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21 B %R
ROMF5FIREERBAZEREMR
AP AEEEHAPRAEPE ) )& dlee De Forest
PR 1B EZE > CARAKRENRRE  &F W
18 B #o Ao — 18 BAMAR(grid) ° 4R E S HE BT S
(soild-state transistor) > $2 & % % % 44 ] 89 & 7 f. >
BEHERT N AREREE - HENS - EEBUR
HABK - 2% M EREEAGALERL B
BRARAEZE > AT E—EHALY T TREL
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BBER TR 4E4E > LA R R E
(chip speeding) °
232 W/ R
& B b )N 89 45 R T (feature size)#% 2 BE R R
<} (critical dimension) * it Z N E R °
233 t#E1b(scaling)
# &b R £ 897U B 45 /)N (coordinated
shrinking) °
234 RF T 5 M (increase in chip reliability)
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24 F R
24.1 B R&#E %22 3% (Energy-Bond Theory of Solid)
AR EFRMAER T > FETRK
RREMBEINETR IR EET - Gk B4HEY
B BB BB 2 M A7 B K 89 AE R energy gap)
TR FEFORTERKR - MF TR
o RER—BREERAETE c ENEMARY
THBEEHERL  FUAEF—HALES T - 5
9 HE & (conductivity, C)Fv & FA & (resistivity, p) R
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2. VA (N, P, As, Sb, Bi) : A7 &4 ¥ S HATH(ER
AP, As) HmE FHEANA L E o

HEHEPAFTRAWNAL TREIN MR GFEE
N S5t 7 F 6 R BUK » B A5 E T A7 T vk
BB ERE] -

3. VIIA (F, CL Br, I, AY)
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243 RELINE Ry

A F F AR R 6 R4 (Ge) 0 B EB S
%  RERSWEAEBRELEXMERMARZ o &
&7 X F% B A8 9 (intrinsic silicon) AR €5 E 0 R
Z 0 R BB S R NS Y (dopant) TRAFE X - 44
2 91 E 8 (extrinsic silicon) °

244 Ffe ¥ BRMH

REZNILSMFEHEAILVE » kot ibsf
(GaAs) » ML F SR OBBA T FHHRE R
HEREFATHE - BEAERELAE - 5EmME -
BB AE N 12 > BB A2 B REALE > B MR
MOSTTH# R » BMEMEE ~ 22D - AIEA A
45> ANEEE L5 - E0E4H - ENE=
REBOILEME SR AN VIE > £ & R #1b4E
(CdTe) » AN B MR AAR 4 4 B A #B4iLEE
(ZnSe) » B # B HRLED -

Substrate | Saturated
electron
Type velocil

GaAs High High High High High Low High

DRI EE AR R AR %]~

Si Low Low Low Low Low High Low

These properties make GaAs circuitry ideal for mobile phones, satellite
communications, microwave point-to-pointlinks, and radar systems.
However, high fabrication costs and high power consumption have made
GaAs circuits unable to compete with silicon CMOS circuits in most

applications.
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5185 F 2R EARIET TR A SR
(crystal) * & #&(lattice) Al &~ AR &AW R -FHEZ 69
B e A A—HEABIT > REEAFOR
THEFIBp B B4 Bl > Ay R BAL BB AR &
I Z 4G & HE(FCC diamond structure) °

— ¢ FCC diamond structure

AN EREER ~ R

Monocrystalline

Polycrystalline

3. IR
AR TRUBEIZOLUTAERE BB EH

(wafer preparation) ~ & [B # % (wafer fabrication) ~ #]
3K/ FA(test/sort) ~ # BLAv 3 # (assembling and
packaging) ~ #R|(final test) °

3.1 & [ # #(wafer preparation)

b B 6,5 4 B (erystal) ~ & &i(growing) ~ Bl A
{t(rounding) ~ ¥7 & (slicing) ~ Bt & (polishing) °

8 kEESHARFERRY
(semiconductor-grade silicon)#%4b ik B 557 & #&
(ingot) * M¥ FHMBH R EZHHT AL EFH
#2 7% (Siemens process) * ®F1FE 2 & A RBEIALR T
A b, FE 98 % LA b 84 /6 4 4B 87 Metallurgical-grade
silicon)fwHCI ~ SiCli ~ H.34T R JE -

