidth ImageHeight FirstPackst LastPackst

LP transitions are valid

DPHY DataCapture: Run_2017-09-11_1431_52_errorsLanel / csiDataCapture! - [m] x

burst mode: 100 bursts (12 emors), 88 CS| packets (34 erors), 259 |pStates, 133 lpEvents. 1frame

@ lanel O lane2 O laned O lanet [Tmestamp..  ~|  Tmes:

HS Bursts  CSl Packets LP States P Events Frames
D Time (ns) BitsPN Durstion (ns) LP Event ~

Data Type is correct

Frame rate is correct

Frame we0_0_dtOx1E

o [11] s it ] E sibl he physical
« omess[u] s rrors visible at the pnysica
5 |ooszze0 01| Jen 3 # h
o o |w] e s layer. Burst #26 has no errors
7 |DOBMES 1) |01 DPHY DataCapture: Run_2017-09-11_1431_52_errorsLane] / csiDataCapture] - o x
s |ooemam 01| Jen 5
burst mode: 100 bursts (12 erors), 88 CS1 packels (34 erors), 238 lpStates, 138 lpEvents, 1 frame
9 0.087540 | 00 5145 6
10 |0032685 [17—hasas @ lanel O lane2 O lane3 (O laned | GoTo: | Next Eror " Times: [aiveTostat v
1 0118580 |01 & 7 (| HS Bursts  JS| Packets LP States LP Events Frames
: - B T N NumBis  SolOfisel NumCsiPacket ~
12 |0116640 05145 8 Valid LP transitions for HS data transfer e frs) WomBles | Munbts ..
1 |ozimes 11 2395 = 0670735 |492 4% 17 |1
. . 2 0699835 492 “® |1 1
Valid capture with no errors N (N CT C R 5 lomes m o w1
15 |0145800 (00 5145 10 1
1 |o1ss 11 24005
7 |ormse 01 |60 P T px = 60NS 0787315
®  lormsom o0 |55 B 3 0816535 452 a1 187 1
19 |01s018s |11 |23895 3 0845635 432 4% 188 |1
70 lozos0m (o1 0 I 1 0.274795 432 R
21 [oaor0 o0 [5145 14 il oo [ N
=2 el B L O B SOT Marker was detected in burst
3 0.962335 433 R 1
u 0991435 492 4z 1 1 e
5 1020585 |493 a3 1 1 ) ) )
- Towers |2 T 1 e Frame header information and payload
7 1078915 493 a% | 1 bytes follow the SOT marker
2 1108135 -4123 .
Burst 26 Detail
offser 167 (4136) k< 4 L > >>
bits: fO0IOH00110100111131131111111111121371111111112333132171111111112133371332111111111111371131111111
byte index: 1] 1 2 3 4 5 [ 7 8 9 1
/\ byte (hex): z2c FF FF FF FF FF FF FF FF FF F
byte (dec): 44 255 255 255 255 255 255 255 255 255 25
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Test Results for Test Scenarios T & 2

