FROM HEAT TO NOISE: THE HIDDEN
MPACT OF THERMAL DESIGN

Louis Van Lommel & Raf Vleugels
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Thermal Management:

Gap Filling Solutions

WE-TGF Thermal Gap Filler Pad = WE-TINS Thermally Conductive Insulator Pad
WE-TTT Thermal Transfer Tape = WE-PCM Thermal Phase Changing Material

Hybrid Solutions

WE-TGFG Graphite Foam Gasket

Heat Spreading Solutions
WE-TGS Graphite Sheet

Heat Sinks 1

WE-HTO Heatsink for TO220/247
WE-HTOI Heatsink for T0220/247 with Integrated Interface Material = + 3 more
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Introduction - Strategies

Heating Element

Thermal Management

Solutions

= One hot component

= Multiple hot components
= Back side of a PCB

= Processing units

= Transistors, IGBTs

= Memory ICs

= Battery cells
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Today’s Demo:
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Thermal Resistance of TGF

Thermal Resistance of TGF

- 1 0,002m 2 0s X
th-TIM=> A = &, Voo
A g W 0,031+ 0,031) w

m - K
1 0,005m K
Rin-TiM = A = W =520—

1——-(0.031%0,031)

PE film

* | = Material thickness of TIM[m]

« A = Contact surface area of TIM[m?]

Silcone with ceramic particles
.. - w
* A = Thermal conductivity coef ficient of TIM [ﬁ]
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Thermal Demo PCB - Maximum component temperature

* Case 2: passive heatsink with TGF

TW/mK 2mm
— 2,08K/W * 7W + 46 °C = 60,5°C
PLoss = 7W
R = 2,08 K
I—* 3K/W * 7W + 25°C = 46°C
K
Rip_sqa =3 W

Ambient Temp. 25°C

k3
=
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Thermal Demo PCB - Maximum component temperature

* Case 2: passive heatsink with TGF

TW/mK 5mm

— 5,20K/W * 7W + 46 °C = 82,4°C

P 7W

Loss =

K
Ry — =5,20—

— 3K/W * 7W + 25°C = 46°C

K
Rip_sq = 3V_V

K3
T

Ambient Temp. 25°C
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Thermal Demo PCB - Measurement

T°C Component T°C Heatsink

Calculation Measurement Calculation Measurement

TS 60,5 66 46 62
2mm

U 82.4 84 46 60
5mm
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EMC Aspects - Thermal interface is not only a thermal path, but also electrical coupling path.

polarities

Silicone WE-TGF Smm k =3 l?licnne WE-TGF Smm k=1 Silicone WE-TGF 2mm k=1\\ Hybrid WE-TGFG Smm
Permittivity 13 Permittivity 78 Permittivity 78 Permittivity
8,B5E-12 8,B5E-12 885E-12 B885E-12

A 0,0004 m* A 0,0004 m* A 0,0004 m* A 0,0004 m*

d 0,004 m d 0,004 m d 00076 m d 0,004 m
Calculated T 1,15E-11 11,51 pFjCalculated C 690E-12 690 pF|Calculated C 1,73E-11 17,26 pF|Calculated C pF
Measured C 11,4 pf \Meagured C 1,5 pF|Measured C 13,5 pF) Measured C 81 pF

N e
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; A
= C ¥}k —
%4

C - Capacitance [F]
A - plate area [m]

d - plate distance [m]
er — relative permittivity TIM

£0 —absolute permittivity : 8,85 x 10712

A
€ * & *

As

]

Hybrid gap filler

o

Acrylic
Protective
film

Graphite
strip

Foam core

Adhesive
layer
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EMC Aspects - Parasitic capacitance creates common-Mode Current in a Flyback converter

THERMAL COUPLING CAN UNINTENTIONALLY BECOME AN EMI COUPLING PATH
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Simulation settings

Jib usig.lib

ib SMALlib

lib SMC301.lib

model SW SW(Ron=1m Roff=1Meg Vt=0.5 Vh=-0.5)

.ran © 1.193333m 1m 10n CMC: 2.2mH/ 2A - 744822222

80p
VDS T2 k- if outT
— C1, C19: 4.7nF/250VAC X7R 2220 -
CTVINVOUT1
8853522140011
{T—||——ouT>

