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Termic¢na optimizacija

= Postavitev komponent
= Dobra optimizacija bakrenih povrsin

= Distribucija toplote po povrsini
(horizontalna disipacija)

"
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Termic¢na optimizacija
Vertikalna disipacija (razli€ni materiali)
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Poskodbe PCBjev

= Premajhna disipacija

= Napacna tehnologija PCB materiala



Termic¢na optimizacija pri nacrtovanju vezij

Povrsina Cu
PCB material

.
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Optimizacija PCBja po povrsini

SOT89 0805 Oslon Black (3 pin)

Luxeon F ES (3 pin) SOT23

.
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Optimizacija PCBja po povrsini
povezava linij

SOT89 Luxeon F ES (3 pin) SOT23 Oslon Black (3 pin)

.
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SOT89

0,125 W/cm?2

.
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Luxeon F ES (3 pin)

» Ozka grla

= Hlajenje preko ohisja

.
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0805

Tombstone Effect

.
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Povecanje pada (Cu, ST)

ST - soldermask RT - reflow

N

.
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SOT23




Oslon Black (3 pin)

.
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Optimizacija PCBja po povrsini

PCB s premajhno toplotno disipacijo: Optimiziran PCB:
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Majhna sprememba
bakrene povrsine
veliko spremeni
odvajanje toplote

.
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Optimizacija PCBja s termalnimi vijami

vijami 61,9°C

22.0
20/09/10
11:00
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Postavitev vij v okolici komponente

.
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Stevilénost vij

= Stevilo vij ne pomeni boljSe toplotne disipacije
= Stevilo termalnih vij z dobro uginkovitostjo je od 8 do 15

 VecC kot toliko vij ne poveca ucinkovitosti
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Stevilénost vij

PTH configuration

PTH temperatures
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Primerjava vij
pod komponento in ob komponenti

Vije pod komponento

. . Brez vij
Vije v okolici komponente
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Primerjava vij

PTH vias Plugged PTH vias with metal cap

109.5 85.1
104.9 824
100.3 79.7
95.7 77.0
- 91.1 744
86.4 7T
- 81.8 69.0
772 +66.3
72,6 636
i 67.9 1 60.9
63.3 58.2
58.7 55.5
541 52.8

[C] [C]
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Distanca - toplota

- Temperatures in Copper Layout [°C]
T o
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Optimalna postavitev vij v okolici komponente

.
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Boljsi PCB

Better design

—

Acceptable design

r—

i
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Termalno optimiziran footprint

Standardni podnozje Termalno optimiziran podnozje
%&
|

Extensive Independent of Solder Resist. Soldering influenced by Solder Resist

"
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Primer
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Primer

.
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Primer

.
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Primer
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Primer

.
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Primer
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Primer
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Primer
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Termic¢na optimizacija pri nacrtovanju vezij

PovrsSina Cu
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PTH vije

= Platane luknja, ki vzpostavi elektricno povezavo med
bakrom na razliCnih lajerjih

= NajmanjSa debelina metalizacije = 25um pri debelini
PCB-ja 1.5mm

= Uporabljamo jih lahko za pritrjevanje komponent,
montazo ali toplotno disipacijo

= PTH > Plated Through Hole

= Termalne vije -

.
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Plugged PTH vias

= Prerez PCBja

Cu-layer [t;, 50um]

FRA4 [ter, 1500um/1000um]

PTH [@400um, to, 25um]

Cu-layer [t;, 50um]

Part Material Thermal conductivity [W/mK]
Copper layers Copper 380

FR4 Dielectric 0,37

PTH Copper 380

Air Air 0,026

.
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Plugged PTH vias with metal cap

= Prerez PCBja

Cu-layer [t;, 50um]
I I I FR4 [teg, 1500pm/1000pm]
Cu-layer [t;, 50um]

PTH [@400um, to, 25um]

Gap fill [@350um]

Part Material Thermal conductivity [W/mK]
Copper layers Copper 380
FR4 Dielectric 0,37
PTH Copper 380
Gap fill Plastic 0,2
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Copper filled Microvia

= Zelo majhna (premer 0.125 - 0.15mm)
* Dielektrik le do 106um

= Lasersko vrtanje

2000 pm

.
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Toplotno optimizirani PCB materiali

