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Background: SACQ

Sn3.5Ag

— 96.5% Tin (Sn), 3.5% Silver (Ag)
SAC305:

— 96.5% Tin (Sn), 3% Silver (Ag), 0.5% Copper (Cu) Lowest silver = lowest cost
SACQ:

— 92.45% Tin (Sn), 4% Silver (Ag),0.5% Copper (Cu), 3% Bismuth (Bi), and 0.05% Nickel (Ni).
SACQ Advantages: 7

— Improved drop shock resistance
— Improved thermal fatigue performance
— Excellent Solder joint reliability, resistance to oxidation |

SACQ Disadvantages

— Lower melting temperature
— Exhibits a hard surface at cold temperatures and a soft, adhesive surface at elevated temperatures

SACQ impact on test

— New challenges for stable electrical contact during high-volume production testing
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High-current semiconductor devices
— Automotive and power electronics
Infrastructure and networking ASICs




Background: Probe Life Cycle Report

« What it Is:

— Gold on Gold Interface o
— Confirms integrity of internal probe Cycles OK| 10K| 50K| 100K| 250K | 500K
components/design Average 35.1| 206| 266| 256| 247| 249
: e St. Dev 38| 47| 34 2.8 2.2 2.1
— Comparison to other probes under s
same conditions £ 25000
1e00 Probe Average Force | Probe Std Dev Force
Y _ 332 0.9
 What it is not:
— Direct correlation to the production o L
environment IR EEEEEEEEEEEEEEEEEEEEREE
— Probe tip to device solderball interface

performance estimate
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Motivation: Sn3.5Ag 15k cycles

« Homogeneous vs plated probe after 15k cycles on Sn3.5Ag solder balls in production test
« Slightly more solder transfer and wear than the plated tip.

Homogeneous Plated

. i “‘ . : y L. 1 ! ] y u
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Motivation: SACQ 15k cycles

 Homogeneous vs plated probe tip after 15k cycles on SACQ solder balls in production test
 The Homogeneous tip was significantly more worn than plated.
« Significantly more solder transfer and wear on the homogeneous tip than the plated tip

Homogeneous Plated




Motivation: cRes 15k cycles
« Customer SACQ Findings: ﬂn ﬂ

— Despite tip wear and contamination, Homogeneous tip
shows lower and more consistent cRes through 15k
cycles

— Significant cRes instability @7k-12k of plated tip on
Sn3.5Ag significantly worse than SACQ

« Conditions:
— 150C, 25C, -40C mixed testing
— Testing combined SACQ and Sn3.5Ag Devices

» Possible impact from cross contamination of
probes/devices

cRes

« (Conclusion;

— Wear and contamination results counterintuitive to
cRes results

— Inconclusive results

— Need more controlled experiment on SACQ .. ” K

Quantile Density Canteurs

...........
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Introduction

Hypothesis: SACQ at high temperature causes increased cRes due to
iIncrease solder buildup, at low temperature SACQ causes increased cRes
due to poor contact

Phase 1:

— Develop a universal cRes Test Cell enabling reliable, repeatable contact resistance measurements
across tri-temp on customer devices in a production environment.

Phase 2:

— Test probe variations on SACQ with customer supplied devices
— Characterize probes with varying temperatures, test times, and currents

Phase 3:

— Improve probe performance and lifetime when testing against SACQ
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Phase 1: cRes Test Cell Architecture

A ,
=
]
/ -
' 5
/
i ¢ =

Diamond,

* Universal Socket Tester for full socket
cRes and probe life testing
— Diamondx™ tester + MATRIX™ handler
— Tri-temp (—-50°C to 150°C)
— Kelvin measurement
— PMVI Test Instrument

* Modular design:
— Standardized contactor footprint/Change kit

— Motherboard/daughtercard compatible \ ,
— Conversion to other tester configurations MATRIX™ ==

' .‘3;;_ /
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Tester, Docking, and Kit

Oversize I:odboar MATRIX ™ Kit

Delta Contactors

Interface

Tester Docking
Plate

MATRiX™
I Handler
' Docking Plate

"\ DiamondX Test Head
with PMVI cards
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cRes Test Instrument: PMVI

« High Density Power supply

* Mobility, ASSP, Logic, Power
Management

« 2.5V up to 1A (can be ganged)

