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High quality metrology in the thermal interface material
(TIM) industry is necessary for research and assembly
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This work is mostly an update on cross sections for
Solder TIM coupon samples.
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Full stack metallization involve many layers.
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A ~7 fold higher thermal conductivity in solder TIMs
allows viability of larger bond line thicknesses.
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Flux was a requirement of the study and is roller

deposited.

A Metalized silicon piece, and Au-plated copper piece
are thoroughly cleaned.

A Flux is manually spread over the Si die surface.
L A controlled volume of flux is dispensed on the surface
using a micro-pipette (recommended 5mg/ i= ).
L A soft silicone rubber roller is used to spread out the
flux to cover the entire surface.

A Preform is picked and placed on the fluxed surface
of the die.

A Another layer of flux is deposited on top of the
preform.
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A Cu lid is placed on top to complete the sandwich
structure. j

A Samples are baked in box oven at 125° C for 60
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Example of Vacuum Reflow Profiles with Extended
Vacuum Time. _ _ _ _ _
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CSAM easily reveals difference between thicknesses.
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Initial Voiding
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20 mil: All samples are profoundly stable.
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Calculated Defect Percent (%)
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9 mil : All samples follow similar trend.
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4 mil: Study 1s young but showing clear trends

30
30 .
= Sample #1 |n A 4 m|| 30
le #1 i
== Sample # |n100 4 mil Sample #2 97793 Fe= Sample #1 In Ag 4 mil
Sample #2 90 10
=& Sample #3 25 | =€ Sample #3 Sample #2
27 = Samplc #4 = -l Sample #4 25 | =&~ Sample #3
;\? ample L = =l Sample #4
- — <
= = | -
£ 20- g 20 =
> = o 20
h ) =)
A = 3
e S 15 n
< 151 S —a 3
7} a 5 15 A
= E :
g £ —X |3
= 10 ‘_; 10 2
g 3 3 107
— o =
S O 3
5 .
5 54
O T T T T T T T T T O T T T T T T T T T
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 0 (') 5'0 1(')0 1;0 2(')0 250 3(')0 350 460
Number of Temperature Cycles Number of Temperature Cycles

Number of Temperature Cycles

0 Cycles J 198 Cycles 400 Cycles

0 Cycles § 198 Cycles | 400 Cycles 0 Cycles J| 198 Cycles J§ 400 Cycles

© 2026 Universal Instruments




Comparisons between thicknesses are straight
forward.
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Alloy level understanding requires cross sectioning.

30 4 |
== Sample #1
. % mn 225 um
Copper Lid S
g
=5
STIM L :
ayer :
3
S L4 l L4 D L4 0 200 400 600 800 1000 1200 1400
Number of Te Cycles
l lcOn le o umber o! mp(-nllurl: '\rf es
I :i:::: :1 INg7zAg; 9 mil
5] =& Sample #3
- sample #4

Calculated Defect Percent (%)
= w

(Ui 00 O] OO0 000 (L} 00
Numbh Toam o
30
== Sample #1
=@~ Sample #2 In 9 mil
25| == Sample 3 90AG10
- M- Sample #4
£
-
S 204
4
S
a2
z
& 15
=
2
L; 1
i =
S TS 7 i - ey o g [ oz, S <Y, 2 i RSN S i
L T e W e e L e A e S S WS R i ) e A e 5]
— = - . — . S — = 5
o
0 200 400 60D 800 1000 1200 1400

Number of Temperature Cycles

@?EA 2025 24th IEEE ITHERM Conference. Indium Solder TIM Stability under Temperature Cycling

© 2026 Universal Instruments




Particle embedment is primary challenge for cross -
sectioning indium -based STIM test coupons

A Cross-sectioning of In solder TIMs is challenging
A Indium is soft Y smearing & embedment of
Si/abrasive particles
A Conventional methods damage the solder
surface and cause artifacts

A Different grinding and polishing recipes, »
. . . I
Comb!nlng SlQpaper, ultrasonic path, and Eve ds/partlcles YPNE e
chemical etching (HNO3), were tried. from abras,ves Dlsplaced IMCs

o
i,

from mterface

A Alternative cross -sectioning & polishing
A abrasive -free, avoiding damage to solder TIMs
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Microtome Is an alternative method {Qfmume
cross-sectioning STIM test coupdas @38
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A Specimen moving speed (mm/s) | 4 |
. _ : _ . — | — :
A Kbnife feeding distance (nm) | Knife Sample Sample Knife |
| feeding moving retracting feeding |
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lon milling provides much more refinement.