FPC with Al-

) Thermo-Vias
stiffener

plugged Th.-vias Cu-filled uy Vias

Multilayer-PCB

IMS (insulated
metal substrate)

PCB
tehnologije
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Multilayer Fr4 PCB

44

LEGEND:
Copper
I I Diclectric
MV @125 pm 35um . Gap il
| 1 J—
T H L E 100 pum, A = variable [W/mK]
h : 50 A
200 ym
—
330 pym ~ 1000 pm
_ v
b 200 um
} 100 pm, A = variable [W/mK]
. PTH via [@400um, tc, 25um]
Gap fill [@350um; 0,2 W/mK]
AT pcg [°C]
500 -+ 461
=g \|PCB with MV and PTH
450 A
400 - === \|PCB with MV and without PTH
350 + e \IPCB with- MV and PTH, thermally optimized
bottom dielectric
300 +
250 +
200 1 152,5
150 - 119 4
100 - 782 50,5
38,5 il )
50 2 ==\
T i
0 * T T r )
0 0,5 1 1,5 2 2,
Py/LED [W]
"
Termi¢na optimizacija pri nacrtovanju vezij | Karlovsek | Ljubljana | Maj 2018 HELLRA

N



Multilayer FR4 PCB

Conce Dt 1: Temperature [ ANSYS

35 ym

t 100 pm, A =037 [W/mK]
200 pm

330 pm

200 pm

100 um, A= 2 [WimK]

PTH via [@400pm, te, 25um]
Gap fill [@350um; 0,2 WIimK]

Copper
Thermaly optimized Dielectric [\ = 2 W/mK]
Concept 2: Temperature [C] 25 um
m —
Vo002, 26 Lol T QN o OV O $ 100 pm, A =0,37 [W/mK]

P AP SAN AN
200 pm

330 pm

200 pm

100 um, A = 2 [WimK]

PTH via [@400um, te, 25um]
Gap fill [@350pum; 0,2 W/mK]

i
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FR4 + Cu Inlay PCB

AT PCB [OC]

160
140
120
100
80
60
40
20
0
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=== Case 1
=m==Case 2
=se= Case 3
== Case 4

MV ©125 pm 35 um

LEGEND:

Copper
I Diclectric
. Gapfill

¥ 75pm, A= variable [W/mK]

I
I T Y BT T
Top 0,37 2 2 2

1000 pm Aﬁm Leadframe 037 037 037 2

Bottom 037 037 2 2
v
$  75um, A = variable [W/mK]
Dielectric leadframe
Temperature drop in PCB
|

0,5

1 1,5 2 2,5
P./LED [W]
.
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Specialne tehnologije za boljso termalno disipacijo
Copper Inlay (FR4)

Copper-filled py-Vias

.
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IMS
insulated metal substrate

= BoljSa toplotna disipacija

Insulation layer

= Poznamo dva substrata Cu-Lines -

* Aluminij IMS (250 W/mK) Metal heat sink
‘\\

* Bakren IMS

"
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Copper IMS with A - optimized

LEGEND:

Copper
I Diclectric

I Gapfil
70 um ap

[ ] [ | ‘
¥ Casel:75um—R14T1; Case2: 38 pym —HPL
I docg = 200 ym —+
T T

Dielectric thermal conductivity
1000 pm Apiar: = 2W/mK
}‘HPL =3 W/mK

AT peg [°C] Temperature drop in PCB
60 -

=== Djelectric R-14 T1 52,5

50 -

40 -

30 -

20 -

10 +

0 T T T T T T 1
0 0,5 1 1,5 2 2,5 3 35
P,,/LED [W]
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Copper IMS with microvias

LEGEND:

Copper
I Diclectric

70 pm MV @125 pm . Gapfill

H L —F 75um, A= 2WimK
= pm : ; r
T
| ! 250 pm
1000 pm
Case 1. with dielecinc
Case 2 without dielectric
& 100 pm, A =2WimKk ——
AT o5 [°C] Temperature drop in PCB
25 ~
21
==4==without bottom dielectric u
20 A
==m==\yith bottom dielectric
15 A
10 A
5 -
4
0 T T T T 1
0 0,5 1 1,5 2 2,5

Pi/LED [W]

.
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2 layer IMS with microvias + capped PTH vias

