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SEMI MF 657-0705 Test Method for Measuring Warp and Total Thickness Variation on Silicon Wafers by
Noncontrast Scanning

SEMI MF 1188-93a Standard Test Method for Interstitial Atomic Oxygen Content of Silicon by Infrared
Absorption with Short Baseline

SEMI MF 1390-1104 Test Method for Measuring Warp on Silicon Wafers by Automated Non-Contact
Scanning

SEMI MF 1391-0704 Test Method for Substitutional Atomic Carbon Content of Silicon by Infrared
Absorption

SEMI MF 1771-0304 Test Method for Evaluating Gate Oxide Integrity by Voltage Ramp Technique
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b) FEZEIE
1) HA FOFHMORE S EBELRE, T7hbb/—7 4 7L« B X%, SOI FEERERKIZ K - Tk
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T&E %,
446 HEINDBESZE
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LRV X TZNFEFICEL FEROI T L8R DD, RS, ZHFEFITIET 4
M~NAFTITAXPEHEINTEY, SOV THBNRBEDEZ I 2 TV 5,

b) SOl Vx—/NBIELDEE SOl Vx— D LS REEEHEZ OV = — DEFEIZIE, TOHE
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72, SOl U = — Tl =7 « 7 LOfth, #ifi, SOI/BOX FLifi it BOX/Si AR DT 7 % A
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ETHDLHN, ZoMich, AKOBABRMEEICK D HE, BIEZESER T L TROBEIZL > TREE D
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fE{LAl HyO,, HNOs; 72 EORINC X B EIGEO R EXAKREF S Tnd,
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B BLGIT & o ThbiE X BROBELEDSRHERICIEEA EALRNDT, oD AT MUy 7 7T
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1.1) AR (BT Ta) 2179,
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OFEREE, SEMERED 30% 28252 ENEE LU,
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121X 0.05mol/L FEENNE X TH 5,
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2.3) EHENC, H S22 L KOH 72 & Tkl SOI 8 % [RrE9 5,
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[ZOWT, BIO M E T 5,

2) EUR—ASANIREENY — EIESNDGEITIE, U s — 0B ETEOFERE (51 21%, Smm)
FCOMEEEFMIIE RS EEx NS, £, DEILEY 2— o8 BlziE, 4 HE) T
OFHIC b A e TH D,

d)y Zofth FHmICHWDERELEFHIOWTIE, KIEFAOIKEEREE L OBEEZD Z LI2L > TR
ET %,
483 MOS ¥y N\ AEBEZMAL IV FIEAE

BOX BV AR— LV OENGABIZE T D EBESNDIEAICHETAT 2 LN TE 5,

a) AIERE K207 7 X912, SOIEE ARIZEI0 L, SOI B, BOX 5, /Si 2k /5 72 5 MOS
Xy U AR, U — RIZEAINICZEIER T B,



JEITA EM-3603B ##4/ik 20060425

b)

1)

2)
3)
4)

5)

d)
D)
2)

\Li\
‘ MR (SOI )

SOl 7 = —/~

<+ BoxJE

\\\%&

(Si)

20—1-V R &

% MOS #3512, BOX EA MR L WRREOKELEAFML, 0 & X2 b Bz HES
%o WELIZERDBH LN LORRE LT LEWVEEZBAZGEICE, TOEMIIE U FA—L a2 G
REMmE WL, Z2HOEMEZNE L TRREMORBAERF 23K DH, BOX B R — /LR —I25H/
LTCWa ERET DL, Poisson /A Bz W=k O 6 BOX BV R — VB D NEH SN D,

1-F =exp(— D~S)
ZZIZ,  S:MOS F ¥ /N H O R E MR
BIEERERVEESR MOS ¥ v XU XX, AR UV = — " REEE ) LD ICRET 52 &N
PE LWV, 7= — B, Gl EXE e K& S OEME 5 7 EEELE T 5 728, MOS ¥ % /3> (%
0.5cm~1ecm FBREDEMTY = — 1 EIZEKT 200 Y TH 5,

SOI EECOEEM T2 <72, SOI X, HE1LH Y 2 EORMME 10%em™ UL ERRE DR

FICR—E U7 LTaRtL TR ZENEE LY, T, 51T SO RIC A X LEHERE L Tk

ST EREFLW,

Xy RUZCEEEHINT S REOMRMIE, @I E KR & A A REIC T 5,

Xy XU HICHINT 2 BEOMEIE, BOX FOBERICHE L TK IMVem A4 2384 TH 5,

FEBHBEUAEOZDOOBERLEWEE LTE, BWMEME CHKELE-BEREEICREL T

100nA/cm2~10mA/cm2 fH4 7238 X4 TH 5,

BRI, 10-3 cm2~1em2 FREEOHPFH CHAFHHE L TH &, EHI1E 0.1 cm2~lem2 FE O HifE

OB CHE %2 £l d 5, REBMOREAERI 100% I WOHEITIE BOX BV s — /L D5 FE )N IEHE

WCHEHTE WO T, /NEFEOEM CHERNET 5,

BIEEEEVAEAYE Vx— hbTyY 27 27—V g (EE) £ COMERI Lz
= — N EIRAREREIR E T ONEAATH D0, BMRIEEOES G 72 LI L o> THREE R SE1%, #7] EE
FSOE < ECOMEBAENET 5, T ORGHEZ RS D720, HIERBIE 100 L EREZ B2 L3
%o Fiz, WEMEIZY = — "REIZHHIE D,

Z Db

I AW D B EEFHC WL, BIEFR A OLUEREF & OBAEEZIDS Z LIk > TKRIET 5,
MOS F v /S ZREEZ R Uz I-V B rERE S, A7 o — 7@ EIC X D -V B E TR