« 72 Kelvin channels
— 1 Voltage Meter per 8 channels (9)
— 1 Current load per 4 channels (18)

e 120W max load

 Kelvin to PCB, measurement includes

2 probes and package

— =

Kelvin connections

Force Force | Measure V Max Error | Channels /
Instrument | Current (A) Accuracy Meas V Accuracy (Ohms)* | Instrument
GX1 0.05 0.001 0.005 0.0025 3.33 192
HDVI 0.20 0.002 0.020 0.0018 0.79 72
PMVI 0.20 0.004 0.020 0.0001 0.03 72

TestConX

cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes

Power
Management VI

\A
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Loadboard and Contactor Information

Quad site loadboard and kit
— Wide formfactor PCB
— 36 layers
— 1 Active contactor
— 3x Dummy contactors
— Kelvin connections routed to contact pads
— 1 A/channel rating

Hydra Contactor
— 3.22mm test height
— 500 probes
— Thermocouple

PMVI connections
— 360 channels total

Manifold connections

TestConX

cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes 12 2 026



Loadboard Design

- e LSto HS

I Connect LS to HF_HE of odd channel
2 Comrepet LS ta GNID

I — 125mV max voltage
s W o L o« wom — Unable to achieve 1A (current load
4 2 |
128 | [T shutdown)
O1a U'.".

— Max achievable current <200mA

Usleg 3 pin jumper | D402 o
1 Cornact LS o HE HY of odd channel

2 Comnect LS 1o GND
} Cornact LS to Open/floating

- S - — — Able to increase voltage above 125mV
1] 11T — At 2.5V able to achieve 1A
5 & « 2.5W x 36CH = 90W

-
Tol

1.GND ot Pogo [or)
1.GND Mewr the DUT (bemes pracrics)
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Tester Configuration

« Test Head
— Single IMA 20 slots
— Converted from GX1X
— 5 PMVI Currently loaded

TestConX

« GX1x high channel count, low accuracy
«  PMVI low channel count, high accuracy

» Limit installation to match application

Future Configuration (1368 channels)
Current Configuration (360 channels)

cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes

SDU SDU SDU 0 1 GX1x-256M GX1x-256M  PMVIX
PMVIx GX1x-256M 2 3 blank PMVIx
PMVIx blank 4 5 GX1x-256M  PMVIX PMVIx
PMVIx PMVIx |GX1x-256M 6 7 blank PMVIx
PMVIx blank 8 9 GX1x-256M  PMVIX PMVIx
PMVIx PMVIX |GX1x-256M 10 11 blank PMVIx
PMVIx blank 12 13 GX1x-256M  PMVIX PMVIx
PMVIx GX1x-256M 14 15 blank PMVIx
PMVIx blank 16 17 GX1x-256M PMVIx
PMVIx GX1x-256M 18 19 GX1x-256M PMVIx

+ 2026




27mm x 27mm 0.5mm pitch 500 pin BGA package with

Die Test Vehicle

Daisy-chain routing through die and substrate

Device

TP

Inner+ Outer P
Net (IN)

GND

PCB Outer Net

Substrate & Dve Schematic
(Die AP, M3, & M4 Bottom

Connection)

== Die Edge

Kelvin connections

TestConX

cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes

TOP View
Y vs. X
+4+v ozt . Fx Y z + | | pret
e O+V I+ e s s o 280000
Die Connection A DI SEE I SR ST I
(DC) s et i i
13'_ +;.£+K, Y Y X Z %+
(ol [22grotosviztayosoyazvoziy
Substrate 7 | ciccTiTonorieate
. + + oz 7oA .
Connectlon B0 | Apofoootyxxo + . i zv oo x x
Zznc ZHZH AT O+ DK ZV YN
(BGA_DC) | ey
0 TaaleizionyolzSe}
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Contactor and Probes

Customer standard contactor and kit
— Nest alignment and hardstop
— Integrated Airflow channels
— Vespel Housing

HYDoso HYDo3o0
— Hydra Probes

 Pitch
— 0.5mm
— 0.3mm . . .
: : Plating / Material Options
» Contact Tip Material _ :
Plating | Material Gold | Matte
— 2-2H Hard Au (150 HV) +
— Pico Pd Alloy (450 HV) +
2-2H (670 HV) ++ + +
NO1 (1000 HV) + ++
FICO (750 HV) ++ + +

I e St ' 0 nX cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes 16 2026



Contactor and Probes Setup |  « ' =

» 500 probes in contactor, 360 active probes, 180 pin pairs, 60 pin pairs per - b o -7
probe type L1 [SHortedf probel [7¢
« Distributed Probe Variants across device to minimize localized anomalies from Fl I [ - ‘
impacting data —— Ll

