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Goals and Objectives

4 Study of using Vapor Chamber (VC) for thermal
management of sub-THz RF Modules through modeling

d VC, similar to a flat heat pipe but different form factor, is a 2-
phase cooling solution which transfers the heat through the
phase change of liquid into vapor (evaporator) and back
from vapor to liquid (condenser).

1 Working principle of heat pipe and VC
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Background Details

d Use of Fan-Out Panel Level Packaging (FOPLP) for sub-
THz RF Modules

) _ Antenna
CPW-Microstrip-SIW

Cu Stud P Passives

Bumps — > W 1'_ Low Dk/Df Polymer — ———
RV 05§  Glass

Vapor Chamber

Vdd/Gnd/Signal
Cold Plate

O PAbased on lll-V has ~25% Efficiency
a PAheat flux 100W/cm?— 200W/cm?
O VC proposed for thermal management
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Focus of this presentation

Embedded Antenna Array
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Technical Approach

1 Conduction-based model of VC

- .. |
O Isotropic approach which treats the whole | | Gesssibsste w\”
VC as a rectangular plate having an

isotropic conductivity (k, = k, = k, = k¢); o0 1-array

module

Metal Carrier

Cold Plate

Solder Paste

O Orthotropic approach in which the effective
thermal conductivity is assumedto be
composed of two components: the
straightforward conductivity (k) and the
lateral conductivity (k). In this approach,
k, = ks and k, =k, = k.

Q In this study, the VC was modeled with

orthotropic approach in ANSYS |
Workbench using Steady State Thermal sarray -
Module. module
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Technical Approach (Cont.)
d Model Inputs

Heat source size (PA module) = 10mm*10mm

Heat flux of PA module = 100 W/cm? & 200 W/cm?

Heat transfer coefficient of the cold plate (1mm thick) = 1500 [W/m?.k]
Assumed values for thermal conductivities of VC: k, = k, = 1500 [W/m.k] and
k, =300 [W/m.K]

Assumed maximum junction temperature of PAs (Tj,,) = 100 °C

Ambient temperature =22 °C

Typical range of the VC thicknessis 1mm-1.5mm. Here, it is set to 1Tmm.
The parametric analysis was conducted on dimensions of VC to keep Ty
smallerthan 100 °C

Cu-Gr Metal
Composite Carrier
Tin

coo0d 0000

. Resin -
Material Epoxy Silicon Glass Copper Copper
Isotropic Thermal Conductivity 015 148 1.4 400 64 400

(W/m .K)
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Preliminary Results

PACKAGING

Q Simulation results (Heat flux = 100 W/cm?) R

* To keep Tjmax smallerthan 100 °C, both length and width of VC should be
larger than 35.5 mm which give T, equal to 100.15 °C.

A Tow [C]  Sensitivity analysis results show that
’ o Timax _is more sensitive to VC width
20 than its length.
3 | 20 =
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100 \: _
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Preliminary Results (cont.)

PACKAGING

Q Simulation results (Heat flux = 200 W/cm?) R

« After optimization, the length and width of VC are determinedas 158.87

mm and 156.96 mm which gives Tj,x equal to 72.402 °C.
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Preliminary Results (cont.)
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4 Simulation results for 1 array

0 Glass panel size: 50mm*30mm*100um
Q VC Size: 35mm*30mm*1mm
Q Heat flux of PA= 100 W/cm?& 200 W/cm?

A: Steady-State Thermal A: Steady-5tate Thermal

Ternperature 1 00 chm 2 Temperature 200 chm2

Type: T i
Type: Temperature U):\Jte .Cempera ure

Unit: °C Tirrie: 1

Tire: 1 8/5/2010 1115 PM

8/9/20191:00 PM

203.51 Max

112.76 Max 194,80
108.45 186.27
104.14 177,65
99,327 169,03
95,517 16042
91,208 1518
86,208 T
82,503 133
70,278 125.94 Min
72.969 Min

A: Steady-State Thermal
Temperature 2
Type: Temperature

A: Steady-State Thermal
Termperature 2

Type: Temperature Unit: °C
Unit: °C Time: 1
Tirne: 1 8/9/20131:17 P
8972019 1:13 PM
203.48 Max
112.74 Max 100,38
11069 105.28
108,64 19117 [Min 3
10659 187.07
104.54 m 182,97
. : a2
10249 m 178.87
10044
174,77
98,386 170,67
g 166.57 Min
094,285 Min
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4 Simulation results for 1 array

0 Glass panel size: 80mm*50mm*100um
Q VC Size: 50mm*50mm*1Tmm
Q Heat flux of PA= 100 W/cm?& 200 W/cm?

A: Steady-State Thermal
A: Steady-State Thermal ¥
Ternperature 100 W/cm?2 JmpCrT: 200 W/cm?2
Type: Temperature Type: Temperature
Unit: °C Unit: *C
Time: 1 Titme: 1
8792019 12:43 PM 8/9/201912:45 PM
90,955 Max 159.91 Max
85.051 1481
70,146 13620
f.ede 12448
£7.338 112.68
=
' 89,058
45623 77240
43.72 '
37.816 Min B
53.632 Min
S:AS:;:?_S[ME Thermal A: Steady-State Thermal
Type: Temperature PAtemp
Unit: °C 'Urypte:;(l':emperature
Tirme: 1 it
8/9/201812:44 Ph Time: 1
8/0/201912:46 PM
00.84 Max
88453 159.68 Max
86.066 134.91
83,679 13013
oz o &
76513 EED- o min 2
' 135.81
a3 13.04 m
1,744
) 126.26
69.357 Min 131,40
116.71 Min
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« Goal is to use rigorous thermal modeling to design, fabricate and &

characterize the vapor chamber over the next two years by 2021.

2019 2020 2021
Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3

1- Estimation of VC dimensions
through simulations

2- Wick materials, selection of
working fluids and wick fabrication

demonstration
3- First VC prototype fabrication, :j
assembly and charging

4- First VC prototype parametric
thermal evaluation

5- Wick design/manufacturing
refinement through detailed VC
modeling

6- Second generation VC prototype —H
fabrication, assembly and testing

7- Integration of VC with sub-THz RF —
module

8- Thermal performance evaluation :]

with sub-THz RF module
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Summary

1 Effectiveness of VC for thermal management of 6G module was proved
through the simulation results in ANSYS Workbench.

O Finding the right dimensions of VC considering the size and heat flux of the
heat source along with the liquid convection from cold plate can lead to an
efficient thermal managementsolution for future 6G module.

Q For the heat flux of 100 W/cm?, the parametric study showed that both
length and width of VC should be larger than 35.5 mm to keep the PA
junction temperature below 100 °C.

A Using optimization approaches, for the heat flux of 200 W/cm?, the length
and width of VC are determined as 158.87 mm and 156.96 mm to keep the

PA junction temperature below 100 °C.
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