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Overview

* Introduction and Market Requirements

 Importance of Automated Contactor Cleaning (ACC)

* ACC for Increased Yield and Throughput Gains

« Customer Case Studies — Increased Yield and Test Time Reduction

« Summary and Conclusions
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International Test Solutions (ITS) at a Glance

Front End Products since 2011 Wafer Sort Products since 1998 > Final Test Products since 2004 >

Chuck Cleaning Wafer (CCW) Products Probe Card Cleaning (PCC) Products Test Contactor Cleaning (TCC) Products
® Stage Clean for Litho Tools - Removes debris that causes ® Elastomeric Cleaning Materials - Advanced polymers with * Engineered Fleaning solutions matched to

defocus errors and extends times between wet-cleans. abrasive particles for probe shaping and debris collection hand_ler, Rl eE ecketiand thermal

requirements

® Etch Clean for Etch Tools - Removes debris that causes ® Abrasive Cleaning Materials - Low wear precision films e  Materials for thermal performance tri-

Helium leak faults and reduces downtime. for adherent contamination removal and tip texturing temperature test conditions (from-55 to +175C)
® Sputter Clean for PVD Tools - Removes debris that causes ® Functional Feature Polymer Materials — Surface featured ® Critical for stable first pass yields, reduced

efocus errors elastomeric material engineering for advanced for probe retest, and high finalyields

cards applications. .
]
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Application Landscape Drives Complexity

Data Cloud and Al Common Requirements

Explosion of Data, High-Capacity Storage, and HPC
growing from 5 Zetabytes to > 40 Zetabytes

Ultra-High Volumes

5G and Massive Connectivity Of Connected Devices

More than 1.1 billion smart-device
and high-volume connections

Gigantic Computing
Power And Memory

Smart Devices
More than 250 million wearables and high-
performance devices

Internet of Things

50B connected devices of low-cost devices and Huge Mobile.
massive data volumes Network Capacity High Performance

Gigantic Storage

Automotive Electronics
89 million connected cars each generating and
processing > 1GB of data per second

Source: IHS Markit, Gartner, VLSIResearch
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Automotive Electronics is a Fast-Growing Market

* Auto industry expects 3%~12% CAGR over next 5 years
— Light Vehicles uses more semiconductors than ever before. 120 550.0

— Shortage of automotive IC could delay this sector’s supply / m= powertrain
chain recovery after the pandemic.

110

=)
2
g 1 9000w jnfotainment
] B 100
* Automotive IC growth 3 == Bodyand

a 90 | 450.0 Convenience

A Safety Systems % == Chassis and Safety

— Fuel Efficiency s

— Navigation z | 4000 == avas

= Communication éo 70 = Miscellaneous

. . ©
— Infotainment - Analog g . 13500
— Electrification \ 29% —C;/IgL.IeSemiconductor
2018 2019 2020 2021 2022 2023
Automotive Semiconductor Source: IHS Markit, Automotive Sensors Intelligence Service, Strategic Analytics
Market Sectors
A modern automotive vehicle can include as many as 8,000
active semiconductors in up to 100 interconnected control units.
Source: Audi Semiconductor Lab .
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Electrification is a “Game Changer”

e Over 10% of all semiconductors produced worldwide are sold into the automotive segment.

* Accelerated growth with electrification, connectivity and autonomous driving.

