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ABSTRACT

GaN material has good properties in heat.resistance, breakdown voltage,
current density, and electron mobility..Hence, it beecomes an excellent choice in
high-speed switching; high temperature and high power applications. It has been
extensive research with good-results.

There is rarely research-about the GaN power transistorspackage. The topic
of this thesis is the wire bonding technique in the GaN HEMT package. The
experiments of this thesis are planned by the experimental design method. The
relation between wire bonding parameters and bonding strength is studied. The
bonding parameters ' include bonding..times;..bonding “pressure, bonding
frequency, and bonding temperature. The electrical characteristic of GaN HEMT
varies with the wiresbonding ‘parameters. The applicable or optimal electrical
characteristic of GaN 'HEMT,can be obtained by the .wire bonding parameters
selected by this thesis procedure:.

Keywords : GaN » HEMT > Design of Experiment > Package > Wire Bond
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2.1.4 Mold Process
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7 F‘I;Eﬁ‘ﬁ\

o

$F 0l F b BOKE ST T B 0 12 N A Baf el 7oz

SERE NSy

fo PR E Gd fE ok & enF) 3 o b pF e La(be

xde)k A v AL FaR T K T

N\

7 4bip ok BT
FcBFEdRB-REDF]F B o

= FEEC T 7 F Bk (Performing the Experiment)

HAS I RETFHR o eEF Rty o

Z P B ¢ A 47 %2 Bk (Verification )F 2 % %
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ERHELRRAR IR G ARZFE N - BT RAZ (DF P FE
( Nominal-the-Better ) ~ (2) #¥ -] 4 %( Smaller-the-Better ) ~ (3)% < |+
(Larger-the-Better ) » #v v %8k 3+ ;2 ¢ 2 S/N +* ( Signal to Noise
Ration » F LAY )5 S F ik o o EARS Pl &oon S 4%iE - Hh 5 o it
ELIE TR U AL
(1). ¥ 5 F2 S/N
FPEFEE - A AR AREL R TR R 2 T iomih
B WA AT D
B % - Al SN v =—10logl(y;—m)* +.S,’] (2-1)
¢y 2S00 m B RE S AREL o Sn AR S RE
Aon i BB B ke
HPFESA T A B ARG |V BT SeE
I PARE A R EF RS B AR N I R g g R

2=
20 g3 = 2 SN = 10l0g3 ()’ /] =10108(S,) (22)

HY n 22 FTHED > yi 275 %129 %k
FPHFEFZA B IEZPEFET AR DR BTG R

EERTHEAPPL > ELAFCRMPHEE L L2
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GRS SN = —1010g*5/21 (2-3)
y

(2). %] £ SN o
L dcE Y H AR AR BRSO BRE e B B ¥
BTESTFLF)FLE HREEZ 0 Y [ 4FHY » FHE THOE L

FoRBEA AT 0 v ER T ANFEE SN o

n —2
) i SN e = —10log Y92 /1= 10l0g(y's, ) (2-4)
i=1

(B). %% SN 1%
P i B AN AR RS AR 4ok b
FEFPLEAFPLE . FFHFEEAA AT o d 55 R ~ JEFRA
%> NPxE Y TioE Liar v‘%ﬂﬁi\_} 4%& o oo B AR S AR
W 2 SR EA ] AF g B R s w p gk B 5 AR [ B i
Be(1/y) > T R 2 N B SN S B B e B AR | AR

PE SN 2 R K S

2 SN = 100ogl3 = /] 2-5)

BY CRHRATRY DERAE - R EREEE gAML N -
KT G RS AR H PR b R B (AT R

SER L MM e AR ASB A TS A A5 5] BH TS AL
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s

ek Eimips > ¥ FlF AFTFF B RS g% > TS E

Lo i E - AR PR R ERp Y £ R L

25 BB HcL T

% £ #ic~ 7 (Analysis Of Variation , ANOVA) : #& T = B = B2t a2
T Io8c R F AP £ 0> % 0 A LF) S (Factor) {2 % 8T 7 5 B8 - %8
Bt A - AR AR Fo i aF SRR kT G F A R

KR B G BRIV TR E - I EER R R FI(F R kR RIAR

-qa

|

LR ORE KR TREEAEALTI Y LE S F L8 02

=

TR RRRERRETIE G REF ORI .