THZEBAMETH D, ZOHAITIE, T VIR EI2 X - T SO A Il L 7=, K7 =



JEITA EM-3603B & #£ift 20060425

— 7 HIEERE 2 L CKEREMEZ BOX BRMICT ¥ 7 b &, KIBEMRE HmEmRE ORI
BOX SRR L 72 W E OIKEEZHIIN L, ZOBICiN 2 ERZBET D, ErR—NVEE
DEFE, WE S K OB EA, WE & OWIE S, WEFFOKIEIZ DWW TIE, MOS ¥ v /3v ¥
a2 R L FEICET 2 b0 L35,
3) BOX BV R—NAGANT T AR ERT 5728, ¥J—TROENGMZRT L 25EATH, KRIC
AT —RA (Seeds) DREHWIIEE L R — VEBEZ AT T5 Z LIXAREL 72D,
1-F =(1+DS/a)™”

Z g, F : MOS % % /XU X (ZTHIE L7 A Okt
S : ¥ /NUHEE
D : KbpEE

@ VTABY LT e RNTGA—H
TR T e NTA=ZOFREICBEER S ED 720, E U R—AOHENSMIE—TRWEES
I, & OFFAENLE DS EREZIE ATRE & 72 D $RENTE ORI 2 HEst 45,
49 BOXTE
49.1 BIEAE
MOS 3 ¥ /33 % ® TZDB (Time Zero Dielectric Breakdown) #FMEIE ZHEHERIE Hik L 5, B, /K
70— 7 WEHEREIC LD TZDB FHEHE CRATHZ L b AEETH D,
492 BIERE
SOI &% A PR8I0 H L, SOI " BOX 5, /Si HA 225725 MOS F ¥ Ry Z %, 7 =— 1 EiC
RN ZHOE AT 5o 45 MOS HEE IZ BRI IC T v B0 7 B EE AN L CEWR — EERELZRIE L,
5.9.3 BIEFHRUVBERICHE, fixMiEEE (BOXME) #EXRT D,

(D =y
~ | whiE (SOI 1) SO =
® /.
+— BOX )=
\\\%W&)

21—MOS F /322 D TZDB LI E &

493 REFHRUVBER

MOS ¥ ¥ N ZHEEIL, FIRERIRY U o — " REEE D LOICEET L2 2 ENEE LY, V= — R,
R BB e K& S OBEME oy e BEECE T 572, MOS F v /8 1%, 0.5cm~lem FEEDEHI T
== EIZEET2ORE L TH D,

a) SOI ETOEEMRTAB -0, SOl L, HH1LOU L REDTRMM A 100em™ LI EFRE OB



JEITA EM-3603B 5 #&ift 20060425

W=7 LTRBELTHES ZEREE LY, T, SHICSOIE RIZA XL AHEREL T Z
EREFE LV,

b) Fr N UXIZELEEANNTAREOMmMEE, BEITIEBNEEIRGE & 25 mEicT 5,

¢) BOXEAFEEERL L CHlERE SN TWVD 0 MV/iem~10MV/em OFPHIZK LT 4318 S 72 ik —
EBIEREEZGD 20, T TEBEDOAT v 7L, BOX B OBFUTHE L TR 0.5MV/em 4 LLF
ETHIENEYTH D,

d) HIENDRFFEDER Z Y B 720, MOS F ¥ /3V % —2H 1= 125X 1 5N % B2 IZFHM
KTTDL9, FUVTBEDOAT v AL 2T v TR ZRET L2 ENEE LU,

e) R EE OFIE ML, A — MR TZDB 3 T & 1L D EEHER 7o S IS HEHL9 %, SEMI
MF 1771-0304 4.4 121%, ®FE LWHESRMFE LTRO XL S RS T 5TV D,

1) WEERMED, Bt TI7A4 7 ZMED 098 HIE LT & & DEE,

2) 2EEGE LT, TUTEBED 1 AT v IR LERED 10 5L EE IroTz & & DFEIE,

3) HIETEFMA, BEFE CHEAL L2 B E I LT 1pA/em®~100mA/cm® OFFHNICFHE L
72D LEVWVEMYICELRE E X DEE,

f) EMAEREE, 107 cm’~ lem’ FLE O#PH CHEFARE L TR E, @%130.1 cm’~1em* FEE DR DO E
R CHIE 2 Fhi9 5, BOX BV A—/LOBENREWEEICIE, BOX B h—/LOBEBSHMECENT
BOX MENEMICH B TE RV, 20L& &L, KEIISL, X0 /NEBOEmR CHENET D,

g) SIMOX U x=— 72 & T, BOX MENEMEFALFET 25003 57280, B 2 FPEHR 1 4 g
T 5 & &, M EMmERE AR 2 THRT 5,

494 BIFEMRERURIE R

V= NENnb Ty Y e 2 A7 — g (BE) F TOMEBEZ RS LT U = — Gl A I E R & S

DONEETH D0, BBEROERE 72 L1 K> THREEZREGA1E, M) BE SRR < £ COMEEZNET

%o FRNTOREHEZ MR T 2720, WIEAEIT 100 DL EREL B E U, WEMEILY = — IO

w5,

495 O

a) MWD ERELEFHIOWTIE, RIEFAOEEREFH & OEEGEID Z LICk > TRIET 5,

b) MOS & ¥ /3> % ® TZDB FtEHIE X, KER7 o — 7 IEEEIC K25 TZDB FEllE R T2 Z &
LARETH D, ZOHEITIE, TH VIR SI2 X > T SOl % HIlE L 7=1%, KRBT v — 7 HlEsE
B 2R L COKREMEZ BOX BEEICa X7 N &H, KEEME EEEMRE OMICHEERIZT v
VY 7 EEAZEHM U CER —BERFEEZRET 2, MEEIEETEOER L OHESM:, WESME
T OVRE i o, R 7 R R ONRIAE A5 N E FFOREIEIZ DWW TR, MOS 3 v 28y s 2 FI ) L7
FHECHEL B,

