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1. Objectives

PACKAGING
RESEARCH
CENTER

* Modeling, design, fabrication and demonstration of low stress, high thermal
conductivity, low thermal resistance interfaces between device and Cu heat spreader in

glass embedded packages
* |Integration of thermal management solution into a MCM GaN PA/CMOS GPE package

with EMI shielding
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(mm?2K/W) 5-30 <2 spreader
Low temp, low pressure Material processing through
processing electrodeposition
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Thickness (um) 200-500 <100 heterogeneous structures b -
: L RDL, EMI shielding, and thermal
with long-term reliability ;
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2. Strategic Need

R

Electronic Systems are Becoming Thermally Limited \ /ﬁpanding Thermal Efficiency of Simple Thermal Manageme
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Figure 26. Calculated heat densities of GaN chip depending on Transistor Heat Flux [kW/cm?] ; . :
General Availability - Year output frequency under hard switching condition.
Guggenheim, 2017
Paredes, 2014 Fuller, Millet, 2011 Tong, 2011

/ Material Innovation for High Thermal Conductivity but Low Thermal Contact Resistance Interfaces to Handle Max Heat \
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Chen, etal. 2019 Chen, etal. 2017

Need for new class of passive substrate-integrated thermal management solutions
that will be able to handle increased heat densities of emerging power ICs

Industry Advisory Board (IAB . .
OIS o) Georgia Institute of Technology 4



Georgia Tech

PRC Confidential

3. Challenges

/ Minimizing Thermal Interfacial Resistance \
Stress vs. Thermal Conductivity: Tradeoff qr’
{
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* Metals, such as Cu, have excellent thermal conductivity but

suffer from higher CTE compared to Si/GaN/SiC/Glass *  Processing of exotic materials are high-temp (~800°C) and high
* Composite materials are being created to solve this challenge pressure (~“60MPa)
* Temperatures and pressures should ideally be compatible
\ with existing CMOS processes /
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/ Thermal Vias \ K Exposed Backside Heat Spreader \

Stress-Relieving . Epoxy
Buffer Coat GaNDie  Attach
Cu & J
Lead Frame
Overmold
Via Hole
Arra PCB
Mach , Muller, 2016 Y Zhang, 2016 ‘ Ta
Junction / Electroformed Heat Sink N\

ITAP

.ﬂ Reksa
Ambient
GaN Systems, 2016
Margomenos, 2014

Thermal solutions are being placed extremely close to the die surface to minimize thermal resistance
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5. Unique Approach

Rop = ol &) gy
M = gy T Ren Rer

Multi-chip module
glass

Substrate core IC (heat source) Substrate core Power Amplifier )
s E =~ (GaN/si/sic) EhOSchin
< -

| R, Sy 5 R ) W | composite

heat
Ultra-thin, seamless
interface with high k High bulk k Low stress: Chip, heat slug, EMI Shielding Glass Panel

through seed layer seed layer, glass Embedding
deposition and plating

Key Innovations:

* Near-zero thermal interface resistance between chip and heat spreader though sputtering of ultra-thin film,
conductive seed layer and electrodeposition processes

* Design of interface material properties and geometry for thermal and stress mitigation

* Integration into multi-chip GPE package with fine-line RDL, EMI shielding, and thermal decoupling using glass

Research Methodology:
4 N [ N N

Transient, multi-physics modeling and Design, demonstrate, and characterize material Integration of process in multi-chip,
design of interface to the chip (material for low stress, high thermal conductivity, low GPE module with fine-line RDL, EMI
properties and geometry) for low-stress thermal resistance interface between device shielding, and thermal decoupling

and high thermal conductivity and Cu heat spreader

\ N\ N\ J
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Aligned Electrodeposited Copper-Graphene Composites

Current source

Cathodic
co-clectrodeposition

Cu/(s compaosite coating
Pure copper substrate

# Graphene

@ Cu**

Copper-phosphorus plate Pure copper plate

@ ——_ (b

; ¢
Lin, Feng, et al. "Orientation control of graphene flakes by magnetic field: broad device applications of omT 150 mT 100 mT
macroscopically aligned graphene.” Advanced Materials 29.1 (2017): 1604453,

Exploring electrodeposition of magnetically-aligned Cu-graphene composites for high heat flux,
low-CTE, low-stress heat transfer material

Industry Advi Board (IAB : -
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Georgia | 5. Unique Approach (Cont.)
Tech \ \ Alignment Methods for Graphene Composites

Vacuum Filtration Method Unidirectional Freeze-Cast Method
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Vacuum Filtration and Spark Plasma Sintering

GNP GNP/Cu GNP/Cu pap-a-r
suspension suspension

Vacu um
infiltration

$hanere-:|
into ﬂakas

(b) Bulk V-GNP/Cu

GNP/Cu flakes
composites

ChuC, etal, 2018

» Aligned graphene composites utilize the properties of graphene to max potential

* These alignment methods are not practical for electronics packaging
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5. Unique Approach (Cont.)