ANOVA z_ an 48 3K

1. ¥ A& 4+ 3% (Normality).
2 K B2 R A el F A fe

2. % |+ B3K (Homogeneity) -
K KBF AWML F 2R 5P E -

3.0 =t B3k (Independence) :
A KBFE*HMAS I pEBE o

R - B LR IR REE = SRRl S
f R4 s T[12][13]7 * RFH EHAIFF HETHFEORTRA - L
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S fotal Z(y, m)
(2-6)

y 2R SUA o m ST R RS OTOE  BT K E S, FS T e

SS; = ir(mﬁ —m)*
=l (2-7)

rdcE - RET2 e el AP Fe RETHZHEL = o T
r=3 & BT fo2 Fenbf 4
* fr=(iadlF -+ TG AT ) (2-8)
Foeopd R Wb Slic2 Bl - B LI P&k i].%’ﬁ 9Bp o
Booofeig T E- Bpd R FRrRTEIennd RL 9-1=8 & FF
pd BRECREROR Le &3 A R 2R ik
T qepd R=(L %3 pd RHGELA 4 R) (2-9)
P NEEL pd B S 00 AT T 3 o(SS) ] NS A BAR G
A o397 e (MSy) 3 2 L2 iz UARE I p d R o B fo -3 F]S a7
fom Big gL 322 foF LR R R R gt E(F) 0 F BAS S AT

SRR AR PR E R > T FET 0 HE TS £ & Bendy i o
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FE SR -7 =y

F S #4454 Wire Bond $o8icik T2 v > B % v v N F k2 B

Bt R & AR S A RE L ST PR

/‘?\’g

Fflamird| 28 T 4 RB L T2 2R 2 A M G FH X

2L =
B

Wire Bond P38 7 % > &34 4 L9 X F B4l RO A

AR HREREAAEY Y RS

3]

[y

L J
=5
L
4

?ﬁ

B P~

E“N

1 s

GaN HEMT % 3f A BlanE & F » 58 TO220 Type i 7477 > B 19 &

20 & TO220 e *» m & - ARu[B) - H %g&,é%{%iAij %~ ‘é*ﬁ‘#gﬁ&fxﬁ W 44

2

Y P RS TR ST

S P~ 19 :0 GaN HEMT & £ 6 3% 6 & % TO220 it (7 3 5 P 3 4
Al T

GaN HEMT & #-t Drain % Source =77 Bond Pad 4 @ % & 02 ] Bond

Pad > % i¢ = £ 4 4p 3 Short /% » & * »> TO220 s M i 2™ » F i

e
#
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¥+ £ ik 973 ) Wire Bond 17 % ¢1® 48 > 2% 2+ 7 Bond Pad
Re-Layout #1 % % 4% o

#-GaN § k-t ek 77 Drain & Gate Pad 1] % i 45 = N 3 3 $4m
ZoFRSCRAM R BIET EREDHUER % o

AREEINGFT EHEASE VA AR IR ol R EH TR
A7 ¥ Bedi | AIN 18 T o

¥ b iR B4 8 ¥ 2Rk (7 Wire Bond £ Trial run » 2 A 455 eniF £ iE 42
* #1387 Bond Pad 7 Bc& Peeling 53R 42 o

M = ¥ % Peeling /% ;“i.i&LWire Bond i ~ 17X 2570 T AL 47,7 T
g R Flde T

A Ist 45 8L% = {6 > 187 2nd 4% BEegE P P-ig # % 3 2nd

AN
03 Ist 42 2h8 Ind 4R Bbiny T E < F o LW A B B B AR £ P

E“N

3o 2@ iE ¥ 1st 4% 2827 Bond Pad 4% £ Ji & 50 stress
F-¥p RAESY 2% Wire Bond 385> (TR Fl c ABREB DY L&
TRBERPL P LNERT NAPBRESE dFA S FEE 0 #F LK