410 EIEEEBIE

4.10.1 BIEAZE

SOl ¥ = — DOFHEEREL, BHEDO/NVT T x— D7 Ty h R ARERE &R CHEREE 28 LT

BY, ERMEFRBELE L CIHEREIE L LFAEND D, BEREEL, F—FE I oEmE b ok

Y EBRENTHD Y 2 — " OEE EDOHHOLELEFHERREL LTHET S, Zo%s, WER, v

== O E N BTV, BER, BRZHREIC T EmE L, RO 7 7 v bR AZMNT 5, HFAEIDIE,

S OIS HEFIH LB G 2 WD 515, 7o — 2RSS CREOHEEZHIE L THEE 231

ET D HEROEERZEH LI TS L 2EER S 5, JEDFIEIZOWTE, HEAEE & Rk



JEITA EM-3603B & #£ift 20060425

CHHEAGHEL, BEAHEICCTERRE L, 77 v M RAEMNT5HikE, KL 70 2 Wbk % (]
LT == ZFENOHET L HERD D,
4.10.2 BIERE
a) MER=ERATE HEREICLDZV=— " OFHERIEX, B 22 ® X 912, Probe Uik D EM L v
== KHE CTORRIETFT DRADOHERFRTRKD D,
(Cair)= (e, -S)/Da

T e ERHEE
S :
WEAREAMET 52 LT, V= " REOEMEBET S

Probe ;,_

Da Cair

Silicon

.22_5%@!?. S22 /ﬁlliElf

SOl V7 =— DA, B23 DX HICREY Y a V@O FIIET ) ar LFFERO R 2 M IA I
b (Box) 230, ZD Box BOREIICL > THERENEELZIT 5, Box B dHH Z & T, Probe
LUz — AREOMIZH HRE (Cair) & Box BIZL > TRATIHE (Co MDEINEH SN,
BERERIZT = — ORFZ L L5 O E TR L

(toor )= (1= /5)
ZZIZ, ¢s: Box DFEER
<D,

HE-T, SOl 7T v FR AL Box DIEIIESLSED 1/es OREENEGEND, FEBED SOI TiX
Box JED/E XL 100nm FEETH Y, TDEEITLOX % 5% L E2 -5, BILEOFER N s=4D
7o, WHEA~ORET Inm BETH Y FEH LA LI R0,

Probe
dm Da Cair
Silicon |
Tbox Box Cbox
Silicon I

23—SO0l 7 =z —/\DFE



JEITA EM-3603B 5 #&ift 20060425

b) JEHAIEE

1) REBEEGtEY Kb —2RXOZEMMECHEZFHALT, vx— IR L TRARL, i
FoT, RKENXDOARy FOMBEEBHL, 72— OREOEMEMET S HETHD, 2B,
BEXY = — OWE»SRET D,

2) REEBEELUY Uz " REREICKHZRIL, V2= nZHITL52LT, V= KEND
DI EDIEZE CCD 7 AT THET 5, ZOHETIE, ¥ =— "EWERICTEE LT
ET 5D,

3) XFHE NFEICL—VEHEHLT, E—2X7U v ZEN LT, WMOET S EUER) S 0O
ol T == KED D DRF KN L > TRAET DAHAEZRET D HE, WEIXY =— " Z RS
RO ME BT D HEROY = — " EWERICEE S TY = — "2l ZHET D EN
H5,

4103 FER

HFEXTORETIE, 72— CHTDHOWERICL DHEARS LOARAIZ L > TIET — % 1L
THZLEZEEBELTENRTNERLR, B24 DX I, SOl DBEILT = —~RENPOLBERIND K
ik, REHSOKESE R), BEv D 2 @ & HDARBRLIERE O R E D OKE (R) KUHED
IASBICIERE & NV DU ) a U END ORI (R) BNEENTND,

BB LB e 7 = — RE DSOS (R) DML A X LTRSS -0, BENEAETSHZ
&ﬁ%i%ﬂéobtﬁof,:ﬂ%ﬁﬁﬂ%®ﬁ%t@%£ﬂiﬂ%%'&E@@ﬁﬁﬁgf,%@@

§IE75§ '/[Z‘g T Z)l?) z) o
R
Incident y R Reflected
Wave wave is sum
of Rj+R,+R;
BOX v
Substrate

® 24—SOl 9 = —/\Hh 5D REH

411 73R

4.11.1 AFM (JRFMAHTEMEE . Atomic Force Microscope)

a) BERBRUCAEAZEZ B 25 R T X1, B (r—7) H&hrF Lo —250RE I/,
@ﬁf%%éﬁ,_h%%%?é_&piéﬁ/?VA~@u%%ﬁ%,Wiﬁ,%%%ﬁ%&ﬁg
THARY, Mo “RTHERZGIEHTLEOTHD, Do FLRA—DEbRER—EIZRD LD
RS E B OB A S L 223 HEET 2 b0, HEIE7- 0 0 F L AS—OREEHRIEN —EI 72
D & O EE BB O BB A HIE L 22 S EET 2 O R OEHE—F (AC T— K, 1457y
J e T F—AF—FR, FAFIvIE—F, b7« F—RKRELLEENS) bEOTHR D,

b) IEFE FEHokmpik HE) - EL, iHMidRICAEbE Tt HE (a2 27 b - %
—F, JrvarvE s keF—FK, ol - F—F) ZERTIVNEND 5.

