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* REAZEATE AYETY 2 7S
A&

14 2 FAAGEA 7wl 2 NN EH
21 architecture o tig A7 ZAF= nAF
Aol daty AERe AHEQ F2HL
F718 weAo] FA3, {§718 B=A 2 7e
HEAES daddz AF8 & gA dFEAe
gt +4 ddivk A FrAHg A F
548 494, g drkg 14 2 FHA
AEAY FaAHS =3idt 9L AR
FAel EAS vlEsl 23, ol niAAA}
He UEN A5 2AE, o559 2443
AFA 3343 JFHd W ANEA, AFH,
AT & A9 Rtk FEHo=z FRAAI
TROE AAFAT Ba4g ooyl

L A &
+2E @A, 1A% H&7 Alvin Toffler?}
2047 olob|MAYZ  “mefel 3 (Future

Shock)” 4ol Atz glon, “A|3¢] E2(The Third
Wave)'& oln] Hoj7kxn ok A3e] Ao,
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AF7F FAolAZ AL AiAe 238 ¥y
D3te HAezH, I ojutolnit FH A3 E
Lo A1 224 49 290 %, Al2g
2L 1947 2& 713es A9 AAHH
oith A9} 4, A29 EAFA= @, A3
EQdAME AU 2eraEe] F0A &
ol ZHFHS FAIE o]t tFe HEE
ZE3tn AHstA drh

d ABAdY 29 AdF 5EH4E 2o
AA AFE S A9 S H(merge) ol E
 AA. APy computer’t F2 HFHRE
7193tn MEste A=gdod, oAle 2%
AEES WFLE olFA7I7 Sl3ty FA%H
FAA7I7] A AT RAolth JHAL Ao x4}
memoryZ} ©| 8571 AFEHAon 218&F3}
8¢ A% 597 Aotk B E 542 379
F84° "S @old Helth <271
o] &3t ARANIYFIEL HRE ARE o
43t Aot AAY EAFE HA¥He=z
olgisti, £ 7&Foz & FEIHAN e
AAAR BEYE oFn e Roloh wA
20971 “Ax9] A tl(electronic age)” = Er}d
21471 “#A9] A d(photonic age)”= Wit}
B3 9ok B E o)u] A7} o] &H I §lo)
S$eEvets 70d ol FEAY Ad=E
Eojyth. trke AdldlEe computerst compu-
terS QZ3E networkol photonics7t 2294
=l32, watA photonics?) FTLAL UL Ft
A 4 Zojth

Ag

ojn]

g AFFHQA JPGA7E e A s
AE Aloldle ZAE A B9 utA(information
carrien® X3 dAFd7te Aol HoX

At BAE FAFGoR o] &3t FEAl(op-
tical communication)2 &&o°]3, photonic swit-
ching, photonic computing ¢ Q7 oln

£& Yaugle Aotk 53] FAE A X4(gene-

26

rate)dhe LZFHQA 71E2A N=A o) A(a-
ser)7t ded FRFAN #AFPAA E de
A TAE BA ¥ F A s 44,
Az71E T Hde HZ vF7I2 3,
ARE ALY BHAA B o olE9 AT
g3t o]y S8 E
o2 Hi e Hoth

A 342 (optical element)E°] AL A=
AAE, 194090 HEgE vz s HAUd
A WE 2 4 g Aotk 1940du R
Hz2 MEA transistorE°) NLHUS o AA
a%7 LSL VLSI, ULSI 5 @ddi9 AAdd S
dAld £ ANE7? vpRMA R ddo Faz
5ol ZZ(integrate) 7] A& HE G oH
HeAE &g F JAsA aFTE 4T
dE Aolghe oloprloltt. olghzto] FAAEL
2 F840 t& o U=, electronics®
wot2o] B2 ] $2% team player2 7} o
e A%E roli Yth

ol g FA R o] LA 2FHE A
A3} 3 (evolutionarp At L .= 8 3 F(revolutio-
nary)At e Folth 19404t 9 transistorE-<
AFgozn Lo
B0 olygith o5 HAFH Arae] 3
AR 2RS0Tt ol¢} nhAVIAZ Adis}
nl2}7} YR 23 photonic deviceES transis-
torg MFs oz shssfAe Aol of
Utk ¥33F Alze] s AAdd Bad
FaAE AFA ARsrtok st Aol o] @
Ao 2Fad, A2 29 AE, 27 de-
sign®} A£AFZ 283 2L system R appli-
cationo] FzFojop ke FHojth

olFA FAe Aol RZAHE AL, L=
photoncis 2 Al FAAHE A photo-
nics7} electronics®] A S X gH(complement)3H
Fe 4% A Hige JguriE st

Z3Q AR

AFH(vacuum tube)S
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XSS

%, silicon& 7122 3t electronics?} speed2]

AFS WAHD, 2 FHIAE ZHA 7ol
oz o FAE FEI}n Srlste AzzH
SREP=A Fol dFHzn Ud. FFEvt=
Ae A28t IHHAL AAEEE o
#H3d WmE Polls, FAE LEI}E FY=
A Fol BFAAZE F8§T AFolt) waty
silicone2 7}g3tA #e& JIdES FgEu
=A2 gAd 7Hsdel e Wotds, FAR
2252 silcon-based electronicsS FdtF o g
=g oz AW

AHY 2&-& AF electronics EOFAE
=X Ag 279 MFPAL Alne Bl F
83 Aot Compound-semiconductor-hased elect-
electronicsE R ¢+3}HA|
g RS AZE 593 A4, 237z Fo
Mool ke Aol 71&9 AE, 2AES
MAATIE AR TRIAAT FFENEH T

ronics?}  silicon-based

ML 2AE 533 AYHA Mol Fad
FEE& B Aot} A8 29X X metal-base tran-

sistorg} 7}, 3¢S 8tE A o)A & HBT, HEMT2]
AR AR T AERL o) AR Az
ool Bgse A Aol
#4 n&EAAS FIRE oW AAS
ool o 299 AUS?