Ist 4% 222 Bond Pad 3% & B} w i@ 3 o
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3.2.1 Die Saw § 5% i%;*

p o e GaN gb 5 ’E?L%%{%‘ ’ -,‘/E/é"f * %}grté‘-f‘raﬂ]}ﬂ«&'
TIEE S Fa dA LRI A AR ITIEE I R R e o

Eoenprdl o B pEeie 7 R 2 7 B o w4 &k ¥ 4 o Die Saw 42

3.2.2 DieBond § 3% ¥

P X Bk - Ablestik R 2 A 60 84-1LMISR4 4374 5 B 22 A 28 e

#EW > ¥ AHiR {7 Die Bond (5% > | A — AR B4 5 R

7

PR TSR BT E RS D FRAF L ROEE S GEE R PR g,

FU ek 25 2R S 35 5°C/ min R R A4 3 150°C 0 B i 7 150
T 17 Thr sty > & ek B # 5 5 3-5°C/min> # 4U% A E 1 H

T fr e p R o
3.2.3 Wire Bond § %% %2

B F 2 % 55 3T E 14 ()% SPB-TS668D) < # Wire Bond
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Machine(4- %] 21) - Wire Bond %t #ic 5 Gate @ #4 1 i ; Source i #3 4
i 5 Drain i34 2 1% o L35 F ¥ 5 Source B8 B EFF L P A
B4 WP 2+ e AIN #3545 ¢ Drain 3 Gate #2558 47 AIN ##4 3

lead 40 o 34T R BlAcB] 22 & 23 0 @ gL A T chd B L

RSB A HR R B g

3.24 Mold ¢ % iei%

#* L dmold¥ ™ 38 @ % eh¥ 44 2 Dow Corning 3140B;7% i 31 5% *
T F AP o 7 A0 - SEF 3 Prmolding ™} o AR {0 FRAR 4 - BE T wire
bondf{é e i E o FHLE N £ ARET 5 ol e %bi TATEE G

o BRE-SHRy AR RE ERIPDERE s RIS L B% 2 moldih

-\.

FRFE N F RN 23R o

EX

3.2.5 Trim/Form § 2 itz

PRI - T SR e R PR TR YT

e Trim (TEApR S o ERE P REHPT "f Jehe B 24 -

90 R HRG D & LT IR SR R sl B
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MR 2 fe i 2 B o Fpt k7 Wire Bond B3R %0 £Mday 4

FR &L ST LB AR HRFR2ER PR GD

o~
-
(Y
\\ﬁr
g
o
34

FL YT S asRiad 4 R4e™

Wire Pull (U.S. military standards. MIL-STD-883 wire pull test 1 mil Au wire
e >3g)

Ball Shear (Joint Electron Device Engineering Council. JESD22-B116A 1 mil
Au wire 12 >58.3g)

FEEAFIA BRI FE O IEH LA RFHERARY P R 5
s 3 enflfedrdl Slie Aot g kit ¥ LETRA E 24 LRdAE
FoRh P ARER AT AFBPFEF I8 280T 5 24175 (Control
Factors) o m ¥ 4] %] a7k # fie(Levels) & 3 °

AP 04 BRFIFIFE 3R T KR 0 0 R HRE Y DL

R & Slchod 6957 0 ET R RS FT AR &gt R
el Sy S HT 0 R RS R - KRR

Pl* o r @k L9 B AL I keh9 B B plEd o 4
MFEETLE R AT 0 hE LA E B R Y W3 K o A T ehlichp £ 5
27> T R-27T e 54 HERIFHR > A7 F e P4 EF EEETE

NG S A7 P RSB EREGRAY T ’é I BERAE
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d Wire Pull S/N * & B](4- B 25)38 T B iff if 240
S TR B3 AR REFATS ] & PRI RS AL IR 3
Ball Shear i £ R e B F %P APV UFRIE T RS £ 44855
R GHE 4k 8 47T o
d Ball Shear S/N = & B (4- 8] 26)7 3 T_fif 15 12 4o
ZHTRA B3 R AEFAEIT D LY FE R3S RS AR FR2

