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History of the Buckling Beam

”////P |///l B it e \> Pitch vs. Time

\w - L i . k'_ — wafer
P ’ g_ probing
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First patent: Qe R N s MCM

US 3.806.801 “ : ' i probing

Ronald Bove/IBM

1972

Modular testhead for multilayer ceramic <00d
_ 100mm (4*“) size, 40.000 probes, Year
TForce Buckling beam: 250um pitch, Feinmetall 1992 Changing pitch over time

fundamental
principle
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Development of Contact Probes

Challenges of Future Contact Probes

Low force:
e Small damages to pads and bumps
e Pad over active area probing

e Lower el. resistance
- e Higher CCC

e Lower inductance
é EaSIeI' probe assembly :: [TIRI] IFI ::: Fll lllr i ::: ?I,l 1L LA
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Buckling Beam Principle

Mechanical Limits of a Single Buckling Beam

Same force,

==25 um Diameter
Shorter probe
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Buckling Beam Principle

Electrical Limits of a Single Buckling Beam (FE-Simulation)

u
(=]
o

Trivar HC
Diameter: 40 pm
Probe length: 4 mm

-e-Current 150 mA

p—
O
o
P
Q
.
-
d
(C
-
Q
Q.
5
|—
X
(T
=

Longer

o

10 20 a Worse heat dissipation

Al-Waf -
Probe length (mm) : ?26520 a Worse CCC
Bottom-

Eﬂfﬁfﬂfﬁﬁmm SW Test Workshop | June 4-7,2017 6



Striped Beam Principle

What is a Striped Beam?

Principles:

Single buckling beam Striped beam

i
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Striped Beam Principle

Comparison of Design Parameters

Single buckling beam Striped beam

_ [ Material ]
Material

C Length of strlpes
¢ (mm)
B

Shape of strlpes

70

I I Number of 0 Wldth of strlpes
Diameter stripes 70 (um)
(Lm)
[ Thickn. of strlpes
(um)
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Single Buckling vs. Striped Beam Principle

Probes with same force

. ==Buckling beam - round cross-section
- =Buckling beam - square cross-section

‘ - =Striped beam - 2 stripes

~ ==Striped beam - 3 stripes
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Single Buckling vs. Striped Beam Principle

Probes with same force

- =Buckling beam - round cross-section Stripe length El. resistance Mech. stress

Q MP
- =Buckling beam - square cross-section (mm) 60 (mik) 500( a)

‘ - =Striped beam - 2 stripes 50 500

~ —=Striped beam - 3 stripes 40 400
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Lower el. resistance

same material Attention: Mech. stress
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Striped Beam Principle

Probe family with same length and force

-=Buckling beam - round cross-section 2 Stripes | 3 Stripes | 4 Stripes

_ ==2Stripes - probe width 50 um

Probe
- =3 Stripes - probe width 69 um

- =4 Stripes - probe width 85 um

Same length,
stripe length =3 mm sameforee

75 a Different pitches

Contact force [cN]

Probe thickness (um) T . o a Different resistances
same material
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Striped Beam Principle

Striped Beam Principle - Advantages

— High variety of designs possible

a Product family

of same force and length possible

— Short length

VVVVV

— High current

— Low force .
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Guide
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Striped Beam Principle

Striped Beam Principle - Advantages Guide

— High variety of designs possible
a Product family fith) | _ Spacer

of same force and length possible =
— Short length

— High current

— Low force -
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Design Requirements

Requirements for Probing on Micro Bumps o s |
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Qualification Test Results

Matthias
Schnaithmann

Contact force [cN]

Mechanical simulation

EOL-
Beam Beam
Gwde
Plate i
600 um
: i:;:::a"": (cleaning &
225 um | shimming)
| 4
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50 75 100 125 150
Overdrive [um]
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Qualification Test Results [N NG

