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Investigation of Fabricated Through Glass Via
(TGV) Process by Inductively Coupled Plasma
Reactive lon Etching (ICP-RIE) for 3D-IC Package

Applications
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R = 43l 35 F 3L 4R (through glass via, TGV) 445 T A st db /i Ml A H 7 o2 EikE - EmksE
sg AR MR dE - R A ZAAR T L R B HEMRG A - AR ERB AR BFILEA - AR
JE#% 4% JLdk 748 %] (inductively coupled plasma-reactive ion etching, ICP-RIE) & 4t » YA\ ﬁg%?‘%% (C,Fy)
AR (He) RAn A AEAF & R IERAE - #5 RET FLEMEN - I BB ~ LR R T Ak
ZBEHERBHR R FERMNEEEREFVE TRERBEANARESHBELTH i'l” He bk %) 1k F 4
2 0.408 ym/min » £k %] F LA RE T 150 um ~ FILA R AR AL /) 7T 3% 50 um R AR BF e B % 7T 3% 89° -

This paper presents the manufacturing process of through glass via (TGV) structure and direct implications on
the design of quartz-based interposer applications for three-dimensional integrated circuit (3D-IC) packaging
technology. First, we analyze detailed substrate thickness formed by dry etching with various associated structures
based on the use of thin quartz as a substrate material. Then, we evaluated the holes etched in glass wafers by
photolithography and inductively coupled plasma-reactive ion etching (ICP-RIE) techniques. The fabricated TGV
morphology showed an excellent characterization between substrate thickness, via diameter, and via shape for a
vertical interposer. Finally, we obtain that TGV structure with a diameter of 50 ym in 150 ym thin quartz wafer
exhibit high usability for thin wafer processing with the optimized fabrication parameters.
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ba& R R AE 2 AR R - RERERUVN
(L BLRE AT AR B (5 9 12 A B808 26 I i i 4R S R T
’H » ZRFLERR R <2 B o ZRFLAEARATR T s
e BER R SO EM - ERERA & HE
HEBEE/DN - Eem » HEEE LR ERAFR
B 3D-IC R RFFEEREAFIREEE - 21
[ BTS2 B R Bl & B AR 43 B
% » EH A ZFL (through silicon via, TSV) F{iif
HEFTILREHE RS - Hh TSV 2 3D-IC HEf=
fu T VBB RO - B2 EU R E B D H A E AR
rulEHEERAY G - DUER & R EEEE - 55
B e—E RV &N - FTLDLER B &%
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K& FIEHESS » AR BEIRA B A ZRINEA
JEE AR < HIRE - AHEIRER - BRI A A VLAY
HfR oz B IR (A8 (coefficient of thermal expansion,
CTE) - (B FE AR PIH B BRI =R R - A
FeRF I A 3535 (quartz glass) {ERZER AR - B
BUCEC Y B s B IR RS ~ BEEE 1% ~ AdslE:
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TEUVIMER (< 50 um) EERLLZ FLIFA BAZRY A
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Properties Quartz glass

CTE 57x107/°C

Thermal Conductivity | 1.4 W/mK
Thermal . . °

Softening Point 1683 °C

Strain Point 1120 °C
Optical Reflective Index 1.47

) Young’s Modulus 72 GPa

Mechanical - -

Poisson’s Ratio 0.17

Resistivity 7% 107 (Q" cm)
Electrical | Dielectric Constant 3.7

Loss Tangent 0.00006 at 3 GHz

5 (laser ablation) N BN L (electrical discharge
machining) SR » BEE HOT R H 5%
/M 8RR BB E BUNMRE AR - JEF A
(anisotropy) SOEFELL (selectivity) SFE K H 2 &
¥ AR T T A SR R R
BUWERG A E AL - {EMPEEE R (micro electro
mechanical systems, MEMS) F1 » A Sl 3 855
e H [F 1 (trench) A2 0T BUEBRAY BASE R T -
— i BRI E T R R RZ B 4] (dry etching) £l
D EYFEE e % F R TR AL E RN
T DABEERY — & (Si-0) #4S - HER N EE G KAk
ZIER ~ R ERZE R PR 5 BGE 5 T ERG  S R
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e H T H SRR L SRR -

AT - SR LR A AR R (e i EE 4R
WS H R ETHIIE - RERs SUREE R 2 DA
ICP-RIE At - (o FH BB (F R i 2 5 IS
BIEEGH 458 - 2002 £ Li % A® i SF,
REGTER AR ZIEESE R (7 - 75 Pyrex J43E FEIFERK
40—80 um MEELL 5—7 2RI BEiiSE
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fiifd  G5E R B AR R - (HEBRE R RST
e P ol e (I B 2 R R TR -
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Quartz glass substrate