I Azt FALe] wlm

AR

Luste 442 ARt FAE A
apHos g

BHoz Be Aoye s it

A2e AA Asts 7R dow, Fermi—
Diracel g FAHEH Aol By F3t
Heg ze A FET & A Holdrh
E Az olg ¥ Wele F A7) (magnetic
field)7t FAH=E 5o electro-magnetic
interference(A A k4ol doldnl & AA7}

fdr fo

27

o
o =2

olF37] et WE=EA wire o] &3}
confinementE Al o} &, WlE A A 2|(parallel
processing) Bth= 2 ¥ A 3 2(serial processing)
E AAck s Rol RFolth A=A} oy
medium(53 WEAE FHY d effective
masso] 23 olF&EIL ol AR EH
sttt =
AX e olF At AA X

5% AFol ofd AFF

%3 Ax Aol

9, FAe dehek AZFE A @gezng

Bose—Einstein®] $AI9gxd A we F

Aoz L YA FEY F Utk wFgA

beam#} beam¢] A2 AT Foo, T elect-
2l

romagnetic interference’t 1oz F4ilo

=2 oA ded £ U9 olF&TE oF
mediumol 4] refractive index®] Z7]e] e}

Hashrle dix, ARF e o gln
AAg7A "ol 715871= 3hrh. Serial pro-
cessing . T}H= parallel processingo] 7Hs& o)
ARete & EAolrlx 3

AA AR FAE Az du=e 53
$¢ 23 geou, AAY ABH A

Aol Ertsstn, = AR $FYE BFAe
Ao g3 @o] IS FEHe
AAe JEAE A A FAE FA8HA Dot
ole}zto] At} FA7E interactived F RS
FAG Aol sy, FEAIY) F8F ggo
2 533t ot A "Adis A RA W (Electro-
nic Age)ol Al 3 A1A i (Photonic Age)Z dol7b=
3 A Al (Optoelectronic Age)ztil Holx =&
Aot}

Ho oz o]

T e —

1. Az}t

Follg

A5 e

Azet FAsE Fd
field2# 259 Az, 5

89
Aol 717} He

R ]
4z
i)
H.
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EAo] iz ESolt} BENE AZAESE )
EE AR, A=Y SHske g g2
Ae HAdxEAoly, 255 wold A=A} He
EFZA, §718 q=A4] 22 FIE dUEAE
TFE] FF7E FF dFso AriME F=2
F718 B E OF72 3y, aFAME M
827t & MRAES F2 UFI|E L

1. ™XIAX}L (Electronic Devices)

A silicond FEAHALS nEAA
IAH =g 2133 &£Ad o
Az Utk $4 OE ou wEAEgs
71499 defect density”t 33 ¥2(a few defe-
cts/ci) @A 2 complexity 7} ¥ gate count?}

0
I T

HoE

Be Mg

micro processor = T FALe 2 7153
signal-processing, data-processing moduleo} 2.
oz 244 Aoz AgHT A $Hu
gl = 4M DRAM®] H¢]o] 16M DRAM, 64M
DRAM %9 Ex3six 4% £ &4 AEs
stz e AE FL ot od@d FAe
nE, 48, 7 SAAE dBFHY, n&D
A2y MFD silicond tEo] M-V Fo] Bo
2 Aot

Silicon2 low cost MOSFET VLSIZ} s} 5l
¥, bipolar deviceE MOSFET VLSI$H 3 & 3t
HAR o2 27t BE deviceE A F3HA Arh
W [MI-V 3PS A& MMIC, lightwave,
sensor 53 ©]Eo] high speedd] ©o] 0]
A, F3FEVTA bipolar device(HBT F3H)&
FETRUYE ¢ £x7} wmE device® AWo|L,
DACS} amplifier §ol 22074 2 Aoz Ao
InP-based electronicst= AIA 9 FEFHoz <l
8o} MOSFET® 9] 7Fs/dol ot AAHIUA
¢om MESFETZE= A @d. o A+7t
288 ZHelth

WA ERE AL, Fuye FANL T

28

Aol A siliconS 71RE I AL
Abgol M-V A2xEo] o3ty A=z &
AYL EE, 2I4717HA R silicone AW A
AANPe sz AdIFoz FRIge
&g olfolA Holm HEHE o]orolth
weld dFHA 42+ siliconol &) FFH I,
m-v %9 1& = JFLoxse

BARgAY 145 do 2 e 4
Ago F9sA E Aolrh

silicon&

HEHY

2. EX}AX}L (Photonic Device)

Silicone] % 7}A] °FH-& photond] LFE}
fre&Aeol ST E olx  photonic deviced]
AaE2e AFA &L Zoloh Silicon indirect
bandgapS “FA32 ez A direct band-
gapg F3 e dF H3}E dzAd s
73 d3zrl 2AEe U weEpy 2R3a
AzE M-V, I-V V-VI 5 %S0
AMEEg ®ol 23 th

M—-V3{E A FAAN FALAZ T2
GaAs, InP, GaSb, InSb %o] %t} 2%
ol d7Hz deRol GaAsst InPolth.
33tE WPEAE binary compound ZA
F2 substrate® 2oln, FAAE Qo=
GaAlAs, InGaAs, InGaAsP & ternary £+ quate-
YA ApgEHA A
o2& vy BFANOHmMEE FHF FAW3
~15um)& 9l38te] @ol sE"gm Yt

3 EWEA = [I—VI compound, IV—VIF

(o]
A

7V

s

rmary 59 epitaxy &

£ T#sel Aed olEE G4 YrE AR
aduche iz 2ol BYFe wrh

IV—VI 3§ &= PbS, PbSe, PbTe, PbuySnwSe,
PbSunTewsel Sled, °lE& W7 100~300
meV 9 bandgapg 7FAZ 13, 4pm ©]F9
5% photonicsell A3t @A II-VI 3}
322+ ZnS, ZnSe, CdS, CdSe, MnSe, MnTe,
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ZnTe, CdTe, HgSe, HgTe %°l 3l&dl, 0.3pum
BE 6um ©l47A 2] photonics o &0l 7}
B 3lth. 53] mercury (Hg) compoundE A}<] 3k
II-VI compound&-2 ©3703pm~09um) 3
A ¢ &34 Bk
Nee Fo8 A" A& JA MBE, MOCVD

L= e}
=

photonics®l o] 2]
%3t multi-layer heterostructure 52J
TZ7t Ve A 2 ST 239
Mol 7HeA7] WEeltt.

B2 T8-S A7 light source, detector,
waveguide, OEIC $28 Uy & & A}
Light source®} 732 spectral purity, stability,
221 tunability 5& A% BN bandwi-
dth, &49] 43}, ZA 543 single modeE
% source 5& NEEE =3z Qo F
AGFAE A3tde I3 sourceBth Foh3
sources A% AL, &Y array, FAFE F+=
L BT AEE &2AMT 5 NPT} Dete-
ctore PIN diode®.t} APDE I3 x3o| 7
F=Hi Qlvy, Waveguidee ©F3 %= propagation
loss 2 coupling loss7} ¥& Z¥E Roli 9ot
OEICY] F3-2 high speed communicatione
913te] GaAs-based OEICS} InP-based OEICE
o] A7HI Jdoh. A olokr|& of
sectionel A 7|2 @}

IV. H1=4] A&E

e A] AFEAL 7] B(substrate wafer)d}
Z3vtul(epitaxial thin film)2 2 & 4 e,
AAtE  FdoAM Eu ¥NEXAYPLS WHEA
ARQA 9 AL AFstd gor Yoz
a8 st ste] WA=l & Folr), ukxx)
7% E A defect density7} HH o)X i1 MBE,
MOCVD&& &9 4Ag utdyge A
Hzele AL oleFd A g & Aotk FE