InfAg 7 97/3 In 7 100
- : Voltage 2-3keV 2-3keV
i 7 Time 30 minutes 30 minutes
& - ‘*"“ \\\\ y Angle 80° 80°
A Etching time
A On for 1 minute, off for 1
minute
A Sheet includes accumulated
working time

A Angle is between the beam and
the sample surface
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Preparing parts for microtome sectioning

Cross-sectioning
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A Part cut into four pieces A Section of interest cut out
for different tests and potted in epoxy
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Due to restrictions on the microtome the silicon side iIs
ground away and not visualized.
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Earlier image shows time zero In 4,Ag; IS dominated by
small Agln intermetallic |slands

-
R In-Ag

oy |slands

A In/Ag 7 97/3 alloy preform, 508 LJm(20 mil)

A High quality of sections with no embedded particles

A Clear structures of an IMC layer near the Ni interlayer

A Significant IMC island areas scattered across the solder region
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New Images show Au -In IMC islands clustered near In -Ni
IMC layer.

Au-In IMC W Ag-In IMC
iIslands Islands

L d

det | 2/11/2026 | HV mag B } 10 um }
ETD  5:1554PM | 15.00kV 9000 x Axia ChemiSEM

det 2/11/2026 | HV mag H
ETD | 5:5220PM | 9.00kV | 3000 x Axia ChemiSEM

Ainf/Agz97/ 3 all oy preform, 508 LI

AIMC islands of Au-In and Ag-In
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InfAg 7 97/3 alloy z Time Zero

det 2/11/2026 | HV mag B
ETD 6:0414PM  9.00kV 3000 x

det 2/11/2026 = HV mag @ 5 i
ETD  604:14PM  9.00kV 3000 x Axia ChemiSEM Ag-L -

AnAG Z __ g . i
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InfAg 7z 97/3 alloy z Time Zero
AAgIn2
AP5, P8, P10

A IMC islands: size range from submicron
to ~5 mMm

AAuin,

AP2, IMC island: ~4 nm
A A small amount of Au in Ni -In IMC layer

ANi-In

ANiInzor Ni ,gln-, S
B Atomic %
Element | Point 1 ' Point 2 | Point 3 |Point4 |Point5 |Point6 |Point7 |Point8 |Point9 |Point 10
Ni 29.6 0.0 32.7 33.2 0.0 24.1 24.9 0.0 30.0 0.0
In 67.0 72.1 64.3 63.9 67.2 75.9 71.6 75.8 66.8 68.2
Au 3.4 27.9 3.0 2.9 0.0 0.0 3.5 0.0 3.2 0.0
L, Ag 00 | 00 |, 0.0 0.0 32.8 0.0 0.0 24.2 0.0 N Ag
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1000 cycles. Newer images reveal thicker IMC and gold
Islands mainly near surface.
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ETD | 526:14PM  15.00kV = 3000 x Axia ChemiSEM % ETD | 7:22:46PM | 15.00kV | 9000 x Axia ChemiSEM

Anf/Agz97/ 3 all oy preform, 508 LI

AIMC islands of Au -In and Ag-In
Alon mill for 30 minutes
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Newer images reveal thicker IMC and gold islands mainly
near surface.

det 1/21/2026 | HV
ETD 5:39:45 PM | 8.00 kV Axia ChemiSEM

Pt~

det 1/21/2026 = HV
ETD  5:39:45PM  8.00kV 3000 x Axia ChemiSEM

Ainf/Agz97/ 3 all oy preform,
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1500 cycles: Earlier result at IMC did not reveal gold
Islands

An/Agz97/ 3 a oy pr ef or ,
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1500 Cycles: Gold islands are found.
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