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Basic Issues in SOI Technology:
Device Properties and Processes and Wafer Fabrication
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Abstract The ever increasing popularity and acceptance in the market place of portable systems, such as cell
phones, PDA, notebook PC, etc., are fueling efforts in further miniaturizing and lowering power consumption
in these systems. The dynamic power consumption due to the CPU activities and the static power consumption
due to leakage currents are two major sources of power consumption. Smaller devices and a lower dc voltage
lead to reducing the power requirement, while better insulation and isolation of devices lead to reducing
leakage currents. All these can be harnessed in the SOI (silicon-on-insulator) technology. In this study, the key
aspects of the SOI technology, mainly device electrical properties and device processing steps, are briefly
reviewed. The interesting materials issues, such as SOI structure formation and SOI wafer fabrication
methods, are then surveyed. In particular, the recent technological innovations in two major SOI wafer
fabrication methods, namely wafer bonding and SIMOX, are explored and compared in depth. The results of
the study are mixed in that, although the quality of the SOI structures has shown great improvements, the
processing steps are still found to be too complex. Between the two methods, no clear winner has yet emerged
in terms of the product quality and cost considerations.

Key words SOI, FIPOS, wafer bonding, BESOI, SIMOX.

.M £ o FHAs], =EX PCs 2 A2d W A2
9] F2 JAREE CPUANMY ac 259l 71908k 51_

AMEH BANA B o SOl(silicon-on-insulator) °] 2R (dynamic power consumption)} 32 {74
¥ 71&Le o$ o3 EAE Haw ot &, 7|FH F o3 HAH ALK (static power consumption)E & —’F— 2A
2 doly ZTHY A F ool SAIE(Si0,) FE T wEkA F A Y AE(Pto)ye
o] AH & Pt A, oleh ol deofH BH
orRH B3 2 wo]la2wH Y] FAE Z= SOI Prot = Payn + Parar = ACVaaf + 1o Vg )
2 B ok W A2 E Z(surface silicon layer)2]
AREAS &R oA, o Ee BOX (buried a = the circuit activity

@!
i

oxide)el E2l& WIFE SAlE & FAHde AL the total equivalent capacitance of the circuit
| i

gl A &2 doltt. o] o gl 783 SOI Vad

I

the power supply voltage

dlols Az71EL 2R Ao WAL o]Fof SOl d f = the operating frequency

o|H{r} ALow ZTIE I Al_w_ o] ARE-3t SOI &4t I = the static leakage current

o Fo& FFI =32 U &2 AFo] 65nmdl ot

OE Aoz dldEs 200609 7HAE A 27} S0l o 2 Aoz vehd & e, dundez F4

2R gAE Aoz A Qo). Hare ZAYLR ¥ e Atk L EF] ¥WF
SOI &217F A|d wigoz w2 JAxd w2 we £ 5 gAY sl Aol vishs thelli=lg A

AEEL9} SOl &7 Ef9 @2 AYLRE & + 3 "HaRE Zo|7] faiMe dEANE EEe o] M

&3 F RYS L F U obey FHEE(sleep

*E-Mail : kschoe@suwon.ac kr

613



614 2

modeYs ARESId 75t & 322 S (S EolH, A
HAES(CF BTN, AE -LH‘(D” Zole Aol &
838 & F ok AR RS
interconnect capacitance, junction capacitance® ¥ =
ﬂ SOI /\X]—P,] Ao A2 9 mels ABAEHOE
7ol H3h(unction)o] $SZZ junction capacitance”}
aA Fe AL ¢ F U2,
28§ Jof FUIRE AFARSE WL AFHUAE W

— X
& 47} glek, Adeanel U ARrde m YT

H

+ gate oxide capacitance,

o] & 3}0101* H9S w 32 ¥3AF gl A
2=glo] o "E}MVT‘ A&H o7 o fER o]E9|
=+ H‘GHH—” pn AL 7t & £ol3 A(isolation)
e Aol mig Fa3hH, ole Eg SOl 7]we] &34

2 o]},

o] Woll = Zxztel AdAo|L) Faoll W Aol/ze]
B ge] A s dofuhs LEAIYH FHshort-channel
effect)o} 72 okdake AAs] eixeE AddolE &=
& & w o]s} wjEske] A, =ele] Ao (junction
depthy3 Fof Zol/zlo] Hl&o] ZHasHH] RES