29

vieA ¥ZFEAE g2
471 BFA

e ZaRow

%12 Jidh

1. Wafera3%t (Wafer Engineering)
7}. Silicon Substrates

Silicone Q17to] 43 Qe wtmA EAZNE
g deEd Edolt cm% defect”}
23 A0 AUA ge & FEA S3n
deov, 93 oL o ¥ FE9
waferg AFste =8 A&=Hn Atk H29

issueE 2 oxygen behaviors, carbon complex,

silicon

denuded zone, gettering(intrinsic and extrinsic),
surface oxide, surface contamination %-o]t}. Sili-
con A4 Czochralski(Cz) method ¢} float-
zone method{ld], Cz %ol AujA o2 ALgH
2tk Silicond ERFHZ FAEE]
NAH B=E At €47 =2
SN 4A dAdwnE I, ol A,
6", 8% W< AZ9 wafer’t 7ted § ol
A=< 7FA3 AUt High speedE S3ld =
SOI(Silicon-On-Insulator) %] wafer engineering
2ol glth, SOINA = silicon
oA H)&£3= capacitance E+ resistance 5ol
o] & parasitic element® AAFOZH device
speed® EO 1A e RFold TE I
GaAs, InP, GaSb %9 SFEWUZAE silicon
substrate§l ol FHAARZE == Ut} 9
S 7183y 4AS o83
nna se oA ook oWel daMEe
ARBgN Fy A OGFIIE @

x3,

=2 4 31k

bulk substrate

AL silicond

Y. GaAs Substrates

714 @ol &2 A GaAs wafer S LEC
(liquid-encapsulated Czochralski) ¥'geltt. Sili-
cone @@ Aol olF 4"F=AA AA
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3 ok 2 FLAJL FH A ual
¥2 thermal gradient$} stressZ induced}”)
HEYL Aoz deix gtk olygdF ahE
dislocation 59 ZAZATE HA #2317 o
oot Silicon®ll B3 o}d = FHe A AT o]
FAM 23t F cm3 FAWA 10099 7] 2
defect densityE Holxm Qv ® ¥ AARA
A3l diameter control, striae formation, stoi-
chiometry control ¢ olg]&°] oy, in-
dium& H7Kdope)dtttErl, AFE 7HareEs}
¥E¥ arsenic gasE over-pressure® 7} CEI}
o oy §g& FEAHoz FHIFu Yok ¢
L 2 & vertical gradient '8 $& %3l subst-
rate®] quality7} F4E ez Awrsc),

t}. InP Substrates

InP ZAEE ¥ LEC Weo=z A3"En
Atk GaAs 2R Ao &3] 2olw $% 3 Brid-
geman W& InPollX & & 2o|x] gt ol
N
InP 9<% & Y9E&7](ampoule)7t A 7
ojA7) wEolth. GaAs Rtk © 7w
HRAstd dAA A7 2"FE9  substrated}oll
dojz)z &3 Art. EHE defect density®
GaAs®tt Eo} Ftem@ FH oA HA|A7 =
ol 21}, GaAsol A ¢k 2o vertical gradient™¥ o]
B Ho]l 2 InPE A3 + A& Aoz

phosphorous®] high vapor pressure®

AgEd. InPdAe A9 aHolEEET
GaAs¥.t} FolA high speed device Tl o]
B7t540l w2y InPol 2+ dielectric film

59 R =032 electronics7F oF3 A«d @Al
Al XA 233 dok, A7 AP wak o
wHAg Aoz AgdAr)

o
B
N
2
oy

27)%

30

AR el WAy FHV|EolBm
Bt} wetZ3 7] %o & LPE, VPE, MBE, MO-
CVD, CBE, ALE $eo| Qltd 58< 213

th#o] Erl,
7}. LPE (Liqwd Phase Epitaxy)

o] W dztd EF YOF substrateF
o] 5 A171HA substrate] el utebg ¥
Adte Wolrh dslEde IdFHF Ee o
HEFEZAN 17 719 containerol H7
Aol &F T A Fy dus A
At dalA ez B of wrx A laser, optoelect-
ronics 5& X T iy AFENEA JE9
workhorse?} H0]& Zio] ApAdolth, o) vl T
71€0) 2tk ol A7) dEoIUeh Yt
A% £u MEE 71eE, 53] MBE,
MOCVD %ol 93 dxd 7tsidol o F
QAo 2= wafer sizedl] Aol Joun, EHol
Adn, vateAdE xFdsted oo B,
T RS wEtde g et goa
2% o t}A] &35 =(melt-back problem)”d $-7}

Agoltt.

A4 8

L

o] 7l&<

o) =

F

t}. VPE (Vapor Phase Epitaxy)

o] W2 gasE substratel 2 T B UIHA
FHA zetub3-& doA whubg
Wity ol x&& MOCVD%+ =
EAMSAI T gasZ = hydride =+ chlo-

ride & AM$3E22 Z mechanisme Z#1
1}t Chloride W2 AsCLEY PCl gasg In,
Ga, GaAs =& InP 912 ZUA dgg §
A&A "}t Hydndewd& AsH; £+ PH,
gasE HCI® Egsld £goam 3129 subst-
rateBA A Ealsls Fhgolct. giRE9
F AR deviceE2 chloride WHo2 dojA 1

At

substrate
Y st

system<
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t}. MBE (Molecular Beam Epitaxy)

MBE¥®H & ZAFAANA 9z =& ¥4
ZLAIA, 7198 substratedl o] TLFAFE
ez W=Aolyz, H=AA F& E
fFAA T2 FHAZL & Atk o W F
Aoz uute FA # Wi}ES FFsA =
A 4 23, interfaceo) A1 &) abruptness &
DAAFA AeAA 22 £ dve Roltl.
YRR FARFZE EE SLS(strained-layer su-
per-lattice) & o & NA oA Urh
MBE?®] 43 system 7}4°] ¥ 3 throughput
o] vom, nAFEL FAdA Aol
9=3d Folth. MBEZF #<1 factory &7 A
AArdoz AgE AArsts olF #HHZA
ko A =2& physicss AE, 2% F&
s We =72 430 98e @
ApA & geld Ao, €% MBE %03
AFEE QAL Eole Y& A8l glon,
commodity item®] obd ¥& FI7IA Y AFe

