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Data Center Thermal
Management Challenges
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Data Center Packaging Trends

Large Body Die (BD)

» Increasing yearly with multi-dies and » Decreasing node size with increasing
dense interconnection . power density
Data Center Package BD Size Semiconductor Device Power Density
140 m Average power density  ®Max power density
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Data Center Power Flow and Cooling Systems

Power In ) Power Out (Heat) & Cooling (Cost)

Power Management Thermal Management
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Package Thermal Resistance — Cooling Systems Trends

» Package thermal resistance becomes an important factor in high-power package with
advanced cooling systems — TIM | is critical

Aired Cooled Systems Advanced Cooled Systems (Liquid Cooling)

18% 41%

Pkg Thermal Resistance Die &Lid Pkg Thermal Resistance

6%

Heatsink
Heatsink 38%
58%

TIM Il System

9% 12%

Some heat flows to PCB : . " Most of the heat flows to package top
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TIM (Thermal Interfacial
Material) for Packaging
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TIMs Comparison for TIM |

» Limited thermal conductivity and assembly contact thermal resistance values of polymer
TIMs are challengeable with high-power large die packages

» Interfacial thermal contact resistance is critical for high-power package thermal dissipation
> Graphite film has a higher interfacial thermal resistance of packaging
> Sintered Ag paste has a higher modulus, which limits its reliability performance

Polymer TIM Polymer TIM Graphite Film Sintered Ag (Ag) Indium Alloy TIM
k <5W/mK k <10 W/mK k>10W/mK k > 25 W/mK k > 60 W/mK

, » Widely used » Better thermal » Good stability in "B CRgEesSES » Excellent O,
Benefits , polymer TIM :
» Cost effective performance accelerated tests > Better © » Large dies OK
JC

» High contact R » High contact R o » BSM required
Gl » BLT quality with large dies » Not lower O, > Nener el » High cost

k : TIM1 bulk thermal conductivity
A : Die area
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Indium-Silver Alloy TIM Performance: Junction Temp (Tj)

» With a higher input power, In Ag alloy TIM showed a much lower Tj relatively
> Providing a high thermal bulk conductivity and low interfacial thermal resistance in the package
> Expecting 2x longer semiconductor lifetime

Junction Temperature
Measured at Die Center

\80.9

100 93.2

Thermocouple Circulated 90
Gooling Water

m"lllﬂ‘

Heat Flow

Cold Plate Apparatus

T (°C)
(&)
o

75 AR— ,.
Rriv1 = T A +iRcontact i 20

k:TIM 1 bulk thermal conductivity 10
A: Die area 0

Polymer Indium Alloy
=120 W 400 W
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TIM | Solution for Various Applications

» Amkor provides various TIM solutions according to power consumption
» Indium-Silver alloy TIM offers the highest thermal conductivity
» As a result, Indium-Silver alloy TIM is used in HPC, Al and network applications

TC <5 W/mK TC <10 W/mK TC <15 W/mK TC <25 W/mK TC >70 W/mK

Polymer TIM High-k Polymer Graphite Film Sintered Ag Solid Metal
L ow Power Mid-range Power Mid-range Power Mid-range Power
<0.25 W/mm?2 <0.35 W/mm?2 <0.45 W/mm? <0.45 W/mm?

High Power

>0.45 W/mm?2
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Indium-Silver Alloy TIM
In Assembly
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Thermal Tensile Stress Simulation for In Ag Alloy TIM

» Thinner Indium-Silver alloy TIM BLT shows a higher tensile stress relativity
» Larger BD also shows a higher tensile stress

Variable: TIM BLT After Lid | Tensile Stress at RT After Variable: BD Size After Lid
Attachment Lid Attachment Attachment
T 0.006 < 005
2 Deformation @Room temperature =3
£ 0.005 2 0.04
A 0w
& 0.004 8 0.03
ﬁ 0.003 =
@ 0.002 % 0.02
& 0 . 00 l Stress concentrated point E) 0 . O 1
O LID bortom sideﬂel’nnnaﬁnn@RT O
: | | |
BD Size | 52.5BD | 52.5BD | 52.5BD BD Size I 35 BD I 52.5 BD I 70 BD
T | | | . | | |
Die Size | 15x15 |, 15x15 | 15x15 P Die Size | 15x15 | 15x15 |, 15x15
T T T N | | |
TIM
| | | | | |
Thickness I 110 pm I 150 pm I 200 pm Substrate | 6L Sub | 6L Sub | 6L Sub
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Indium-Silver Alloy TIM for Semiconductor Packages