0] F&?}Eﬂ o1& o]FEH SOl +ZE "% &3Fo)
o} 32 o]fE SOl £AFe A4 &2 Ad, =Edez
TAEE X} o] BOX % 2l¢] SOl Zof FAEM,

o] SOI &9 FAE 2HFoFX Hdol/zlolo ¥ &S
Xmo}ﬂl g "7} 9171 ojf -0 lE}
Ol *1}7} 71E9) bulk
vt Hlsﬂ %&6& Z\Oi OPEW L3 dE 2
A5 95k E@ A (trench) ? 7} -’JS. slor, v
6] FOX(field oxide)Z BOXS} HE+ Aeirt HEs o
Agozy azte] A A] Thsdtrt
ole} 722 SOl &zbe] o7 714 A4 wj&d, &4
TF&o] 2 s S0l AFE et #HHol —5—3/_ 3l
& AHEE SOl A& gl hojA EFEo]
FIPOS, $lo]¥ 29, SIMOX 7]&¢ Mj% B,
o] T Aol 4Fd dol¥ 294 S
g4 SOl glelm e TZ(structure) 2 2 (quality
oA 1] 12 H]IJ’_ A EES], BT AT AAby
TFahs w9k SOl £9 A, F4E SOl F
BOX %9 2 :Lam $-4% SOI/BOX AMe] A&
=3t »,\01"14 +9E 7issl RaA o

2. FIPOS(Full Isolation by Porous
~ Oxidized Silicon) 7|&

A. Uhlir Jr29 9jsiA 19561 iq% A% T

A% ezt o
et AT ¥a delze] A

sbgd £xe] A% %

3h= A

A
T

Hetg 718t HARE TEA I electrolytic anodi-
zationd] 98t] FAE F A A7 Fad e
Azl WEA F Ayt EFelok shme dejsl o
g Hpojoj &7} HEEA °of ??}‘:FE Aolrt. o

=
gl&o] p-typeold A

(rectifying junction)o] Heoj Ag]&o] OJ%LOJ THpeE |t
ojojz~rt HW MF7F & BEA =y 2 vl 9
g wpolojx A & 52X ¢ Heth vk HeE
o] ntypedl A<, Aduj2el] ¥ At shshE S vl
oloj27t PP o = AR sEo] TaA Hrh ol
3 o upolo) A el n-type AeFo) & AFV &
2ZA ste BHeEe Majd/AeE AW A 2E
2o AZ-E el FAHES AU, 2 n-type A
228 vl =4 =338t degenerate A, F 5%
FAFIES Th=s Aol

Electrolytic anodization =] d¥HE o2 Hafjodlg &

2 g719} 8] ool £F HeYstA AR dolH =
719] Wi YARR ® =3 35 T A5, 29
o] = AT dAH de APom 74 ok s
o2& HF §9 & 34" HF 848 AHE-3ty, 3
AARE FHEAA (surfactant) FEE 3= HEE
(methanoly& F2 AMGETH Tk A2 F A=
Atolel] A folHE FHoR HFEFH B A
des ul, 2= £ doiH J‘ﬂoﬂ P o] 9
Ao AEE doldle dFE &5 Fo Hajds &
2], st

olgA FAAHE Xz ATy Fx % e F

(<3

ol w2t vig- t=2A Yekhd ¢ i, ol AjEe
ZFo) we} electrolytic anodization oA AJH 2
= At 8 528 RAF o) 7ro] th=7| wjiRolth =
p+-type E}-ﬁ— /\]-14,] 75‘—?— $eubeE upolo] 2 Abej oA
AMeto] ol mj$ yEL
e Z,L%‘-?Uégi A THA APRS dg 4
A o] Ao oiukgk nlojo]X Abe)

10

il

3, 9HA nitype A
ol Aol AHe| AF7E 527] YsiMe breakdown
Hstel AdelAl = o,
|

a2, Z1°17F 5 a9

s

p-type Aol vHEol porous
lAlsly #dste, ol we 7S
- latel eis Al @A AR g mAEe o)