1) AVEY b+ -FE—F HrF LA EREICHET 20T, EENICRFHES— X ORE



2)

3)

JEITA EM-3603B & #£ift 20060425

MRFHETH D E VI FERH D, UL, REREITEST BENH Y, SR 285
&%’iﬁV%Vﬂ—@ﬂiﬁﬁ@gﬁﬁg“@MEﬂﬁg&ﬁéo@ﬁﬁifi%ﬁuiéﬁ%
RNT —Z B 52 555080 5,

J2oavBY b E®B—F BUF LA HREREGTEE (%10 kHz~%% 100kHz) THIR X4,
FERERRIEEED S B AR L CTEERT 58— F T, RE~OF A —=V1307<, Lo
OB O I R 2 IEREICBER T D 2 LN TE D, 727120, FEEAEE 2 O TR T WS 8 03
HREE WD Z &I/, REWEROEEEZITT N,

BAYEVY - F—F HUF U A—EMREEECEE TR ST, 3BEE L2 Brigenoicig < fil
Nene (Fy7Lanb) £E L TMMEESE L2 /) v a s ¥ 7 NMECHASTEWZER SRR
THETDHIENTED, avF 7 k= REED, FEHIFEIREICHTRAICEMT 20T
ASEFF N < 71 (BEEES)) INE L7\ T8, BEEIZ X B 2 F L= OB MR IR AR T,
MOEPOREIBESIT D Z ERHETE D, 20D, REWHEREOFEORER OHE LT
REOBEITEICHE L TWD, A7V s a2 b (B £— K& LD,

hFLIN— ERE

25—t h o F L/N—



JEITA EM-3603B 5 #&ift 20060425

c)

RVSHRHE 7 SRR E
Bk
Sy

[ ey
L—H— ﬂ % ' \I’/?JD?)%%%

Al A | ﬂ)j_l//\_

tﬁ&%L%jﬁsﬁt;//L/////’#7xrv—h

YT ﬁﬁf wRet—th >V a2
heFLIN—

ZEETY
Fai—TXxvF

HOREEIIC k> TRIESEN ST RT3
|
i | DL FLN—DRED 5B E EDIRIE
| B FLN—HSEEICESE L £ & & OIFE
|
BER Fe BoF LN — DR

X 26 — R & D BE MR

HRINDAESE, BITEEE, BESRBRURESE ZOHKETIE, 773 A0MEGEE
LT AFM (FEFBINBEMEE) oa 27 b« —FXIZ v B2 - T— RaHERT 5,

AFM IEIZ L D FHIAE S, ESERO KR E S KOZEOFEIRIZHIT 5 RMS @ H R EEH
) Zd, DHPEERORE &) 1%, 2umX2um FEIE E 10pm X 10pum FEI 0 i 7 o FEAM 75 5 &
R E AT D,

HIESEIZHOWTIE, 7 o— "HIRERATO R E T = — a7 5 10mm F2 PR o [ JE AT
DREDYIRL LD 2 RIZOWTIHMIAERZRT Z L 2 HSE35, 72720, e & =—VHo
Wil k> T [RMS : BIRFYH SE]) 1, [Ra: POBREWHSE 2256065, £
72, SOl U = — BUYELIEIC L > T, 7R AOENSHNH HBEIE, DMKt~ THlIE
FEIR & HE RSB ERIBRED D XL h D,

FAGLE E K ONF — % OREIEIE, JEITAEM-3501 (23S TIT 9 7y, SUTEERE A —h BN HESET 5
EFAEEL NEEEEE FL—Y BV T ¢ DTV AR 2 W TT 9,



JEITA EM-3603B 5

SOI ™ = —/\D¥He L ABHEREH R DR

Z OFRFE, AR OWHEEHRE 5o L7230, WONZ 2 BB L= F 2345 b D T,
B DO—HEBTIL/R0,

1 FIEDQBEHMRUVHETOBRE
11 #IEDE#

Si-LSI O firdhm & LT, (KIEEE & OEERE b~ DR A — IR Y >ob D, S HIT
BUEIE, TERO XL 5 ICHUZ LSI 48T 57 /51 ADH A X WEIN NS § 25 27— v 7 HiE
I CIE, LSI OFEMEREDEDRNARA A7 —U o T ORHRUICZEA LTz, SOl IFARA MR —1 7
R RO BB CTH Y, SIS 2 0MERER B2 S 7259, ZOBKOHIED BAYIE, MOS /31
AT B SOT 7 = — DOIEWEMARZHIET D Z LIZL - T, Yo—r, T8 A, EEOR% - flik
a2 MERZ Y 22, SOl HEMOREICHEKT 52 LIZH D,

1.2 HETOBE

2003 4F 9 A 12317 & 7= JEITAEM-3603 SOl ™7 = —/\DFRR L BERIFE A3 L 1N2005 45 6 HIZik
I &7z JEITA EM-3603A 1%, & &IZ% O H#iPH & L T SOI EE 728 20nm~200nm Z HE L T\ 51T
LB T, —EOMARA 50nm UL EOBERICIRE STV e b, I HI, HARMEICIEE &RlE ik
DHPFEASIL, BUENZEM & STV DA DA ET D, 2 HIEWTI G HIERF O - JIEBA
DAL AKEDHIRIZ LY, 2—HF BT T4 v - TCHEETE H2HREZHET HZ L RNETH -
72 LICH¥kT 5,

Z D72, SOl U = — BREENZE S TIL 2004 FE D, 7 x— A ——5th3s JOGH - JIE
ZEA =D —14 DO 11 %45 T, B SOL 7 = — T 2 M - HIE O & BUR 2 &+ 572
DOFFHLEIDPEEITo 72, AEIOUETIE, FHEY RIEORESRZ ST HERTEDOHEBIZ DWW TE L
H0ELL, fARRERELIZZ EICX D,

2 EEXAH#

JEITA EM-3603 ¥ L O JEITAEM-3603A T, SOI IE/E 50nm LA T IZxt U CREIE Th o 72 HE DLLUT
1) 76 @), BLXOPZEMTHSTZHEOLLT (5) AL THERZED D Z &2 EARTEE LT,
S HIZENIC S THE L R bRt E — i EX DT,