1

B SRR TR YA SN G B A Tk 1 Sk LB

A=
N

TELHREF TR RIER M SR E R ]
Ed w2 B% o A wgliw B g G

WTRA B3 A2 AR ] & FRBTR ] R AREGERFS

&y

34 RRAIEkLHT

AR EATA9%2 L 100 d A BHEEFF YT F AR
v 4‘\?’%‘:“"5—[@7‘ —E_éﬁ?sg‘ﬁ%—ﬂ; v e FE— p%bt’n v F’ T S/quﬁ?j
FREARE o A (ST 0% kBT £ AT P UKE 0 d1

o o BfRik S lc? TR
3.5 H#EF %

(IR = st -

\\\ﬁr

B(LH T RS B3 A dRe oSl

&y
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B BER RS RERETI) R E R % BB 11 &

L1200 d 2P ﬁiﬁlg"‘f’“‘” A N

3.6 HEDBTHEHLIT

iﬁa#éta‘f_" R EE F 2 L Wire Bond 7 %% $-#8c 0 B~£ 5 T4 5mm
GaN t F-(4rB] 27)i8 (7 2 2R M BB F B o
B 8L L F Rl A WireBond 7 B & IV & e & 2 £ 5B Wire Bond
e eIV F e (4l 28-W 31) %ﬁ Pt iR S Rt hZ R oo
P 3R )3 Wire Bond {6 Static'Drain to Source On Resistance(RDS (on))
FMPAR REFEFAREERIES 3378Q B L FEF R EERES
4.505Q(4r % 13)afe &5 vt & Wire Bond = £ Bl @ 474 o 28 % 28 P

B e SQ0 st 5 SR R 4 ERHES S Pad £ LTER o
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Yr R BHhedik

4.1 GaN HEMT Wire Bond % f2.4 7 %3

d RALFOR gt S b B IR FHCE RS R BRI R AR 2Rt 2 9
SR S Rl AP B ?ﬁiﬁi sl i b g B 2R o kcdiwm s Wire Bond
fseniZ B MR 5 Bk p >t WireBond @l 2> 7 &d th AT £MGad 4 L
F ke > A Wire Bond #8427 © & = Bond Pad 2 % % 32 & B 5 odff i}
R (4o 32 & 33) @ B AL b Bk e RDS (on)dhlieid > i 4 AR £ P
RDS (on)d% % -
b4 GaN HEMT =7 Wire Bond i# % ® > 3% F 5 Wafer Lot 72 &

e Bond Pad Metal £2 s F 42 & 175 3 FA40 5 ~ 4 % > G thaBfe

\\?{r

#iT¥ ¢ > BondPad % & 127 & ehik &R € 3 2 Bond Pad Peeling /% »
HAEEP A A ARG Wire Bond (TE 5 % & BN T A
PR SEFREIR YEERE S D E§ oY SR

¥ ¥ ¢ Bond Pad 4f %
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42 A RP g

A2 ST T AT 0 TLIT R 4% RDS (on)it (7434 0 £ & GaN
HEMT # 48 & Bleng (2430 > & & 32 Gate-to-Source Voltage ~ Drain-to

-Source Leakage Current & Gate-to-Source Forward Leakage % 31+ > tx & &
REFEIF Y > 7750 4 > i bt ) TS > 3531 Wire Bond ¥* GaN HEMT 2

- ?Ffjﬁl GaN HEMT Wire Bond @ 3 » % it % J& Wire Bond 2. ¥ 3L &

IE%E

i

» Toav e d FALE 0 AR HEE T GaNHEMT SHe% 21 0 it 7 (%=

gl es o
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54 2
LR ke, TR R F L EMERFR S GaN/SIC £3hid

WA ATk, AW-FEIC

. Tim McDonald, ” Cost-Effective Revolutionary Performance”, Power

Electronics Europe, pp.30, August 2008.