= = Aow 49A 3l

°
ul
X,
I
rlo
=5
5,
X
flo
O
&(
II
[,
O O
mlo
_\?A'
™
>
Y
>~
>,
o



SOI 719 olso} 12 47 B4 2 33, do)d A= 615

L NTT Ab7h HEE FIPOS 71&%08 ol ke
Zoltt, & A F9E p'-type AEEoE 744 F
electrolytic anodizations H3Jste] o] R gro] L
"]\3]"“’] HER 3 & Jﬂ%"qo dgste] o] Zajx
SA|ET}) HEE e
THE017 SOl #lolH

A =] i E—J—
7F 28 glon, ix}ﬂl FA Y OFRLEY FIPOS EA
At Fo} wlg- AA tl AR Z NTT A

l%okoq AR AFske sol
MOSFET ix}f—a— Algsted A }91 10

FIPOS W¥ % ols} FAF i EMe] a4 Fe
AEE 74 A electrolytic anodization©] p'-type
222 AAo) disf FAlo) dojuA] 951, ARG %
Zo] A =& H pltype A ZM Al&Eo] Azt
W2 A"tk dolth upaba o] Zawgos o
ke T A"e] &g olaollA thiA Fo
o Pube A ol 7t W (cusp)dtA € ¢
t} o2 AaHgr Ezhe Heko & 28 =g
Aol == Al Wil Rt 2270 delnz,
B2 el We) FYF0) o) 2F71E dra
g o, ASEAE 9ol shear stress7t FAIF o] At
o o] Al swainol 2§ defect ¥ dislocation©]

L2 2

o2 m J}o ¥

49 F 92, 3 ARE asp F90] 53] AT 5
7b ek oleie BAH % Jleh 7144 olf wol of
Py AA RS A8 ET AAE

3. dlojH &Y (Wafer Bonding) 7|=

dolx 29 7l& HE F7e fojHE A}
FHo) Wé T ]9] SAPIE(SIO)E 7
e

g3ofo] 2+ &

£ F, ol F A= Wg AT ¥ el HE
& F, @XEE T3 @?ﬂf\l?]l + dloly F g
folHE 23 (grind), ©3 33 (etch), FoH(polish) 2%
FA9 228 SOl 202 vimi= Aot} 7HL§X42E
B o, o] SOl &l sldete e 29 2 A&
Eftele A RS Fo, A2 L E4YY 2 olF
7b §7] W&o dAZAY o 943 sol & §
dsh= Aol shssitt. kA RbsA] &by A skahd
A A ek SOl 32 adhs FAlol=E, v gF
I FHE SOl & A S oEle FAAY EA)
7b doksinh. dAl S e FHUIERE ¥us 4
22 oA 2F(etch stop)O B AMREHE W 18203 ¥

He AYE 35 FYE ARgsi Eearle
ELTRAN®(Epitaxial Layer TRANsfer) 714 2% -18] 3
YEHEH Fo(H)E AT Rele
slicing &€& Smart Cut® 7]$%8 5 4 9o
X 2F Wolxs BE M A =3 8 piype

¢l hydrogen

de|FS SO 7xE €712 oA 2 tule]x go]d
(device wafer)2 AM&-sh=t], ol °ﬂ ol# 9] x| A
FA 2 295 EE 717 o & MOCVDS) e &
Z1gteio g Sadct o 01301]‘” A gk wpzlriA)
=2 /‘Ji}%% @748k, SOl :r"’\i A=A ek NHe R
type )& AE so]F(handle wafer)2}

1315} 5, tufols floH e ggREg 7
Eol7H €} A8 o A&

©] 01]%—1\—57‘3 dtH oz oY g sahx JE, &
ol o)Est, tEo] A doj Wo EYErol
sl WA elEdt) 53 BEB)0] 1X10%m” o]
4oz 4 =9 d p-type HEE9 Y AH&EEI}