Internal Combustion Engine Plug-In-Electric Vehicle (HEV) Fully Electric Vehicle (EV)
BOM BOM
Other>$7 10 other >9735
Sensors| 16%
Power M(iU 'T_"
27%
5372 Total Sensors
76% McCU [
Power IC 7%
Power | 11%
................ crvabrrrrhiaaiaanaa e et . | Content
43%
Sensors m Increases
MCU [ 139 i y ¥ [ 3361 by ~15X 55%
Power| 23%
21%

Semiconductor Content Semiconductor Content Semiconductor Content

Sources: K. Konrad, IS-Test Workshop 2019, SEMI Mobility Blog 2021 .
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Automotive Defect Levels are 10X More Stringent

_ . . 1. Quality management: IATF 16949
* Parts per billion (ppb) failure rates mandate “Zero-Defect” manufacturing. el .
2. Functional safety: 1ISO 26262
. . ege . o ' H »
Performance and reliability are getting measured in “Raw Incidents”. 3. Environmental: ISO 14001
* Corrective and preventive actions are required, even for single unit failures. 4. Qualification: AEC-Q100
Component System Car

250 Components N 40 Systems
Per System & & % Per Car

B EERARNRRER

— 10,000 Ppm (1.0%) Too High (10K Fails)
) 400 Ppm (0.04%)
) <1 ppm (0.00001%) “"Zero-Defect”

Source: Infineon Technologies, C. Lee, Amkor SiP China 2018; J. Broz, et. al, CSTIC 2020 .
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Automotive Requirements Create Device Test Challenges

Requirements Critical Test Challenges

K Package test with multiple insertions\

* Harsh outdoor environment » tri-temp (cold, room, and hot)

* Testing across thermal range | |
* Minimize reliability impact * High temp test required

« 125°C = 150°C =» 175°C
* Support large volume demand
e |ower test cost  Multiple insertions with same device

\ * |imited or no retest allowed /
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Automotive Reliability Grade Level Mapping (AEC)

* In the past, automotive ICs used
mostly mature device and packaging
technologies.

e Current trends to enable ADAS and
infotainment.

— Advanced silicone nodes
— Advanced packaging strategies
— Heterogenous integration

* Device integration is pushing test
requirements to greater than 175C
and, in some instances, up to 200C.

%

PN
D

v

PC 2021

AEC
Temperature Segment
Q100
0 -40°C to +150°C Powertrain
1 -40°C to +125°C Body, ADAS
Chassis, ADAS,
2 -40°C to +105°C Safety,
Powertrain
3| -40°Cto+85°C | ADA> €NSOTS,
Infotainment

000940
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Wafer and Package Test Flow

Probably 8
FAB 1 Wafer | Known Good Die 0 —*{\.')/
Test 1 ﬁ il
4 Stack / Assemble Package
o Scrap Die 1 and Die 2 Test

Probably Good
ﬁ] Sub-System
FAB 2 Wafer | ﬁ v v
Test 2 > \'/

ﬁ Scrap Integrate Final
X Die 1, Die 2, etc. Test
Scrap Known Good Die ? Automotive

KGD ? “ i

FAB 3 Wafer | ( ) ﬁ Device

Test 3 A D
— i

\

g 3 Scrap
;@%» Scrap El
QP

DPC 2021 | Source:J. Broz, MEPTEC Lunch Series 2020; Broz, et. al, CSTIC 2020 000941 IMPROVING YIELD THROUGH INNOVATION. . 10 .
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Unstable Contact Affects Test Performance

* First Pass Yield (FPY) fallout attributable to contact related issues.

First Pass Package Yield Drops When

Causes of First Pass Yield Fallout No Socket Cleaning is Performed

100%
Handler Apop A
90% A A
Related A
80% AA
Contact 70% Ba N
Tester /Related 60% AA
2 A
Related g S0%
40% Yield Recovery
30% Requires Retest
20%
Interface 10%
Related 0%
0 5 10 15 20 25
Package Test Lot Number

Source: B. Gibbs and K. McNamara, IEEE BiTS Workshop 2006 Source: J. Broz and B. Humphrey, BiTS Workshop 2012
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Package Test is a “Dirty Business”

e Semiconductor packages carry debris and oxides Spring Pin Contamination Contactor Contamination

that can contaminate test or burn-in sockets.

« Contaminants accumulate on spring pins,
contactors, and surfaces within the socket to
degrade electrical contact during test execution.

