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1. Panel size: 23.0 x 33.0 cm
(9" x13")
2. Thru-hole electroplating

1. Max. size: 25.0x 33.0x 2.6
cm (9.8” x 13" x1”)

2. Min. space/width: 0.1mm
3. Mech. resolution: 0.5um

3. Electroless tin plating
e 4. Max. via aspect ratio 1:10
LPKF ProtoMat $104 Circuit Board Plotter LPKF Contac-S4 Etching&Thru-Hole Plating
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PREES GaN M O DULE VER-]  (Pxo1-MD-6E2-H-20E1-52iMs)

substrate
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h terp,
Mitsubishi Module Terminations 2010 ”’/na/S)

1. GaN HEMT half-bridge module using Transform TP65H015G5WS 650V/18mQ die

2. UCC27531 SOT-23 35V/5A FET driver w/ Vishay 0603 1Q TF resistor and 0603 0.22uF cap SMDs
3. RISHO CC-7210N elMS (Cu/ERCD/Cu at 100um/120um/ 1mm)

4. Commutating capacitors and organic interposer explored in possible Ver-2

|

Power pinout: P, N, U Signal pinout

1.8 mm
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ANSYS Thermal Characterization
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Epoxy Resin Composite Dielectric (ERCD) Material Systems

Non Glass Reinforced

CCL Prepreg AllCu Base Bonding Sheet RCC
[CS] [ES] CCL [AC/CC] [AD] [CD]
. . Release Film .
Copper Foil Thermal Copper Foil Copper Foil
Woven Glass Cloth Insulation Layer - Insulation L :
A — B-Stage Conductivity nsulation Layer Bonding Layer Bonding Layer
Insulation Layer Woven Glass Cloth k Copper B-Stage B-Stage
. Reinforced . PLATE
Copper Foil Aluminum Release Film Release Film
10 W/mK 80um—120um  80um—120um 80um — 120um
% AC/CC-7210N AD-7210N CD-7210
R, =1/k *l/A
th
8 W/mK 80um —120um 80um — 120um
AC/CC-7208 CD-7208
5 W/mK 80um—120um  80um —120um 80um —120um
AC/CC-7200TY AD-7200TY CD-7200TY
60um — 1600um 60um — 100um 3 W/mK 80um — 120um 80um —120um 80um — 120um
C5-3295 ES-3245 AC/CC-7303 AD-7303 CD-7303
2 W/mK A%ch%gz 100um
CCL: Cu Clad Laminate /e cb-7302
AC/CC: Al / Cu Clad
60um —1600um AD: Bonding Sheet 1 W/mK 60um —100um Yoshi Fukawa, TechDream, Inc.
C5-3945 (L3W/mK)  RGe: Cu Clad Release Film AGTELY <yoshi@tech-dream.com>
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ERCD: (10W/mK) Properties & Price Comparison

*Volume Pricing from SETO Project

$20
Remtec DBC N le Prg.
PROPERTIES RISHO elMS \ amne e
gos T
Product number AC-7210 Copper foil o -n -
Dielectric layer ko 19X32
Dielectric layer 120um y a $10 (19X32 mm)
thickness B Brigitflex ERCD — 56.01
Thermal leaar g "o ’ $2.00
conductivity 10 Tailhed TCI ERCD a : )
(W/mK) %0 $1.574
10) 270 DMA 100 1000 Q‘(‘s::)'ty 10000 100000
e High temp long term reliability(175°C)
Peel strength 12 loz 8.0 1.6 PCB MFGR ADDRESS WEBSITE PANEL SIZE
(kN/m) copper = - = TCl
Solder limit (sec) 60< 260°C %‘0—6.0 7.—.—.—. 12 > (TC'TIL"(':S:\‘TG ?gﬁ;ﬁ;a:ﬂ:zﬂ”c:‘:ft’: http://www.tci.|  20"x24"
00 === X . .t 510x610
CTE (ppm/°C) al 14/14/14 X/Y/Z 8 40 €= ¢ ¢ o s £ IND. Co., 303, Taiwan (R.0.C.) com.tw/  [(510x610 mm)
o 4. 8 B Ltd.)
4 o
Breakdown Vdc S5 11S C2110 g § Aurora _ 2250 White Oak https:_//auroraci
(kv) 570 0.4 2 Circle, Aurora, IL 60502 rcuits.com/
http:// ish in/ lish/product/prod % . - E 2001 Landmeier Road | Elk hittps://www.a
p://WWW.rISho.co.jp/english/product/pro 4] a Amitron . mitroncorp.com|  18"x24"
ucts0/index.html & 0.0 . 0.0 Grove Village, IL 60007 /
0 500 1000 Brigitflex 1725 FIeetwgglegrive, Elgin IL htt_p;l//www.bri 21"%41"
Treating time(hr) gitflex.com/
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DBC Vs ERCD — Comparison of Mechanical and Thermal Performance