1X10%cm? o]}z EJé Ak p-type AT 1))
S A HA p'-

o] §- ol oGN] s}ahA ukg-
L2 oY Fo] &
o}u}gz]% a4 Qo p-type E]i 01]«4 Zol &
=7t &
ze BESOl(Bond and
Etch-Back SOI) ®Holgfal gt} o] wie] Exdog
= 300mm @3h= ULSL € A2 dgo)ge 4% o
Aol wjf- Hoemz A qu*"ﬂ A%
Aet7] oEg Hojok. whpA] o F 2ESHe p-type
AGE oY Z9 FAZN 12X & 7t 9, oY
 FAlE g Fol gholdgE it Asd
ok o]lE Heetr] 918k Zlo] oA AFd T
& AMAEF FOoE2 MR 1Yol o] 71y
ol p-type HElE gl p-type HEE oy F
2ral7)el ¢ 7]8 A B (electrolytic anodlzatlon)
OEOH—Wmﬁ‘QV‘*Q%:“laﬂﬂbﬁplﬂ
olty. Y& HF F& AL 2 Aol ptype 4
2 97 & £ T AA AFT 7E
Eas A8 Yelre xg
2 AYFL AdAEET) plaype éﬂ%"ﬂ HlBj A & vl
T wE, QYA E ¥ p-type AEE o7
Toll Ael &4& A 81 AFe } ?46‘ T e
NxA=me ATE T
ELTRAN®E ¥ Canon At £3
=8 99 Iz HEFEe dAaFom
BESOI Wt fAleht, o Zejs A& e oz
O o] §3[A] ¢ water jetS AFEE] A
(splitting layer) 0.2 2-8-3t}= Mot} o= Xy 4
g|Zo| FRAH o2 Aosta, YR ol AEY A7}
AEol 2o, water jete] Fe] 78H= shear stressoll
A SHHETh= Aol Atk Zlo|th. o]FA o Huby v
Ao A& ARE-Sle] tynlo] X gjolHE -3 u

[o lo, > -
olN i o ozo

ol
N
g -\0—1" ol)}v

I
N i

o tiufo]l L SfolHE EEL °‘°1 H-§Hz &
g 7Ihe £ Qo). 2ejs o] dddE & soig 74



616 =

SRz p-type AT o7 Fo) HHS o] Fejx A
osted mwjg- AF 7F Atk o] Az FWHe
1150°Col A oF 1A1ZF A S25(Hy) 712 B ox
@ (annealing)S 3P4 v &shA| ghEo] A 4
ELTRAN® g AMgstel 22 Canon A= A%
300mme] SOI flo|HE A zat=d A4zt

Zoll

Smart Cut®2 Z#2 Soitec Abll o) 53] 524
7142 wafer bonding ]zl tiuto]x gojHe] oF 5
X 10%em? FEQ] Fa(Hy) °oleg A4 Zolg Y=
E &l=d], o]& 93] micro bubbleo] FAEH, U=

E Z 9 500°C 2504 oS 3} micro bubble
So] <100> WEko g sasn dAEoe] SOl &o] T
ulo] A~ golH 2 RE| Ha] HE™ o] 7]4E AR}
Soitec A= €A 27 300 mm7EA] 9] SOI glo)# & T}
2kl glom,) o] 7|&el Aule vl ¥iriz ok

4. SIMOX(Separation by IMplanted
OXygen) 7|&

SIMOX e 7124l /g I oux 2 7h&
AH4(0) o8 dEF 3t i
o= OIIfg_]— /\]Z_] = 2} :§l-
g3l ody FozH 9o

BOX(buried oxide)zt &&= w&H

o

Alole F8 Y
Adle Aolth D o] upH e 3}akg-ole AL o A
AL AATGeZH =golst FH TR SOl HolH
S AT 5 ks 2 ZAol Atk kg JEFRE
He 4 ol duA g EFOEN AFHUE o]
£ Ao & lef, sol F9 FAE vy AL 4= 9
3, 3R E4e] A9 glerE F7HERl w7 (polishing)
F40] glojx s& o] Eg Aol
7142 9] oA SIMOX HE % ﬁﬂo}~ﬂ Ao} Al
o

AR dojHE JEHUE T 9;%3 ?ia] ‘j*(throughput)
dE=ge A|AHS 7))l o}_ Az}, o]

