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HOT TOPIC
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HOT TOPIC

= Thermal Management; The need:
= Component miniaturization
= Compact designs
* |ncrease in power density

Electronic design tendencies:
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HOT TOPIC

= |t's not about just about keeping it cool, it's about keeping it reliable!
= Rule of thumb between thermal designers:

Temperature __

10°C decrease = — X2 Component reliability

= \We all benefit!
Robust .
L

= Products need to comply to certain standards, which influence the product boundaries:
= |EC 60950 Safety of Information Technology Equipment
= |[EC 60721-2-1 Classification of Environment Conditions, Part 2: Environmental Conditions Appearing in
Nature —Precipitation and wind
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THERMAL
MANAGEMENT
BASICS




THERMAL MANAGEMENT

Thermal Management
Solutions

l

Heating Element l
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THERMAL MANAGEMENT

= \We can provide a path for heat to flow by:
= Filling a gap

—° SmallGap

| 4
Y

— > Large Gap
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THERMAL MANAGEMENT

= \We can provide a path for heat to flow by:
= Filling a gap
= Spreading the heat
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TIMS

= Vertical Transportation: known as Thermal Interface Materials (TIMs for short) or Gap Fillers
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HEAT SPREADERS

= Horizontal Transportation: known as Heat Spreaders
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PARAMETERS

Thermal Conductivity Thermal Resistance

o

14 C
tk=ﬁ ‘RZW

Maximum amount of heat energy Resistance of the material to the
that can go through the material, flow of heat. It is a property of a

independent of dimensions & particular component, which has
thickness. It is a material constant. defined geometry (thickness — L,

area — A and shape)
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PARAMETERS

Hardness (Shore)
How soft and formable the material is

Electrical Breakdown Eggr (kV/mm)
Up to what voltage the material remains non-conductive
or insulating
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APPLICATION SPECIFIC REQUIREMENTS

= Adhesive contact surfaces

= Electrically insulating

= Use of some materials not allowed
= Mechanical limitations

= High operating temperatures
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THERMAL
CALCULATIONS




THERMAL MODELING

= Understanding thermal properties
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THERMAL MODELING

= Let's say we are a Designer who wants to use a MOSFET:
— PN: STB24N60DM2
— TO-220 Package
— Vertically mounted
— Three cases:
1. (Canluse it without a heatsink?
2. If I need a heatsink, can it be convection cooled?

3. Or should it have active cooling?
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THERMAL MODELING

= (Case 1: no heatsink used

18 |

— Lets look at the datasheet
Table 3. Thermal data

1. When mounted on 1 inch? FR-4, 2 Oz copper board
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Value
Symbol Parameter Unit
D?PAK | TO-220 | TO-247
Rinj-case | Thermal resistance junction-case max 0.83 °C/W
Rin-peo | Thermal resistance junction-pcb max!") 30 °C/IW
Rihj.amb | Thermal resistance junction-ambient max 62.5 50 °C/W

Without a heatsink: R, .,

o

= 62.5—
%




THERMAL MODELING

= (Case 1: no heatsink used

Ploss = 6W

T3 = Rojamb * Pross + T; =
=62.5 *6+ 25 =400°C

T0-220 Package ‘[ H :62.5—C
<

q p Amb. Temp. I 25°C
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THERMAL MODELING

= (Case 2: let's add a convection cooling heatsink!

T0-220 Package
_TIM

Heat Sink <

alle
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THERMAL MODELING

Case 2: let’s add a convection cooling heatsink!

Table 3. Thermal data

Value
Symbol Parameter Unit
D?PAK | TO-220 | TO-247
Rinj-case | Thermal resistance junction-case max 083 | *C/W
Rinj-pco | Thermal resistance junction-pcb max(") 30 - T °CIW
Rihj.amb | Thermal resistance junction-ambient max 62.5 \ 50 °C/IW

1. When mounted on 1 inch? FR-4, 2 Oz copper board

With a heatsink: Ry, = 0'83W

2 1 | THERMAL MANAGEMENT SOLUTIONS

EXTERNAL | M ALALAMI | 08JUN2022




THERMAL MODELING

= (Case 2: let's add a convection cooling heatsink! o
RGJC == 0-83 Xx7

T0-220 Package
_TIM

Heat Sink <

alle
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THERMAL MODELING

= (Case 2: let's add a convection cooling heatsink!