Si+3HCI - SiHCL+H:

B AT A 484610 HSIHCI3 » 32 ho 8B R R S 4h A
% &% > 44 H A A CVDi%(chemical vapor
deposition) JL#% :

SiHCL+H. = Si + 3HCI
RO FERCEERCRABLHARARA 12
RBSMR AR R L E B g xABBEPTF
Wiz & B2 4 590099% M L2 sy ey B A2 0 AT ABLAE
H75% F EEBRA B RA BT REAE -

Siemens process
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X B A WAE > 5B A& CZ*(Czochralski method)Fu i
%) & 3% (floating zone technique)ik °

CZE RN % & ¥ 538 88y M A 448 (crucible) A
BMAAuEL B~ SR v B4R B A BRALEY BRORAK AT Bk
B Saff(seed, £—/MABER > HEE Il &
SCTA R A K 6 48 BB AR Rk AL B By 0 LA Fu b A ik 28
77 vl A8 R BY B v e 38 3E v bR A A RS BidT o

Seed

Single Silicon Crystal
Quartz Crucible
‘Water Cooled Chamber
Heat Shield

Carbon Heater
Graphite Crucible
Crucible Support
Spill Tray

Electrode
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BT RGEAITY SENET  mBAAR - HE
HHE > AE 5 Bt m TR B BAERETE
(flat grinding) A & & [B] 1 A (wafer slicing) > # 8 1%
— R RASOMBEEE AR - A SETEAR
S (edge rounding) * I ELITEE S N 2k 0 IFIEKE
B R BEBEN TN - RESETS
* @ W7t B (lapping)#v £k %] (wafer etching)# 45k
Y o B#AT R @MWK polishing) ° & BN & E KR
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3.2 & H ¥ ¥ (wafer fabrication)

sb b BR 8,47 J(cleaning) ~ /g (layering) ~ #
Y& % 4% B & (patterning) ~ £ %] (etching) ~ % #(doping)
% o LT @ BACMOS# #2309 -
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7 HREALR % > A AE SR B (photoresist
strip) * BWANARL R MAREALE > RiBEITS S
B~ SR AB ReR%] ~ RMEKAE R 0 B
F BETEET A FE3ARSATE T ARAR R IF
By it ATR IR 0 K% AT RALE Al 0 SLRALEY
R Am bR - X A% A% # R (passivation layer) ™ By ik
KE -~ FMGRTE o BRI BEEE AL
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Silicon dioxide ‘
Silicon substrate|

Oxidation Photoresist Mask-Wafef Exposed Photoresist
(Field oxide) Coating  Alignment and Exposure Photoresist Develop

, £,

Oxide Photoresist Oxidation Polysilicon Polysilicon

Etch Strip (Gate oxide) Deposition Mask and Etch
Sy

jia

//7‘ :
o, z.,§ P A4 )

Ton Active Nitride Contact Metal
Implantation Regions Deposition Etch Depo%tl‘l:gn and

Used with permission from Advanced Micro Devices
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(twin well process) ™ 8 S Fn# S s BRA > F—
Yet B ELkE—EE& R (epitaxial layer
growth) > &&E L — R IEF PR » WSk

pHLH » THHLBRERHX - F_FRIBEA
16 At & (initial oxide growth) * #4 & B Fk - B2 A
REALR > BAFTK— T ESEER R AR > A
HREZEZRE Fﬁi%ﬁ%*ﬁf\ﬂ%’ﬁﬂlwé@ﬁ RS

BHMRE - F=FRE— kfﬁﬁn#‘*ﬁi\(rt mask
n-well 1rnp1ant) FwFAnHsEFHEAN SELE
KRR B 63T 7T HH kAR F_U'EEJE%E%
“A)DFH—z[Z =] ‘X(AF’:] =] H’IZ}\/EEBE}%%{IEJ H‘%:ﬁ-&i
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M o

s implant
lHHHfHHHHHHHHHHHH
IRERERERERR!
IRERRRERRER!
oe @ PED”“e””‘) f
tm (@ p- Epitaxial layer -srm
p+ Silicon substrate (Dia = 200 mm, ~2 mm thick)
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3.3 RI/% F(test/sort)

st B 6,435 R (probing) ~ B ~ o 48 ° 4ZR
HE I &R °

34 ¥ &tfv 3t K (assembling and packaging)

