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Overview \SS“NN'VERSARY
« Background on Paliney® 35 alloy design
 Objectives of the current study
« Package test opportunities with PT&K PEMS probes
« Opportunities for new Nidec wire probes
 Discussion of probe performance trends
e Summary & next steps
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Background

The semicondustor test industry continually demands higher
performance materials to enable more challenging testing
environments, including  higher cument  densities in
increasingly  miniaturized cemponents  and  elevated
temperature test conditions. The Paliney® family of ordered
palladium-based alloys has established itself as the state of
tha art for high-perfarmance tast probes (Fig. 71, balancing
electrical condustivity with mechanical strength and thermal
statility. Previous generations of thesz alloys, particularty
Paliney® 25, have succeesiully served applications requiring
maderate conductivity (= 25% of the Internaticnal Annealed
Copper Standard, or IACS, conduclivity) with high tensile
strength (UTS) af 1.4 GPa (200 ksi). in wire and foil fams,

e 2 smmm ceprescrtaon of & ot e prote
g ciosiran micragrapls vl ihe san.

Emerging test
thoss in adomotive smvronments. requiing hot ohick
testing—damand  significantly higher current  carrying
capacity without compromising the mechanical properties
essertial for probe functionality. This reguirement has
created a oritigal need for alloys that prioritize conductivity
while maintaining sufficient mechanical strength for spring
performarice. Our development efforts focused an re-
aptimizing the establishad Pd-Cu-Ag-based allay systam
toward higher conductivity while maintaining a minirum
tensile strength of 1.1 GPa (160 ksil, a threshold identfied
through user feadhack and axisting usa cases

Methods

Thirty-six alloy compasitions ware evaluated 1o identfy a
critical PdCu ratio that maximized conductivity while
Imaintaining thermal stability of the ordered phase. Based on
these findings. targeted quatermary and higher compositions
incorporating additions o enhance mechanical propsrties
and aging kinstics.?

Allays were cast using an incuction melter, then processed
through a series of rotary swaging and drawing operations ta
final diameters of 250 pm (0.010 in) and 75 pm (0.003 in)
with controlled  reduction  schedules.  Materials  were
evaluated in multiple temper conditicns. including  heat
treated (HT) fram cold worked [HTCW) and heat treated
from annealed (HTA) states.

A aterials i program
included electrical conductivity measurements using a 4-wire

Background - Alloy Design

Ultra-High-Conductivity Palladium Alloy for
Test Probes: The Road to 33%IACS

Grant Justice & Patrick K. Bowen, Deringer-Ney Inc.

resigtance methad, tensile testing (Instron 3368) with video
extensometry, hardness testing, stress relaxation testing at
200°G for 100 hours an 250 pm {0.010 in) diameter wire.
and current-stressed tensile testing to determine mavimum
current carrying capacty. Special attention was paid to the
onset and completion temperatures of ordedng reactions
through electrical resistivity measuremants during controlled
heating and cooling, s this phenomenon governs bath
conductivity and thermal statlity of the allays.

Results

Our cptimization approach successfully identified a novel
alloy composition—designated  Paliney  35—with an
cptimized  palladium-to-copper _ratic  (Fig. 2).% This
camposition, when processed to 250 um (0.010 inj diameter
wire and subsequently solution heat treated >800°C and age
hardened at 350°C, achieved elertrical condurtivity of 32 8%
1A, 8 24% improvement over Palinsy 25.

sz ot

B e

Figune 2. Conductisity maxime werm ienfied in Ma-CirmAq

ey s o, Aot of 47ttt i irfar
aptimal (G ratio

Tensile testing revealed 2 yield strength af 855 MPa (124
ki) and ultimate tensile strength of 1.2 GPa (166 ksil in this
condition, exceading the minimum requirement of 1.1 GPa
UTS for probe spring applications. Notably, finer wire
diameters {75 pm. or 0.003 in) demonstrated even higher
strangth Isvels. with yield strength reaching 1 GPa [145) lsi
and UTS of 1.3 GPa (188 ksi) (Fig. 2).
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Current-stressed  tensile  testing  showed  improved
performance, with the aility to withstand 4.5 A in 250 pm
(0.010 in) diameter wire (approximately 89 Amm?) before
strangth degradation {Fig. 41, representing mbout & 20%
increasa ovar Palinay 25's maximum currant of 3.75 A
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Stress relaxafion testing at 200°C for 100 hours
demanstratad 81% stress retantion in Palinay 35. compared
to 87% for Paliney 25, indicating superiar thermal stabilicy
despite the optimization for conductivity, this compares
favorably to othar nobla matal low energy alactrical contact
alloys. as well* This improved stress refention comelates
strongly with the ordering onset temperalure, which was
determined to be 308°C far Paliney 35 compared to 344°C
for Paliney 25. Despite this lower ordering temperature, the
significarly improved ordering kinetics of Paliney 35 (about
34w faster than Paliney 25, Fig. 5) correlate with excallsnt
thermal stability. Quaternary and guinary aduditions were alsa
found® which help to accelerate the aging response by as
miich as 45 at 380°C versus without these additions.
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Finally. the alloy demonstrates good bend formability and
straightness after annealing. Strain localization has been a
challenge for prior alloys based upon GUPd long-range
ordering. restricting the probe geometries that may be
formed after ags hardening heat treatment. In Paliney 35
HT wires, shars bands may be introducad into the material
withaut fracture (Fig. 8]
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Conclusions

