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Design and Fabrication of a Low-Cost 3-Dimensional
Wafer Level Packaging for Thin Film Type RF Devices

Jae Hwan Lim

Department of Information and Communications Engineering, The Graduate School
Pukyong National University

Abstract

This thesis presents the design and fabrication of simple and
low-cost wafer . level  packaging(WLP). for thin film. radio
frequency(RF) /devices. The WLP with  a small size of
1.04 X 1.04 < 0.4mm?* was fabricated by low-cost micromachining
process.

The package 'wafer of key function in the WLP consisting of
junction with thepackage wafer and device wafer contains cavity
for securing a space of the 'located device,  electrical
feed-through for electrical ceonnection, solder for bonding with
device wafer, etc.

Without high-cost silicon deep reactive etching(DRIE) and
plating process for electrical through-interconnection, the
proposed technique utilizes typical silicon anisotropic etching and
metal deposition method. As the solder material for bonding and

hermetic sealing, we used gold (Aw/tin(Sn) alloy. The fabricated

_Vi_



WLP with a bonding size of 0.315mm? showed an excellent
average shear strength of 10.425kg/mm?® and a low leak rate of
less than 1.2 <10 ’atm.cc/sec. It also showed a very low insertion
loss of —0.0048dB at the operation frequency of 2GHz.

The proposed WLP structure is simple and cost-effective, so
we expect that the proposed WLP is one of good candidates for

packages of thin-film-type RF devices.
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Level 0:
On-chip
Connections
Gate-to-Gate
Gate-to-1/0 pads

MCM

Level 1:

Single Chip
Packages
Chip-to-Package

Level 2:
PWB/PWA/MLB
Package-to-Package
Connectors

Level 1.5:

Multichip Package
Chip-to-Substrate
Chip-to-Package I/O

Backplane

Harness/Cable

Connectors

Level 3:

Rack & Card
Board-to-Board
Backplanes, Cables

*IC : Integrated Circuit

* SIP : Single Inline Package

* CSP : Chip Size Package

* COB : Chip On Board

* PQFP : Plastic Quad Flat Pack
* MCM : Multi Chip Module
*MLB : Multi Layer Board

I% 210 &AE HIHY FF
Fig. 2.1. Type ‘of each level packaging
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doln 29 7le = A

ol QS o] &st= WLPo| ojA Y i e dels uf
+ 85t foly BY W 3% 31 yErd Hiep o)
surface bonding, metallic interlayer bonding % insulator interlayer
bondinge. = HA T&€ < JtH1Z]l o5 4F £9 WHE 1
ol EAF S 7HA L oA & wepa HAHY Ed
WS AdEste Aol Hasit

# 3L dely 29 7=l 7 2 54

Table 3.1. Wafer bonding method and- properties

i Bond
. Tempe- Herme- | Relia-
Bonding method . . strength Comments
rature(‘C) ticity bility
MPa
anodic bonding medium, yes good >30 |requires flat surface,
200=500 high voltages
Surface |fusion bonding very high, yes good 220  |requires surface prepa-
bonding 700-1400 ration, flat surface
surface activated very low, yes not 210 |requires flat surface,
bonding RT-200 certain surface preparation
) ) medium, not s % .
eutectic bonding yes . 20 ~|particle insensitive
180400 certain
Metallic |thermo-compression| medium, not not i very high pressure,
interlayer |bonding 350-500 certain-{-certain particle insensitive
) low, not o o
solder bonding yes . particle insensitive
180-300 certain
i . low, not very particle insensitive,
adhesive bonding no . )
Insulating RT-300 certain | 10-25 |very versatile
interlayer ) ) med./high, S i .
glass-frit bonding 5400 yes good particle insensitive, versatile
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2 g4 Ze T e Ao B3 M r MFEFarrr g
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o] 7} Agtsittal & 4 UH14~15]

A AHEE = AuSn AEY EUELS olH HFAEEA
1970 @ tholl A28 A7 ol-ef 18 36049k o] Au/Sn T
< F XY FAAS HAH, AFAHA £(AusSn), o (AuSn), e
(AuSny) 18]35 (AuSny) “FHphase)Ee UElN = FFolt. o7
A oed p e 309C o)kl A A FAkel 9F] YERUE Aol
M, 309C ooz =7} et A 1A HA 1He] Filo
o FL AEEE 5ol Ut FARAE &Yy AHE ol