M TR HERFASMEERT ) R SEPHE . F

BT AR EHhY 0 AR FE -

THPILEMALAEREITR » ARY LN E

CHREAR S TR ARBREBRS A it aRm AT 0 R ¢ b
o HEPER] APl 0 AR LES

. ¥ ¥ 42> “Applying Taguchi’s Method to Study the Optimum Parameter for

the 50um Fine Pitch on the Pad in the Wire Bonding Process of the IC
Assembly”, Z kA F, 1 F1 e F BH kL% 0 ARL L -

.

. MIL Standard- Internal Visual, MIL STD 883F 2010.11, Department of

Defense USA, pp.24, June 2004.
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8. JESD Standard-Wire Bond Shear Test Method,

JESD22-B116A, JESD
Solid State Technology Association, pp.8, July 1998.
9. MIL Standard- Teat Method Standard for Microcircuits, MIL STD 883F
2011.7, Department of Defense USA, pp.5,

March 1989.
10. George G. Harman and John Albers,

”The Ultrasonic Welding as Applied
to Aluminurn-and Gold-Wire Bonding”,

IEEE Transactions on Parts,
Hybrids and Package, Vol.13,

pp.406, September 1997.
11.5&3P 3¢ »

ASERRF e 0 EFIRIZHAEORT > P EARS
TEE o n ARpLsE
RAGFF s o iSFIRER " FARETHEe > o400 A
R A~L T & o
IBEpS FHRIF2-EALEEEEGT TBE Hwik S X
DR
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W4

il H i & 4F &
TR c| VQ-m | 1.25X107 | 1.56X 107 | 1.711X 10’
wE (To ~Tma L 320E) p| gm’ 18.3 X 10° | 2.54 X 10° | 8.96 X 10°
g (To ~Taa 458)  C| ws/g=C | 0.14 1 0.385
Bk T| € 1063 660 1083
i fE H|  ws/g 62.8 311 211.8
g K| w/m+C 293 238 394
1. A4
EHRE R (mm)
SUE (p)|(mil)] 1 2 3 4 5
25/1.00) 271 1.36 0.90 0.68 0.54
30[ 1200 3.91 1.95 1.30 0:98 0.78
38| 1.50] 6.27 3.13 2,09 1.57 1.25
32, AMBET A E A
EMREE (mm)
SUE ()| (mil) 1 2 3 4 5
25/1.00) 214 1.07 0.71 0.53 0.43
30/ 120 3.08 1.54 1.03 0.77 0.62
38/1.50)  4.94 247 1.65 1.23 0.99
13, AEMGETT R A (B A)
ERE AR (mm)
SUZ(um)|(mi)] 1 2 3 4 5
25/1.000 371 1.86 1.24 0.93 0.74
30[120 535 2.67 1.78 1.34 1.07
38/1.50]  8.58 4.29 2.86 2.14 1.72

24, R ET A (H 2A)
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R T

EEiRR FNETEE, [HEZFiRE (ERINE [EEERE
= g E (o]
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
i 3 1 3 2
g 3 2 1 3
e 3 3 2 1
% 5. Wire Bond @ 47 %-#c 19® * %
e S
] 1 Z 3 B
ZETENE 40 50 60 P
HEEIR TE= .21 .24 .27 W
atil = 100 120 140 C
HEEIR b 40 50 B0 s
#.6. Wire Bond %l 42 % #c %
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BE B2 B3 MAX MIN | AVGE. | STDEV

178 WIRE PULL 2.15 2.09 2.59 259 209 228 | 0273008
i & A A

e WIRE PULL 1.33 176 1.10 176 1.10 140 0.335012
S A A A

2370 WIRE PULL 145 1.90 120 1.90 1.20 152 035473
ik & A A

470 WIRE PULL 1.56 1.31 169 169 1.31 152 | 0.193132
i & A A

25570 WIRE PULL 2.00 0.96 1.56 2.00 0.96 151 | 0.522047
i & D A

26 WIRE PULL 0.36 0.05 1.58 158 0.86 1.13 | 0.392301
i & A A

=7 WIRE PULL 463 347 3.26 463 326 3.79 || 0.737857
i D D D

=3iH WIRE PULL 334 3.08 293 334 293 328 | 0487887
B D D E

Zoif WIRE PULL 249 1.15 1.38 249 1.15 167 | 0.716543
s A A A
4 7. Wire Pull & /p 4