« Substate and Die connections for all variants PYAN SRS SRR NN

I

] | el S e
HYD Force @ test Plating
3% sim Bipeid TiieTilit — ke i H i
B - + 2 =] @ ° e e
- TR 3 y 5 | 2 r A F o - P = g
5 o e T S 5 g P 3 e ° +4 FERE Ty + fre 3 23 e ' =
0 | ° 1 es ¥ - * we i @ s i F) z z
_‘ ; i : 1 H H z FEo ‘4] H aie [x 2 H -
2 :
Az =
s
™ 4
: i
sisisivd

Eiaris Fi a4 E7 o
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Pre & Post Golden Unit Runs
— 40 Units run 2x each

— Room (25C) and/or Cold (-45C)

Stress Runs
— Time (3.6 — 36,000 s)

 150C, 266 devices, 10000
insertions

— Temperature (25 — 150°C)

 60sec, 90 devices, 30k
insertions

— Current (10 mA — 1 A)

» 36sec, 340 devices, 5000
insertions

TestConX

Test Plan

Study
Current Effect
Current Effect
Current Effect
Current Effect
Current Effect
Current Effect
Current Effect
Current Effect
Current Effect

Totals

Test Parameters

Current Temperature Test # of setUp Tester Time
[A) (DegC) Time [sec) Cycles Time [sec) [/ 5ets (sec)
0 1540 IGO0 1 I IS0
36500 10 3600 35000
360 10K 500 JEHH
35 1000 500 JEHH
3.6 1O IS IS
Test i Samples Runs Current Temp game Cycles Test Time (sec) TestTime (hrs) Test Time (days)
Golden Unit Set B, Run 1 Pre 16 a0 2 0 25 1 a0 20 0.0 0.0
Test Run 6 17 100 50 001 150 60 5000 1200000 333.3 13.9
Golden Unit Set B, Run 1 Post 18 2 0 25 1 a0 &0 0.0 0.0
Golden Unit Set B, Run 2 Pre 19 - 2 0 25 1 80 80 0.0 0.0
Test Run 7 20 100 50 0.1 150 60 5000 T 1200000 3333 139
Golden Unit St B, Run 2 Post 21 2 0 25 1 20 &0 0.0 0.0
Golden Unit Set B, Run 3 Pre 22 - 2 0 25 1 a0 20 0.0 0.0
Test Run 8 23 100 50 1 150 60 5000 T 1200000 333.3 13.9
Golden Unit Set B, Run 3 Post 24 - 2 ] 25 1 80 80 0.0 0.0
607 323 3600480.0 1000.1 417

cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes
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Results: Initial High Current

Variability Chart for Data

D..,..,,?,.% :

e Cannot force more than 500mA at
2.5V?

* Increase voltage to get to 1A
 Opens

« Check contactor condition

» Melted solder balls stuck to probes!
» Die connections cannot support 1A

-50

-150

-200

Voltage (mV)
g
ot +—e—f————s %P+

5
oth
ot9
a
3

sl
Sl
Sl
Slot
Slot
oth
otd
0
3
oth
oth
ot9
0
3

ot9
0
3

sl

sl
Slot
Slot

= | =

ot
it
it
1
1
Slots
Slot
Slot
Slotl
Slot1
Slot
Slot
Slot
Slot1
Slot
Slots
it

10mA 20mA 100mA 500mA
current 1
Pin *| 10mA* 20mA~*| 100m/i~*| 200m/+* 300mi* 400mi* 500mi~*| 600m/i<* 700m/* 800m/i~* 900mi~ 1A |+

DUT_AI‘_]_B_SlotG VI 66 -10.022  -19.922 -99.7308 -199.952 -299.525 -399.647 -499.725 -599.774 -699.856 -799.969 -900.094 -1000.24 1000
put WIB B_Slot6_VI_50 -10.1376 -20.0345 -99.8261 -200.089 -299.172 -399.296 -499.425 -599.526 -699.669 -799.817 -899.859 -1000.02 1000
DUT_A3 hﬁlﬁ B Slot6 VI 42 -10.1113 -19.9525 -99.6539 -200.098 -299.08 -399.23 -499.399 -599.514 -699.698 -799.917 -900.079 -1000.35 1000
DUT_M_H?S_B_SIotG_VI_SS -10.0423 -19.9744 -99.7833 -199.959 -299.234 -399.354 -499.42 -599.612 -695.705 -799.861 -900.063 -1000.21 1000
DUT_A5 DC 123 B Slot6_VI_18 -9.94385 -19.9273 -99.8515 -199.868 -299.211 -399.33 400