F2 Jgya Atk 27)9E #7149 sealing 5ol o] &5,
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Fig. 3.6. Au/Sn state diagram
X 32. &0 A58 54
Table 3.2. Properties of solder materials
A = AuSn(8:2) Au Sn
H = 3 19.32 7.3
£33 54
B A 5 kg/mm® 6000 7800 5800
==4 T 280 1084 231.96
d3 EA (dA=E= W/mm<CT 0.25 0.3 0.066
I ZA 5 107/ 16 14 21.2
A7) A& u 2-cm - 2.35 11
718 EA
AZHAEE 10%/cm 2 - 0.452 0.0917
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Table 3.3. Various lead-free solders for flip chip bonding

Alloy composition Th () 7 (C) 7 (C) 7z (C)

Bi-26In-17Sn 79
Bi-32In 109.5
Bi-41.75n-1.3Zn 127
Bi-41Sn-1Ag
Bi-42Sn 139
Bi-43Sn (eutectic) 139
Bi-43Sn-2.5Fe
Bi-455n-0.33Ag 140-145
In-3Ag 141
In-34Bi 110
In-48Sn (eutectic) 117
Sn-1Ag-1Sb 222 232
Sn-1Ag-1Sb-1Zn
Sn-2.5Ag-0.8Cu-0.55b 210-216 217
Sn-2.8Ag-20In 178
Sn-25Ag-10Sb 233
Sn-2Ag 221 225
Sn-2Ag-0.8Cu-0.6Sb 210-216
Sn-2Ag-0.8Cu-6Zn 217 217
Sn-2Ag-0.8Cu-8Zn 215 215
Sn-3.5Ag 221
Sn-3.5Ag-(<6)Bi 211-221 212
Sn-3.5Ag-1Zn 217

Sn-3.5Ag-17n-0.5Cu 216, 217
Sn-3.6Ag-1.57n 225

Sn-4.7Ag-1.7Zn 217

Sn-4Ag 221 225
Sn-4Ag-7Sb 230
Sn-4Ag-75b-17n
Sn-10Bi-0.8Cu 185 217
Sn-10Bi-0.8Cu-1Zn
Sn-10Bi-5Sb 193 232
Sn-10Bi-5Sb-1Zn
Sn-4.8Bi-3.4Ag

Sn-42Bi 139 170
Sn-45Bi-3Sb 145 178
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33 €A Ed= AT udd FIEH AS)
tor flio chi

[e]
Table 3.3. Various lead-free solders for flip chip bonding (continue)

Alloy composition T (C) 7: (C) 7 (C) 7: (C)
Sn-45Bi-3Sb-1Zn
Sn-56Bi-1Ag 136.5
Sn-57Bi-1.3Zn 127
Sn-5Bi-3.5Ag
Sn-7.5Bi-2Ag-0.5Cu 207 212
Sn-0.5Cu 227 229
Sn-0.7Cu (eutectic) 227
Sn-2Cu-0.8Sb-0.2Ag 266-268
Sn-3Cu 227 275
Sn-4Cu-0.5Ag 216 222
Sn-10In-1Ag-(0-10.5)Bi 188-197
Sn-20In-2.8Ag 178-189
Sn-42In 117 140
Sn-5In-3.5Ag
Sn-10In-1Ag-0.5Sh 196-206
Sn-36In i1 7 165
Sn-50In 117 125
Sn-8.8In-7.6Zn 181-187
Sn-2Mg (eutectic) 200
Sn-5Sb 234 240
Sn-4Sb-87Zn 198-204
Sn-7Zn-10In-2Sb 181
Sn-8Zn-10In-2Bi 175
Sn-8Zn-4In
Sn-8Zn-5In-(0.1-0.5)Ag 187
Sn-97Zn-10In 178
Sn-5.5Zn-4.5In-3.5Bi 185-188
Sn-6Zn-6Bi 127
Sn-9Zn (euetctic) 198
Sn-9Zn-5In 188
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£ M= fdsiaie]l 53 dy =zl siH, A A o
of Hu = e TRt AA Fa Y2 gjlo]l &Fol Th

Pe
94 I Uk ol EAEE A3l F& A=K optoelectronic
devices) # 7] QoA F8&3F AEE ALEHI o A= EHH
EdS 9% &= 849 ofle, =2 ARAEY A4S o83t
o FAFe AHo® AFEEH I JATHITL

W o] Au/Sn e iarelel o] ARSE. S AlHolA
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Q
S
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v B g4 sHFelh

Au/Sn(80:20wt%) @Eel A, §3o] o 28T ofzt ¥ W
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Fig. 3.7.-Deposition step of Au/Sn solder
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Fig. 3.9. Surface state of HA solder using SEM
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Fig. 3.10. Surface state of E solder using SEM
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Fig. 3.15. Solder of constant type for shear strength experiment
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Fig. 3.20. UBM pattern-after a lift-off process

