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Worthless Thermal Simulation?
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Product Develop Route

System Design (ME, Placement) .

—" e S S e s e e S S S

Testing

Failed results
(architecture)

— — — — — S— — — — — —

i

Independent design route
(Long lead time)

=5 - — Wrong results (inputs, BCs)
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Which is more important?

% ldeal % Real
No GRR concern - P-Q
Visualization TIM
Power consumption
Bypass flow
v Cheap ¢ Quick
«  Mockup cost Numerical Physical « Push start
Experienced Simulation Testing Technician
CFDer Thermal resistance

Software

« Solve thermal issue is the most important
« Ability to provide solution quickly and exactly
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Radiation Performnce Check

*/ ’Bottom
Heater Heater

Top heater Table Top Heater I|3_|ottom
29.1°C temperature eater

FT@25°C 29.1 28.7

XT@25°C 344 40.6

‘ Test 30.9 38.7

/ Ambient 241 23.9

. Bottom heater
Test @25°C 31.8 39.8
FIoTHERM 12.2 FIOTHERM XT 3.3
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How Heat Generated?

« How to calculate the real heat dissipation?
- Joule's Law: P=V - |
- Waste heat: Q,,..=Q;-Qut

Input Voltage 14 Volt
Efficiency 90 %
Input Current 0.560 Ampere
Car Battery Power Z8333 Wt BUE Battery
Aax. 3A
5y 5V
RTQ2106 141 A oA
0.7833 W(PD)
5V
Lvlax. 3A I I vl«
By 38V MPU AMP 5V e
RTQ2516G5P-OT 0745 A RFFTO1SB13AFPC 005 A NJUTOBS 06 A 5rB02 0015 A
0.894 WI(PD) y 05 W
3.8V
V33=33V
VLNA=4.6Y VMCVD=4.8V VCODEC=3.5V
Relay LTE Modulz RF Switch GNES MIC Module CODEC
FTR-B4GA003Z MAD MNIG1B12ZME4 Antennalexternal) (external) AK4940
0.06 A 0684 A 0.001 A 0.005 A 0.005 A 0.005 A
25992 W
Max. 300mA
V18=18V

| sumcrrinmope | Power Flow Chart
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Tra d itio na I C F D F I OW Ch a rt COMPRESSING THE THERMAL DESIGN PROCESS

£

Exported Clean
CAD Geometry

| Native CAD
MDA Design Flow _).—'

oMty Ashj‘:)?glle l?oonudl:;jiir:s Pr:g:;sing G':ﬁg:;:ion
Foresight
Insight
Optimize
EDA Design Flow
Constant heat flux=>
Constant temperature
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Thermal Boundary Conditions

1. Constant surface temperature

10.n =T,

2.  Constant surface heat flux
(a) Finite heat flux

T

k Jx =0 — I?.i

(b) Adiabatic or insulated surface

T
ax x=0

3. Convection surface condition

T

—k—|—o=h[T.—T(0,0)]

ax
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T
(2.31) T(x, 1)
F—x
(ES”_" -
(2.32) . Tix, 1)
—x
(2.33) Tix, 1)
—=x
T(D,L 0
234) oo

T, h

T T T I—FX\\ Tix, 1)

"‘ ‘t "‘ ‘t._____.- Heat Sink

- I I I ] I # Component dissipating heat

= =
] ] ]

— Heat Transfer by Conduction

ﬂ Heat Transfer by Convection and Radiation

PCB

Given total heat, calculate
temperature

Known temperature, calculate
the heat dissipation




Scenario 1

Constant T,

9
Qi
Constant K

Constant T,

 Fourier's law

L

L —T;

Q1-2 = KA
Q = —KAVT

Ex:
Thermal PAD
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Scenario 2

Constant T,

Constant T,

Q,,=?

Constant T,

Constant K

Q1-2 =Qout

Ex:
PCB, IC Package (Network, Detail model)
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Example

95000
89815
84630
79445
74260
59.075
53590
58705
53520

Solid Tempeargture ("C}

N

#1 Ul U2 U3
Tecase 85 70 70
Power |15.2165]0.09911 | 0.13282

#2 Ul U2 U3
Tease 95 65 65
Power |20.4081 | -1.283 | -1.3956
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435428
BO526
83624
77722
71818
55917
B0.015
54113
4821

Solid Tempe

#3 Ul U2 U3
Tcase 95 65 65
Power 135 0.5 0.5
Rjc (K/W) 0.1 5.6 5.6
Rjb (K/W) 20 12.6 12.6
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PCB Layer