LEGEND:
MV @125 pm Copper

I Diclectric
.: . f TS pm, Ay = 2 Wimk, A; = 0,37 Wimik s Gap il
|

T F 75um, A= 2WimK, hs = 0,37 WimK

T A

1000 girn

T

PTH via [@400pm, tz, 25pm)
Gap fill [@350pm; 0,2 Wimk]

AT 5 [°C] Temperature drop in PCB

60 -
49

50 A
=== Dielectric 2 W/mK

40 - =B=-Dielectric 0,37 W/mK 325
30 - 36
20 -
10 -
0 6 T T T T T )
0 0,5 1 15 2 2,5 3 3,5

P,,/LED [W]

.
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2 layer IMS with Stacked microvias

LEGEND:
. Copper
35 ' ' MV @170 pm EEEm Diclectric
. Gapfill
i T3 pm, Ay = 2 Wim, Az = 0,37 Wimk
I V. . 75 um, A = 2WimK, A; = 0,37 WimK
1000 pm
_r
. Stacked microval@1 T0pm, 1o, 25um]
Gap fill [@120pm ; 0,2 Wimk]
AT o [°C] Temperature drop in PCB

7 et Dielectric 2 W/mK 30

30 - ielectric m

25 - el Dielectric 0,37 W/mK

20 -

15 -

10 - .5

5 -
0 5:5 T T T \
0 0,5 1 1,5 2 2,5
P/LED [W]
"
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2 layer IMS with Copper filled microvias

LEGEND:

Copper
I Diclectric
. Gapfill

i Tapm, Ay = 2 WimK, A= 0,37 Wimk

75 pm, A, = 2 WimK, A; = 0,37 WimK

-

1000 pm

Copper filled microvia[@170pm]

AT o5 [°C] Temperature drop in PCB
30 ~ . .
=== Dielectric 2 W/mK 26

25 | e=f==Djelectric 0,37 W/mK
20 A
15 -
10 -

5 -

5
0 T T T T
0 0,5 1 1,5 2 2,5
P/LED [W]
"
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Primerjava razlicnih Dielektrikov

Dielectric Iayer Dielectric Iayer Dielectric layer
2 W/mK 1 W/mK 0,37 W/mK

+10°C +15°C

.
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Specialne tehnologije za boljso termalno disipacijo
Pedestal

= Uporaba Cu-IMS

.
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Flexible Printed Board (FPC) z Al-stiffener

= Bakrena folija je z lepilom fiksirana na substratu

= ZaScita je nameSc€ena z lepilom na bakreno folijo.

= QOdprtine za komponente so izrezane

» Za zaScCito se lahko uporabi solder masko ali sitotisk

= Poznamo tudi SemiFlex in Rigid-Flex

Pictures of flex PCB

™ aluminium

polyimide
film

.
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Primerjava razlicnih materialov

' |FR4PCB  |Cu-IMS Al-IMS Flex-PCB

+
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Poceni

Zaneslivost
spajkanja

Za dobro
termalno
disipacijo
potrebujemo
dodatne
tehnologije (vije,
inlay)

Dobra termalna
disipacija

Zaneslivost
spajkanja

Visoki stroski

Termi¢na optimizacija pri nacrtovanju vezij | Karlovsek | Ljubljana | Maj 2018

CenejSi kot Cu-
IMS

Zaneslivost
spajkanja

Slabo spajkanje

Moznost
fleksibilne
fiksacije

Visoki stroski

Slaba termalna
disipacija,
oziroma
potrebujemo
dodatne
tehnologije (Al
stiffener)

Visoke tolerance

.
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Drugi materiali

3D-MID

Prednosti: Prednosti: Prednosti:

* Poceni « 3D design * Visoka termalna disipacija

« 3D design * Moznost integracije

* Robustnost component v PCB (upori,

tuljave)

Slabosti: Slabosti: Slabosti:

* Omejeno fino strukturiranje + Omejena termalna » Visoki stroski proizvodnje
disipacija * Ni moznosti vijaCenja zaradi

» Visoki stroski proizvodnje pokanja keramike

(orodje) *«  Omejen dizajn

.
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Kaj se vpliva na termalno disipacijo
termalno-mehanski stres

= Glavni vzrok za nastanek razpok znotraj spajke je neusklajenost koeficientov
toplotnega raztezanja med komponentami in substratum

T 4
o ow <

500 Sokov: ni¢ razpok 750 Sokov: Se dovoljene razpoke 1000 Sokov: popolna razpoka

o= [E—.