SOl & gAsl= 9 = AE
AZPE AAHL F32 AA =9l AY S o
Eel AT axle] B H9E MglHoz JERE

Ao, SIMOX &4l
FHAA dsol 4
M ﬂzﬂOﬂ tHo}OEl PEHE sfjof oz 1 ofiqx]e}
AY&EE7t vj-e Fotof ghtha B 4 Uk FA) o]
3t o] AAE Aol tHEF UEUE A2dlo] &
& 3estE3 9l

T;
i
=
3
il
e
Im
>
1>
o,
T o
o,
<
s

"

AEH HHAM 2 W o2 YBUES} odYL 5
sl BOXE @A AL )9 E¥ET. o) AL
A ER, $4 QERE B Adoleo] Fuel ol
Aol Aol SAIO=(Si0)E B SHEHA
go] Uojuol Hm, SApols RA4Eo| wers] Al
o WETL X AT FUT Fho] SAlol= Fol
gslojof Tk B3] Sl delEe] wis| #u7t

227801014 SAfol= By A 23] ol esje]
W Ay dZdAH o8 JIE| A= shear stressE FHA3)EF
7] A SAlelEg} wlS FUE BAR FAEE
Aol wf§- Faslth Aa YSHE F ojdy FAHo|
A ek o A

o7t AEFHoR AAH FE olFX ES}E, T (bead)

1|

r

o] 01zl BOX % B

glom, ofzel ol B7ddt SAlol= E2 1 4
2] &9 stacking fault ¥ threading dislocation 34 <]
Yelo] =7 ) vz JEFEH Akbol2e] F
E7F YF Eol= BOX Z9 Frigh R osidg &
sl F=H Ag]Eo) stacking fault®} threading
dislocations P4 4 Stk wetr] W 42HE
SOl 7x& FAsl=tdl JEIE & £ 9lE 4tiol2

°l ZA E(dose)S #9d BOX & 4T + Ae

He YoM Hastez Agt=ln, ddd o] =
EHQI ZAFES 0.35%10"0.4X10%em™ A X9 Ao
2 4 Jon 0 o] LD(low-dose) YZHEZL
gheh, Abzol o) 2AET BOX & F7ke) AL
ofef ¢} 7t}

,
x(atoms/cm” 7
dg o (nm) = — X ) 10 )

4.4 % lOzzatoms /cm3

2 2)pllA 28% sto] B 1o] 44X 107 atoms/em’E
Si0, A Bed Ar 97 eh i, B x
=l A %

£ 1k QERE 2AFE Uehdd el 99l LD
YEUER de BOX %9] F’r”ﬂ% 80 nm-

2ol Ak

A5 F7F2 BOX Tl 3HE & i o] F9 F7
g F7t2 72 4 9l ITOX(internal thermal
oxidation)z} F2& 0] v SOl Z9] ¢, ol AW
BRE A= A 2 Zo| A
7} FE 430m F B2y up Y’ o
b3kl 2%k SOI &9 ARt §, olefollA] FA9 o]
FolABE o] W& AME-ste] 48 F = BOX &

"?_Z gholl glth.

D-SIMOX 4l¢]¥H+= SOl 5



SOI 71ge] ok 18 47} 54 1 34, fold A= 617

el defect BE7} Wiohs o] glou} BOX %9 F
AZF DAZ gFo} 22 A 2TA Fo o] BOX Zo] &
4E g2t vk A B $78 BOX &o] o
2 e Abiol29 2AMES Eo BOX 39 FAS
Z7)7]i= HD(high-dose) YEBET} ARg-E|ojo} FiT}.

SIMOX && Zol ¢ F23 FES Ax3E of

Z 5% 2L 3tk tSo] AFUE J)& A7} )
F AFAol o] YEIAE B4, FE, JUXE A
2ol 2ATORA BOX 9 F/AE 2dde Aug
o] oz} o ugt EHoZT B49] BOX =
S I £E ok ®=3 JAERE Y7} gE W
5 4% JEFUES 53 7l o4y BOX 2% &
A8 Ak #Hal SIMOX 71499 3 2 Fig. |
kel

& SEMOZ #EH SIMOX 7+X& HoFI e,
<)