BB LR T @i AR B IR B ETEET
B RS r ab b B B A A A4 0 AR IS0 B S (scribe
line) V18] & [B ° AR Sk > BAF SR N3 #
B S BiTSR -

Releasing film
ACF

4

Water bumping N

Silicon Wafer silicon water o o
/ Jehip Flip chip assembly
ACF pre-lamination Remove a Chip singulation
/ on a wafer releasing film (A%;I-';%‘llaﬂed
wafer dicing)

ACF coating

+ ¢ KBS E
35 #B(final test)

S RS TTF AR -
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Chip probing (CP) IC packaging i Finaltest(FT) IC reliability test Product
: H applicati
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4. SEREHHRA
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41 #£/t(oxidation)

AR LA AR K (grow) 2. Uk (deposit) 89 F & A
R EK‘F‘K;{ZJ’ .%E@-/ﬁ_mmm S S E é’]ih‘:")i
B WHBERAARUEET R AHRYE
BEE BHAIN s > B ARk o AR R
ey Fe RORME 0 B R LGB o AE RS AR
KA R AT XA RAALE - TE
Ry ALE AT AR SLER -

4.1.1 8ALJ% # B (oxide film)

k8L K # B4R B A£700~1100 °C > K i
) 8L L #% & # B AL (thermal oxide) 2 # — AALEY
(thermal silicon dioxide, Si02) > # = 8AtA7 & N~ E 4
Mo E8EET 0 BB A1732°C - AR EKFEH &
BRRARCE A # EE25°CH LR £ AL
& RWBL0A 0 RAEGALMARK ey BERY -

412 8Abeyie2 RIE

FALRIEA o B3 AR R R - LRALE A
LB MR BKRBFAT ¢

Si+0. =2  SiO:

HRER Ao g0 0 E & @ ey A4 EfoRIER
}?;75 Ml > RER FREEE L3 ho w3 Ao o JRAALHE K
?L PLRJE > BALRER PR3 e 0 LLERAE

*}*f

-
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Si+2H.0 -2 SiO:+2H:

1B & A 8 8 A &4 SIO I > & AALE B9 5 L
AALE AWK b mATRELEELY > $#IF
o3 RAL BALE A 100

413 8L & A (oxidation growth model)
B BRAALH G AR AN HHROBEEZ 4
1bwy B t945% 24 © 79k > Atz B —RALw @

HAAR > FREARBF LB KA A TR
AR -

Oxide

«— Si surface before oxidation

wox

0.45wox
Si-oxide interface after oxidation

B+ = &itx kA
4.2 Pk (deposition)
421 HBEEFIRE



1. % & 4 & {b(multilevel metallization)

2SR LS EELBANER  2BEMAT
B AR P ey B O (vias)iR 4 o

Multilevel Metallization

| LEEEREREERER]
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s A sl iem
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2. &K R

484 /& 1b(aluminum metallization) & k4% 45 £ /8 B f&
MRt gk b K > MEE © A metal-1,metal-2 #5-5—
& o BB R (critical layers) 89 8 B A B R < ¥
R BERSEUK -
3. N E

2 E 8 U F metal- 1l ZH N BEBAE—NTY
(first interlayer dielectric, IDL-1) ° IDL-1 &93h A & %
S B NERBAFEH R HTHERTZT LR
Ve FE b2 dk - IDL 1242 A S0 N8 A#
3.9~4 -

m

422 FRBE IR

MBI E > AN ER BEAEA =S
LR T

1. PSR E (film-step coverage)

ABREZABERNY  SABREBHERS S
BRHESN ~ EHERIRALEEGRIEE ST o
L\ —
\ Step Coverage

—
Q(//

1V =
171

‘nonrotated

1'

B+w: RS
2.5 % F, Lk ] B4 (high aspect ratio gap)

AR AR LS o AEEGAVEARE R > N EY
w9 F LA R B R ST »