A&E ez KAt

i o%

olw]

g}, MOCVD (Metal Organic Chemical Vapor

Deposition)

o] W& TMG (Trimethyl Gallium)$} AsH;
7}4¥ GaAs substrateolA]
3EN-S-S Ao GaAs layerE: Qdoju= W
Holrt, o] WL substrate HEHNM gas7t
S3ES doFdA Ga A9 As YA}
FEdede ddM MBESe tE& wyo|t,
MBEYIX & Ga 9&2} As YA7F 42t subst-
rated] =€3tY HAAE BEA Holde Rolth
MOCVD| X gas switching®] time constant”}
23, % substrate?]o] gas boundary layer7}
B4 ol diffusiond] Aol Hele 7AHo o
G EH 9 =d F+& interface abruptness®] %3

ol MBEd H& <HF3}. Interfaced] 735

(Arsine) 59 gasE

31

abruptness7} ™7l 2~3 atomic layer BEQ
Aoz 48d dcok. 28U MBEY b3ty
FuEgdolyt Fuzl Y3 throughput® o}
Az AMAETZE MBERT 7FsAo]l =)
F7HA A do] FAF neAtFgo] gy,
EAdol L gas(EEY Arsine)7t F&5X
BEE Fosfof & ol monitorg FA
3o FA2 FAEE Tz 9% §F UA=EF
gof ke 5o V¥ diF o] Hasch
HIZol & arsine BoE EA4o] 10~50u]4 e
TBA(tertia buthyl arsine) ¢ € %7} 435 xn
k. MOCVDelM = MBEeIA EA = oval
defect S0l gl= ¥, flow pattern] wa} unfor-
mity ZHdo] ¥ ofjyr}

o}, CBE (Chemical Beam Epitaxy)

o] ¥ & MOMBE(Metal Organic Molecular
Beam Epitaxy)gti = Eel-¢v Wiz Fd
MBE® A A}4-3ld metallic solid sourceE gas
source2 WA HA FFs Urte o]Eul gas
source MBE&tZ sl= £& Aottt o Wy
o] Lol A MBESt fAMSHAIR, =& t27]=
3tk Gas source® AS-grhes onolA MO-
CVD$} §A3HAI 9, chemical reaction©] T2 2
MOCVDSt: 4AE ndA tawgolzstn
2 %% 9t MOCVDIAE Group Il alkyld]
FAHg (diffusion rate)oll 98 FH&E o] AL
Wzl CBEAdAE Group HI ¥ASo] iz
substrate $1°l F#AH=Z MBE M A3 sha-
EovA HAAdT GaAs
ternary$} quarternary, & GaAlAs,
dolA 1

dow effect”} e
InPA 4 9
InGaAs, InGaAsP 5] 439 &2
Art.

CBE9] E5A& Eo4d, MBE® MOCVDY
3L T8t deRA o2 M uniformity7} =3

area 7} W2 substrate® A= £29, morpho-
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logy7} 123, vtatzte) interface”} abrupt 3}
superlattice”} 71538, gas diffusiono] gloE=
F&&27 oA throughput ©] %1, Ga, Al
As, In, P 59 FFFHA dIHS 1Ay,
systemo] ¥|2H tgdtn nZFo] WX go}
&3 Y7l vz £49% Aoz JdAAR
At

olg|g FM= £, CBE Z3dL Ed3
SIS g3y FHWEol mergedt Y
olgt Holx FH &, £33 WA Bre
solid-source MBEZ%-¥] hydride source MBEE
A3 metal organic MBEZ &3l 532 Holn
e, chemicaldt T YPFAA Bofel& at-
mospheric MOCVDZ ¥-¥ low pressure MO-
CVDE AA olAl& MOCVDY FAE doHe
YL Holn JIvn Holx F& Aol

s

d|

ul. ALE (Atomic Layer Epitaxy)

olgg =N = e FIYPYos
5733 Aol ALE jolrt. o] w2 TMG(Tri-
methyl Gallium)9} 22 gas®} AsHs(arsine)$}
FHANPLeEZN HuY Fe 2%
Here AT £ de &
532 AFdA ©YA3F  abruptness’}
7bestd, vtetel FdAol 1, YE&LEA
F&o] 7Medtnz AR EA7L Heon,
delta-doping 5°] 7153 Aoz B3 it} 9]
WAL oby dArgAolY AAFEY control©]
7Festte AddA & o M2 physics, 34,
TEFS ATFHLez FEdted Jdert &
Aoz B,

22 gasE
oA GaAs

V. Ht=x] HETEROSTRUC-
TURES

ade wEd wRzge FX Y=

32

oAz gled,

Z homoepitaxy ¢} heteroepi-
taxyoltt, Homoepitaxy:= substrates} 22 F
79 AAE0 FaAHE AL e RoZH
JEEH utohg
3 Avt, GaAs substrate$] o] GaAs ¥HeHg 9l
3| Ay 3+ A S ol Heteroepitaxy®l = subst-
ratest= HE HAEo] FAHE A2EZN sili-
con substratelol GaAs, InP §9 ZHAES
Z& A7 AY, GaAs substrate®] ol GaAlAs, InP
ol InGaAs% & FEHde A& TIh

dde] BEXres O 53 dee AL
homoepitaxyB.t}=  heteroepitaxye]t}. Superlat-
tice 9 heteroepitaxy® <13 o] A9 single
crystaldl A B4 I A2 physicsdt A,
E AL doA YA iz LA E
2 7gd NEE A7E T Jdon, ¥
223 43¢ /HAe A% vBEX EFE0l
QlzHoa Az e v}, quantum devicel,
bandgap engineeringoly], 3349 OEICY 3=
A0l 25 o|# 3 heteroepitaxydl 71ZE F
23 Zeltt. HEMT(High Electron Mobility
Transistor), HBT(Heterojunction Bipolar Transis-
&3},

silicon substrate$]oll silicon

tor) S o] RF

1. ZARNTE Y YRTDE

2AAFX M2 g8 ¥eA v (JEEH
GaAs ¢} AlGaAs)S 22 ¥/ =2 oz mdlsiA
ZHA7A Aol TRl ol wute] FAE
AA]  crystallinityZt X =& critical thick-
nesstell A FHEE 3= Ho] BF ot} Critical
thickness& F7]¢] “gol& utute] A 27k (latice
constant)®] Apolol o3 P A A dct. 2
$A7F AR de Broglie Y3(F 10A)AE2
HolxiA =W bandgapel AL uhebekel %z
€ (quantum wel)S FAQ3A Hi, Tt

QAN A discretedt energy levelS FA31HA
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Hoh. oMY VA A energy levelZtel A=z}
Hol&td energy’t W& FAH(photon)Sol A
EE F5H9 FAE 1A deviceE: TE
ol ANA doh. olFAHA HEo]
quantum well laser, detector $9°] TEo|x il
ew, v]A &4 A non-linear device)24 SEED
(self electro-optic effect device)?t Z& AT
o]z photonic switchingdlE A& AYE
BgFE3 o, EF dE Eo] quantum well
laserd] 7% &% efficiency?t Holx 1&dg