(1) sorfg Es (F&fE)

(2) solfg Ez (mNiEs-o%)

(3) SOl=yFEwY L

(4) HF xlfa

(5) =T

72721, MOS T3 A% filik « (RGBT D00 DBERICHSE, TORAKIRO S FEE 2 L
THHLDTHY, T35 ADOHRE - MEfe E RG22 BRI A 2R $ 2 OB L TII#E LT
AN

31—



JEITAEM-3603B &5

3 ELBETR

3. SOL U = — " DBUEIZIBNT, £ 1 JOR2 DHARTARIERD L <ITZEHH T o 72 & &2 E O FLHk
L7z, SDIZZICHE- TRE L o7, 5 BEHERIE RS ORR 2 EH Lz,

%72, EM-3603A i E TliE, SOI V= — D L —W —~v—F o FiElk 2 BE LHESRE L=y, Zh
%G b FAR B AL O TE & A CHIRR LT,

4 BTERB
41 HIEDEE

JEIDA ZJEEMEITHMZERITH T 5 SO U7 = — " OIEHE(IE, 1996 4 3 H @ JEIDA-50-1906 ill iE
%, 1998 4F 9 HIZ JEIDA-501908 & L CHUE 4L, BIEICE > TWD, —7F, MOS 7731 2D,
ﬁ%%%ﬁmgﬁ@,@%ﬁ&nvi—n®£ﬁ%%b,it,wi—ﬂmkméM@mh%ifé%
T, 300mm ¢ SOl UV = — L BELINDICE ST, ZORE, T OHMER, KO SOl U= — 0D
HARDOEEARILIC KT 2 EENEE D, 2001 4 11 A2 JEITA ZEEMEMHEZRE S04 T S0l ¥
= — OB LIEERIEEICET 2 WG (& - ®RBR) | PRE S, B ICHEREE SOl 7 = — %
YA I OVEHER EVE O BUSHIEIEE 2 B35 2 & L7572, 2002 45 2 HICEBEMBINEMEES
DIEHE LTe SOL /NRIVT 4 ZT1 w3 a AATBWTHEOF 0N E S, FFE 11 HO WG Ik 589
A AT, 2003 4F 3 H OZBEMEINTEMEER B W TRKEEN AR SN, £0%, v ar
B Z B CoFmER LKL T, 2003 4F9 A &ﬁlJméﬂt [FIRFIZ, JEIDA-50-1998 D 7273~ & i E «
RT—F A ZHED SO1 7 = — ~NZBAT 5 531E, Bllik JEITAEM-3604 & LT 2005 4F 6 A 12573
ntoé%m,EHAHW%%MQ%M?MW_BOB(I%%ﬁﬁé_%bé%EM$ﬁ%@%%)
(IS WETAIMNZ 5T, JEITAEM-3603A & 72 0 BIfEICE S
42 HETOREE

JEITA EM-3603 35 X OV JEITA EM-3603A 1%, & & ICHATIRE X 0 2 O HELFHC AR A E D 5~ < H
BELHEA L, EBUCHEERHEIE ST EBIZ, —HESOBM TORWETIRH -7, Ziuk, #HlE
BEDFEAM « JE O — A e FKEDHIRICL Y, 22— /BT T 4 ¥ —HTHEE T D2 HIET
L ENRETH ST LICHKT D, HHERTARRERTHD Z & ERMTREOEREL FITLI=D
%, EHROB LU SOI HAiT DI JRICHEBNT 57290121, %@ﬁﬁfﬂ%&%lﬁ%ﬁ&ﬁﬁ%ﬁﬁb
ORBOYGET Z M Z el D 2 & T, 2 DRgx OEANTEFICHGT 52 ERRETH D & DOFRFHKIC
L7eDio T, AEHETHIER LD SEIOUGETEZEE L Thic, £ L TEDOOHIZ, FlEERZD 2004 $EZ
D, R SO F M - HEEATOME & BUR ZHE ST 2720 ORIV AIE LG L, £ ORRE X
B B TL IR ARIOSET 2R HICEST-,

U EofRELY BHO LI, 4% b £ SOLEMOMERITEND Z L, A4 L) —RUGETZ L
N DRATZ R ST

2%, EM-3603 il ERHAZHEL ST NE O — BRI AL 5 2 L3y o T2, Wil & AT A5,
L —W—~— 7 SR O A TR Tl & 2ME &2 \C B & 7o 7o, AR HESHEB) Clx— SR O =
FNEENCAHE L TR B RN &, ETEELOBUS N O LERAI RN E I D E ik L, ST LH0sE
TIERNWZ &G, BEEHRRNOATIREL T LT, 72720, REEEE T, L—F—~— 2 ko
BEERF L2 & 2% INTAE 2D BT, 5. O TEFTAMECET2E O OEIZIE, it 58
DOFL# =R LTz,