DUT_A6_DC_19_B_Slot6_VI_2 -10.1264 -19.9449 -99.6266 -200.107 -299.188 -399.338 400
DUT_A7_DC_46 B _Slot5 VI_50 -9.93636 -19.8803 -99.71/ -199.853 -2989.702 300
DUT_A8 DC_79 B Slot6 VI 26 -10.0524 -19.9606 -99.7886 -200.009 -299.268 -399.38 400
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Results: Initial cRes

« 3.6sec test, 50 loops 1 device, 10mA « Substrate shows lower cRes and
e Same probe throughout socket standard deviation than Die path

1500 I 1500 ' H

1000

1000
500
I L4

Data

Ln
=]
=]

cRes (mOhm)

—
—
[

—
-

0 | ILL 1L | i 11} . | i
ubstrate connections e nection _—
el bbb e R e e e e e e e e ek kA b 2 e e ek e e e kb e
EFEEEEE SR R R R R R R R R R R R
EEEEEE§§%§EEE§§§§EEEEE?EEE?EE?EEE%§E§E@EE???E@E%E§EE3?%Eﬁégaéﬁéﬁﬁéﬁiéﬁ?é??EEE?§§§§%§E§@5§E
A EEEEEEEEE R R R B R s R R LB SRR R B R R LR B R LRSS B EEEEEREEE R SRR E RSB R R 2
SRR EREERE S R e R R R E ek ek o e e e N E I EE EEEEEEE R EEEREEE R L
BGA DIE D Group

Focus on substrate data to compare probe performance

| e St ' 0 nX cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes 20 2026




Data

Results: Golden Unit Test

 Test:
— 25C, -45C
— Same probes throughout socket
— 2 devices 40 insertions each
— Pre stress and post stress data
* Substrate connections B

— Post and -45C data is slightly worse
— E has lowest cRes and standard deviation

e ~ Substrate

e
L L - by
.
9
- - “E
i""‘i i’ I i X . 2
0
E B E[B E[E|E[B &G AP
et Bl el el Ml B R R B B ||
nd5C | 25C | md5C | 253C | nd c s
.| G E A
BGA_DC

 Die connections

-45C show lower cRes than 25C

25C shows significantly higher standard
deviation
H exhibits the lowest variation

G exhibits the highest variation

Die

Rl Pl e e B MG PRSNGSRS PePos
ol - el - el B ol B ol - Sl I Rl B fhall 4 Kl o El -
25C | md5C | 25C | mdS5C | 25C | nd5C | 25C | md4S5C | 25C | ndSC Temp
c = G ] Pin_Group
O DL_Group
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Results: Time effect 1k Test

« Test: * Die connections:

— 1k insertions @ 36sec — E is best performance

— 150degC (to match production temp) — 1 probe has high path resistance (blue)
« Substrate Results:

— E is best performance, A worst

| ® Post cRES Test
10000 ® Pre_cRES Test

5000

10000
5000 |

10000
5000

. High path
resistance?

dnoig uld

10000
5000

P T e e

Tonoe 5000
5000

10000
5000
0

part_id Where(1005 rows excluded)

dnoug uig

_ —— _ o ..;l.;;-.-. § sn - ':{i . e E T . e ] .
0 200 400 600 300 1000 ij_i!ji part_id ij_i!ji
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Results: Time effect 10k Test

Test;  Die connections:

— 10k insertions @ 3.6sec — E is best performance

— 150degC (to match production temp) — 1 probe has high path resistance (blue)
Substrate Results:

— E is best performance, A worst
i i At it o st R LA BB k
E Substrate oy HIGNPAth DG 72

o §  resistance ‘v :

N
o | - Flat line

cRes?

AAAAAA

10000
5000
()] = ' - : i

0 2000

4000 6000 2000
art_id

P OWS EXC . oL :
I e St ' 0 nX cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes 23 2026



Results: Time Effect Summary

1 insertion and 1k insertions | |
. . 3000 E i
results similar | .

* 10k results show increase in
cRes and standard deviation

 E remains lower average and o
standard deviation

* |nsertions not test time has 0

Lata

-
o
1360005 [ped—a

1000 365 [[Jir-o—eeg
e

1_36000s .