WE A laser array 5o 7]1oj¥ Aoy BT,

°
=&

2. Bandgap Engineering

Quantum well structureo] $lo}A]
u}} vtehg
THE FHAE AL,
A42<Ql bandgap¥3E 718 F7F AAH,
N2 Fe9o AzxirA e FARLRRE
wrEol ¥ 4 A €t &, energy band diag-
ram& =3 F A& Bola, electrical trans-
port®] AAE& modellingdt A} tune@ 4 Yt}
olof7loltt. AA A77t JAYHE Ye 2

E2%, U3% avalanche photodiode, staircase

“well” 4}
superlattice?] Fej=
A9 d9gHYA x=

“barrier”

47, solid state photomultiplier, graded-gap<
7tA = HBT, graded-gap laser, graded-gap solar
At} olyF} 2AEL ¢S
=& discrete2AL2H Bk olyg}, AF
241 9] optical, eléctronic 12] 3 optoelec-
tronic T&& & F J& A= BUAL

cll & & #

Egol

2§

VI 2&47

1. HEMT (High Electron Mobility Tra-
nsistor)

HEMT+ MODFET(modulation-doped field ef-
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fect transistor), SDHT(selectively doped heteroju-
nction transistor), TEGFET(two-dimensional elec-
tron gas FET)Y o%¥g ogoz s
Aed A7 HAAN A7t Holen Yt
HEMTY +Z%+ undoped® GaAs layer(2} 20~
80AS 7)ol  highly-doped® GaAlAs layer(e}
300~500A5 ) QA FHHH, GaA-
1As?] electronE©] GaAsZ spilloverdtdl =3
impurity”} & -&(undoped) GaAs layer®l A elect-
ron mobility?t A F/Ede AL o&de
Zo] Fgdoltt, HEMT7F X superlatticedl]
g AFolA HEE AL 2 Javt Ak
N E7A dolA mobilitys 0.2°KlA ¢ 5,000,
000 cni/V.s.7bA) titt=2 3 it} Switching timeS
10 ps& 7123t glon, frequency’} 60 GHzoll
titiz23 gle], MESFET, bipolar, CMOS F&
2% %7182 9lth. Heat dissipation® ¥ 23
ol A o] &
7Vsd el BYh. HEMTE GaAs® oz}, Ge/Si,
InP, InSb & o83l = AFHZ dr}
Device2+ high speed, low noise amplifier, mili-
meter wave circuit, MMIC Fo] d+53 Qlth
2712 FEo ¥ HEL
AY3 =H, photoconductivity2]
radiation hardness®] ¢}, contact/parasitic resis-
tance®] 5ol At olF AFTAEH
AT &T, Motorolla, Honeywell, Hughes, TRW, Ro-
ckwell, IBM, GE, NTT, Fuyjitsu, Thomson-CSF
71AEANA d77F " At

(10"Joule) supercomputer 5 il

layer thickness®]

suppression,

B

L= 3 O
T BT

2. HBT (Heterojunction
sistor)

Bipolar Tran-

HEMTe) 2AEA ‘e FIAE
HBTelt}. HBTY #&= HA
fA@ Aoz, 729 A4H 54L& wide band-

gap emitter(e] &5 °] N-type GaAlAs laer)%} nar-

R0

superlatticeoll A4
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row band-gap base(lEE°] p*GaAs layer)9)
heterojunction interface°l4] Yoy electronic
dynamics®l Slth. &, o] & heterojunction inte-
rfacedl 1= emitter®} energy band-gap®] =}o] o
93  hole o] uj o
base emitter2t}F 1S doping®] ®olx]A ¥ o}
base®] AL FolNT F A emitter-base

capacitance® ZHAETh welA time constant]

injection®]  suppress¥ t}.

Z49t 7 high frequency operation®) 7%
&A He Aol AF 71X 9 HBTE w7h, GaA-
1As/GaAs 5ol Ao $toy, HIZAe Al-
nAs/GalnAs/InP HBT9] +z=2 dAFH3 o}
159 4% 9% HBTY #A8& HEMT &
MESFETe| X ¢t= 28 AF7} vertical 3HA
B &2 24 trapping effect7t F-L&® ohal, 1/f
noise® A& oz A Yt} H2de
bandgap engineering®] ¥ W'Y O 2 emitter la-

yerg gradidng @224 ZFgo) conduction
band®l &3 ¥9 barriers AAsY emit-
ter-base®] valence band carrier® Z7}A|7)E

YHTE A3 Aok HBTS impactt ampli-
fier, mixer, future communication % T3
A& Rez BAY. ol 4 GHze zFw}
8 RolZ Stk 53] collector F¥#ol p'la-
yer, n'layer5& EY3HA electron velocityol
overshooting®] 7H&d A A speed’7t W& F71
3te Zol Ahso] Ut o] g HBTE “Ballis-
tic Collection Transistor(BCT) 2} 30 o)2| &
ballistic transistor®] <& bandgap enginee-

ring? tEo] & FAE Aol

3. MMIC (Monolithic Microwave In-
tegrated Circuit)

MMIC< analog deviceZ# GaAs device, resis-
tor, inductor, capacitor% electrical elementE&

semi-insulating GaAs substrate] ol =5 monoli-

34

thicatAl A A= deviceE 2#t}. Silicon subst-
rateBt} GaAs substrate® J3dE AL Gals
substrate resistance”} silicon substrate resistance
Bt} EolA elementzte] HAAol F7] WE
olt}, Hybrid integration®th monolithic integra-
tiono] $-49% olfe AYFT 71F 2= batch
processing®] 7}5-3t1l, wire bond EE discrete
component %-°] HA3tE 4 31on, size7t A1
A7 b9} airbornedl £33, designd €%
Aol gom, o 715& 7HEASF 3L, reliabi-
lity\} reproducibility 5°] $& Aoz %A
el GaAs devicer 89 wet MESFET,
HEMT, HBT %o] #d # Ut} $LEI=EE
direct broadcast sattellite®4l, 539 F=%
AR, FE/SFFA S 5 DF) 29
Aoz AGAch ofF AY, dFdAoly +4d
Fole A, BEE Aoz Yodra gth

VIL. 3347

1960 ] X0l /ML E laserES 2E5¢ $-27}
ez de 4F optical technologyE vl &l
Woaa Jpgd A opUnh 1F BEAE
o] &% optical technology® <9 ollith
GaAsS ©] €3t pn junction laserEE LED(i-
vy A3 oF,

optical communication, signal proces-

ght emitting diode)5& o=
HFAEL
sing5ol 293 optical deviceEdl W AT+ E
A48l st} o] 5 Eol: optoelectronics &
photonics2} 3} optical source, optical detector,
EREE, 4 Ropuitp #E
g AFE0l AYsn Ut

Optical source®] 7%, GaAs$} GaAlAsHt=A] &
o] 4% ©uF LD, LEDTol /EHo oy,
optical fiber} 2] optical transmission lossE