» Higher thermal bulk conductivity (k)
> Pure Indium and In3Ag In Ag alloy TIMs have a lower liquidus temperature, making them suitable

for FCBGA board assembly

» Lower thermal contact resistance at the interfacial layers relatively
» IN10Ag and In7Ag are suitable for FCBGA applications that require multiple reflows

Atomic Percent Indium

0 20 40 60 80 100
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800 |

600 |

400

Temperature °C

200 |

——

0 20 40 60 80 100

Weight Percent Indium

BLT
TM1= oA + Reontact

Ic:TIM 1 bulk thermal conductivity
A:Die area

56w w0z
386 1200 1330 1364
7 1e 19 22

Thermal

Source: Indium Co. February 2024
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Experimental Data: Pre-Conditioning & TCK 1500x Data

» Stress induced micro-voids appeared at the die corners, where tensile stress
concentration is higher

> In10Ag exhibited TIM BLT degradation due to stress-induced micro-voids

g In7Ag dld not ShOW degradation « TCK 1500)( --
In10Ag In7Ag
Coverage

96.4% 99.0%
Max. 99.3% 99.7%
98.6% 99.5%

Post TCK 1500X

Group 1 Group 2 Group 1 Group 2
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Heterogeneous Integrated Packages: HDFO/Bridges

» Reliable interconnections and efficient thermal dissipation methods are needed

HDFO
SWIFT® 3D CoW Hybrid Cu-Cu
Molded FCBGA | | . )
! ' Integrated Silicon Photonics
. —
(@) Pathflndlng z {;{:{‘-ﬁ?‘_ﬁjyﬁ;*
Development £ Development
=
Stacked Substrates g
5 S-Connect/Chiplet
— (m) '"'—;“_':‘;t: """""""" H DFO +
™ ' Bridges
Sl Development
Ext DRAM

MCM FCBGA 2.5D TSV/S-SWIFT
T
B | A HDFO
Production/Qualification
SWIFT®
Productlon Qualified
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HDFO (SWIFT®) fcLBGA Indium-Silver Alloy TIM

» Heterogeneous integrated HDFO module applied to lidded FCBGA
> TIM: In7Ag

> TIM BLT: 200 pm

> TIM coverage criteria: >90% at EOL
» > 98% at EOL
» > 94% at MSL4 + TC condition K 1000x

Vertical view after metal TIM lid attach TIM coverage at EOL
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Indium-Silver Alloy TIM
Thermal Performance Study
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O, and Junction Temperature Measurement

» Indium-Silver alloy TIM’s performance was evaluated using 60 x 60 mm lidded FCBGA
TTV with water cooling systems: Input power at 400 W

60 BD on Board

|
-------- 3
| | ||
9 10| 11 | 12
" "4 - 17. 18.
Yl
N [ K
f’. .22. 23. 24-
G N>, 2% %@ .3.01‘
TTV Information e w2 e | Vel 36.1:
Package Type fcLBGA ature M Inner sensor {0 measure
th ter t t
TIM Type Metal TIM e center iemperature
Package Size 60 x 60 mm . Evaluation Location
Die Size 25 x 25 x 0.55 mm Of Center
. . . 4 Corners: #1, #6, #31, #36
Lid Thickness 2.0 mm
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Side View of Water-Cooling System

K-type
thermocouple

Water-cooled
cold plate

—e —p T|M2

Tc

T et —— s e e

Thermal test board

= (T]_TC)
JC = Power
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Indium-Silver Alloy TIM Performance After Reliability Tests

» Center: No degradation performance after TCK and HTS T2000
» Corner: Degradation after TCK, but not after HTS

- ©,c. measurement result (Read out: every 500 cycles/hours)

Center Corner
1.6 20 :
1.49 I
o No Degradation No Degradation Q '8 Degradation ' No Degradation
Q5 10 Q 15 1.19 |
S (baseline) 099 097 Eﬂ ® 14 10 | 109
N 1.0 — &+ _ -5 = -
T E R I—I ) s 1.2“335&""&-)1 ok 099 097 097
€ 0s -
S 099 098 008 S 10 1 1T _E E
Z 06 < 08
04 0.6
500 1000 2000 500 1000 2000 500 1000 2000 500 1000 2000
EOL cycles | cycles | cycles hours hours hours EOL cycles | cycles | cycles hours hours hours
0 0
e TCK HTS135°C i TCK HTS135°C
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Indium-Silver Alloy TIM Coverage After TCK Test

» TIM coverage is higher than 90% of die size after board level TCK test

> Center: Small voids disappeared

> Corner: Delamination at die back side

- ©,c result

. Center

Normalized ©
o o - -

4
2] 10 Degradation

ine)} —I—I

No

099 098 098

EOL
(T0)