— 32—



AR

HRO%E

5

JEITA EM-3603B 5

X, 2006 42 H® SOl ¥ = — BEFITEMZE B R TEORENER SV TRAIERE S

EIFRATIZ T 2006 4F 4 HIZHKER
W&, 2006 456 A

TEFRAEICET SELY FKLY
AR LT, ¥/ VKSR OGBS AR S 2 5 (HETFOL02ETy) #R_a L

THY, KFFFOMMAEE

BEEMTET L, EbIC
RS, 2006 4F 6 HIZHIT STz,

, VU a U EINEBE ST CEEEA

WX LTUUF O &9 R CoOEN &7 4T 2 5 OBEEMR ST
D, AEFFEDHED T A & 2T, EMMEE Z L ITHRIRAE L1795 2 L,

MR % 4, TS DE i PR aE S D 4tk T S IH
FERR LT M O ffE
FEFET, W B8
v/ PRI & BA 2001-257139 é@%??%éy%@ aTHoTY, #MEF
BRat | 2oEmE | GEEmEamEs) | T e LRI O TEPTHESC oL
) D FEME T D <, Wk B g
BH - W4t CofiE
EE% ﬁ:kﬁqé
SOI 7 ——/~
EAE ) [
G | ombor | smasssso | U
Mok | AEBLO | EERLEARED) | O e
R Vot o B
T T
723 FERLISMC TEMAHES N2 N2 & 2 RE L TWA SO TRV, F7- JEITA IZAHM ORI
B4 5 TERAHESICH LT, —UE T2,
6 JEITAEM-3603B ZEZESDEMRE
BEFHMHEZELERES
x B E o O = (NEOMAX
DY aUEMEES (2006 & 6 ARKEE)
% B E H & & R JAXA FHERF A TR A
g % & o= PE SRR BT ZE AT
7] Nl & H A1
= =1 H kB A KBRIFAL K
[7] Nk B & N NG
[ B O SFOE SEFERTY W
[F] B OH B A& = EEe
[A] AR AT I TR N FATT N T ad—AW
[ it % K A NECZLZ hu=7 Z({§



JEITAEM-3603B &5

IFi] B — A (I BT
[7] PABR I/ A TheAf—xTh— B
G NOHE B K TS T2
[ e — SRS T
[Fi] B R F =~ L R
[Fil G S R 2 a<VETERR
[F] ooE AR BE DA == AR E AN S
[ rod oEl R (TS ST RUNI
[ GO S Y =—
[F] [ S - 7> —
il "5 OF SF W 7
il AN N A HEwT7Iv 2 W
7] B I UN Wh7=
[A] #H oW OE AARTZ—F —A1 —(K
7] o IE R HARTZZA —E > MR
7] HoOoWE E R () H ST EBEEA
[ ZE I N == TN (bp) & @b FerT
IFi] 5 OME OE — A T AR R PE R
[ K A H FA T AR SR PE R
[ bk U SEARVY Y W
[Fil A& H AT WL 2T7 ) ay
[Fil W F 5 WL 1772
B R O OE K T E S e
OB R O B (H) BB 1 T R S s
IFi] & M P () BRI P S

SOI D z—/\EAERMEMEZEES (2006 F 6 A KK H)

Z A kK ANk RS BRI

i + ] B — H AT B Ak R

R + FoH kOB TSR TR

i -2 A S ) hbhr=vT - Uy S

R i =R 1 (ETEEECTUNGN

B *= NS % AAT—T 4 —A —

i + ik & 15 % WL RTT s my

7% =1 ST S T 1 PEZERATIR AR TR T
] H & ¥ o TN ATTaHhN T rT— A
IF] s o B = NECTLZ hr=7 2

34—



I 3 3 3 3 3 3 3 3 3 3T

i

\
/

H of I B

B o

E

3H
&

53

A

5

M

|

mt SR

L=

oA 3

& >

oA

Tl A= Tl (R
(B =~ L = B

SRl SR
W7 —

M B =

Hew 7y 7 A

B ~7=
HAEAAL =L M
A ERE R

i TR A

T T IERPE N
LT ED
KRBTSR

JAXA S RIEEIIge A
A -

(1 T R S 2

—35—

JEITA EM-3603B f#&k






JEITA

Standard of Japan Electronics and Information Technology Industries Association

JEITA EM-3603B

Standard of SOI wafers and metrology

Established in September, 2003
Revised in June, 2006

Prepared by

Silicon Technologies Committee

Technical Standardization Committee on Electronic Materials

Published by
Japan Electronics and Information Technology Industries Association

11, Kanda-Surugadai 3-chome, Chiyoda-ku, Tokyo 101-0062, Japan

Printed in Japan



This document is a translation without guarantee. In the event of any doubt

arising, the original standard in Japanese is to be evidenced.

JEITA standards are established independently to any existing patents
on the products, materials or processes they cover.

JEITA assumes absolutely no responsibility toward parties applying
these standards or toward patent owners.

2002 by the Japan Electronics and Information Technology Industries Association

All rights reserved. No part of this standard may be reproduced
in any form or by any means without prior permission in writing

from the publisher.



JEITA EM-3603B ##4/ik 20060425

Contents

Forewo rd ........................................................................................................................... 1
LSOO v e e e 1
D INOITIIALIVE TEFEIEIICES  ++ ++ + ## v+ et e s et sssesasaseset et et et ettt ettt et e e e s et et es e s es e s et et et et e e e e e e et eeens 1
3 SHANAATA OF SOT WATEIG - -+« v v e e re e reresasasaa et et et et et et e ettt ettt e e e e e e s et et et et et et et et e e e 3