(o]

= gl Thermal Resistance of an Insulator Pad: R, = 1'1W
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THERMAL MODELING

= (Case 2: let's add a convection cooling heatsink!

R = O.SSWC
T0-220 Package
_TIM Ry = 1.1WC
Heat Sink <
- Resa =

alle
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THERMAL MODELING

= (Case 2: let's add a convection cooling heatsink!

Air Velocity (ft./min.) —
0 200 400 600 800 1000 5 PLOSS 6W

100

Temperature rise = 492C
80

To calculate Thermal Resistance:
60

49°C °C : "
Ry = 5w = 816y (In ideal conditions)

40

20

Thermal Resistance from Mounting
Surface to Ambient (°C/watts)

In reality: 20 to 30% safety margin

Mounting Surf. Temp. Rise above Ambient (°C)

(o]

R,., =8.16 *1.3 =10.62—
Osa * W

Heat Dissipated (watts)
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THERMAL MODELING

= (Case 2: let's add a convection cooling heatsink!

R = O.SSWC
T0-220 Package
°C
_TIM Ry = 1'1W
Heat Sink <
L R,.. =10.62 —
Osa W

alle
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THERMAL MODELING

= Case 2: passive heatsink P oss = 6W

¢

Ry = 0.83 °C/W

0jc

— 1.1°C/W * 6W + 88.72 °C = 95.32°C

Ryce = 1.1 °C/W

I—> 10.62°C/W * 6W + 25 °C = 88.72°C

Ry, = 10.62 °C/W

N

Ambient Temp.

25°C

Note: T, =R * P o455 + T,
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THERMAL MODELING

= (Case 3: Active cooling heatsink!

A Velocity (Uming The fan has an average air velocity of 400 ft./min
ir Velocity (ft./min.

0 200 400 600 800 1000
100

10 o

Ry, = 4.5 WC (In ideal conditions)
80

In reality: 20 to 30% safety margin

60
o

C
Ry, = 4.5 *1.3 =5.85—
Osa * W

40

»

20

N

Thermal Resistance from Mounting
Surface to Ambient (°C/watts)

Mounting Surf. Temp. Rise above Ambient (°C)

Heat Dissipated (watts)
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THERMAL MODELING

= (Case 3: Active cooling heatsink!

PlLoss = 6W

¢

060
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Ambient Temp.

Ry = 0.83 °C/W

0jc

— 1.1°C/W * 6W + 60.1°C = 66.7°C

Ryce = 1.1 °C/W

E—> 5.85°C/W * 6W + 25°C = 60.1°C

Ry, = 5.85 °C/W

25°C



THERMAL MODELING

= Which of my three cases gives me the results | want?

— (Case1 No heatsink: Junction temperature of 400°C

— Case 2 passive heatsink: Junction temperature of 103°C = 68% of maximum operating temperature

— Case 3 active heatsink: Junction temperature of 71.6°C = 47% of maxvi= *ng temperature
What’s the
. T:’tg :orage temperature B - rlg ht Oper atl ng
j ax. operating junction temperature -
point?

?
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THERMAL MODELING

= What's the right operating point?

— Sometimes there will be a specification of the thermal derating of all the components on the board

— If there isn't any, a judgement call needs to be made:

* Rule of thumb: For every 10 degrees Centigrade rise in temperature, the average reliability is decreased by
50 percent

 If we look at it from the Quality POV: if we can lower the temperature by 10 degrees, we'll double the
reliability.
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FIND YOUR SOLUTION

= Every application is different

Cooling
assembly
fixation?

Material
Performance?

Special
Requirements?
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CASE STUDY

= DC Motor driver

= Dissipated power: 2.5 W

= Passive cooling with heatsink
= SelectaTIM

Material Performance? Cooling assembly fixation? Special Requirements?

Electrical insulation

> Heatsink screwed to driver

— > Low — mid range performance

— > Thin bond line, < 0.5 mm -
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CASE STUDY

= DC Motor driver
= Dissipated power: 2.5 W
= Passive cooling with heatsink

= Selecta TIM:
= Thin bond line, < 0.5mm
» Low — mid range performance Insulator Pad!
= Heatsink screwed to driver
= Electrical insulation

= Before committing, how do | know I've made the right choice?