» Contact Resistance (CRES) instability is entirely
attributable to interfacial phenomena across
contact areas and with adherent contaminants.

Source: BiTS Workshop; TestConX

: : : . METALLIC CONTACT
 Film resistance is affected by non-conductive

contaminants. _(pprobe+ppad) mH B OfitmH
CRES = 4 P " P

 Non-conductive contamination interferes with the
“Metal on Metal” Contact.

R. Holm, 1967 CONTAMINATION

Creates Critical Yield Fallout E

Source: J. Broz and G. Humphrey, IEEE BiTS Workshop, March 2004 000943 IMPROVING YIELD THROUGH INNOVATION. . 12 .
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In-Situ Cleaning for Contamination Control

* Socket cleaning units are designed to be handled like a standard DUT
— Cleaning polymer is applied to the “I/O side” of the unit. / Device Package Type \ / Cleaning Unit Design

* Cleaning unit is actuated into the socket to remove debris. Leadless TCC Unit
— Polymer is compressed against pins, contactors, and socket floor
— Critical contact surfaces are cleaned, and debris is collected.

* Advanced units are functionalized with polymer “cleaning balls”
— Alignment within a floating socket for precise ball to pin alignment.

Package-on-Package

* How does it work ?

Leaded TCC Unit
,-/ \\

Pat.: US10,195,648; US8,801,869; US8,790,466; US8,371,316 .
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Implementation for High Volume Testing

* Optimized parameters provide best yield and lifetime for each unique environment.
— Cleaning interval to maximize stability =» depends on the socket and contactor
— Number of insertions per cleaning cycle =» depends on the dirtiness of the socket
— Optimum cleaning unit lifespan =» depends surface saturation

4 )
Example - Cleaning Recipe Development Strategy

L
:z: ——— 450DUT ———— 375DUT —— 300DUT —e— 300DUT —
< S
2 /‘ ! Upper Specification |
R ttele ittt RS SELl BEEEEEEEEEE B ==="1 Limit (USL) for CRES i
- 375DUT 300DUT n-l- ----------------- 1
< NZ )
E V= Y, 70% x USL
/ Vad
Clean /\j /\//' (7 300 total insertions
Socket , :
Perform Perform Increase Determine
Clean | Clean | | Insertions Saturation
. Device Insertions J =
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Test Process Improvement in HVM Process

Auto Contactor Cleaning Flowchart \
120%
Increase
PnP Loads and Unloads Devices v 100% .
from and to JEDEC Trays g o o £ o 00 PN ,' Free e ¥0o09 >¢ First Pass
40_3 80% Yield-%
N .
O Groaning Interva = 60% ¢—— ACCDisabled M ACC Enabled —P
wn
Count Reached? 8 40%
()
2 PRSI A
YES a Reduction
00/ rr rrrrrr 1 rr 11 11171
PnP Loads Cleaning Devices from ° ' Rescreen
fixed tray, storage tray, or repository o Rate-%
=
Multiple Insertions of Surrogate Cleaning e
Devices into Test Sockets g
8 ~10% Uptime
Discard Used . ) o Improvement
Devices and YES L1fe s =aning ()]
Devices Reached? O
Replace
[
NO =
PnP Returns Cleaning Devices to | .
’ fixed tray, storage tray, or repository | Device LOTs Tested

Source: B. Gibbs and K. McNamara, SEMI techXBOT 2007; COHO -Delta Design Matrix .
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Customer Study 1 - HVM Validation

Presented in Part at IEEE CSTIC-2020, June 26-July 17, 2020

nal
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* High-volume PA Duplexer Modules (Devices A, B, and C)
were selected for the qualification of ACC cleaning.

* Device A was tested on three production test setups
— 2-handlers with manual cleaning and 1-handler with ACC function
— Monitored for one-month = ~700K devices tested per setup

* Device B and C were tested on six production test setups
— 2-handlers with manual cleaning and 4-handlers with ACC function -
— Monitored for one-month = ~1M devices tested per setup @

* Monitors for all three devices (A, B, and C)
— Device yield metrics (first pass and retest)
— Test-time metrics (first pass, retest, and total)

SRM XD248 Bowl Fed Handler

2p,.