Palingy 35 represents 2 significant advancement in
semi test alloy techrology, shifting the
optimization paradigm  toward higher conductivity while
maintaining adequate machanical properties. The alley
achieves 33% IACS condutivity—appreaching the practizal
maximum far ordered Pd-Cu-Ag-based alloys with sufficient
strength far praba applications—while maintaining tansile
strength above 1.1 GPa (160 keil and superior thermal
stability with &1% stress retention after 100 hours at 200°C
Maximum current eamying capaity of 4.5 Ain 250 pm (0.010
in) diameter wire enables testing at higher current densifies
required for advanced semiconductor applications.

Initial production-scale properties are shown in Table 7
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Thase improvemants directly addrass incustry neads fer
festing at finer pitches and in more extreme temperature
environments. Paliney 35 establishes a new perfarmance
slandard for eamiconductor test alloys, enabling next-
generation probe cards with higher performanse and longer
operational lifetimes in demanding test enviranments.
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* Introduced Paliney 35 alloy with
3% IACS in 2025

* Prior work emphasized testing of:
Thermal stability

Current carrying capacity of wire
Formability

Production-scale property data
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Background - Alloy Design ) N

* Multiple cold work Performance . Compositions

i‘ai:;egal steps for based on Pd-Ag-
Cu-Re

breakdown S R e

* Wire drawing and structtIJOre
strand annejaling Synthesis ‘ . FCC disordered

* Age hardening Properties solid solution
heat treatment, * CsCl-type long
optimized per range order
form (spooled wire Paliney 25T Paliney 35% * HCP Re-based
vs. cut lengths) e 200 ksi UTS - 200 ksi UTS

* 19% elong. * 24% elong.
* 27% IACS * 33% IACS
* HK400 * HK 350 £ US PatentPending
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Objectives of this Work 5

« Compile collaborative Paliney 35 alloy test data on PEMS and
cobra wire probe geometries

« Analyze new material performance vs. baselines

e Determine if new alloy will enable new probe, probe card,
and/or socket designs

* Interpret probe performance through a materials science lens

| 1T
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Background — PEMS Probes Db

The PEMS Probe was developed at PT&K to overcome limitations of MEMS probes:

PEMS (Press Engineering Mechanical System) vs. MEMS (Micro-ElectroMechanical Systems)

« Manufactured by precision press and tooling e Multilayer structures that can deteriorate
« Preserves monolithic alloy electrical and physical rapidly
properties o Sufferin high- and low-temperature testing
« Suitable for testing increasingly miniaturized applications
circuits
None Cut and Section Side Cut Center Cut
| Section A E E |
PEMS: | ; /
p— Section B : 1 k
\ i \ 1
¥  SectionC ': :
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Methods - PEMS Probes D

PEMS pins used in test:

-

Justice, Bowen, Nakamura, Kim

Wire diameter:
0.003in (75.4pm)

Total length: 3.5mm

Materials :

— Paliney 7 (P7)

— Paliney 25 (P25)

— Paliney 35 (P35)
20°C ambient
n=5 replicates

Pin Force / Contact
Resistance (CRES)/
Current-Carrying
Capacity (CCC)
Tester:
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Results - PEMS Probes
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 Force-deflection
behavior is
similar for all
tested materials
in PEMS

geometry

« CRES is very
similar between
P25 & P35 PEMS

P25 & P35 CRES
superior to P7



Results - PEMS Probes

 Pin heights initially
decrease, then vary within
a fixed range of £5um

 Array height trends overlap
significantly between all
materials

« Dimensional stability is
confirmed over 1M
touchdowns for modern
(P25, P35) and legacy (P7)
PEMS pin materials

Justice, Bowen, Nakamura, Kim
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ReSUltS — PEMS PrObes \SS:\INIVERSARY

« Both modern alloys—P25 and P35— ' | |
were confirmed to have higher CCC 2,000 | ‘ :
than legacy P7 alloy

* %

e Expected vs. observed CCC
increase from material data:

197 A/mm?2 230 A/mm2  +16.8%
m 1,570mA 1,730 mA  +10.2%

o Statistical sighificance of CCC
increase from P25 to P35 could not

be confirmed at n=5 replicates 1,000 . | .
P7 P25 P35

—

~

o)

o
I

—_
(6))
o
o

I

| * p<0.005 -
*** p< 5x10

Current Carrying Capacity, CCC (mA)
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Methods - Wire Wafer Test

