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Abstract

As CMOS Image Sensors continue to grow at “10% CAGR, a part of that market is
driven by the need for speed.

At SWTW in 2014 FormFactor and Advantest first presented the challenges of
the test infrastructure keeping pace with the device speeds.

Since that time new requirements relating to the incorporation on lens modules
in the probe card, have increased the difficulty of meeting this challenge.

Last year we produced several card designs requiring 2.5Gbps for the
differential pair and clock speeds as called out by MIPI D-PHY V1.2. However,
new M-PHY opportunities require 3Gbps speeds for several differential pairs.

In cooperation with Hitachi Chemical Co.,Ltd, using new PCB materials and
design rules, we were able to achieve loss characteristics of the probe card that
was comparable to traditional high speed CIS probe card performance without a
lens module. An Eye pattern simulation that used actual S-parameter data
indicated we finally have enough signal quality to meet 3Gbps.

However, as we look toward the future our next target of 5Gbps may require
some structural changes.
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Agenda

Need for speed the sequel
How do we meet the testing needs?

— Tester + Probe card (system solution)

The bar has been raised

— Probe card design just became more difficult
e New PCB material required
e S-Parameter and Eye Pattern Measurement
e Summary and Next Steps
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Need For Speed
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Image sensor applications

Notebook PC
Mobile phone

Digital still camera

5 Wristwatch camera = \ T
ﬁ H CCD/C-MOS camera modules -

Automotive camera
ZCD/C-MOS image se@rs

,u-u..":"_-'_‘:;
Surveillance camera Facsimile scanner Copier Fingerprint/iris ID
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Cell Phones

Peshkova/Shutterstock.com
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Cell Phones
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More Data Drives Need for Higher Speed

e More Megapixels in cameras

e Display resolution increasing for video and still
— At least 21 models greater than 1080P resolution
— At least 20 models with 4K video speeds

* Need to take multiple pictures to get one good
high resolution picture

— Apple video/picture feature
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High Pixel Count Cell Phones

Microsoft Lumia 950
/ 950 XL
20 MP camera

LG G5 Samsung Galaxy S7
16 MP camera 12 MP camera

4K video capture 5.5”/5.1” Quad HD super AMOLED
5.2” Quad HD AMOLED Display with with 554 ppi display
564ppi

Apple 6S 12 MP
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List of Cell Phones with 1440P Resolution

Apple 6S is 1080P
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There Are Over 20 Cell Phones that
Shoot 4K Video
. _

source: Phone Arena 2014
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How Do We Meet the Testing Needs?
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Presented in 2014 SW.

Systematic Approach Required

June 8-11,2014 < ''''S  IEEE Workshop
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Phase2 PC

Levy, Mikami

Presented in 2014 SW.

Probe Card Loss Phase 2 Results

Summary

Loss @ F=1.5Ghz
Parallelism
Total Probe Card 521 Loss
3Gbps 521 Loss Goal

Judgment

Total Probe Card Impedance @ Tr100ps

3Gbps 521 Loss Goal

Judgment

1.2Gbps Design 3Gbps Design

Acceptable with minor
adjustments

Acceptable

June 8-11,2014 IEEE Workshop
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The Bar Has Been Raised
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CIS Probe Card with Lens Module

Larger | Light Source

Performance Board Diameter I:l

11 Lens

IIPIC:(ISPII INNEEEEN
[l B—] <" ModuIc
HoH I ] robe Head

Longer Trace Larger Hole
Length (PCB, Probe Head)

. Low Loss
\4 Require

Technology
Large Loss
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PCB & Probe Head Signal Trace

2014 2016
No Lens Module Lens Module

Small Probe Head Large
Hole Signal Trace Hole

)

PCB
Signal Trace

Trace Length : Short
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Larger Lens Drives Complexity
e Springs now overhang opening
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Lens Module
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PCB and Probe Head

Optimized FormFactor Design rules
e Tight trace length adjustment

* Tight impedance control

e Optimal signal trace spacing
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New PCB material required
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Target

Probe Card : High// CIS with Lens Module
Signal Speed : MIPI D-PHY 3Gbps

Data lane 1

Data lane 2

MIPI D-PHY outline
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Multi Wire Board (MWB)

1 . =2
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BESESTS= Provided by Hitachi Chemical Co.,Ltd.

® Crossover wiring within one layer

® Two to three times as much wiring capacity as that of etching method boards
® Uniform copper wire diameter

® Provides stable electrical characteristics even if long wiring on big size board

PCB Material Dielectric Constant (DK) and Dissipation Factor (Df)

PCB Material | Dk@1GHz | Df@ 1GHz
STD (Polyimide) -671 42-4.3 0.013-0.015
High Performance | HE-679G(S) 3.7-3.9 0.006 — 0.008
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PCB Material Characteristics

Loss at 1.5GHz: -1.7dB HE-679G(S), -2.0dB 1671

Frequency (GHz)
3

T

nce PCB material

High performa
\g P

\} —— HE679GS
\

— 1671

Signal Loss (dB)

*With TRL(Thru-Reflect-Line) Calibration
Provided by Hitachi Chemical Co.,Ltd.

