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TeStCO nX 2023 Contact Technology

The Need for Coaxial Contactors

Need: increased density of processors, networking, and RF devices

Device requirements

* Low noise, high gain, advanced power delivery,
high data rate, multichannel PAM4

Contactor requirements
Low loss (1dB >40GHz)
High isolation (>60dB)
Low inductance (<0.1nH)
Matched impedance (+/- 5% )
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Coaxial Test Socket Market
« $90M coaxial market expected for 2022 and 2023

Total Non-Memory Test Socket Market
Total $1.5B

Coaxial 6%

=== High Performance Computing
Other Logic

= RF

= Power Management

e Other Non-Memory

— SENSOrS
/——/// Elastomer 16%

—_— @YOLE

2016 2017 2018 2019 2020 2021 2022e 2023e 2024e 2025e 2026e 2027e

Spring Pin / Pogo
67%

] 2016 - 2021 CAGR 2022 - 2027 CAGR

Processors 0 9
10.5% 10.1% @ YOLE
Sensors 13.0% 6.5% J

RF 89% 7.3%

A e ol - Growth rate of semiconductor
units 4.5% CAGR
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Available Coaxial Contactor Types

« Coaxial contactor types « Manufacturing techniques

— “Pseudo coax” — Embedded insulator
» Advantage: lower cost * Insulator part of body/retainer

» Disadvantage: crosstalk — Component insulator

* Insulator independent of
body/insulator

— Probe insulator

— Full coaxial contactors neuat ]
« Advantage: best isolation nstiatoron probe
» Disadvantage: complexity

Full

Embedded/
component

Probe insulators

The Evolution of the Coaxial Contactor and 5
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2005 2015
— Integral, impedance- — Quad-site WLCSP contactor 1 mm pitch, 2912 BGA, 55 mm X 55 mm
controlled PC board —  Semi-rigid coaxial cables from 1273 co-axial paths
included connectors to probes — Isolation all the way from the board to
— High-volume production ready the DUT

« The need for coaxial contactors has existed for many years

« The challenge is to design coaxial contactors designed for high-volume
production test

The Evolution of the Coaxial Contactor and 6
the Advantage of the Modern Version
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Generations of ICON

ICON Gen 12003

— Best in class isolation — coax from package to PCB
— Maintainable — individual probe/insulator replacement
— High Speed Digital (HSD) BGA focus — 0.8mm pitch +

ICON Gen 2 2018
— Same best in class isolation
— Simple maintainability — embedded insulator
— Analog RF and HSD applications QFN/BGA/WL down to 0.4mm pitch

ICON Gen 3 2022

— Same best in class isolation

— Lowest initial cost — simplified manufacturing process / batch processing

— Most flexible design — impedance matching from 25-100 ohms at pitches <0.4mm
— Simplest maintainability — fixed and replaceable insulators

The Evolution of the Coaxial Contactor and
the Advantage of the Modern Version
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B TestConX
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ICON Assembly

e Gen 2
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TeStCOllX 2023 Contact Technology
ICON Contactors - Impedance Controlled Coaxial

 Features & Benefits

Signal paths surrounded by ground from
DUT Interconnect to PCB pad

Field repairability for insulators Ideal for FPGA, GPU, xPU,
DUT . DDR, PAM4, HDMI, PCIEx
DS & & | & )& Tuned Impedance that is not affected by and all package types

P .l ‘ the proximity of device grounds (e.g., 35 Q,
Aisrgfg:fga”(%:n k All Aluminum, 42 Q, 50 Q, 86 Q, etC.)

E——> Full-Length
Shielding

. Excellent conductive heating/cooling
Rasuiriatl 8 lll Combine with Hydra to maximize power
S

PC Board and signal integrity

Pitch 0.4mm, 0.8mm and 1.0mm
versions

Package Types BGA, LGA, QFN, QFP Opt|m|Zed for

Bandwidth (Insertion Loss) > 60GHz @ -1dB Hyd ra
Max Data Rate > 120Gbps

Isolation > 50 dB
Current Carrying Capacity Up to 2.9A continuous
Temperature Range -55°C to 155°C

The Evolution of the Coaxial Contactor and 9
the Advantage of the Modern Version
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ICON Coaxial Design — Features

Aluminum floating alignment plate
provides excellent alignment and ground - - -
for complete isolation up to the DUT

All aluminum, full-length
Air dielectric on signal probes prowdes signal shielding

less loss

Isolation from the DUT to the
Aluminum body provides exceptional Test System

thermal properties and rigidity along with
great signal isolation

il Aluminum body has the
I stiffness to avoid bowing in
Aluminum retainer plate holds the probes when used with large parts
in the body and provides complete

isolation to the test interface board

PC Board

The Evolution of the Coaxial Contactor and 10
the Advantage of the Modern Version
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TestConX 2023
Gen 2 35Q & Gen 3 35Q - 37-55GHz