High Aspect Ratio

B+2A: HRELRR
3. &3 4 (good thickness uniformity)
B EE -
422 B (film growth)
R KA ZAAS R

1. A&#Z(ucleation) > BPH R AZ X E > RF R4 F
A RN -

2. kA% B Sk B & (nuclel coalescence) ° #% 4 B %
E(sland growth) c EZE F @ e BEZE R kAL &
HEE b EEAM -

3. i 4 ¥ B (continuous film) * % F K AR & d 3 b 5
RER S

B+ dEsk
422 165 f.48 Y # (chemical vapor deposition, CVD)

FRABMM AR G AMRES M AR RIELL
& 5] % i b AE Bl B zﬁﬁ%'é R B 3L RAR AR
o ABHRELL

1) Mass transport — Y Y 3
/7 ofvacans [ ovb feactor |
Gas delivery=———— )//g')

7) Desorption of - @ 8) By-product

N by products- removal

Exhaust ()

products 8’]’/—_‘
® od x . /((_.

5) Precursor diffusio
strate 6) Surfac Continuous film

Ff~yﬂw !&;ﬂ%%ﬁ

Substrate

++ EEAK
422 ¥ {48 Y (physical vapor deposition)
TR iR ¢ 748 (evaporation) ~ 4% (sputtering)

REEZRANALE > A EF R(ncident electron
beam)u B ARk AR © B R I A A AR £ A E
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Vacuum chamber

Substrate holder

Substrate

Vapor flux

Crucible
containing 4
target material

\ [1\ |

To pumping system

I AN ¥4
BERALEZGAETERBEHER T AL AT
B4R met  KELRFHIESEEY > kg

:aaa °

ground

| Substrate I

Sputter .. [ ]

Gasict | YAV Z/‘

| Tar

High voltage -

+ At e
4.3 #4% (photolithography)

WA B e R AR A I UEL =4

431 i

PR EART o B BB A & AR > ERERT A
ERrE o ESRFAR RS MR WROB EE
FoAZsg R EegtaE] o AR M BRMER
AEsts BABRA @EARE  BAWBZEGH
TR LA R o

432 MR B
1. #.48 % J&(vapor prime)

SF %k ~ £7K4% 0 BA Hexamethyldisilane(HMDS) &
K o

2. BB EM
Bk AL > S E R IE T RS -
3. )% (soft bake)

AR > FRRIE AR REREME > RFAR
PR3 A M > AEAFRAERTE o 25445 5 B R A
AR LAk 0 B 90~100°C » Aok 30 £ o

4. ¥ % Rk S (alignment & exposure)
U i
5. Bk 4% M (post-exposure bake)

SRR 15 A AR T Aah 100~110°C @ 3 ¥R
N DOUV)E A2 & L JE 8y ©

6. #8%5(develop)

BRI - RREBRPOICEN E BB TIERNY
KPR BIERNFEETK > SRR -

7. #%#% (hard bake)

BRIR I o fE RBRLMIAB RS > RAAMEA -
B 120~140°C °

8. MR
WE A PR ER KR EY -

Nitride Antireflective Coating
Pad Oxide Carbon Hard Mask
a— i/
D By ey y
P+ <100> Wafer
Wafer Clean Pad Oxide and Carbon Hard Mask pin Coat
Nitide Deposition and Antireflective Photoresist and
Coating Deposition Pre-Bake

yr>/) - / / /‘ q@’é_
5 A / y 4

Etch Trench then Open Antirefiective Develop and Hard Exposure and
Remove Hardmask Coating and Hard Mask; Post-Exposure Bake
Strip Photoresist and
Antirefiective Coating

[y & T
44 % (develop)

BHARBLE A RAR L M Sty
By o

4.4.1 #5645 BB (post-exposure bake, PEB)

B 5615 Bt B2 #1418 £ 3 K (chemical amplify) &9
DUV Stra & s &8 > AEILRAe b RIE » $#H1%
%69 DNQ 16 su &) i-line XA M % > PEB 7 & & %6
% Ao D B HE © R D B IR SE R IR Y e
1% &P+ &) PAC sensitizer # novolak & % F F &40
AERACE R RGN E A TR -