Comparison of Sdd21 (Signal Loss), in 250mm length of differential pair path
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S-Parameter and Eye Pattern

Measurement
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Probe Card Spemflcatlons

PCB type : Multi Wire Board
PCB material : High performance PCB material HE-679G(S)

Array configuration: 4x8, 1 Skip Column and 1 Skip Row
Probe Head : Standard FormFactor Ceramic PH100
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Measurement Apparatus

Network Analyzer:

Agilent E5071C
Differential Probe: Differential Probe: 5

Agilent N1021B Yokowo FCP-VPDF
for PCB POGO for Probe Head Spring

USB Camera
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Measurement & Simulation Method

Calibrated Network Analyzer
Measured Differential probe loss
 Agilent N1021B
 Yokowo FCP-VPDF
Site Map
Measured S-Parameter i
e 5site (1 pair / site)
e Stimulation Amplitude 360mV (P-P)
* Rise Time 100psec

4. Calculated Probe Card loss

5. Simulated Eye pattern from measured S-Parameter
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Calibration Method for Cable loss

Electronic calibration unit:

A ~. Agilent N4433A

W= To Probe Head side Differential probe

= Calibration point (0dB)

To POGO side Differential probe

e Calibrator : Agilent N4433A

e Calibration point: End of the cable

Cancelled Network Analyzer cable loss
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Probe Card Measurement Point

- POGO side Differential Probe

, Probe Head side Differential Probe

POGO PAD

. Capture PAD --.___ | Wafer Side
‘l' Probe Head

PCB
Tester Side
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Probe Head Measurement point

40 40 3% 58 S
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Differential Probe Loss
Loss at 1.5GHz: -1.4dB

Sdd21 of Differential Probe

1.00
8lgnal Frequency[GHz]
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Probe Card Loss
Loss at 1.5GHz: -3.1dB (U31) ~ -4.0dB (U15)

SDD21 of Probe Card (Including Differential Probe Loss)

1.000
8lgnal Frequency[GHz]
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Calculated Probe Card Loss
Loss at 1.5GHz: -1.7dB (U31) ~ -2.6dB (U15)

SDD21 of Calculated Probe Card (Without Differential Probe Loss)

1.000
8lgnal Frequency[GHz]
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Eye Pattern Simulation Setting

e Input Signal setting:
— Type: PRBS (Pseudo random bit sequence)
Length: 127bit
High Voltage: 360mV (P-P)
Low Voltage: OV
Data Rate: 1.0Gbps ~ 3.5Gbps
Rise Time: 15% of Half cycle time (20-80%)

e Eye parameter calculation setting:
— Rise Time: 20-80%
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ES071C Network Analyzer

1.0Gbps

ESO71C Netwark Analyzer
4 Me/Analysis 5 Instr State

ES071C Menu

Measurement
sdd21

261.4mv
319, 8mv |

Jitter: 25ps

Height :
.Ampﬁtude:

width: 964.8ps

___ Correction
| on

230. 6mv
306, 4mv

[ Height:
Amplitude:

width: 952.4ps

|1 Start 17.841213 MHz
#TOR |
Setup

TDR/TDT

Eye/Mask

Stimulus

Mikami

& °TDR |
Setup

TDR/TD

Eye/Mask

Meas | Sve) 2015-12-08 09:46

-1.8dB @0.5GHz

Stop 19.900008942 GHz
il

Power
Calibration

11 Sve| 2015-12-07 17:08

-2.1dB @0. 5GHz

Probe Card Loss (Including Differential Probe Loss)
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1.5Gbps

ES071C Network Analyzer ESO71C Netwark Analyzer
3 Stimulus 4 Mke/Analysis S Instr State

ES071C Menu : L o B 5 Calibration
-~
Measurement - - = > = . ~ Correction
sdd21 0 | on
Calibrate
Property
OFF

234 . 7my
1 309.3mv
296, 1my

16.67ps

1 209. 7mv

Height :

.Amthudi_‘
Amplitude:

0.000 [ETerg: 1om A ——

width: 635.8ps

Trigger

[1 Start 17.841213 MHz 3 ke 1 Start 17.825311 MHz Stop 19.900008942 GHz

reTDR | 7 eTDR | : ] ——

= Marker Search | - e
Stimulus | Stimulus s < Internal
Setup e ————————— Setup

= ime Power
o ! | Marker Function | o . = > | Calibration
TDR/TDT e = J TDR/TD | R — 2

e —

Eye/Mask i Eye/Mask

Meas 1 5vc) 2015-12-08 09:45 i {1 Sve| 2015-12-07 17:07

-2.3dB @0.75GHz -2.3dB @0.75GHz
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2.0Gbps

Loss(Sdd21):

ES071C Network Analyzer ES071C Metwork Analyzer
3 Stimulus 4 Mkr/Analysis 5 Instr State 2