23371 A x99 jyz P Ex

waveguide 22
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InGaAsP5 &

el Qi
GaAs-based laser=+<

To=

ol¢¥ %3 LD, LEDS= 7

gain-guided laser$} in-
dex-guided laser i s, gain-guided
laserel= oxide-defined, proton-bombarded, Zn-
diffused stripe-geometry laser52 Wy 5ol U
2.1, index-guided laser®] =

stripe(T]S) lasers, buried-heterojuction(BH) laser,

transverse junction

channel substrate planar-stripe(CSP)lasers 2]
HEol Aot o] MMHELS BT laserd &S
Eol7] 9184 current confinementZ effective
sHAIstE MY AololA L& RSOt GaA-
1AsE 7122 38+ laser} LED 52 oJv] A&%
714%2M A1MY  optical communication sys-
temd] FUAY ALEEHI o, ou] FbA
e &AF 715S 7HAZ o

InGaAsPE 7122 &+t AT laser2 & st-
ripe laser, inverted rib laser, ridge waveguide
laser, etched mesa buried heterojunction laser,
V-substrate buried heterojunction laser, double-
channel planar buried heterojunction lasers-©]
gler long distance communicationd] 22¢j&
deviceZ o] ATHI Ut} Hzde
single frequency lasero] g AF7l @o] A
gL A=,
gt "o

sion® ¥} 7 radiowave transmission oA 2} 7o)

=3

o] coherent transmissiong

Y Ho|t}, Coherent transmis-

optical frequency domain®lA] homodyne E+&
heterodyne detection & o] &3t Wgolrt.
obd] d&3tHAe ¥ Ao, spectrad purityZ}
¥ laser7t "R3it. o]E o ALgHE
distributed bragg reflector(DBR)
laser, distributed feedback(DFB) laser, cleaved
coupled-cavity(C®) laser$9°] 3t} Detectordl] =

laser F+ZE2

quantum noise, shot noise5°] FIIHOZE &

A7} H+=dl, PIN diode detectorsll A58 APD

35

(Avalanche Photodetector)® Q77 &e] ulf
21}, Homodyne detection®] 7%
rons/bit 1&] 3

< 9 photoelect-
heterodyne detection®] 7%+
18 photoelectrons/bite] sensitivity7}F 2 2 3}c},
ActA

ol
Ets
Quantum device®ll
Atk Photonic de-
optical disk =¥ video disks¢] optical

Coherent communication® A43td 4
Atk o]
optical switching, optical computing®ll

Aol SEED$}t &
d ¥ Wol AFHT

viceE2

revolutionary3t 7}x1E 7FA| 1

= O
3E

storaged] = 22U ol e}, optical interconnect
o2 29 AR dFdHR Ah

VIIL 332 A3 2 (OEIC)

FAA HAHIHZ(OEIC)e MEFL 19709 %
Caltech®] AYarivilFol 9ol8) H22 ==t
o] N3d-& GaAs B+ InP substrate$) o] A=}A=}
(electronic device)$} %4 =M (photonic device)S
3 (monolithically) H&A A7)+ Zoltt, Electro-
nic device2 & drive, modulator, amplifiers ©] 9,
photonic device2 < laser, waveguide, detector
Solch. OEIC Hzele i/l @789 electronic
component®} 709 photonic component &
integrate Al7]& 9&dd ASUth gy
# 2ol component? #7} 53 Utk OEIC
ZHEZE compact k= A, reliability7} =
olAttE A, 7150l 9G¥ A+ A, performa-
nceZt A Eche A, gl AAte AL Ex
Aot OEICE A &AW, electronic circuits} op-
toelectronic deviceE linkAlP 224 gsystem 4
3748 B33 interfaced 743 Buk olyg,
electronic-to-optical conversion 2 optical-to-elect-
ronic conversiong < A3t multiplexer, demul-
tiplexergol = §%5AAA 24 4 A& oo},

OEIC= v|#l9 optical processing/communica-



tion® %t o} g} optical computing®ll ©] 27] 73]
gFetA 82 71FAE A AR .

dArF o2 ¥ o, OEICE electronic ICo)
Ha JH=r7t 48 fHFo] A} Transistor
integration®] A &, IC, LSI(Large Scale Integra-
tion), VLSI(Very Large Scale Integration) A
olAl& ULSI(Ultra Large Scale Integration)<
gt Ao OEICA & o1& IC(Integrated
Circuit)d] @AE X "Holvn A& Aol o=
OEIC9l A7} wind #3, 1 BaAo F
Zdlof vl 24 A4 5 7] AZG g Fol7]| = 3o},
OEIC= A &7HA light source(LD)+ driver(FET)
E  detector(PD)+amplifier(FET) %
MY 71%5E integrated] B AEPA, ¢
o2& B/ generation® A XAA wA = e}
Bed, AAMZ & light source, detector, electro-

e 2

nics¥ 271 ©l4¢] functionald* componentE ol
integrate® Ao 2 Bo|m optical repeaters-ol
ALE 7beAol ok g Mt EE IC-compati-
ble3t optoelectronics Ei electro-optic device
37} waveguide 121 electronics$°] integ-
rate¥l©] VLSI®] optical interconnection®]} op-
2olA & Aol
F0 advancedd AMdol& optical logic

toelectronic computerz-°ll
o
device, optical processor, optical computer °ll £
$&o] A

o2 AF4E OEICY componentE Erig,
electronic IC%} compatible¥ microoptic device(la-
sers, detectors), surface-emitting laser array, high
speed optoelectronic/electro optic conversion de-
vice, quantum devices, optical logic devices(bista-
ble, nonlinear), spatial light modulator(time-do-
main, spatial-domain), optical transistor, optoelect-
ronic transistors o] AAHC},

OEIC9] material/processing issueZ & electro-

nic device®] material/processing®} photonic de-
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vice®] material/processing®] compatibility2 X
At} A EE0] ion implantationo] B2 3JF elect-
ronic processing® WA 8= photonic proces-
sing?] Z3 &A,
device?] FZFA|, etching® A, temperature cy-
cle®Al, = layering Zto]lolA & FA9 Ao,
Z planarization x5 ¢] issue7t 2 Zo|th