[E DPHY DataCapture: Run_2017-08-11_1431 52_errarsLane1 [ csiDataCapturel - o x
burst mods: 100 bursts (12 emors), 88 CS| packets (34 emors), 299 IpStates, 199 lpEverts, 1=me
@ lenel Olane2 O lane? O laned | G To: |[Next Eror - Times: | relativeToStat  ~
HS Bursts  CS1Packets LP States LP Events Frames
BustD  Time (ms) MumBytes NumBts SotOffset NumCsPackets ~
2 0670735 | 432 RERRED 1
2 0699835 | 492 a3 |17 1
2 0728995 | 432 2% |17 1
26 0.758215 (492 4136 187 1
0816535 | 432 1% |87 1 .
2 omwlm lnw w1 No SOT Marker was detected in this buret CSI-2 packet view reveals other CRC errors
0 0874795 | 432 413|188 1
4 ooos I NN/ O\ :
- oams lass s 1 / \ [E DPHY DataCapture: Run 2017-09-11_1431_52_errarsLanel / csiDataCapture] - o X
ES) 0962335 493 4138|181 1 / \ burst mode: 100 bursts (12 erors), 88 CS| packets (34 smors), 239 IpStates, 199 pEvents, 1 frame:
u 0991435 | 432 0z e 1 / \ lanel (O lane2 O lane3 O laned : Times: [relativeToStart  ~ |
5 1020595 |493 BEEE 1 / \ HS Bursts (CS1 Packets ) LP States  LP Events Frames
3 1049815 492 a128 | 1 / \ PacketlD  Tme(ns) Bust VC DT DTname Header ECC WC  PayjoadCRC Shot -
¥ 1078915 433 @13 || 1 / \ [} 0.000239 |0 0 |eec|rawiz  [oaD 1920 | meB36E
38 1108135 -4123 _ / \ 1 0.029459 |1 0 |0aC|RAWIZ | QD
Burst 27 Detal /' ‘* 2 0058559 |2 0 |oac|RAwWiz | 0dD .
T | e e e 2 e A Payload CRC Error was detected Reconstructed frame shows many pixel artefacts
bits: 000011000011010011111111111111111111111111111111119111111111122111] |* 4 o RAW2
byte index: 5 0146039 |5 0 |02C|RAWTZ | 0D [ DPHY DataCapture: Run_2017-08-11_1431_52_errorsLanel / csiDataCapturel - o x
byte (hex): 6 0175260 |§ 0 |2 | RAW1Z 0D
byte (dec): B 0204360 |7 0 mer RAWZ D burst mode: 100 bursts (12 emors). 88 CS1 packets (34 emors), 299 IpStates. 199 IpEvents. 1frame
. oz |8 0 oz w2 o lanel (Jlane2 () laned () laned Times: |relativeToStat  ~ | Images: |ftToWindow -
5 D2z |9 0 Teaclmawz oo HS Bursts CSlPackets LP States LP Events Frames
But burst #27 has a [Ot Of errors. PR D2e12a0 |10 |0 G2C|RAWIZ | GaD D Tme(ms) VC Indsx DT OTMName ImagsWidth ImsgeHsioht FrstPackst LsstPackst
. 11 0.321060 | 11 0 |eec|rRawiz  |oaD 0
There is no SOT marker T Jomw 2 o saclmwz oo
PP PEETTYYI Y n loaelowss  Inon
Packet 3 Detail
=0 | ) [ |
0 | 2 3 4 5 5 7 8 9 10 11
el dats 34 TF a3 TF TF a3 bl a3 FF TF TF
lane? data 01 FF FF FF FF FF FF FF FF FF FF
lane3 data , =0 FF FF FF FF FF FE FF 3 FF FF
Frame ve0_0_diBC
laned data B0 FF EF FE FE FF FF EF FF FE FF
2CBOO70D | FEFFFFFF | FFFFFFFF | FFFEEFEFFF | FFFFFFFF | FFFFFEEE | FEFFEFFF | FFFFFFFE | FEFFFFEF | FFEFFFFF | FEFFEFEF | FE|

N
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Test Scenario #3: Serializer Verification

Generator O ~ Image
NI 5o Serializer “FPD-Link | Deserializer ‘ Signal ‘ ECU
| . SerDes | . Processor | |

Signal

« Perform receiver stress testing on the serializer

» Perform camera emulation for exercising the
system against multiple sensor technologies
without being dependent on supplier/vendor
availability

« Confirm system functionality in different driving
conditions (e.g. record large streams and play

them back)
N
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Test Set-up for Test Scenarios 3