Aligned Cu-Gr Composites

lighed Graphene enhances Cu CTE and Thermal Conductivit
/ Graphene Exhibits Negative CTE \ -
0 L Pure Cu
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« Graphene can be used to enhance the S
thermal conductivity of copper

* Graphene (negative CTE) can be used
to tailor the CTE within Cu-GR
composite

e Aligning graphene within composite is
critical to achieving theoretical values

Separately
600 aligned graphene

LB R D
R AR

500 4

400 |l A
368 W/mK

Pure Cu

In-plane thermal conductivity (W/mK)

12 vol% 20 vol% 35 vol%
Graphene volume fraction
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6. Results

PACKAGING

Thermal and Thermomechanical Modeling: Geometry AR

Geometry Considerations for Thermal and Thermomechanical Model

Glass Fan-out

(thermal isolation)
Dielectric / )
0.1 mm

Die

0.08mm
\ Heat Spreader 0.08 mmI

Image of chip embedded in cavity without dielectric layers:
Red bars denote locations of applied heat flux

0.000 0500 1.000 (e}
B B

0.250 0.750

Wireframe figure of entire package to be modeled

 Embedded chip within glass panel
* Forced convection applied on backside of panel; natural convection applied to
all other surfaces
* Coefficients can be varied to emulate different external heat exchange methods
* Heat input applied to gate approximations on the die: 14.4W
* This will be varied in the future to explore multiple scenarios
 Three case scenarios examined: no heat spreader, encapsulated die within
dielectric, and directly bonded copper heat spreader

Industry Advisory Board (IAB . .
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6. Results

8 8 PACKAGING
Thermal and Thermomechanical Modeling: G
Chip Encapsulated in Dielectric Backside of Chip Exposed to Air
C: Steady-State Thermal $Esn:2:fa’ij:“|“ U=t
Ternperature Typ:Temp t
Type: Temperature nit: °C
Unit: °C e 1
Tirne: 1 10/29/2019 316 PM
10/29/2019 3:33 PM 208.3 Max
187.57

204.66 Max 166,83

184,05 14609

163,44 12535

0284 i

12223 63,14

101,62 42403

21,01 21.665 Min

60.401

39.792

19.183 Min

Max Die Temp: 204.66°C Max Die Temp: 206.3°C

Direct-Bonded Cu Heat Spreader
G ey St herma e Direct-bonded Cu heat spreader has ~20 - 25°C
decrease in maximum die temperature over
other scenarios
* Glass package keeps the heat isolated and
localized within package — good for multi-chip
packages
e Packages will be modeled to understand
localized stresses

184.41 Max
165.97
147.53
129.09
110.66
92,219
73.782
55,345
36.907
18.47 Min

Max Die Temp: 184.64°C

Industry Advisory Board (IAB . .
Noverber 2019 HoEl Georgia Institute of Technology 12



Georgia Tech

PRC Confidential

Georgia
Te%h& 7. Schedule

—

2021
Q1 Q2

done 1 —=Thermal modeling

2 — Thermomechanical modeling

3 — Graphene alignment method

4 — Cu-graphene composite

5 — Characterization of Cu-Gr

Light blue: Material design
Dark blue: System design
Light Yellow: Current time window

Industry Advisory Board (IAB)
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8. Summary and Future Work

Summary

 Thermal analysis of glass-panel embedded package
* Proposal of magnetically aligned, electroplated Cu-Gr

composites for low-CTE, high thermal conductivity, low thermal
interface resistance

Future Work

 Thermomechanical analysis of glass-panel embedded package

 Demonstration of magnetically-aligned Cu-Gr composite
material

* Integration of Cu-Gr composite material into GPE test vehicle

e Characterization and reliability testing of composite material

Industry Advisory Board (IAB . .
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