(b) Striations in resist (¢) PEB c: PAC diffu: (d) Result of PEB

B =+ — ARk

(a) Exposure to UV light



442 BB A

1. R A% (underdevelopment) : L EILIEFH K » 23
PEAE X An) BE -

2. RRBIAY ARG EBRE LM -
3. AW T BEMRAM  HHMRTEFABEF

e
45 £%%(etch)

BEAERM  4h2 A RIR LA E 5
W RAILERME FEK GE R BEEELR -

451 £R%| F ik

L $ch%) P AR BN RAARE oy E a8k rar
oo S E I ARERIE - MARAR o BUR
ER A SFPE RN BE SRR T ~ B S k| B 2 i 2 R
R~ H A S RER A o

2. RERZ] R BRIRE B8R AL S K gk %] 0 AR K
P EHOR B R e

452 R %%k &

AT
etchrate = < AT &2 & 2 4 &

REERZ B EK LB R DERMHGRE > E
LEER R BIGYRE - A DB ACHEBEE  ® %
Gg o Rz EmAE N BB LILLAE B B -

4.5.3 £ %] # E (etch profile)

1. % P (isotropic) * 4E A A 77 o) A LAAE ) 3R F Ak
7 BRBALKRE -

2. B @M (anisotropic) | X R L AT ARE A ®
B e o

BARG R A E kR 0 HARZIAIREET o
R %) T A %7 REEETF AELSWRAGE
Bi@miER » EARmMEerz o L2 A
BFEAREFRGEXRGER » &4 % @Mk
ZIJ o

Anisotropic Etching Isotropic Etching

A N N Wy

Substrate

=+ = £k%] 5 Br
46 %%

e SRR MAET A

1. #&¥EH (thermal diffusion) @ F & B AF 28 Lk
S o

2. B:F4E A(ion implantation) : & @5 ERET &
B B 5 EARR - MAKAH LR KUFILS
By L EeET MAERBTESEERIEE K -

A8 B IR EL &iﬁﬁ§ﬁ@’w A FEYE ]
MALEHBWESD B —MNE- - 2EFE5E

el RAF 4&5&1?{%& %Eé%%ﬁéﬁﬁ%lﬁ/\aa%&i
Fo KARBLIE BT > B 0B R FHE S Ak b 4E A 0 A 42 4T
18 3 (radiation damage) * T A & B3R K545 -

461 2 EE%)

1. &R 4% $(interstitial movement) @ £& S 4% fa] IR 22 F
FE

2. 1245 ¥ (substitutional movement) : BARR AR
Feyfr B E o

=
I
—+
I

C 2 HEY)

5 dEREEER

RETHE & .ﬁiiﬁ Eaﬂ'c > A NERESR > 45
& P& 31 & (diffusion) ~ [& (photolithography, X #%
HHE) - £R% E.(etch) %ﬁ%*ﬁ/\[(lom implant) *
# B & (thin film) ~ #F B & (polish) °

1. %3 & (diffusion) :

TR AR BB REKRILE -

2. $4% & (photolithography, X #& & X&) !
WEHRA TS REE RN > B ALRE R
B AR 0 A PR E A /88 % #(coater/developer
track) > B o&AAR AR L 9078 A R AURIR I LB -

3. £2%| & (etch) *

A & eh % M (plasma etcher, AT F, AAEEE
1# RBE T A dk) ~ B4 b ra ¥ (plasma resist
stripper) ~ BRXFHRE °

4. BE-FH A E(on implant) *
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6. & & (polish) :
1% A AL 2 Ak T 32 16 % 41 (chemical mechanical
planarization)f# & & -F38 o

Implant Etch Metrology
povo PTi,TiNAlCu Phoboldiosrsety B,BF,,P,As Dry & Wet Wafer Inspection
Si;N,TEOSPoly  Gap Fill SiO,, SisN, ::n‘: ss‘;ﬁ (20-200KV) Metal,Poly,Oxide Defect Analysis
Wet/Dry/RH BPSG,PSG,BSG Sb,Ge & Off Angle Silicon, Nitride, Yield
Oxides RTA Trench Improvement

< In-House Wafer Processing Capabilities >

B=—+w: &HERLEEREI S
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