‘el B2 BE3 MAX MIN | AVGE. | STDEV

214 BALL SHEAR 18.33 11.49 152 18.33 11.49] 1501 || 3.424006

o4 BALL SHEAR 10.12 9.12 12.56 12.56 9.2 1060| 1.76952

3l BALL SHEAR 11.01 16.23 9.11 16.23 9.1 1z2.12| 3686751

A BALL SHEAR 16.23 15,51 11.13 16.23 11.13] 1429 2.760217

o BALL SHEAR 12.98 10.25 17.54 17.54 10.25]  13.59 | 3.683083

el BALL SHEAR 17.15 15.99 11.29 17.15 11.29] 1481 | 3.103095

=74 BALL SHEAR 53.32 64.19 52.07 £64.19 52.07]  56.53 | 6666006

=33 BALL SHEAR 20.78 26.54 3362 3362 20.78]  26.98 | 6.431298

#04H BALL SHEAR 13.89 16.84 2153 2153 13.89] 17.42| 3.852882

4 8. Ball Shear & P %
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Factor Sum of Degree of | Mean of F Fo. 10
Square Freedom Square :
BEEEeHESE [1.78716296 2|0.89358148(2. 96978724 4.3246
ALk EEEN 0. 164362963 20 0. 082181481 0, 27312732 4.3246
EBETRHE 3.85905185 211.92952593(6. 41271287 4.3246
oL R AuEhE E 1. 0392 2 0.5196| 1.72687268| 4.3246
Total error 1. 203562963 41 0. 300890741
Total 2. 45293333 12
#9. Wire Pull % 8 #c 4 47 4
Factor Sum of Degree of | Mean of F Fo. 10
Sguare Freedom Sguare .
ABLEkEHEA$ |329.747252 2|164. 873626|1. 28739746 4.3246
HEREHEN 239, 9628667 20 119, 9814333) 0.93686174] 4.3246
EETRME 823. 426496 2\411.713248|3. 21481732 4.3246
SR wEEE 272, 3066741 20 136. 153337 1.06213826] 4.3246
Total error ol2. 2695407 41 128. 0673852
Total 10. 95883333 12

# 10. Ball Shear % £ #ic~ 17 %
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B B2 B3 MAX MIN AVGE. | STDEV
FT105 WIRE PULL 3.33 4.24 3.92 4.24 3.33 3.83 1 0.461628
%[‘ D D D
% 11. Wire Pull & p| % (% % =
HER] WD HWER3 MAX MIN AVGE. | STDEV
BT105 BALL SHEAR 68.67 59.26 54.84 68.67 54.84 60.92 [ 7.063443
% 12. Ball Shear & /| % (% 7% 2
Parameter HEFP Ty FERF 1 Uit
= —ys s s nits
ek EINN ERE R I e B Ear R
Roson ;f;ftanc?mm'w'some P 5 3378 4.464 4505 Q
Conti Drai n
I vi?énuf u@ P / g 1000 1000 1000 1000 mA

% 13. Wire Bond & 2% 7 {4 & 2" BB %
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(o BT e
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51508

51008

S50M
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T+ 3225 May 2011
1000

T

2

E 100

E

a

2

g w

i

o

= <

- B

= 1

g ./ *

3 *x ¥

0.1 * -
10 100
Breakdown Veltage (V)
&5 Hsis) IGBT ® SiC . GaNHFET ¥ IR GaN

B2 BhH T rEE P afF(F CHERAENTRRRT

Z_ 4 R4]) T kR Power Electronics

Europe,pp.30,August 2008
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Saw blade
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REJECT: CONDITION A
SEMICIRCULAR CRACK HAVING CHORD
LONG ENDUGH TO BRIDGE NARROWEST
SEPARATION BETWEEN UNGLASSIVATED
OPERATING MATERIAL
REJECT: CONDITION A