. Introspect ESP (v 3.5.85) - svi-dptxAdasCaptures (SVIC_ALEG_MIPI_DPHY_GENERATOR) - 8] x
T e e e s i R el M O @ introspect ESP (v 3.5.85) - 3v3-dpteAdasCaptures (SVIC_AL6G.MIPI_DPHY_GENERATOR) - D0 X
i i (7 ontrolPa 00 s
e ~ = e File Edn  IESP/MIPI_DPHY GENERATOR  Wizards ControlPanels  Tools Results  Help  Debug
[ - Pawrs Log Fosits
Componerts mips DphyGrmerstor | properies (cass Mio DpiyCenerstor)
o . ; : — - Components l dphyCaColortlarf attem 1 (class MipiDphyCaColorbar? attem)
dohyParametens dutatanes 1.2 aphyCaCooBaPatiom | e s
Jrorinyoction | Bathte 0000 4— GyTwanston imageVAdh 1024 4
mics DpryGenerator | witDataAcossLanes True erijecton
mipt Protocol cortirucusClock Falue mp OphyGonrerator | tmeUnts nansecond «—
P SR mipiProtocal CSI_YUVA22_Bbit v
oo "TM"C"""""' wllen use PreBuskColorflar Te
Memory BultColo Colorflar_ctsHs TestP!
dhyPuane dphyParsmeters1 () Introspect [59 (v 1.5.85) - sv3-dptedasCaptures (SVIC_4L6G_MIP|_DPHY_GENERATOR) - O X nm.,‘oﬁ" u.m-:::m“ -
:D“V“‘“m gg g: File  Edit  IESP/MIPIDPHY GENERATOR Wizards  ControlPanels  Tools Results Melp  Debug hotzLineTime L 30000.0
OatakighVotages 12000} dising log Fandy . %0 &
bOstalowVotages 100 [ Comacnerts [ P 1 idase MgiDpnyP Inehumoenng dsabled
mm"‘c:“' g g sCoorBarhuiom | [ sotbns 00011101 me;"":*“m v
reOockCommen Vokage useEpdinsdelines alse
PClockchotace 12000 b oo | toxDuaten wo 4—— useEpdBetweenLies Fase
pOock LowVoltage 00 mipiDphyCGenerter | {HaLpu Ouration ®.0.8.5 ussEpd Between Frames False
mipeProtocol tHaPropare Duration 50,600
heDataPre Tace o] HaZeroDuration (100, 1480 Wil v
heDataPost Tape 0] {h Traf Duration (80,600)
heCock Pre Tap 0 thalde Post Duration 8
raCodkPost Tap 0 1HnlcnCled Is00urabion 00, 600
dataSkews oo tHaldle PreDuration 8
clock Skew 00 1Clock 0 Durnten 0,800)
Mteririecton Mtteringection | 1Clock Prepare Duration ©0, 800
1ClockZero Duraben 00, 3000) ‘
dataRate 1k Tral Durstion 00,800 M
- Seta the MIP! data rate (Mbpa). Range: min 80.0 Mbpa, max 6500 0 Mboe 1Clock PreDuration moodj | image Format
| Add  Remove Corfy {Clock PostDuration 0.0, 60.0) | ageTome Getwmenss (o deiaTyoe)
1HaExt Dusation 2400 | Cong |
- — g
Ll o
1 mipiDphyGeneratorl.setup() 1 TaGot Duration (3
s haZerolits 0000 itorl, setup()
e TralBte
dlockZeroBts 0000
| clock Trmltits
sl px0 1 Durstion
. Tuple (n b) where (a°Ul « b na) specifins the duration of the HS burst LPOT state on the dats lanes P
O  MPIOPHYCs2.2.0 An | A hewel]  [Rel | . .~
Test Procadure
[ 1 mipiDphyGeneracorl, setup () [ h
Set-up for color bar image transfer on 2 lanes Set-up for color bar image properties
At 800Mbps

N

wigaagn | QO  MIPIOPHY Ce2.v2.0 Run
JwiLLTecHnoLogy  |[NGrospecet o=
G AnE N\ Gechnolony Set-up for MIPI global timing parameters 60



Introspect Technology
MIPI S8 &5
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The Smart Phone of Test and Measurement

Smart Phone

N
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Shifting Product Development Landscape

Product Dev. Schedu- Ena bllng
— l=bisciplinary

Tool Access

In the Design Lab In the Silicon Validation Lab In the Field
(Regression) (Data Collection) (Customer Validation)
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Facts

Self—Fu nded and Growing Five Year Revenue Growth

25

* Founded in Montreal, Canada with
global distribution and support channel

* On-shore, outsourced model

22x
15
Clearly Differentiated
 Ultra-compact, high-performance 10
parallel SerDes tools for “high-volume”
validation z .
* Unique correlation story in industry:
same instrument for lab and for _—
0

prOdUCtlon 2013 2014 2015 2016 2017

Fiscal Year

20

Normalized Annual Sales $ (Relative to 2013)

N
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Facts

Cohesive, Skillful Development Team

 Four generations of products and growing
» Team behind World's first MIPI C-PHY Analyzer

Recognized Industry Leadership

e Contributor member at MIPI Alliance

» Best in Design & Test Award 2013, 2015 (based on
user votes)

» DesignVision Award 2007, 2010

* Finalist for ACE Executive of the Year Award 2014
(based on confidential judging committee)

* Finalist for ACE Design Team of the Year Award
2015
~~
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Coverage tor All Phases of Development and Production

Electrical Characterization Design Validation Applications Engineering
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Summary

MIPI interface specifications are updated at a rapid pace and increasingly
achieve higher and higher performance

i |
Introspect is here to help! - Module Emulati

Custom Protocol

DSI-2
Continuous and Burst Modes
6.5 Gbps 3.5 Gsps
CTSv2.0 CTS v1.1
D-PHY

Introspect Test Solutions
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Introspect Offers Complete MIPI Tool Coverage

At-speed final test on
ATE

Functional system-level
test on ATE

FPGA-based design Full-link receiver stress
validation : generation

At-speed system-level - Automated receiver
testing conformance

Production Test
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Innovating Test Automation