OEICE GaAs substrate® 71223 GaAlAs-
based OEICS} InP Nzxg @
InGaAsP-based OEICS] FZ#Z tj&& 4 Urh
GaAs-based OEICE @374 systemdl, InP-based
OEICE A3 systemell AH3-E Zlojt}. whetA
GaAs-OEIC=
interconnect%-°l 2:¢]A Hw, InP-OEIC= high
speed long-distance¥-4lo) 2:0]4 F o)t}
U Az 59 systemo] Uz FAHA
B39 Aolole 2¥ barrierE dolAA =
Ax ®Et} F, optical fibero] &4o]
2 ugo] local, short distance communication®l] =
83 9 ZhsAd= A7l "AEelth ey
InP-based electronicsi= GaAs-based electronics®ll
B8] ol7 insulating gate$ 9 FFoz QA3td
Al glA %22, MESFET, MISFET
BoE JFETS¢] o149z Aok =F P2
semi-insulating substated = GaAsHt} ¥4 7
ol 7tetoll(defect density=10""°ci), high re-
7t devices & o}y A =7}
ot} Zdelolcth InP9l ion-implantation techno-
logy= o}# n &3y, InP9 Schottky barrier
energy= 27| W& (04—05 V) FAHAAFI}
o MESFET device5ol HZsx Z3A
22 nudck 28} effective electron drift
velocity7} GaAs®] V=15x10"cm/soll B)3] Fo}A|
(V=25x107cm/s), high speed devicesS $1%
B o) 9l& Aoz BuYdrt g o] InPe
bandgapel ol® Wi EL 717 InGaAsPETHE

electronic device$} photonic

substrate &

local area network, optical signal

solution featureZ
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ZolA optical radiationol FW3IE=Z, OEIC
el 9l transistore laserZboll cross talksol
A& Aolgte Zo] AP0z HAgAT it
o] 9} Wt} & GaAs-OEICYI A & optical radiation®]
GaAs devicedl 93 JFFE 7HsAel Eoh
o] 2 7}A] technological issue F°l FAZ o}
e, value2 EolA A37t A49
Zolrt,

o
Be

IX. SILICON 7]#$]<] ELE-
CTRONICS % PHOTO-
NICS

A AAAYe] 71 Z2HQA substrate materialS
silicongd & #3F 4 & Holth Silicon
& o] 3t electronic substrate material 2. Th=
ol A1, T3y, Ay, dAEE| &1,
3, & AA0 A AzE F Uvie
AHeoz zZm Yok A GHol
33 715 Aol wi$- YolA optoelectronic
FEatde Feold. HAIZe 9
olyg FES R} T LI 93y
silicon® substrate2 39 electronics®} photo-
nics® 3] integratedtzl= o] d:mtl
o]AL &, GaAsbased OEICS} InP-based
OEICE°l 4 -4 Si-based OEICE A =3 Ba+
technologys} Aot} &E9 GaAs wobd
A& silicon substrate®lol 47 HE7L, InP
vekS siliconiel JATHE7} A GaAs BE
InP9] &3 silicond] ZHE A B ojgd
F AA%E =gl

JAIH o2 B ol A EE A AU
Helx F& Aot} 1960d ol heterojunction
device®: WE7] 9% x=¥ol ALY, o
interface propertyE ©]%-3 photovoltaic de-
vices 9 EZo] ANE Holrt. HIZo AH

device2 &

37

GaAs on Si, GaAs on InP, InP on Si %9
=8 functionaldtAl ol & layers2S
thic integrationd] ol A}&3z FHelrt. o]
Ae AEHo g IV material#} silicon mate-
rals SAHQ A7, Mot FYso fd
3L AzngHoz dAF MEs HAs
Az Y& Aotk E 3dv= MBEMO-
CVD$t Ze ARG FA7EE0 7FedlAA
M-V latticed} silicon latticeztd] & Aol
FEg £ e 7tsAol BolArl Wil
gtk oHE ol AEsF AFEGE M-V

material 2 ¥ high speed, optoelectronic func-

monoli-

tionol silicon material$ 7] 22 electronic de-
viceS# integratedtA] HeRolth E F/HA
o]de $o] FPUYZE silicond substrateZH
298 HE oY F de Aotk

-V on silicon®] §&¥ok= (1) HI—V subs-
Rk HAg
Atk A, (2) board-to-board, chip-to-chip, frame-
to-frame % 9] optical interconnection, (3) intrachip
optical interconnection, (4) 3¢ A3 =9
754 Eolt}. olvl LED, LD, MESFET, HBT,
HEMT% 9 7183 &A% ofyel, o]E 2 mono-
lithic integration® @ ¥ 3] 3t} Silicon$ ol
28] A deviceE 2 GaAs device, InP device, GaSh
¥ Ge/Si superlattice devices
t}okale}. GaAs FET on silicon®] 2 $- performa-
ncex= GaAs FET on GaAsol Hlal < 80%9)
@3te Aoz BIHo gtk Optoelectronic
device®] 7% cw quantum-well laserE°] R il
5o 1oy, 10™%dislocation/ent®] ¥-&  defect
density W&o £33} 2094217 =it {454
2% Aoz RuHI A BEA AFAAY
AEL GaAs/Si€ electronic device2E 7154 ol
o1} optoelectronic deviceZE o8 %90] AL
Ao g Agc) 23]8 InP-hased optoelectronic

trate S silicon substratZ

device, ol m
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device7l ¥ @Al BL Aoz B
ol InP laser7} defectell W23 4 w7sts)
g2 Aoz HAxI Yo},

-V layerZ siliconglo] A&dse=d Qlo
EAZE HeRde Al ARG d¥Fo] M2
& EAAlgAN L& oA g}, o
F A& lattice mismatch, thermal mismatch, che-
mical mismatch®] MFE£o2 FEE 4 Yo
GaAs # silicon®] 7% 4%9] lattice mismatch,
InP$} silicon®] 7% 7%9] lattice mismatchg-©]
g4 ded, dFHo] o|FAsE HE
mismatchol A 8lo] x| B2 defect density, the-
rmal instability, wafer warpage 18]I chemical
interdiffusionE°l 23t cross-dopingsol A7}
Hojglc}t. Superlattice layer EE germanium
layerE-% intermediate layer2 A43le o &
AES Z2AA Bae =¥Eo d¥yes
=&E FIUE 3, 2EF R HEE A=
F u @478 Hofop & AHo|th
73§ electronic device$} photonic device®] com-
patibility 5ol #& ¥4+ OEICS #A3o 9o
AFE el 293 B £ At

Ge(,)Si(1.0)/Silicon®] 739+ III-V on Silicon}
A% F e, ol Gest Sig A¥HWEZ

Integration?]