CRACK < 0.25 MIL SEPARATION
FROM DPERATING METALLIZATION

REJECT: CONDITION B

CRACK WITH MO VISIBLE LINE OF
SEPARATION FROM OPERATING METALLIZATION

REJECT: CRACK > 1.0 MIL
///_ INSIDE SCRIBE LINE

¢
Krom

2

[~— ACCEPT: CRACK < 1.0 M

4

|-— SCRIBE LINE

gﬂ,

N\ A

S
REJECT: suasmmE CRACK

TIVE CIRCUIT AREA REJECT: CRACK IN LENGTH

> 3,0 MIL CONDITION A

5.0 MIL CONDITION B

INSIDE SCRIBE LINE

®B]7. Scribing and Di EIS on ‘% c . _&; condition B

1|j_|:§'?!ﬂm.
B]8. Die Bond{s BB %

41
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N ACJECT = SIMGLE %DID LARGER THANM 135 FPERCENT
= A

\ 0 TAOTAL IMTEHDED TOMTALCT ASES
Ih%_ AREJECT+ CORMER ¥DID LARGER THAM 10 FERCENT
OF TOTAL IMTEWNDED CONMTACT ARES.

OF TOTAL IMTENMDED TIOMTALCT ARES.

—
@g%‘:@ ACCEPT: M0 SINGLE VOID LARGER THAW 15 PERCENT

JF TOTAL IMTERDED TIOMTALCT AHES.

I

_‘§ MACCEFPT: CORMER ¥DID OF AREA LESS THAM 10 PERCENT

@ = WDID OR UWBDMDED AREA.
4 “wj

‘E}_ T REJECT= GLADARANT MORE THAK
B

T0 PERCENT USMBONMDED.

Z" TR &

ALCEPT: ALL QUADRANTSE LESS THAM 7O
FERCENT UNBIMDED.

L B SN . rﬁé

B19. Void Criteria 7 4L K& : U.S. military standards MIL-STD-883
METHOD 2030-1

i s

PAD HEAT N N
I+ A2 kIR 4L ii B
% 4\"_‘%’3 & _%%ﬁlji?\?

FZ3PAD! w

PAD
&% &+4% 2 SECOND BOND £ AU A2 kiR d iR

Z 4o # 484+ B

] 10. Wire Bond process flow
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FaE

W

B 12. Wire Pull test 7+ &, 8]

43



—)

B L
BE 1

B 13. Ball Shear test 57 &, 8]

™

MIL-STD-883F

1000

H] I
g .l
s 1
5 F4
4 // 3
, A/
_ y// 4
[m 2 ri
=]
ac
= //
1
¢ 100 / 4
= H
& 7
= 6 ALY
5 s a4
= 4
o y
-
-
= 2 J'/
=1 /
8 /
[:=
- 10, pay
= 8 1;:; KEY: mm
= 6 A _ R
= ¢ yo i 1 - AUIPRESEAL) [TT]
4 V4 2 - AL(PRESEAL) [
/) AU (POSTSEAL)
= L
/,// 3 - AL (POSTSEAL)
-4 /,
A
/;/ //
1 ]
1 z 3 4 56789 2 3 4 5 67884p z 3 4 5 6782100

WIRE DIAMETER (MIL)

@] 14. Wire Pull test 2L.#% F 4L k& : U.S. military standards.
MIL-STD-883 METHOD 2011.7
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MINIMUM SHEAR VALUES

Minimum Sample Average
g0 4+ = Minimum Individual Shear Reading

40 / il
30
=
_—
1(:} ' s ' !

176 2.0 225 25 275 3.0 325 35 375 4.0 425 45 475 50 525

BALL BOND DIAMETER (mils)

SHEAR STRENGTH (grams)
g

] 15. Ball Shear test 2.1% 7 4L X /& < Joint Electron Device
Engineering Council. JESD22-B116A

J

=

(&=

ﬂ@ﬂ

i
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] 16. Mold process flow
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Front side

Back side

@] 18. Wire Pull %72L7+ R, B
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Molding

Compound

Gold Wire

B19. TO220 # = & 7+ & Bl

®120. TO220 _+ AR.3i% 4R
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B 21. 37% 1° SPB-U66S 423 A 4% 5 1%