Experiment vs. Simulation — Contact Force et i

RT
. (x10°TDs) | 55

[ Temperature |

Waferside Testerside  —

=—Simulation

—Experiment

Contact force (cN)

Good correlation

Experiment
Vs 25 50 75 100 125

Simulation Overdrive (um)

=
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Quialification Test Results
Experiment — CCC and Mechanical Reliability

[ Mech. Reliability } 3

(X106 TDS} 125

PF it B ] o s LI 4 = |=rar peaw=saae - ar-was Temperature
According to ISMI Guideline Measurement :!“C) }
Measurement @ 75 um OD on Rh @ RT @ 75 um OD

-—Room temperature

{tOn: 120 SW L0 6

tor 30 S J
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Preliminary Production Test Results

Test vehicle: Texas Instruments TPS63070
— 2-V to 16-V Buck-Boost converter with 3.6-A switch current

— Low pin count (23 pins)
Simplified Schematic
Probe Test Parameters

— ETS364 with 6.2” probe card
— UF3000 prober (300 mm wafers)
— Octal S|de (2x4 tlght matrlx)

VIN=20Vio 16V
&

D-Bﬂ!:l

— Different currents (up to 2 A could be applied) By
— Different temperatures (30 °C — 125 °C) 10ka

PSISYNC  PGND
S VALIX : INSTRUMENTS
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Preliminary Production Test Results

Tri-Temp results (Contact resistance per temperature and site)

Temperature:
@ 125°C

@ 85°C

30°C
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Temp. 125°C 85°C 30°C
Site 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Avg.[Q] 0198 0235 0264 0276 0296 0244 0219 0.182 0.209 0.224 0248 0261 0348 0229 0206 0.177 0.194 0231 0232 0237 0.317 0207 0.188  0.158
Std.[Q] 0016 0007 0006 0.006 0.018 0.006 0.006 0.005 0.012 0.012 0.005 0.004 0023 0.008 0.003 0.006 0.024 0.023 0.006 0.003 0.020 0.008 0.003  0.004
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Preliminary Production Test Results

BUMP deformation @ different temperatures

Impact Impact

Temperature:

0 & diameter diameter
Hos - s Large Bump | Small Bump
| 26 +/-1um 16 +/- 1 pm
| 29 +/-2 um 18 +/- 1 pm
i 31+/-3um 22 +/-2 um
85 °C T o
Worst case damaged
<100
125 °C & o bump surface <10%
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Striped Beam Principle

What is a Striped Beam?
Principles:
Common buckling beam

Striped beam

-,—— Upper guide plate

Probe

1 spring n springs

—— Lower guide plate
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Principles:
Common buckling beam

Striped Beam Principle

Comparison of Design Parameters

Material

C
B

Striped beam

Material

Cc Length of stripes

Shape of stripes {min)

" Number of Width of stripes
stripes 70 (um)

Length
mm)

Thickn. of stripes
(um)

r

Experiment vs. Simulation — Contact Force

Qualification Test Results

Waferside Testerside

—Simulation

—Experiment

Contact force (cN)

Good correlation

Experiment
VS,
Simulation

50 75 100 125
Overdrive (um)
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BUMP deformation @ different temperatures

Preliminary Production Test Results

Temperature: Impact Impact
= @ diameter diameter

30°C B Large Bump Small Bump

26 4/-1pm 16 +/-1pm

29 +/-2 pm 18 +/-1pum

o 314/-3 um 22 +/-2 pm

85°C ® .

Worst case damaged

%

125 °C ® o bump surface <10%
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EHT = 3.00 kV
WD = 34.5 mm

]
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FEINMETALL'’s Striped Beam technology

Signal A= SE1

41 11 P
St e W41_H1 1350 PP

Date :18 Oct 2013@
’

IS covered by patent and patent
applications
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Follow-On Work

Next Development Steps

— Probes for pads & 50um Pitch

a Probe family
with same length and force

— Probes for pads a 40um Pitch

— High current applications

Matthias
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