ES071C Menu

P

Measurement = = = ___ Correction
Sdd21 0

— . = | o

218.4mv
302.4mv |

195, 8mv
2BB.1mv

Height :
.Ampﬁtude:
[ Height:
Amplitude:

Sweep Setup

Trigger

width: 470.2ps

|1 Start 17.841213 MHz ke |1 Start 17.825311 MHz

507 | so7 [
EJPE‘T‘ETDR | EJP[ITWTDR ‘ "" X ‘ Cal Trig Source
& = = Marker Search | h, e ey
Stimulus | Trig s < Internal

Setup e ————————— Setup _— |
180 mV : i ps Power

o Marker Function | o 2 ; Calibration
TDR/TDT o1 | D | i J : | TDR/TD Y e — H - J 3 |
S B | | e Bo=y |

Eye/Mask ; i Eve/Mask

| Svc) 2015-12-08 09:44 Meas | of 11 5ve| 2015-12-07 17:06

-2.6dB @1.0GHz -2.8dB @1.0GHz
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ES071C Network Analyzer
1 Active C 3 Stimulus

4 MkrfAnalysis 5 Instr State

2.5Gbps

ES071C Menu

Jitter:

17.5ps

widch:

P

Measurement
Sdd21

Format
o

255, omv |

.Ampﬁtude:

366. 3ps

|1 Start 17.841213 MHz
#TOR |
Setup

TDR/TDT

Eye/Mask

Levy, Mikami

Marker Search |

Marker Function |

Meas 1 Svc) 2015-12-08 09:43

-2.8dB @1.25GHz

ES071C Metwork Analyzer

3 Stimulus

4 M/ Analysis

5 Instr State

Calibration

width: 361.5ps

L
___ Correction
| on

182. 9mv
1 2B1.3mv

[ Height:
AmpTitude

ST°TDR | g0v]|

T
Setup

TDR/TD

Eye/Mask

180 mV
25Gbis
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Internal

Power
Calibration

Meas | of 11 5ve| 2015-12-07 17:05

-3.2dB @1.25GHz




3.0Gbps

ES071C Network Analyzer ES071C Metwork Analyzer

1 Active C 3 Stimulus 4 Mkr/Analysis 5 Instr State 2 4 Mikr/Analysis 5 Instr State

E5071C Menu £ gh vV Low ov, s Calibration

Measurement == : = : .' =— : = ___ Correction
Sdd21 0

= - | oN
0.0 ; g 7 : ; Callerese
. ‘
o h
play Clear

292myv
275.4mv

[ AmpTlitude:
174. 5mv

[ Height:
Amplitude:

width: 303.1ps width: 294.6ps

|1 Start 17.841213 MHz

ESOTIC | ES071C [ Trace [y

OFT. TDR | 0P, TDR ‘ 4 ‘ Cal Trig Source
& = Marker Search | h, e ey
Stimulus | Tri s < Internal
180 mV seLp 180 mV

B Marker Function | —enm 3 7 r;::’:‘;n
TOR/TOT eh (2710 x| ZemLv ; : TOR/TD eh [ZZibis x| Zeolv : : :

e Ben | - ___ :

Eve/Mask i 08% Eye/Mask

Setup

1 Svc) 2015-12-08 09:43 Meas | of 11 5ve| 2015-12-07 17:05

-3.1dB @1.5GHz -3.5dB @1.5GHz
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3.5Gbps

ES071C Network Analyzer ES071C Metwork Analyzer
Trace 2 Response 3 Stimulus 5 Instr State 1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State

Calibration

Measurement
Sdd21

Format

Scale

Digley Jitrer: 23.21ps
'

/ G ; Calbration

288. 2mv |

199. Smv

Height :
MpWituda:

width: 255.5ps

_
ON

270. 6my

164, 9mv

.||a1'ght:
Amplitude:

|1 Start 17.841213 MHz

TR | SrTDR |
Stimulus B i =
Setup e ————————— - Setup

TDRATDT S, | Sl RS — i . TDR/TD

Eve/Mask i 0n Eye/Mask

Meas | Sve) 2015-12-08 09:42

-3.4dB @1.75GHz
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Internal

Calibration

Meas | of {1 5ve| 2015-12-07 17:04

-3.8dB @1.75GHz




Eve Height

Height at 3.0Gbps: 190mv ~ 201mV (Input Signal 360mV)

20 25
8lgnal 8peed [Gbps]
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Jitter (P-P)
Jitter: Less than 25psec

Jitter (P-P)
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Summary and Next Steps
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Summary
3Gbps Achieved

— Probe card loss (Sdd21)
e Probe card loss was less than -2.6dB @1.5GHz

— Eye Pattern

e Eye Height was more than 190mV @ 3Gbps

e Jitter was shorter than 25psec regardless of the signal
speed

3Gbps achieved with optimized FormFactor Design rules
and high performance PCB material HE-679G(S)
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Next Step

e High// 5Gbps Probe Card Concept

Performance Board

w Light Source

pc 100401
/ Hilillli R [ |
Probe Head ' High Speed Signal

. Connector

Reduce Light Source space
Reduce loss and reflection

Adopt low loss technology
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