Contact Technology

RL & IL - Banded

Curve Info
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ICON vs Pseudo Coax

 Full coax shows ~20dB better isolation I l
 Below -45dB to 60GHz

ICON Pseudo

Isolation (DUT SIDE)

Key:
Ground

Matched (50Q)

-80 :3 L T T T
0 10 20 30
Freq [GHz)
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Loop Inductance - 25Q Single Ended

Loop Inductance Ansys

Curve Info

— -1.0E9*(1/im(Yt{(DUT+,DUT+)))/(2*PI*freq)
Setup1 : Sweep
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~0.26nH self inductance
Can reach levels previously only possible
with elastomer sockets
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ICON 3.0 Contactor Eye Diagram
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Impedance Controlled Coax Options

50 Ohm 75 Ohm 25 Ohm

40 50, 35 Transceiver
50 50 Satellite
50 42, 85D Processor
80 50D, 100D ADC
43, 86D Processor

The Evolution of the Coaxial Contactor and
the Advantage of the Modern Version
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Below and Beyond the Competition

* |ICON Gen3 optimized for non-standard impedances
— Typical coaxial contactors only available in 50 Q

Return Loss & Insertion loss

~ INon-standard—
Jimpedance with 50Q
coax contactor

Poor Return loss

Excellent Return
Loss

Non-standard impedance - impedance
matched ICON Gen3

' ' ‘ Freq [GHz]
The Evolution of the Coaxial Contactor and
the Advantage of the Modern Version
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ICON 040 — Measured Performance @ 0.37mm pitch

TestConX Workshop

$21_77-1302_460um@.500mm

S§22_77-1302_460um@.500mm

FoTom T 325 — S
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ICON Life Cycle Testing

« |CONO40 using cViper020 probe shows stable cRes thru 1M cycles

ICONO040 Avg cRes Comparison ICONO040 StD cRes Comparison

—&— With Sleeve

——Probe Only —&— With Sleeve —#—Probe Only

m
£
&
s
E
@
o
c
©
s
2
3
Q
o

Resistance (milliohms)

100000 250000 500000 1000000 100000 250000 500000 1000000
Cycle Count Cycle Count

100,000 250,000 500,000 1,000,000

Cycle Count

With Probe With Probe With Probe With Probe
Sleeve Only Sleeve Only Sleeve Only Sleeve Only

Average Resistance (milliohms):

247.58 229.95 225.80 196.15 245.20 215.95 245.20 263.68

Std Dev Resistance (milliohms):

37.62 34.66 30.30 47.27 34.70 95.27 35.70 232.18

Max Resistance (milliohms):

352.51 439.23 325.40 630.78 356.30 | 1638.40 361.30| 3484.60

Min Resistance (milliohms):

B TestCon

TestConX Workshop

182.03 171.32 188.70 122.42 190.80 158.79 175.90 171.94
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Coaxial Contactor Considerations

Must consider contactor and PCB as system

* Need to incorporate channels for
surface traces

* Optimization recommended for
Impedance matching including
board trace geometry

» Best repeatability requires DUT
and PCB ground contact .I|I|
« Assembly and probe tilt Iilﬂ
§ The Evolution of the Coaxial Contactor and
.Te St CO nX the Advantage of the Modern Version
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Manual Actuator Options

378" 1.0D.£J16" O.D.TUBING
LIQUID COOLANT
INLET/ O UTLET

(EOTH SIDES) —

Liquid-Cooled High-Force MA > oo merotiits

(UQUID COOLED)

The Evolution of the Coaxial Contactor and
the Advantage of the Modern Version

TestConX Workshop www.testconx.org March 5-8, 2023



TestConX 2023

Next Steps

e Short term
— Measure wear after 1M cycles
— Temperature testing

* Long term
— Fine pitch — less than 0.3mm pitch
— Embedded thermal control
— Further component cost reduction
— Manufacturing automation for extreme HVM

The Evolution of the Coaxial Contactor and
the Advantage of the Modern Version
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Conclusion

ICON has been developed through many years of high- volume
semiconductor test expertise

ICON offers performance and cost advantages for HVM test of
high-performance computing, networking and RF applications

- System simulation and measurement correlation recommended
to provide full test interfaces optimized for your application

- Must consider cost, maintenance, and performance tradeoffs of
coaxial contactor solutions

The Evolution of the Coaxial Contactor and 29
the Advantage of the Modern Version
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