Nidec performed a 1-million touchdown test with
P35 and conventional Paliney H3C “cobra”-style UGP

th

P o be S \SS\NNIVERSARY

UGP hole size
1.1mm 0.111mm

. . thickness __
wire probes: 0.29mm |

@125pum at 0 — 500k touchdowns Space

3.9

@90um at 500k — 1M touchdowns "

“crierion | Spec | Targst
£25um Varlat!on from initial @ o
point: < 20um 2 v ARAAARARARRAARAARRAY

38um <50pm . thick
 Planarity : DUT side "5 Lap
_ - + 30% from initial value e

. . Probe pitch
= < 3Q) atinitial 0.15mm LGOPOI%%le size
. mm
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Results - Wire Wafer Test Probes ) W

Beginning state Finish state

A Position

s SHEE B E
50 50 20
40 40
P l- .30 30 Y 10
— . 3 °
c 10 = 10 & ® p
§ 0 2 0' ) & : )
H3C 750 -40-30-20-49 ¥ 10 20 30 40 50 250-40-30 -20-19 P10 20 30 40 50 Ezo -1 23 v 10 20
L]
>
2P -20 -10
-30 -30
-40 -40
-50 -50 -20 -
DX(um) DX(um) X7TmEZEh(um)
& HiE HEZEH
50 50 20
40 40
H 30 30 b [}
Paliney o 2 8 = "
— 1Qp, %ot —_ 10 ? e 5 ° °
E (G E =1 by
2 = 0 ﬁQ{ o °
35 550-40 -30-20-49 0 10 20 30 40 50 ESO-4O -30-20-49 ;6 20 30 40 50 E30 -20 -10 A 10 20 30
-20 -20 = *
10
-30 -30
-40 -40
-50 -50 220
DX(um) DX(um) XAEZEE(um)

The magnitude of positional change is equivalent between materials
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Results — Wire Wafer Test Probes 5

Initial Condition CRES Final Condition CRES Visual Final Condition
Paliney H3C 151 Paliney H3C 545> 9771447
o) 5
4 4
C: —_—
a E
g 2 iﬂg 2
1 - B 1
0 0
4] 20 40 60 80 100 0 20 40 60 80 100
TDEIE TDEIE
Paliney 35 EFEI A ME, Paliney 35 ST ME,
5 5
4 4
- _
g > g >
ﬁ 2 5 2
1 T
0 — — — 0
0 20 40 60 80 100 0 20 40 60 80 100
TDEIER TDEIE

P35 and H3C materials exhibit qualitatively similar CRES variation and
debris accumulation after prolonged use
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Results — Wire Wafer Test Probes 5

e Both modern alloys—P25 and 1,800 -
P35—were confirmed to have
higher CCC than legacy H3C alloy

e Atn=8, CCC increase from P25 to
P35 was statistically significant

b
f
¢

—
N
o
(&

« Expected vs. observed CCC
increase from material data:

Aloy | P25|  Pa5| P35-P25A
197 Vmm2 230 A/mm2  +16.8%
1,500mA 1,575 mA +5.0%

Current Carrying Capacity, CCC (mA)
S
3

P35
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DiSCUSSion — PrObe CCC \BANNIVERSARY

e I[ncreasesin CCC are
197 A/mm? 230 A/mm? +16.8% observed

1,570mA - 1,780mA - +102% ¥, Magnitude of the increase

1,.500mA | 1,578 mA | +5.0% @ less than expected for the
v v cobra-style probes studied
- TIRTTA - :
Deformed | « Hypothesis: plastic
areas . i i deformation of the material

during probe manufacturing
may reduce CCC benefit of
the new alloy
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Results — Deformation effects 5
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40%
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Area Reduction (%)
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Performed additional cold wire
drawing of age hardened P25 and
P35 wires from @0.009 to 0.0055
in, then measured electrical
conductivity

35% of conductivity
improvement of P35 over P25 is
lost at maximum area reduction

This is a plausible explanation
for diminished CCC returns in
cobra probes
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Summary

e PT&K PEMS conclusion:

— P35 showed the highest average value of 1,730 mA, making it
the most suitable material for high-current socket applications.

|

 Nidec wire probe conclusion:
— Paliney 35 can be used as probe material.
— Using Paliney 35 should improve burned probe issues. l

 Deringer-Ney conclusions:

— The new Paliney 35 alloy is expected to enable new probe,
socket, and probe card designs based on the feedback.

— A diminished CCC benefit of P35 vs. P25 cobra probes of ~5%
actualvs. ~17% predicted was observed.
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Follow-On Work Obevasn

 Collect additional lifetime test data to build statistically
robust comparisons between legacy and modern alloys

e Review mechanism of Paliney 35 CCC decrease after area
reduction in more detail. Is it:

— Disordering of the age hardened material?
— Distortion of the ordered superlattice?
— Some other effect?

 Test additional probe designs to optimize CCC and probe
force balance per application requirement
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