.options abstol=0.01

.options numdgt=7

.options plotwinsize=0 fastaccess
.options noopiter gminsteps=0
save V(DM_RF) V{CM_RF)
\ic V(IN)=24

€2, C15: 4.7nF/ 250VAC X7R 2220 -
8853522140011

C12: 4.7pF/50V X7R 1210 -
885012209048

D6: TVSP 30V/3kW DO-214AB - g """"""""""""""""""""""""""""""""""""""""""""" S
824551301 Flyback-Converter
C5: 100pF/35V -

Supply + Asym LISN! + Line

Line inductance measured with LCR45 (1mm=1nH)

PULSE(0 5 0 10n 10n {0.5%1/300k} {1/300k})
K2 = V/(1-LSC/LC) = V(1-0.48pH/0.8pH) = 0.6325

10Meg

: c2 LLK,L1,12,13: 749119550 C7-C10: 100pF/6.3V-
u2 K2 LL LN 0.6325 0.0047p | ATHREETELE Rpar=100 875015119003 g
SpH LL T e LK kit112131
L L_ 0.8p D2 ng lC?’—lﬂ vz
LRE iy SMAI70A LR :
: L VD5_T2 ey S1 y
: i :
: LPE i :
C) . a1 o cs e - Rload :
N osu e c12 i e ad 1 ;
| Reer=1 CM_RF == 3 1008 = — 22 i ;
3.68p IPP320N20N2 |f'=-‘ 1="|| T T [l
: N_RF e l Ci6 l 1
5 N o — :
: LI = 47n :
0 N H_ 0.8p ig L :
RE

1.5k <" 33m !
i Note ;
! 1. Run simulation cs SR
E 2. View FFT 22 E
i 3. Select V(cm_rf), V(dm_rf) and V(L_rf) by holding the ctrl-key - OK Gate Vreg2 —| 5 !
! 4. Plot Settings - Reload Plot Settings u1 2.2p o :
8 Vregl vdd2 g
H R7 :
i a7 g
: Vin auMcd ove cis i
i LPE = Line inductance PE —l =3 i
! LL = Line inductance L/ + = = 47k _Jion
! LN = Line inductance N/- R9 ;
' _Hnemn ”'_: ance / . ADP1071-2 R14 e :
i LLK = Primary-side leakage inductance = Comp e g
. CDE = Drain to Earth (PE) capacitor L, Helsh=
i CPS = Primary to secondary winding capacitor (interwinding capacitor) 24 :
B — o - - - Sync 552 c2e c28 '
i RPS = primary to secondary resistor (find the DC operating point) Agndl  Agnd2 Ar $100p $1n :
i RPS
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LTSPICE SIMULATION - SUMMARY

Thermal Resistance

5mm Graphite over Foam Low
5mm TIM -k =3 Medium
5mm TIM -k =1 High
2mm TIM — k = 1 Medium
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Capacitance

80pF

11,5pF

7,5pF

13,5pF

dbpV @ 900kHz
103
94
93

94,5
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Common mode solutions

System-Level / Mechanical Measures PCB-Level / Circuit Measures
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Common mode solutions - Cable Ferrites

a
N
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Common mode solutions - Cable ferrites

900kHz
1kQ :

100 Q

e

Impedance

1a

10 kHz 100 kHz 1 MHz 10 MHz 100 MHz
Frequency
= MnZn = NiZn = MgZn NC
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1 GHz

10 k2

J

900kHz
MnZn

NiZn

1kQ

Impedance
=)
o
=

100

1 Q T T 1 1
100 kHz 1 MHz 10 MHz 100 MHz 1GHz

Frequency

e TtUIN == 2 tUrNS =ss 3tUINS e Tfurn == 2turns ==« 3turns

>
s
) G
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Design considerations - Thermal Performance versus EMI considerations

Thermal EMI

* Thinner TIM = Better thermal performance * Thicker TIM = Better EMI performance

* High conductivity = Better thermal performance * Lower permittivity = Better EMI performance

A
C=£0*€r*7

dielectric

[ = Material thickness|[m]

& = Permittivity

w
A = Thermal conductivity [—]
m.K A = Cooling overall surface[m?]
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Summary

* Do notselecta TIM on thermal
conductivity alone.

* Check thickness, area and permittivity
as EMC-relevant parameters.

* |f redesign is difficult, use system-level
mitigation such as cable ferrites.

e Come check out our demo!
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