Bump TGV by drilling and filling
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(a) Viewport for laser
interferometry

Electrostatic
shield

Substrate Holder in TWO T 3 "

Different Positions \ the Wafer

Lower Electrode »
Bias Power Supply

$4  Helium Backside Cooling

2. BB FLERRMTEHE -

Water Cooled
RF Coil Antenna Power

Wafer Clamping

Substrate Holder or
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S ANE 1 AT SEfTHEE LR o HTTHTEAR
PAsepicE Rz 1C 7o M Bump Z /T8 » BRI
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(b)

Etch products
C,Fyplasma  (SiF,, SiF,)
(C-F +F)

(CO,, COF,)

ions

Fluorocarbon /

interface on glass

Quartz glass
surface
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Quartz glass

(a) Wafer Preparation

KMPR 100
o 1 o s

Quartz glass

1

(b) Lithography

HENN

(C) Etching the through hole structures

. Si D Quartz glass |:| KMPR photoresist
B3. 3% FILE R RBZ T EHE

G305 Ry Oxford ICP 380 A » LA BIFE R HE
P C,Fg B » CFy REEM DR E B ERMEE
5t (RF) A EEERHHE (W F, CF,, CFy)
KB (40 CF', CF,", CF;H? »
NEBBFERENE 3 x> AEEEFERS
f R VU, S B B LA RS ELFE 150 ~ 300 K
500 um » 700 3(a) A - 53 RIBEH H,S0, @ Hy0,=
41 1 HIEPEWE ~ A (acetone) Sz FENES (isopropyl
alcohol) » F DA E I EE EAvEE L 10 min © FERRS
S EERE (SU-8 2100, Microcosm Inc.) ffisz Y
12 fEE o B EE SR 50 ~ 75~ 100 ~ 150 »
200 K 300 pm B ZFLIF SRS - RG]
AN 3(b) FR o SEREBRZDE SRR R 2 AT
s Fr B R R FE R & BB T B 2B 5 1 A
FHC,Fy/He : 24/84 scem —_fEEHRNE S T £
X 2.5 mTorr ~ ICP %]/ 3000 W B RF E%1))
200 W ZMRIFT » B i B AR 2 2R 22 AL - 20
E3(c) AT 5 ERY A iR SS Hi<eE (20/200
nm) E(FEFELIEE - ek AZ 4620 YIH - fnZk
95 °C ¥JE 10 POk - BRI ER AL B BR B2
& nlE 3(d) ﬁﬁm s FI RS R B G 2 1Y BB
BENCETERY - B RBEHAEE 2 LIRS
AN ,\fﬁﬁﬂﬁfﬁ%@%& A& 3(e) AT 3 mfRd
ma T B A TNERVA TR - R BB LA i - DASE
R ZR LR AR EIAR » ARG SCPERT DA (B % 2 8
B E AN R Bl 2 RS P P s R B 2R s 2 5 PR
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(d) Deposmng seed- Iayer and Bondlng

(e) Removing the photoresist and electroforming
Cu |nterposer

) Removmg the silicon wafer

. AZ 4620 photoresist |:| Cu interposer D Ti/Cu
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= - BB RER

1. S BRI PR B %R E Z B AR RA R

HEANFMAHE2HZE  REEERE
5%& #E DL EEMIIER 3000 W~ NEMIT) 200

+ feBEBE 77 2.5 mTorr » C,Fy/He Vi &y 24/84
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3. kAR ZIEE -~ #FER TR IFIBENR

EEHMZE REALETTE

FHERBRI=EREEREE - G
150 ~ 300 i 500 pm FEE - HAYZE Ry T PEETERZ]
R SEINERZHE - MRTT IR LE  E ]
LR 5 R E B E Wi AN [F] AR
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SERE I nERZ DR E - B R 300 Bl
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FIZEFLIRE I BIRR 12 B 16 /NEE - S EREfATE 2000
PR EERRER0S - BEREEDL 150 um Ry T - &
ZIREFIRY 5.5 /NEFRIRF & EBRERET AT © Ni-Co K&
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A TIREF S - BE Ni-Co 5 7 4 e ) BB 38
Bt EE o W H 2 EESEE - FTDEAE R
1 Ni-Co 5 B2 AN F R 2P LI A SRR - HUERR DA
SU-8 & CPHIE R ZLEE - [HEH BAEE L
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[
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6. LI T R &5 RF Rk 3 KA B H ekl ik AFIABRBEZ T TR
BT RE: (a) H4& 50 um FUR AR 150 um HA 5 (b) A4E 100 um
LR AR 150 pm FAR 5 (c) A2 150 um LR AR 300 um HAR ;
(d) B2 200 um LR ZJRE 300 um 335 5 (o) 425 50 um HAE 5 (f) 4
5250 um HAE -
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