"
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Kaj se vpliva na termalno disipacijo
Solder voids

= Uporaba komponente s skritim padom, detekcijo lahko
vidimo le z uporabo X-Ray analize

= Ne moremo jih preprediti -

= Zracni mehur€ki > nastanejo zaradi izpusta ostankov
fluxa in reakcijskih produktov metalurskih interakcij

= Lahko zelo zmanjSajo termalno disipacijo

= Ena moznost ki zmanjSuje % voidov je “vacuum
soldering”
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Specialne tehnologije za boljso termalno disipacijo
Heatsink

= Aluminijaski hladilnik
* Izstiskanje hladilnika (Strangpress)
* Visokotlacno vlitje (Druckguss)

» Toplotna plo€evina s koviCastimi rebri

= Hladilnik iz Magnezija

Moznost uporabe tanjSega materiala

Thixomolding

Kombinacija ohisja in hladilnika

"
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Specialne tehnologije za boljso termalno disipacijo
TIM (thermal interface material) or TCA (thermal conductive adhesive)

= Optimizacija termalnega prehoda

PCB PCB PCB R.

dTI M

Heat sink Heat sink
Conforming rough surfaces Congave surface in contact Application of TIM
with a convex surface between two surfaces
Thermal
Material conductivity A
W/(m*K)I
Air 0.026
TIM 3
Copper 380
Aluminium 250

.
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Specialne tehnologije za boljso termalno disipacijo
TIM pregled materialov

Phase change materials /Alu Sheets... inteNr?ace - Mechanical strain at high T
- - NOK: mechanical strain of PCB material - NOK: lifetime
- Thickness - Outgassing behavior
- High R,

- Pressure of PCB on heat sink -

over lifetime required \

Silicone free:
+ No silicone !

Silicone based:

+ Lower contact resistance
> +Extremely thin bond lines
+ Lower cost

+ High reliability
- Abrasive material
- Sedimentation

+ No pump-out - NOK: only for large gaps + No pump-out

+ Good 85% RH/85°C - Processing (2k) + No screwing
- Curing necessary - Abrasive materiam + Good 85% RH/85°C

- Lower ky;,, than greasesf . - Curing necessary
- Surface has to be pretreated

.
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Racunanje toplotne prevodnosti

Rth, PCB
SMD-LED: Ringyp = 30-45 K/W AT g
Multi-Chip-LED: Ry, yp = 2-4 KIW Rence =5 =77
CSP-LED: Rth,typ = 5-10 K/W th N Thermal
Conductivity
—3 | Phosphor | 0,2 W/mK
Multi-Chip-LED Sub-Mounted-Device = Chip 50 W/mK
= T — AlSi 170 W/mK
S | Glue >1 W/mK
I TIM 3W/mK
== | Copper 400 W/mK
Rin LeD Rih Heatsink Rinteo R, mim RIi iCB Rin Heatsink = F;\:EF:I:/TS %sg VV\\////EKK

Toplotna poSkodba SMD

Focus: ,
- PCB-Layout
- PCB built up '-

» Decrease Ry, pcg

.
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Racunanje toplotne prevodnosti

Thermal resistance:

XX°C ®T, XX°C oT,
AT 27K
90-95°C ¢ T ' | 117-123°C ¢ Ts
Target AT, < 25K
70-80°C 97-107°C g PCB
= = caused by:
50-60°C o T, 77-87°C * no derating < 50°C T,
- = * HS surface size in HL
AT 27K . . .
23°CeT, ., | | 50°C® T, (dimensions, weight)

.
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Kaj Se vpliva na toploto
struktura komponente

die bond wire

moulding
compound

solder pad

aluminum plate,

anode lead

cathode lead

molding compound

Figure 9: Substrate material with thermal

Figure 10: Substrate material with

Figure 5: Pad area per cathode: 16 mm? Figure 6: Pad area per cathode: 4 mm? conductivity of 0.2 W/(K m) (in the range :::r:r;:l :zrfu::lgz‘.)ivity of 0.35 W/(K m) (in
of FR2) 9
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Kako se testira distribuiranje toplote
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