Mathematical

Simulation Experimental
Model P
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CASE STUDY

= Mathematical Model:
= All material between the junction of the driver and the ambient adds a thermal resistance to the system

i

P SS

p
TZ LOSS Rej
R * T
e RGTIM
In 7.
I TAMB Roys
L I
=
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CASE STUDY

Mathematical
Model

= Mathematical Model:

= All material between the junction of the driver and the ambient adds a thermal resistance to the system
= \We need all the data to calculate junction temperature:

= Power loss = 2.5W

= Maximum junction temperature = 130°C

= Thermal resistance from junction - case =3 °C/W
» |nsulator pad thermal resistance = 2.25°C/W

= Heatsink thermal resistance = 10.08 °C/W

Part Number: 6396BG & 6396B-P2G

Air Velocity—Feet Per Minute Temperature rise — 2 1gC

H H 0 200 400 600 800 1000 W
ST L298 Dual Full-Bridge Driver P . RS . T ;g
&1ttt E o 0
ABSOLUTE MAXIMUM RATINGS 8 & g ——— 1111 | 4 8 21°C C .. ...
- o Tomn ' ; e e £l Ryys = 5o = 8.4+ (ideal conditions
Top I.Jum:tlun Operating Temperature | —25 1o 130 | < | § g Py I I N I ol I N I 3 g %’ 0HS 2.5W W ( )
........... b
THERMAL DATA Y 40 g 15 E . :
23 s i35 Inreality: 20 to 30% safety margin
Symbol Paramete PowerS020 Multiwatt15 Unit g< ™ o
Rinjesse | Thermal Resistance Junction-case Max. - 3 “CIW §° é ‘ E é o
Rinjamo | Thermal Resistance Junction-ambient Max. 13 (%) 35 “CIW 0 4 8 12 16 ‘ 2 g A

R,,c =84 1.3 =10.08—
OHS * W

Heat Dissipated—Watts
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CASE STUDY

= Mathematical Model:

= All material between the junction of the driver and the ambient adds a thermal resistance to the system
= \We need all the data to calculate junction temperature

°C
‘—@—T T, * Tj_sy; +25W +53.82°C = 61.32°C

Poss = 2.5W o
* Triy ” TTIM=2.25W - 2.5W + 48.2°C = 53.822C
°C
R =2.25 —
OTIM m
°C
* Tus > Ths—1008= * 2.5W + 25°2C = 48.2°C
oC W
R,;c=10.08 —
OHS W

T,=R* Py + T

T Taup = 23°C
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CASE STUDY

= Simulation:
= Even more similar to the real life application
= ANSYS Icepak

No TIM Insulator Pad

Temperature Temperature
[cel] [cel]
56.3858 52.0432
l 55.7080 l 51.6789
55.0303 51.3145
543525 50.9502
53.6747 50.5858
52 9969 50.2215
52.3191 49,8572
5158414 48 4528
l 50.9636 l 49,1285
50.2858 48.7642
49,8080 48.3998
43.9302 48.0355
48 2628 478711
47 5747 47.3068
: 45.8859 45.9425
46.2191 485781
X [ | X [ —— |
0 15 30 (mm) 0 15 30 (mm)
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CASE STUDY

Experimental

= Experimental:
» Let's verify the data with experimental results:
benchmark with a load to dissipate target power
= Measure temperatures with Fluke IR handheld camera
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CASE STUDY

Mathematical Simulktien Experimental
Model i

Mathematical Experimental
Model P

53.8 52 53.59

= |etslook at all the data:

e m

48.2 49.3 47.33

Material Performance? Cooling assembly fixation? Special Requirements?
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THERMAL
MANAGEMENT W

Gap Filler

SOLUTIONS -

Themal
Transfer Tape

Phase
Changer

Graphite Foil

Graphite
Foam Gasket
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SELECTION GUIDE

Thickness Thermal Conductivity Electric Insulation

0.1 mm >
X
< 0.5 mm

Low Medium High Super High If requiered

Gap Filler Pad

Q Graphite Foam Gasket

Graphite Sheet

‘ Phase Changer
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PORTFOLIO
WE-TGF: GAP FILLER PAD