[
v
v

v

Thermal cycling test:
Temperature range: -40 — 150°C
Ramp rate of temperature:
19°C/min

Dwell time : 10 mins

Thermal-mechanical reliability assessment: Two common

1. The solder layer (SAC305) between spacer and die —

failure criteria are assumed in this study:

would experience cyclic tensile and compressive stress

due to the CTE mismatch and it can induce fatigue failure.

According to the Coffin-Manson empirical equation, the
fatigue life can be estimated by the equivalent plastic

strain (efjﬁ,). Fatigue life of SAC305 solder > 1000 cycles
Die crack is also a common failure mode in Thermal
Cycling Test. Based on the tensile strength of the SiC

material, the maximum principal stress cannot exceed
250 MPa.

(Interconnect and baseplate stress in not considered due to the

low modulus of the intervening ERCD.)

APEEC DCHopkins@ncsu.edu APEC 2021 - 1503.8

Coohng

B Fatigue life prediction: Coffin-Manson fatigue life relationship

N, =C(Ae)™

eq

Sl \/5 S A . AL 3. 2 3 y?
where Ae” —?\/(/\L' —Ae") +(Ael —Ael) +(Ael - Ael) +£(A/ )
Ay = Ay +Ay* + Ay

B Anand Viscoplastic Constitutive Model: Considered rate-
dependent plastic behavior and creep behavior

Q /n
® Flow Equation €, = Ac\p(—HJ[smh(é S H

® Evolution Equations

. £ : J
‘ |‘8p (a>1) s =S[X’L\p[%)) le_%
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DBC Vs ERCD — Analysis Results of Mechanical and Thermal Performance

J 11
DBC (380 um, Al203)
—— 300U ————
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Dual DBC

Dual ERCD

Top/Bottom substrate: DBC/ERCD

Top/Bottom substrate: ERCD/DBC
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Mechanical behaviors

<250 MPa

02
0
Dual DBC Dual ERCD ERCD/DBC DBC/ERCD
m Max. Principal Stress_SiC Chip Eq. Plastic Strain_SAC305 Solder
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Components | Materials jihiickiEss Modulus CTE
(mm) (GPa) (ppm/“c)
036 347 45

BiDFET 4H-SiC

Thermal k
(W/mK)
380

Spacer 1
Conductor
layer on Cu ERCD: 0.07 1o 17.6 398
dielectric DBC: 0.3
Sn5/Pb92.5/ 01 s - »
Ag2.5
Solder Sn95/Sb5 0.1 50 22.8 46
Sn96.5/Ag3/ 0. 387 5 0
Cu0.5
ERCD 0.12 30 14 10
Dielectric
Al,O5 0.38 310 6 24
2-Pack type Dual
Molding (Epoxy + ERCD:2.18 15 16 3
Hardener) Dual DBC: 3.36

Thermal-mechanical reliability comparison and discussion:

v" Only ”“dual ERCD” and “ERCD/DBC” can pass the failure criteria
for SAC305 and SiC device.

v" Although “dual DBC” offers best reliability of SiC device due to
low CTE mismatch between AlI203 and SiC, the high modulus of
Al203 (310 GPa) can cause high stress/strain on SAC305 layer.

v" The optimal thickness of all the components (substrate, solder,
spacer) and the optimal materials (spacer and molding) will be
evaluated in future work
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DBC Vs ERCD — Analysis Results of Thermal Performance

B Boundary conditions: . . . .
Thermal resistance junction-to-case (Rjc)

v"Infinite heat transfer on top and bottom 1
exposed Cu pads
v" Heat source top surface of die (source) 098 v

T. — T °

B Thermal resistance:  Rj. = % ;'l‘: 036

= 094
ANSYS -

| adl 092
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Dual DBC Dual ERCD ERCD/DBC DBC/ERCD

The advantage of ERCD material not only provides a competitive
thermal and mechanical performance, but also a cost-effective
solution for the advanced power module.
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