L T T Al WA |y | W L .o TR ¥ I R ™ I T, T I ™, T |
. . S| M| - TRBe R R B Sl mliml S ..
bigger impact on Cres results 2ol lagela gl ol gl e
~88|™|8|8|M 8|8 S m88 "8 8
-1=218 2|8 - =8 S[-|=|8|-=8

Iy 2 D E < H
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Results: 1, 1k, 10k cycle Summary

51.ctdf 52 .ctdf £3.ctdf
° T t : 2000 o
— S1: 1 cycle ?ggg é |
— S2: 1k cycles T e e a2
— S3: 10k cycles t .
0 | e . wiiies colbin ot
* Results 3353 1 -
— Hieroglyphs? T — e et A e
— Inkblot test? 20 b oo
— Association? 3000
. 02 . oo i & A
’ Pre Post : P ﬁ P *
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Key Findings and Conclusion

* QObservations on cRes Test Cell to date (more to come)
— Some device die connections cannot handle >500mA and can damage socket
— Long test times (36k sec) results in stuck devices
— Insertion count impacts cRes more than time in contact with device
— Insertions not test time has bigger impact on Cres results
— E probe performance shows best results up to 10000 cycles
— Expensive and time consuming to setup a test cell!
— Extremely valuable information can be gathered from it!

e The cRes Test Cell offers:

— Offline experimentation and development of contactors

— Insight to production contactor performance at temp with applied current on customer
packages

— First time right verified deliveries

| e St ' 0 nx cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes 26 2 o 2 6



Next Steps

Complete SACQ Time, Temp, Current, Lifetime study on customer cevices
Conclude on probe type best suited for SACQ

Compare performance to SAC305 or Sn3.5Ag

Define optimized cleaning recipe based on contamination rate

Expand test matrix to additional packages and higher pin counts

Expand Test Cell to accept turnkey loadboards

. Task Qtr 3, 2025 Qtr 4, 2025 Qtr 1, 2026 Qtr 2, 2026 Qtr 3, 2026
‘' Mode ~ Task Name w | Jun u Aug  Sep | Oct  Nov Dec | Jan Feb lar | Apr May n

4 Test Cell Preparation I |
Tester [ |
Handler f |
Test Cell installation and buyoff M
Docking Plate/HW I |
Test Program & Loadboard [ ]
Hardware [ |
Full Config Start & 1/26
4 SACQ Testing I |
Device Vehicle (R41PTV) I |
4 Test Plan (SACQ) [ i
Test Study l

Time Effect Study h
Temperature Effect Study ]
Current Effect Study l

J3000080a8a3a3a0a8a8aad

LifeCycle Testing

| e St Co nx cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes
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Contributions

Cohu Handler Team (Melaka)

Cohu Contactor and Kit Applications Team (Singapore)

Cohu Tester Applications Team (US and Melaka)

Tessolve Loadboard and Test Program Design Team (US and India)
InTest Team

Customer
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COPYRIGHT NOTICE

The presentation(s) / poster(s) in this publication comprise the Proceedings of the
TestConX 2026 workshop. The content reflects the opinion of the authors and their
respective companies. They are reproduced here as they were presented at the TestConX
2026 workshop. This version of the presentation or poster may differ from the version that
was distributed at or prior to the TestConX 2026 workshop.

The inclusion of the presentations/posters in this publication does not constitute an
endorsement by TestConX or the workshop’s sponsors. There is NO copyright protection
claimed on the presentation/poster content by TestConX. However, each presentation /
poster is the work of the authors and their respective companies: as such, it is strongly
encouraged that any use reflect proper acknowledgement to the appropriate source. Any
questions regarding the use of any materials presented should be directed to the author(s)
or their companies.

“TestConX”, the TestConX logo, the TestConX China logo, and the TestConX Korea logo
are trademarks of TestConX. All rights reserved.

www.testconx.org



	cRes Test Cell: Reliable Contacting for SACQ Across Temperature Extremes
	Agenda
	Background: SACQ
	Background: Probe Life Cycle Report
	Motivation: Sn3.5Ag 15k cycles
	Motivation: SACQ 15k cycles
	Motivation: cRes 15k cycles
	Introduction
	Phase 1: cRes Test Cell Architecture
	Tester, Docking, and Kit
	cRes Test Instrument: PMVI
	Loadboard and Contactor Information
	Loadboard Design
	Tester Configuration
	Device
	Contactor and Probes
	Contactor and Probes Setup
	Test Plan
	Results: Initial High Current
	Results: Initial cRes
	Results: Golden Unit Test
	Results: Time effect 1k Test
	Results: Time effect 10k Test
	Results: Time Effect Summary
	Results: 1, 1k, 10k cycle Summary
	Key Findings and Conclusion
	Next Steps
	Contributions