= (Characteristics
= Thermal Conductivity: from 1 to 10 W/m-K
= Thicknesses:
= 0.5 -18mm for thermal conductivities of 1 to 3W/m:K
= 0.5 -3mm for higher thermal conductivities
= Electrically insulating
= 200x400mm & 100x100mm sheets

= Features
= Soft and conformable
= Naturally tacky, self adhesive
=  (Optimal performance: compression 10-30%
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General purpose gap filling




PORTFOLIO
WE-TGF: GAP FILLER PAD

= Fills large gaps between hot components and cooling assemblies

= Cover multiple components without worrying about short circuits
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PORTFOLIO
WE-TGF: GAP FILLER PAD

= (ool components with uneven contact surfaces with thermal traces to the back of the PCB
= Transfer the heat to the cooling assembly with a gap filler

I | |

g | |

T

—
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PORTFOLIO
WE-PCM: PHASE CHANGING MATERIAL

= (Characteristics
= Phase change temperature: 50-60°C
» Thermal Conductivity: from 1.6 to 5 W/m:K
= Low thermal resistance
= Polyimide film for electrical insulation
= 300x400mm & 100x100mm sheets

Seamless Thermal Interface

Alternative to thermal pastes

= Features
= (Comparable to thermal pastes and greases
= Removes microscopic unevenness in contact surfaces
= Easy to handle in manufacture environments
= (an be pre-applied
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PORTFOLIO
WE-PCM: PHASE CHANGING MATERIAL

= Thin thermal interface, fills microscopic gaps

CIEIL
T am e
=)
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PORTFOLIO
WE-PCM: PHASE CHANGING MATERIAL

= Thermal pastes and greases can be difficult to handle:
= Special storage conditions
= Liquids in production lines can be a hassle

= WE-PCM can be pre-applied on cooling assemblies for ease of use
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PORTFOLIO
WE-TINS: INSULATOR PAD

= Simple interface with eclectic insulation
= Used mainly in power applications
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PORTFOLIO
WE-TTT: THERMAL TRANSFER TAPE

= When mechanical fixation of the cooling assembly with screws or clips is not possible
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PORTFOLIO
WE-TGS: GRAPHITE SHEET

= Components may not provide enough surface for cooling
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PORTFOLIO
WE-TGFG: GRAPHITE FOAM GASKET

= Some times mounting a cooling assembly on top of a component is not possible (plastic housing, no holes for ventilation, no space

for heat sink).
= Heat needs to be transfer to a place where a cooling assembly can be mounted
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PORTFOLIO
WE-TGFG: GRAPHITE FOAM GASKET

= Mechanical design can make difficult the use of a traditional gap filler.
= The WE-TGFG adds vast versatility by being able to have it's profile customized.
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RESOURCES AND
SERVICES




DESIGN KITS

WE-TGS
100x100mm Sample

B WE-TGFG Graphite Heat
Different Gasket Sizes
Spreaders

A6 Size
'v
’ A
\\ s
WE-TGF

" WEPCH Thermal Interface
WE.TTT Materials
S A
_/

. .

100x100mm Samples
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https://www.we-online.com/catalog/en/tm/design_kits_thermal_management

WE-TGF Design Guideline

DESIGN GUIDELINES

WE-TGF Design Guideline

Silicone Elastomer Gap Filler Pad

* |nformation about each product series

= Application recommendations

= FAQs

= Services provided

= Thermal Management properties & glossary
= WE-TGF; WE-TTT; WE-TINS; WE-PCM

= WE-TGFG; WE-TGS
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Themmal Management is the ferm used to
describe all the methods used take care of all the excess
heat that electronic devices and components generate.
It is a field of upmost importance in order to guarantee
refiability of electronic devices and components as well
as to prevent premature failure.

1. What is the WE-TGF used for?

The WE-TGF is a silicone elastomer gap filler
pad, designed to fil a gap between one or muitiple
electronic components and a cooling assembly, such as
a heating, cooling plate or metal housing.

The pad itself is composed by three main
components:

detail A PET fim
Fiberglsss mesh

7

Silcons wih ceramic paticios

PET fim

Fg. 1: WE-TGF components

* PET film: the WE-TGF is protected by two PET
films, a thicker one at the bottom that acts as a
carrier and a thinner one on top to protect the
material from foreign particles.