BOX Fo| ¢4 A= s & & Utk

5 ¢ojH 2% tf SIMOX 7|&9 H|m HIt

HA7EA] deizl F92 SOl folue] Aty oas
dlolsl £ 2 SIMOX W o]9]o)| zone-melting recry-
stallization (ZMR) o] glt} o] By A& ¢o)
B ol SAIEE 7|25, T 9 A oy &
S T2 &, golA, A= Fo dUs AFEEl] A4

= s HI— O

i ©

(o,

H2=140nm

Hi=36nm = =

Fig. 1. An SEM photo of a state-of-the-art SIMOX SOI
structure: dgoi/dgox=140 nm/36 nm.
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Table 1. Detailed specification of SOl wafer for CMOS LSI application

Specification
Item (units) SIMOX P Forded }fé?:fefge Test Method
SOI Layer Characteristics
Growth Method CZ See NOTE 1.
Surface Silicon Thickness (zm) <0.2 <02 ssgffggssccggfcc f;}]lg:?;ﬁ%
Surface Silicon Thickness Mean < 45 < +5 Spectroscopic ellipsometry,
Value Variation (nm) See NOTE 2. Spectroscopic reflectometry
Surface Silicon Thickness Variation < 43 <+75
in Wafer (nm) See NOTE 2.
Crystal Orientation (100) +1° (100) +1° ASTM F 26 X-ray diffraction
Rotation Misalignment (deg) NA < +1 Visual
Edge Exclusion (nm) 5 5
Non-SOI Edge Area (mm) NA 3 Visual
Conductivity Type Dopant P-type Boron P-type Boron ASTM F 42 [Secondary ion mass spectroscopy
Dopant Concentration (atoms/cm”) See NOTE 1. See NOTE 1. Secondary ion mass spectroscopy
SOI Etch Pit (/em®) <1%10° <1x 10 Secco's etching
Threading Dislocation (/cm?) 2 §->><< 118: ((%{B; NA Secco's etching
HF Defect (/cm?) <0.5 Z 8§ 888 $$Z§ HF etching
Void (/wafer) NA See NOTE 1. Visual, Automated particle counter
Roughness (Si surface) rms (nm) <04 <02 Atomic force microscope
@ 2X2um
H 3 10 i0 !
(sl;g,f aéi 1\I:IIie,ta(lqu)O(t}f:::rr:;‘)nanOn for< egz;lgtom for< e5ac>§1 le?tom ASTM F 1526 AAS?(I%I:)-MS
BOX Characteristics
BOX Thickness (um) <04 =04 Shectroscopi refloctometsy
BOX Thickness Variation (%) < %5 <45 Sgggggssccggl‘cc felggzﬁf“nfe‘%
Bonded Interface Location NA See NOTE 1.
BOX Pinholes (/cm?) 28]5 ((I];g% <0.1 Cu plating, BOX capacitor
Dielectric Breakdown (MV/cm) >5 >6 BOX capacitor
Mechanical Characteristics

Warp (1m) 2;‘8 (%B% < 40 ASTM F 1390 Autom:éla(:“ rrlli(:‘ngcontact

See NOTE 1. See NOTE 1.
Flatness-site (xm) (Refer to SEMI (Refer to SEMI

MI18) M18.)
Front Surface Visual Inspection
Scratch None None ASTM F 523 Visual inspection
Haze None None ASTM F 523 Visual inspection
LLS (/em®) @ particle size <03@>0.25um| <03@ >0.2 um Automated particle counter
Slip See NOTE 1. See NOTE 1. ASTM F 523 Visual inspection
Edge Chip - SEMI M1 SEMI M1 ASTM F 523 Visual inspection
Edge Crack SEMI M1 SEMI Ml ASTM F 523 Visual inspection
Foreign Matter See NOTE 1. See NOTE 1. ASTM F 523 Visual inspection
Back Surface Characteristics
ol H 3 3 1

g:iikélgeNI\i/,leg&)C((/)cngz?lnatlon f0r<elac§1 1a(zom f0r<elag§1 la(:om ASTM F 1526 AAST,)%E-MS

NOTE 1: to be specified or discussed between users and suppliers.
NOTE 2: typically 0.1 um and thicker SOls are specified.

LD: Low dose SIMOX with BOX thickness < 200 nm
HD: High dose SIMOX with BOX thickness >200 nm
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