500 1000 2000
cycles cycles cycles
TCK

20 Corner

Normalized ©
(=2 g
I
et ©

¢ ¥ Degradation E
1.6

1.09
|nE)I B

1.49

1.19

EOL
(T0)

Rel. TCK Rel. TCK 2000 cycles
Cycle 0 cycle 2000 cycles
SALI
Mode
(A Layer)
SAT image
C-SCAN
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Mode
(B Layer)
Coverage% 97%

92%
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Junction Temperature After TCK

» Die corner temperature after TCK 2K cycles is higher than EOL
> But corner temperature is still lower than center hot spot

» Die center temperature after TCK 2K cycles shows no difference

-
PasLS

Die_temp. map at EOL Qi__jgmp. map at TCK 2k cycles __
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Indium-Silver Alloy TIM Heat Flow Mechanism

SEM Images Heat Flow Mechanism
HTS
SEM image SEM image
Rel. (Center) (Corner) \n ‘
TCK
‘Delaminaion
In-Cu IMC
L
HTS |
135°C
» TCK — Delamination at die back side » Delamination can block heat dissipation path
» HTS — Kirkendall void in IMC layer » Heat can flow around voids

Qm.!.f%';@ 00613 © 2025 Amkor Technology, Inc. 22



IMAPS 2025 Device Packaging Conference | Phoenix, AZ

Indium-Silver Alloy TIM Thermal Simulation: Setup

> Boundary condition Detail Simulation Modeling _ water-cooled cold plate
> Water-cooled cold plate 4 -
> Power: 400W et
> Ambient temperature: 23°C

» Simulation shows good correlation of more than 95% with the experimental test data

60 BD FCBGATTV ¥~ JEDEC board

H H H T H Sensor configuration
Simulation Validation with iRl Temperature Contour of TTV on Board
2 "7 " o | o0 o
Experimental Data e A
' (o frj-_iiﬂ
B Experimetal data 4 Simulation data o | e
RIFAFIEEEY
Q'_ 1.2 emperature B Inner sensor (o measure
semsor  the center temperature
E 11 Temperature [C]
@
Hoo [T [ T 111 1.000
3 o9 [ 1] = » ¢ ¥ ll! !0915
N os [ ]} e [ ] oy | 2 ] !!! i
© © e ¥ ¥ 'y T 0.831
£ o7 B [ T 2 0.746
—_
O 06 -
Z s 0.662
N T R T e e R R R R R R R 3909
ooooooooo EEEEEEEEEET CELECEPTECEERESEcEEE 0.577
BEE2B222 30000550325 0223233533383%383223%3 595839
S EE eSS RERERRE R0 8RR Buloly 0.493
cf)cf)wwwmwwmwwwwwmmwmwwwwwwwmm%%%% .
5553 0.408
Junction temperature sensor# 0.324
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Indium-Silver Alloy TIM Thermal Simulation: Results

» Large delamination shows 10~40% increase in junction temp
» Partial and small delamination shows max 3% increase in junction temp

-10% Delamination Scenarios

10% Delamination Area
at Die Center

10% Delamination Area
at Die Peripheral

1.34 1.39 101 1

2

ST

- T 1l_
50

Die Center Die Corner Die Center Die Corner

Die
outline

Normalized die

mLid Side mDie Side

-10% Partial Delamlnatlon Scenarios

1.01 1.02 1 1 1.01 1.01 1.02 1.03

1
a
90

Die Center Die Corner Die Center Die Corner

Normalized die

uLid Side mDie Side
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A Die center Die peripheral
. . i, delamination delamination
\-,o e | Temperature [C]
» 1.000
y . -
B . . 0.907
Die back side view 0850

0.813
0.766
0.720
0.673
0.626

Die peripheral
artial delamination

.  Diecenterpartial

. delamination

Die back side view
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Summary and Conclusion
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Summary

» Semiconductor IC power densities are increasing yearly
> Requiring a high thermal dissipation of package; low O,

» It's crucial to use a low thermal resistance package with
an advanced cooling system in data centers; TIM is key
for reducing O,

» Indium-Silver alloy TIM is an effective thermal solution for
large body lidded FCBGA products in data centers

> Higher thermal bulk conductivity
> Lower interfacial thermal contact resistance of package

> Demonstrates stable assembly, preconditioning (multiple
reflows) and TC condition K results; suitable for FCBGA

» Stable Tj and thermal performance with Indium-Silver
Alloy TIM are expected after BLR tests, except for a big
defect at die center

G mior 0617
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Conclusion

» Indium-Silver alloy TIM as TIM | can relatively
double the lifetime of semiconductor devices

» Large BD heterogeneous integrated HDFO fcLBGA
with Indium-Silver alloy TIM shows good TIM
coverage under assembly, preconditioning and
thermal cycling condition K
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