25U E FAo) grE dojdes 5 FAY oy Ede
Al Au/Sn £H e FAeo] Fasith AulSn &l TeEe 71
zo F7)A golHe ojv I Zo| FAsE WHHA Aud} Sne
27t F ogolH o] ol dAst= wWHe] vt 26~27] &
A B =T ALY LT Ny T
ug AFsFez A Hd g7 W 7] W& ol

(lum)/Au(Bum)o] F48 Al Ykl Zolnt. =349 54

g Aoz iHol A doly W FA ddEE ¢
A

[
w
\&}
\}

r
{0
'
A,
B
N
do,
)
o
N
N
il
v
o
Y
PR
i
iy

_47_



T
29 321 NijAu %€ F7be 240

Fig. 3.21. Metal pattern with Ni/Au layer.
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Fig. 3.22. Fabricated package wafer
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Fig. 3.23. Process steps of substrate wafer with Au/Sn solder layer
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# 3.6. dlol¥ Ed& 9% Au/Sn £09 72 ¢ Bd A

Table 3.6. Structure and bonding result of Au/Sn solder for wafer

bonding
Bonding Parameters & Machine
Sold Z 24y
o 5 Temp Pressure Time e
() (Newton) (min)
275 5000 20 Unbonded, Low temp
280 7,000 20 Cracks, Low temp
280 6,000 20 Cracks, Low temp
Au + Sn
280 5,000 20 Cracks, Low temp
285 5,000 20 No cracks,-Good
290 5,000 20 No cracks, Good
290 4000 1 Unbonded, Low temp
315 5,000 2 Cracks, unbonded
Au75wt%Sn
315 4,000 2 No cracks, unbonded
315 3,000 2 No cracks,. unbonded
® 369 Aol dist ol B Al #FEHIY h:E:F <
BHFUAS B3t 19 3.262 EQE dol¥e HE AU
E Hsly] S8l BHE AEE 2ot Yre BEF Aol
o 259E 9o £t 3 Zo g2 XA FEHE 2d HS
= ¢ F Atk deoly 29 Al o]H 3 misalignmentE= R3]
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Fig 3.26. Misalignment in wafer bonding
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a9 328 gHRA R HYEZR oFe g9 decap AHX
Fig. 3.28. Decap photograph of locally unbonded area

Aol B A SR Bere AS BH5) s PR
9] TS SEMO 2 B3ttt 19 3.29= Auel Sne -2t 7]
A glolm el 7% glol o] ZFaal, 280C A 7,000 Qe o
= 2087 B Aol SEM A YE Aol of AmE
Y o] 383 wedE BPSn EHSH W14 glolwst

| sre ZA%elth oleig @A foi¥e U
Aol ol z Al WA A B2 AL,

_57_



Bondiyr;;

interface “Ng

10.0kV 9.2mm x500 SE(U)

10.0kV 9.2mm x5.00k SE(U) 10.0um

(b) unbonded g+ Ed(crack)

10.0kV 9.1mm x5.00k SE(U) 10.0um

(c) unbonded H&HF Edi(void)
a9 3.29. Au ¥ Sng o] &8sty B HgHo &

Fig. 3.29. Cross-sectional view of bonded junction part using Au and Sn
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29 3.30. AuSh FEEUE ol gstel BYE Hyre) v
Fig. 3.30. Cross-sectional view-of bonded-junction part using

Au/Sn alloy solder
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Fig. 3.31. Cross-sectional view of bonded junction part using

electroless plating Au and deposited Sn
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19 3.32. 371A Seoly o] 43I Blop &

Fig. 3.32. Via hole formed in the back side of package wafer
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19 3.33. 9j7]A go)He nlo} & Ao FAH ZLuE

Fig. 3.33. Metal pattern formed-on via hole of package wafer
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3 4.1. 2GHzAlA SAE WLP o AdE4
Table 4.1. Insertion loss of WLP chip measured at 2GHz

e Al &4 [dB]

1 -0.057

2 -0.043
3 -0.051
4 -0.053
5 -0.056
6 -0.055
7 -0.053
8 -0.052
9 -0.039
10 -0.039
1) -0.046
12 -0.065
13 -0.036
14 -0.036
15 -0.035
16 -0.035
17 -0.050
18 -0.053
19 -0.054
20 -0.054
R:Ris -0.048
EFHA} 0.008
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