Modeling Level

Modeling Level |Detailed

Thermal Conductivity Calculation

Calculation Type | Empirical

Material

Type  Laver Definition

| Layer Definition

Layers Signal_1

|5igna|_1

Conductor Material |'SOpper
Dielectric Material | FR4

Summary

Axial Conductivity | 24436 Wi K)

In Plane Conductivity 144 80 Wiim K
Effective Density | 7408.0 kg/m"3
Effective Specific Heat [401.36 Tikz K}

Conducting Layers &
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=] Layer Thiclkness % Cover Conductor Diielectrc
o |Signal 1 0017 mm a0 Copper FR4
& |Dielectdc_2 445918 Oz 1 Copper FR4
— |Power 3 [ 0034 mm (o0 | Copper | FR4
= |Dielectdc_4 445918 Oz 1 Copper FR4
= |Signal 5 0017 mm a0 Copper FR4
= Dieleotsic_f 445015 Oz 1 Copper FRA
= |signal 7 0017 mm 80 Copper FR4
& Dielectic 8 445915 Oz 1 Copper FR4
= _Pu&er_g ) 1 0z ap Copper FR4
= |Dielectdc_10 448018 Oz 1 Copper FR4
o |Signal 11 | |50z 20 Coprer FR4
LUUL

PCB Thermal Modeling with
Empirical Thermal
Conductivity Methods

WHITE PAPER




Material Impact

PCB Kx=Ky=111W/mK PCB Kx=Ky=20W/mK
Kz=0.468W/mK Kz=5W/mK

« |IC temperature lower than PCB =» IC become heatsink
« Surface data inspector value is negative
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Sink Temperature

96104 -

92.690
89276
80 862
52448
79.034
75620
72206
63792

—

©Askey Computer Corp. - CONFIDENTIAL

93.4°C/
Tested
95.9°C

95.2°C/
Tested
95.39°C

72.56°C/
Tested
73°C
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Chassis Temperature

72674
67331
61987
56643
21299
45955
40611
35267
29923

55.81°C

NN O
S m
NN < N | O
NN |Igt| | AN
—~

4

Ll olg| E
=10 o o
ol | 7| &
T

51.6°C
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Import EDA Data

Layer Details

Mame

Thickness

Dielectric Material
Conducting Material
% Cover
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dielectic_1
4.72 mil
FR4

3.26352

i

Layer Details

MName

Thickness

Dielectric Material
Conducting Material
% Cover

11-top-
1.65 mil
FR4
Copper
7962568
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FIOEDA

= Currently the copper from imported

boards is modelled as:

— Compact board — single block with in plane
and through plane conductivity.

— Detailed board — individual layers with
copper “smeared” over whole board.

— Thermal Territory — explicit copper in
component footprint.

— Explicit copper nets — whole electrical net
modelled in detalil.
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Modeling Level -~
Modeling Level | Compact ~|
Thermal Conductivity Calculation ~
Calculation Type | dnalytical ~|
94213
88818 Material ~
83622 . = Type |Layer Definition |
78326 | —
73030 i / |Layﬂ' Definition » |
g; zgg Conductor Material | Capper <[]
57142 Dielectric Material | FR4 <[]
51846
Solid Temperature (*C) Summary ~
- Axial Conductivity | 15.550 Wiin K)
Modeling Level ~
Modeling Level | Detailed v In Plane Conductivity | 51282 Wim X}
Thermal Conductivity Calculation A Effective Density |23384 kgfm"3
Catadstion Type Al = Efiective Specic Heat |385.97 HikgK)
Material - Conducting Layers |6
Type Layer Definition v
[Layer Definition « I.ayer Definition
Layers [L-top- R
| Carate Layer Stacknp
Conductor Material | Coppez S 8 Lager Theless % Cower Conducor Diskectie ~ ~
Dietectrc Miateriat [0 g = [11-top- | 165 mil | 7962568 || Coper v [FRa v
= [dislctic 1 | 472mil ] || Copper v [me V]
LD o [Bet | 13w | 317343 | [Coper  ~| [FR4 -]
Axial Conductivity | 318.84 Wi(m K) - |mhmj ‘ ‘45 il ‘ \326352 ‘ \Ccmper N ‘ \FRa = ‘
In Plane Conductivity 31884 Wim K} = [Bowe- | (085 mil | [se11298 | [ Copper v [FRa -]
Etfective Density | 75790 ke’ = [dielectic_3 | |22 mil | [326352 || Copper ~| [FRa ~]
Effective Specific Heat 40172 Ikg K) < 5

Conducting Layers |6 |

Grid Number CPU Time

Detail Model 574,107 30min18s

Compact
Model

552,679 25min13s
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Q&A
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Thank you!
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ENASKEY

Manufacturing Experiences.
Since 1989.