* Thermally conductive silicone elastomer:
this is the main part of the component. Silicone
allows the product to be soft and to conform with
ease to contact surfaces, allowing the material
to fill out the gap completely and remove any
air. The silicone is doped with ceramic particles
that are the thermally conductive component.
The mixing ratio of both elements determine the
overall thermal conductivity of the matenial.

* Fiberglass mesh: this component brings
mechanical stability to the part in its thinner
versions {under 2mm).

2. Where can the WE-TGF be used?

The WE-TGF is designed to be used in low-
pressure applications between a component and a
cooling assembly. Because it is designed to be used
between two mechanically mounted surfaces, the pad

does not have any additional adhesive layer beside its
natural tackiness.

Since it is a general purpose solution it covers a wide
range of application requirements:

* Thermal Conductivity: wide range from 1 up
to 10 W/mK.

* Thickness: from 0.5 to 18mm in the lower
range of thermal conductivities, between 1 and
3 WimK. For higher performance materials the
thickness range is from 0.5 up to Smm.

* Electric Insulation: since the product is based
on a silicone matrix, there is complete electric
insulation between the component's contact

surfaces.
* Low pressure applications: the WE-TGF is
d d to be comp d between 10% and

30% of its thickness for optimal performance
and to ensure proper contact on both surfaces.

Thanks to its soft and electrically insulating
nature the WE-TGF can be used to fill a gap
between one or multiple electronic components and
a cooling assembly without the need to worry about
any shorts or unwanted contacts.

Fig. 2- Muifiple componentz cooled by a hest sink

When working with compact designs that use
thermal vias to redirect heat to the back of a PCB, the
WE-TGF is a great choice to provide a thermal
interface with a heat sink or a metal housing.

S

Fig. 3: Backside of 3 PCB interfaced with a heat sink

e

Fig. 4: Backside of a PCB interfaced with s metal housing


https://www.we-online.com/catalog/media/o489339v410%20WE-eiSos_Thermal_Guidelines_TGF_Screen.pdf
https://www.we-online.com/catalog/media/o489347v410%20WE-eiSos_Thermal_Guidelines_TTT_Screen.pdf
https://www.we-online.com/catalog/media/o489345v410%20WE-eiSos_Thermal_Guidelines_TINS_Screen.pdf
https://www.we-online.com/catalog/en/THERMAL_WE-PCM
https://www.we-online.com/catalog/media/o489341v410%20WE-eiSos_Thermal_Guidelines_TGFG_Screen.pdf
https://www.we-online.com/catalog/media/o489343v410%20WE-eiSos_Thermal_Guidelines_TGS_Screen.pdf

SERVICES / CUSTOMIZATION

= Technical Support
= Standard parts in stock
= Free Samples

. . . .

= Customization service In‘,
. NO MOQ = :
= No Tooling Costs II

= Web Form for customized solutions e.g. WE-TGS: https://www.we-
online.com/web/en/electronic_components/extra_pbs/thermal _forms/wetgsgrequestform.php
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NEXT BIG EVENT

65 |

F2F Event
Birmingham, UK
Large Venue
Registration link

POWER INTEGRITY&EMC
EXTERNAL | M ALALAMI | 29MAR2022

—O—
—O-
——

WURTH ELEXTRONIK

Powering the World of Electronics

s

National Conference Centre, Birmingham

Monday 10t" of October 2022

>
Investigate various reference
designs

J

Practical considerations and
Topology selection

Great opportunity to learn about power‘
converter design

optimise performance

[ Utilise state of the art test equipment to |

WIN a Rohde
& Schwarz
RTB2000
Oscilloscope!

Full day’s technical sessions covering various § [
aspects of practical power converter design,
simulation, optimisation and testing.

Registration fee is £30 General Admission or £10 for a limited number of students. This
includes your ticket, lunch and a copy of our ABC of Capacitors book with a bag of Wurth
Electronics goodies.

To register and for a more detailed schedule for the event, please click the link below:
hitps://www.eventbrite.co.uk/e/161106767679

oxthan you



https://www.eventbrite.co.uk/e/powering-the-world-of-electronics-2021-tickets-161106767679
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