PN
D

Source for Handler Image: http.//www.srm.com.my/ .
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Results - First Pass Yield Increase

. First Pass Devices Retest First Pass Yield (%)
RENICEES Yield Tested Yield
€ este € Gain = 1.11%
Manual Clean 97.25% 1.5M 1.40%
ACC Clean 98.36% 700K 0.57% 100% 0
98.36%

Gain =0.77%

| YieldGain | 1.11% | 97.25%
Device B 95% Gain =3.23%
0 0 93.26%
Manual Clean 92.49% 2M 3.04% 92.49% 91.99%
ACC Clean 93.26% 4M 2.48% -
_ 90% 88.77%
Device C
Manual Clean 88.77% 2M 3.86% .
ACC Clean 91.99% 4M 2.61% 85%
Devices Devices Devices Devices Devices Devices
CRES (and Data Quality) was controlled during test to 80%
significantly increase first pass yields. Device A Device B Device C

@ Manual Clean B ACC Clean

Source: B. Edington. BiTS Workshop 2014, J. Broz and B. Humphrey, IEEE CSTIC-2020 .
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Results — Test Time Reduction

SR First Pass | Retest Test | Total Test Total Test Time (hours)
Test Time (hr)| Time (hr) Time (hr)
Manual Clean 10.57 0.41 10.98 Reduction = 1.22hr
ACCCI 10.16 0.22 10.38 .
[Fime fecuction]| 040|019 | o0 | Reduction =0.34hr | e
15
Reduction = 0.60hr 13.71
Device B 1126
Manual Clean 10.15 0.89 11.26 1098 533 - 10.92
ACC Clean 10.37 0.77 10.92 10
Device C
Manual Clean 13.36 1.56 14.93 5
ACC Clean 12.64 1.06 13.71
[Time Reduction| 072 | o050 | 122 | o | |
Devices Devices Devices Devices Devices Devices
Handlers did not need unscheduled idle time for cleaning 0
and test times were significantly decreased. Device A Device B Device C
@ Manual Clean B ACC Clean

Source: B. Edington. BiTS Workshop 2014; J. Broz and B. Humphrey, IEEE CSTIC-2020 .

000949 IMPROVING YIELD THROUGH INNOVATION. || 8 B




Device Packaging Conference 2021 - April 12-15, 2021

Customer Study 2 - Tri-Temperature Automotive

Presented in Part at IEEE CSTIC-2021, March 14-15, 2021

AEC qualified automotive devices must pass
demanding stress tests and meet high levels of
quality and reliability

Tri-temperature testing was required for this project:

— T=-35C
- T=25C
— T=150C

Cleaning units are designed and built for test
operations at T = — 50C to +175C

Due to restrictive device requirements and high costs
with retest, limited or no rescreen was allowed.

Unscheduled downtime from non-automated
cleaning significantly affects production throughput.

Pat.: US10,195,648; US8,801,869; US8,790,466; US8,371,316 000950

SrSoliions

Cleaning Units

12 x 12Zmm 7 x7mm
PoP Unit QFN Unit

Representative Handlers with ACC Function

Cohu®- Delta Design Matrix Cohu®- MT9510

Source for Handler Images: https://www.cohu.com/pick-and-place .
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Results — Tri-Temperature Test Stability

Test Cell at T =-35C Test Cell at T = 25C Test Cell at T = 150C

4— ACC Disabled —[) 4— ACC Enabled —[) 4— ACC Disabled —DQ— ACC Enabled —[) 4— ACC Disabled —D{]— ACC Enabled —[)
I I I

10 10 [
(] (O] (]
g 9 g 9 g 9
g Start Auto Clean S Start Auto Clean g .| Start Auto Clean
.g 7 — 'ﬁ 7 .g 7 * bA5T
e [a's s’
+~ 6 +~ 6 +~ 6
@ ® USL ®
c .° c °® 1S
(@) (] (@]
o o (@]
(O] (0] (O]
N N N
g g E
5 5 1 o s 5
e = Y TN K o 9 ¥ = g 2 o~ AS
Test Cycles (time) Test Cycles (time) Test Cycles (time)

* For tri-temperature testing, implementation of in-situ cleaning with ACC enabled
resulted in significant first pass yield gains and more stable contact.