200 MIMQSOT WAL -+ +++ -+ ++ st o et 3

300 TMQSOT Wafers -+ -+ s s 5
4 Standard measuring Method ===+ + s s s 6
4.1  Film thickness (SOI/BOX) s+ ssssssssssssssssssss s 6
401 MeASUIING MEthOG -+ v+ v s e 6
412 Measuring reference and reference MEASUTING MSIUMENE #+««++ -+« r++xrrssssrssssrsssies st 3
4.1.3 Measuring area and number of measuring points (Measuring PoOSItIONS) <=+« ««xxxxrererererrrrereeaeeeeee, 8
A4.1.4  SEANAALA VAIUE -+« cvrrerrrmemmmmm e e e et et 9
B.15  OHREES -+ -vvnrererrerm e men et et 9
B2 SOT @AQE Pit «+++w+++w++ rss s rs s s s s 9
421 Measuring MEthod -+ ==+ =+ s s 9
4.3 HE defats+ -w« -rvrrrrrrrnmen et e 12
431 MeaSuring MEthod -+ e rrerrrrsesesss sttt 12
£.3.2 MEASUIINE [EfETEICE -+ r=++w s ee s s e ettt 12
4.3.3 Measuring area and NUMDET Of MEASULINEG POINL -+ +++++++++r++srssmsrsssseaist sttt 12
BB VOId -+ rveermmme e e e e 12
AA.L DEEINIION -+ v v v oe e oeeeeeee e e e ettt et e ettt 12
4.4.2  VisSual evaluation MEthod - -« -« -« -+ w ot rrrrrrrmrreeeettat ettt ettt et 13
443 Method to use a light scattering automatic PArticle COUNLET =+««++++«++==rrsssrrsssmrsssirssiiiss i 13
4.4.4 Method to use a reflectance spectrometry film thickness measuring equipment «««««---xxeeeeeereeeeeeeeees 14
445 Method to use a bright-field defect inSPection EqUIPMENE - ++«++++«+++r++srssssrsssssnissiitiiii, 14
4.4.6 Recommended MeasUring MEthOd: -+« +««= rrssreemree ettt 14
A5 PALtiCle <+« vvevrerrenr e et e 14
451 Light Scattering Method -+« «««««rrrrsssssrrmrrrrrtt ettt 14
A6 CONEAIMIUMALION *# +# +# +# + v+ # = v+ e +e s e emeeem et ettt ettt et et et et et e et et et et ettt ettt 17
4.6.1 Pretreatment standard for test pieces at chemical analysis:+«««++««++sssessssrssmsrsaiini 17
4.6.2 Flameless Atomic AbSOrPton SPeCtrometry (AAS):++«««+««r+ssrsrsssmsrrssisrssiitssiiit s 18
4.6.3 Inductively Coupled Plasma- Mass Spectroscopy (ICP-MS) «+++++««+++ssrrssrsrrssniessniissiini 19
464 Total X-Ray Fluorescence Spectroscopy (TXRIF):+««++««++srtsrsrsssmsairsiiitiiisiiiiit i 20



JEITA EM-3603B #c#4/ik 20060425

4.6.5 Microwave Photoconductivity Decay (L-PCID) -+ rsssrsssrsssssssssssssssssss 22
BT WAL -+ v o v e e e s 23
470 MeASUIING MEthO™ -+ v+ r s e s 23
4.7.2 MeASUTING TEIEIEIICE +++++++++++++++++++ + s s s s s s s st 24
4.8 BOX PIIIOLE +++v+ v rs s rssmses sttt 24
4,81 MeaSuring MEthod -+« reerrrrstsesss sttt 24
4,82 Copper (Cu) Platilng =+ ++++++++ssssssessess e ettt 24
4.8.3 I-V characteristic measurement using MOS capacitor STUCHULE -« -+« v xexrrerrrrreerrrereeeeieeeeee 26
4.9 BOX dielectric breakdown VOItage - ««++««+++«+ rrsmreesrs ettt 28
4.9.1 Measuring MEthod -+ +++s s sssss s 28
4,9.2  MeaSuring PrinCIPlE <+« rrrrrrrteesssss ittt 28
4.9.3 Measuring conditions and FEMArks -+« +««++«==+«+=srsemrsmm sttt 28
4.9.4 Measuring area and NUMber Of MEASUTING POINLS -+ +++++++++++ssssssrserrreetnatiiiii 29
B.95  OHHEES -+ -wrwrerrermen e et 29
4.10 MeaSUrement OF FIAtIESS - -« -+« +r++rrrrrrerrrmnmemn ettt e et e 29
4.10.1 Measuring mMethod -+ s ssrrsrrreee e 29
4.10.2  MeaSUring PrinCIple: ===+ +++ s ssrsssss s sttt 30
4103 TIMIPOTTANE -+ oo s s s oo s s s s s 31
A1 ROUGHMESS + v v r e e 31
4111  Atomic Force Microscope (AFM): - -« ««tssrtemmtasrs ottt 31
Explanation for Standard of SOT wafers and Metrology «+«++«++«++«++rssrssmrssmmsissiis i 34



JEITA EM-3603B #c#4/ik 20060425

Standard of Japan Electronics and Information Technology Industries Association

Standard of SOI wafers and metrology

Foreword

SOI applications are branching out beyond traditional applications in high-withstand-voltage and power devices to
encompass high-end products such as low-power devices and MPUs for computers and game consoles. Indications in
various technical roadmaps point to an ever-increasing importance for this technology.

The SOI and Related Wafer Technologies Subcommittee at the Japan Electronics and Information Technology
Industries Association (JEITA) has been playing a significant role in the development and widespread application of
SOI technology through the determination and will of wafer manufacturers, device manufacturers, and the
manufacturers of related evaluation and measurement equipment. Of the subcommittee’s various activities,
standardization activities are the most important, as they make major contributions to the advancement of Japanese
industry by making effective use of finite resources.

At the same time, essential to the formulation of timely and effective standards are ongoing surveys of technology
and market trends as well as extraction of technical issues and proposals of methods of resolving them. The pace of
technical innovation in SOI is particularly fast. And because of the distinctive nature of SOI wafer composition,
often unprecedented breakthroughs are needed in evaluation and measurement technologies. This predicament means
that in order to create a meaningful standard, round-robin measurements are sometimes necessary to push ahead
technical development. This standard is no exception; it has been established and revised repeatedly through these
multifaceted subcommittee activities.

The first SOI standard arrived in March 1996. JEIDA-50-1996 came about through the activities of the
Multi-layer Integration Technology Technical Committee of the Japanese Electronic Industry Development
Association (JEIDA), the precursor to this subcommittee. The standard was revised in September 1998 to become
JEIDA-50-1998 Standard specification for SOl wafers. The JEIDA-50-1998 standard was completely revamped
to keep up with further technological advances and later, after JEIDA-50-1998 was abolished, JEITA EM-3603
Standard of SOI wafers and metrology was established in September 2003, standardizing thin-film SOI for CMOS
applications, and JEITA EM-3604 Standard specification for thick film SOl wafers was issued in June 2005,
standardizing SOI wafers for high-withstand-voltage/power device applications.