ZF4 upro}7}E A SLS(strained-layer-superlat-
tice)s 5 2 mismatch7} H]33 ¢3shs A
WESF A7) A&tk ol 79 band-gap

variation® dynamic3tAl WH3}E F USSP of

Yz}, photon emissionZtA= 7Hed o=
yorzn Aot oy By E3hte Jked
o2& Ge atom™ Si atomE I FHA|

=

Aoz Yz& ¥F9 Ge-Si compound semico-
nductorZ synthesize® & i€ =¥ & nJde
Aolt}, o]9}2o] heteroepitaxyE E&AA sili-
condlol THFD layer® FANNoZH Aol

gddd MEZ& material# device E structureE

38

Ags] Ytz Q.en, electronics®t photonicsS
integrate® 7}5Addl Wi IATE B @S
3 JAYgso] stn Ut

X 3349 #HA

Ao wxA] A9 E3Y frontiere oEA
329 A A (three-dimessional device structure)E
FHete] F o dxEe 3EE vWEe d
& A&7t she Aot ol/d & 1980 F
A28 SOI(silicon-on-insulator) 71&d 1 F+2&
Fuglck. AA7X dFEe AFE silicond
FAoz PHA Kod, dEFTFY wmAd
WHME SO e FRE A7 el
A= Aot

$A k3] SOle T=E AWEdd, AA
silicon substrate 919 Si0, & Si;N,5¢] ¥ 2
dielectric layer® Y3 tH& crystalline silicon la-
yerg Aol o] AL, & & ez
CaF, 59 silicon] ol
A%, crystalline silicon W2t Gojuis 9
Hol gloh. o1& A insulator ol HolR silicon
device®] 7 E-<L high speed, high density, ra-
diation-hardened, 339+Fz= %9
s 4 dvkE © Aok High speed subst-
rateo] Al Q3= parasitic resistance$} capacitanceS
insulator2 oY 2ZH time constantE A
AA oA F gtz Br AA=2 3~4H
=9 speed F77F dYFHozm dozrh
High densitye 3% device®}t decivetol A
27t §32 o dASE latch-upg AW
2H 9EE Y F Avdzn BE Aot =
radiation hardening®] 7%+ SOI7} radiation®]
Y& W& substrateZHE  insulatord] o 3
HIE ¥goay I 9F%E Y4+ Ae A
22 ®Hn, 1 AEHs} oln FPHI W=

crystalline insulator&

circuitry &
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atoh. ol g AR olFHol AsTF FAd
3L Fz7F 83 B4 S 2 ol FE silicon
dielectric layer& R 2 Z33te] multiple SOI
layer& Adol¥ B¢ Z silicon layermlct Q143
layer9] interferencel©] device® TEF Qow,
T3 H 02 multiple stack® HESF A7) W2
YEEL device: BE ol 23 SOI FHES
HY 2 o&¥ F Uue AHolth Fujitsu &
A& oln two-layer SOIZ 1K SRAM S&
BHE d71 Aok el E 3319 deviced AP
B83 Texas Fol ¥ WAF ranch houseS
= MdelA ey, =AY eyt e
d nF o}EE Ae AdIAE 2o
FRAon, doz HAH o dxy} FolA
2 Ed dAdq B Jgde=
ZPYEF de d4E "ay)

oo
Lt
M1 of

B
(RN
o

X

E:

30
lo
n
ich
3!
rie
i

A3 EAe %A Aol ¥& SOIS} multiple
stack& o]Fo] vz ZHUst e Rolth. 9
Aoz Eu) 2] AEH L WS Yed,
ol zone melting'¥*d, solid-phase epitaxy, SI-
MOX, 18]3 epitaxial insulator®] AF&uy
Solt}. zone-melting®$'8-2 SiO ol ¥WAA sili-
cons A ¥ laser beamS S o) &34 &3 H
molten-zoneS AX 3 ©]FAF|H AA silicon
22 solidifydtAl HE BYS B Solid-
phase epitaxyx Bl Z A silicond] €28 oW
AAGelel A 233} "t SIMOX(Separation
by IMplantation of Oxygen): oxygen iong 400
KeVZ silicond] #YAA buried oxide layerE
FA¥ ¥ annealdld] dojAe SOIMFgolth.
E & SO silicon9ol CaF, 23L&
HA71 299l silicon epi-layer® ZFA)A A
Aol SOrdgoltt oF b4 4&HQ
W& zone-meltinghd 7 SIMOX¥Wozn =
Aol zone-melting®h'go] Bo] Ao},

2o SIMOXHol B #A4E EX Uth
Taxas Instrument®] 7% 16K SRAME SI-
MOX¥ oz A3s] W Aoz BiEe] gk
a2y 3319 W 2 2 E zone melting'd ], EE
solid-phase®}, CVD¥IY %+ epitaxial insulator
ALgugEol JhEAdel B FHez Holn
oAz 7]2ATF7E Wol Hojop L #H A
a5 gtk

NAT2E 4T Ao MEFH2E s
sue7t H+ A+, $4 device-quality®] material
layerg Qo Holi 1z, 23, 334 S
layerE @48l o] Z3Fvlt} planarization®]
gr ool &w, £ low-temperature proces-
sing, heat dissipation cross-talk$o] 8% is-
sueZ THEOlFor & Aok

32t /M4 silicon® 7 olYe}l GaAs, InPF
HREVNEANE fFHA JHdeltt. Sy o5
SHIEMEAT siliconFe @A epitaxiald
o] tfg3tA Kok wetA GaAs-on-CaF,%-0)
ATHID den, zone-melting WHFS AL
Hx @zolth. & epi-insulatord 79, CaF.9}
SnF5& W#std Sn()Ca()F:59 insulatorE
YA InP SHA%E lattice match’t 7F53t]
AB& olEL °]4% InP/insulator/Silicons ¢l
i 47 H3ule}h o33 GaAs/insulator/Si,
InP/insulator/SiS 9 7%7} 7}53 AW 3-dime-
nsional electronics®} photonics®] monolithic inte-
gration®] -7} A Ao|r},

XL 7le} A7 A
1. Indirect-to-Direct Band Gap Conve-
rsion

Silicon, germanium, AlSh% ojd HIZNEL

indirect bandgap material 2% optical radiation®)
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probability7} wj-¢- Yrolr o] A ¢ty
Aoz A Aot 28}, o] ¢ atomic dime-
nsion°l A WIAA 2FFE & F e EAL
HEo] Bele xg50] Atk dEES Ge/Si

=

superlatticeol 4 “compound  semiconductor” &
9E0] zone-folding® 3t 7%, indirect band-
gap©l direct-bandgap2 2 v}E4 Qtid w3
&0 ®old 4 e RHolth o}y wEEA
FRey oldud dAFE AxHn Utk =
T &4 GaP9 7% He Atom& He—GaP—
Hed) ¥H 2 incorporater] 71 & 7, direct ban-
dgape FA&A "Bde 083 dFx Hx:
p=

2. I=Vi, IVVI, ®7I8 & 7IE}

I-VI Bt= A4 &2 5—10 micrond °]2% inf-
rared ¥ o] &8 & e EAS2ZH A7)
Bol F¥En Aok = g IFEE video
disk, information displays optical devicedl o]
49 blue laser®] A77HLolc}, B3R [[-V]
WA direct bandgape ZFAW, wiEd
F5go] Jom2 optoelectronic deviced] A}
&7MA7F 2ok = @8 Y, [[-VI ==
ionization ratio’t & BAZ A Y3tE spect-
ral range°] A &% avalanche photodetectior
0l 7}s3l2Z optical communicationS ol %
AH87HsAdel =k ot of A MI—-Vel A9} e
epitaxys ABATVF EF o AL DAdE
Alzte]l & AErle ALY, infrared spect-
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