* Cleaning parameters for optimal stability and socket lifetime were developed for

eaCh unique testing enVironment. Source: J. Broz and B. Humphrey, IEEE CSTIC-2021 .
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Results — Tri-Temperature Test Stability

bC?’IMF
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ACC Disabled ACC Enabled
= 120% = 120%
. X . X
. 100% & & 100% &
: 2 _ f: CRES Stability Shift for 3
" . S 80% B o o Increased %-Yield Metrics [+ 80% &
S [] ()] g - o O
= > = , >
S 60% & g . 60% o
oy 2 ) . 2
2 (2] o

O 40% (T o / : 'Orol/edr 40% 1L
o) " Stapjy;, St o)
= s ility, : E
20% 8 | S 20% 8
=] 1 =]
3 ) : g
pt 0% © .I ﬂﬂ’_'—'\ (S T T T T 0% ©

ENormaIized Contact Resistance ENormaIized Contact Resistance

Specification Limit Specification Limit

* CFD highlights CRES stability and measurements at specification limits that are indicative of expected yield.
* With ACC enabled, a dramatic shift in the CRES to attain substantially higher yields at the specification limit.

* In-situ cleaning process produced tight distributions with lower continuity failures during first pass test.

Source: J. Broz and B. Humphrey, IEEE CSTIC-2021 .
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Results — Retest Reduction

* With ACC enabled at during tri-temperature testing.
— First pass yields were significantly higher.

I Auto-Clean Disabled
I Auto-Clean Enabled
— Recovery yield metrics were consistently lower.

— Additional retest events, if performed, did not provide
significant recovery yields.

* Reduction of retest events has clear benefits for
reducing the total cost of test.
— By eliminating retest events, tester availability can be

dramatically increased to attain higher test-floor
throughput.

Yield Metric

* Some critical automotive devices are not allowed to

have multiple re-test events; thereby, increasing the First <] Retest D

importance of stable and reliable contact during the Test
first pass when tri-temperature testing.

B
< =
. Source: J. Broz and B. Humphrey, IEEE CSTIC-2021

’4»'
>
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Summary / Conclusions

« Automotive sector is expected to grow substantially over the next 5 years.
— Nearly every type of semiconductor device is included in automotive application
— Safety devices and ADAS are expected to play a dominant role in this growth

* New test strategies, tooling, and materials are necessary.
- Significant impact for Cost of Test with longer test times to assure thoroughness.
- Heterogeneous integration and multi-chip strategies use “best-in-class IP” to advance device performance.

« Automotive electronics have strict quality standards (1SO-26262 and AEC-Q100) requirements.
— Significant impact for cost of test with longer test times to assure ZERO Defects.
— Increased number of measurements are needed for AEC-Q100 Class Requirements.

* In-situ cleaning during tri-temp testing for stable date, higher first-pass yield, and tester utilization.
— Consistent contact resistance and contamination control are critical for tri-temperature testing of automotive devices.
— Significant reductions in test time enable higher UPH and reduce the need for additional testing hardware.

 Test stability improvement have immediate benefits for throughput, net revenue, and lowered cost of test.
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Thank You for your Attention !

Questions ?

International Test Solutions

Jerry Broz, PhD (jerryb@inttest.net), SVP Technology Development
Bret Humphrey (breth@inttest.net), TCC Product Line Manager
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