Drain Gate
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Drain Gate

iR

Source

B123. $7 37 & BI(RI4R)

Bl 24, FRERT T L B
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Response Table for Signal to Noise Ratios

Larger is better

s

Level 'Ex[/E Frfik
1 4.555 7.449
2 2.753 5.596
3 8.788 3.050
Delta 6.035 4.399
Rank 1 2

BT SR

EOHE PR
6.178 5.059
3.670 5.176
6.248 5.860
2.578 0.801

3 4

Response Table for Signal to Noise Ratios

Larger is better

\

R SIS

Level E<JEl Fsfis
1 21.90 27.22
2 23.06 23.93
3 29.50 23.30
Delta 7.60 3.92
Rank 1 2

e s

RO R
25.19 23.67
22.81 26.32
26.46 24 .46

3.65 2.65
3 4

Main Effects Plot for SN ratios
DataMeans
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Signal-to-noise; Larger is better
Bl25. Wire Pull S/N ration 8]
Main Effects Plot for SN ratios
Data Means
N 7] T e e
28
26+ \
8 24 '// —
s
= 221 - . . . .
Z 1 2 3 1 2 3
= A TS e ki
g 30 =
= %
) . / /\
244 \'/ — <
22- T T T T T T
1 2 3 1 2 3

Signal-to-noise: Larger is better

B]26. Ball Shear S/N ration 8]
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®27. Smm GaN &5 [#

DOVD
1.2000
1.0000 £
800.00m |
600.00m E
(@)
— 400.00m £
200.00m F
4.2575n
-200.00m 1 1
0.000 2500 5.000 7.500 10.00
VD
Fit #1: Fit #2: Cursors: X Y
None None []] 3.9000 189.30m
P = =
e P )
P x =
ICS 13:13:21 -
06/29/2012 FAN

Conditions:

Swp: SMU8
Start: 0.000 V
Stop: 10.000 V
Step: 100.00m V
Pts: 101

Step: SMU1
Start: -5.0000 V
Stop: 1.0000 V
Step: 6.0000 V
Pts: 2

Con: SMUB
Val: 0.000 V

Legend:

1D:
1D2: -

R28. 44 Bk
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ID-VD

1.2000 _ Conditions:
1.0000 £ Swp: SMUS
200.00m E Start: 0.000
_ 3 Stop: 8.0000V
< 60000mE Step: 100.00m
g 400.00m £ Pts: 81
200.00m £
4.2575n E - Step: SMU1
E = Start: -5.0000 V
-200.00m E L : L Stop: 1.0000 V
0.000 2.000 4.000 6.000 8.000 Step: 6.0000 V
VD(V) Pts: 2
Fit #1: Fit #2: Cursors: X Y Con: SMUS
None None []| 7.0000 38.100u Val: 0,000V
£>[53000 | 23.146u % Singla o
[ [y Repeat
@]
e T = \EI Append Legend:
I™ Histary
ICS 16:40:47 4 D —
S | Ao .
09H16/2011 /| 1.7000 14.954u s D2:  —
s k) Ve 2, _ﬁ N . >22
B129. duf 4 K7 % 2§ P|B(Wire Bondw)
IDVD
1.2000 Conditions:
1.0000 F Swp: SMU8
Start: 0.000 V
800.00m £ Stop: 10.000 V
600.00m £ Step: 100.00m V
[m] Pts: 101
= 400.00m £
200.00m £ Step: SMU1
Start: -5.0000 V
Gty Stop: 1,0000 V
-200.00m 1 I Step: 6.0000 V
0.000 2.500 5.000 7.500 10.00| ptg: 2
VD
Con: SMU6
Fit #1: Fit #2: Cursors; X Y Val: 0.000 V
None None [1] 3.0000 860.70m
i i 8 Legend:
o e = 1D:
Ics 19:04:55 = Beg| bz —
07/09/2012 AN

B130. 4ad 4 B F 5% =¥ PlBl(Wire Bond{s)

52




— IG5V

IG_ 1V

BI32. £:MFL

PIR(FEE 4 B F %)
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B33 &85 2 ELPI RI(FEE 4 M 2% o)
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