Additions were made to JEITA EM-3603 based on TSC-15 (guidelines on standardization involving industrial
property rights) in June 2005, leading to the present JEITA EM-3603A standard. This standard, JEITA EM-3603B,

includes further revisions in line with recent advances in technology.

1  Scope
This Standard specifies the standard of thin film SOI wafers for MOS device and their metrology.

2 Normative references
The standards listed below constitute a portion of this standard’s provisions through their citation in this document.

All cited documents refer to the latest published versions (including supplements).
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JEITAEM-3505 Height calibration in 1 nm order for AFM

SEMI M1 Specifications for polished monocrystalline silicon wafers

SEMI MF 523-02 Practice for Unaided Visual Inspection of Polished Silicon Wafer Surfaces

SEMI MF 657-0705 Test Method for Measuring Warp and Total Thickness Variation on Silicon Wafers by
Noncontrast Scanning

SEMI MF 1188-93a Standard test method for interstitial atomic oxygen content of silicon by infrared
absorption with short baseline

SEMI MF 1390-1104 Test Method for Measuring Warp on Silicon Wafers by Automated Non-Contact
Scanning

SEMI MF 1391-0704 Test Method for Substitutional Atomic Carbon Content of Silicon by Infrared
Absorption

SEMI MF 1771-0304 (2002) Test Method for Evaluating Gate Oxide Integrity by Voltage Ramp Technique



3  Standard of SOl wafers
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The application scope and specifications of SOI wafers are given in Tables 1 and 2.

Table 1—200 mm ¢ SOl Wafers

Specification of SOl wafer for CMOS LSI Applications

Application scope

Item Scope Remark
Diameter 200 mm
Surface Silicon Thickness 20 nm to200 nm
Edge Exclusion 3 mm
Conductivity Type (SOI) P or N-type
Dopant (SOI) Boron or Phosphorus
Concentration (SOI) BP<i44§}§? 532(;?&/50/?;30 ’ Resistivity (SOI) >1Qcm
BOX Thickness 50 nm t0200 nm
Specification
| Item ‘ Specification Units
SOI Layer SIMOX Bonded Test Method (Recommendation)

Surface Silicon Thickness
(Mean Value Variation)

The larger of < £5% or <2 nm

Spectroscopic Elipsometry
Spectroscopic Reflectmetry

Surface Silicon Thickness
(Variation in Wafer)

The larger of < +5% or <2 nm

Spectroscopic Elipsometry
Spectroscopic Reflectmetry

Crystal Orientation (100)*=1° X-ray diffraction

Rotation Misalignment NA <£1°

Non-SOI Edge Area NA <3 mm

SOI Etch Pit <2E5/cm? Selective Chemical Etching
H Defec <05 Tt 3] H Eching

(V>01i?nm) None Visual Inspection
g{o;\'l/lgshéezsiz 4 m) <0.3 nm <0.2 nm Atomic Force Microscope
E;Ol\l;[gsh(%elsgxl 0 m) <0.7 nm <0.5 nm Atomic Force Microscope

Metal Contamination
(Surface) Fe, Ni, Cr, Cu

<1E10/cm? for each one

ASS/ICP-MS
TXRF

LPD (> minimum diameter)

=250 [@=0.13um]

Optical Particle Counter

Scratch None Optical Particle Counter
Haze None Visual Inspection
Slip None Visual Inspection

Oxygen concentration

Carbon concentration
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Table 1—200 mm ¢ SOI Wafers (continued)

Specification of Ol wafer for CMOS LSI Applications (200 mm ¢ )

BOX SIMOX ‘ Bonded Test Method (Recommendation)
Thickness Variation <+ 59 Spectroscopic Elipsometry
(BOX) =7 Spectroscopic Reflectmetry
BOX Pinholes <0.3/em’ [>130 nm] <0.1/em? [>130nm] | MOS Capacitance/Mercury Probe

Cu Plating

BOX Dielectric Breakdown

>4 MV/em@1 mm?[>100 nm)]

>6 MV/cm@1 mm*[>100 nm]

MOS Capacitance
Mercury Probe

Dielectric Constant

Interface Roughness

Support Substrate SIMOX Bonded Test Method (Recommendation)
Edge chip None Visual Inspection
Edge Crack None Visual Inspection
Foreign Matter None Visual Inspection
Oxygen Concentration Same as Starting Wafer SEMI MF 1188-93a
Carbon Concentration Same as Starting Wafer SEMI MF 1391-93
Back Surface SIMOX | Bonded Test Method (Recommendation)

Metal Contamination
(Backside) Fe, Ni, Cr, Cu

<1E11/cm? for each atom

AAS/ICP-MS
TXRF

Mechanical Characteristics SIMOX | Bonded Test Method (Recommendation)
Warp <40 um SEMI MF 1390
Thickness Variation <3 um

(GBIR=TTV)

Flatness-site

Same as Starting Wafer

Same as Base Wafer

Dielectric Capacitance

SFQR

Same as Starting Wafer

Same as Base Wafer

Dielectric Capacitance

SFQR-PUA

Same as Starting Wafer

Same as Base Wafer

Dielectric Capacitance




Table 2—300 mm ¢ SOl Wafers

Specification of SOl Wafers for CMOS LSI Applications

Application scope
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Item Scope Remark
Diameter 300 mm
Surface Silicon Thickness 20 nm t0200 nm
Edge Exclusion 3 mm
Conductivity Type (SOI) P or N-type
Dopant (SOI) Boron or Phosphorus

Concentration (SOI)

B: <1.4E16 atoms/cm’ or
P: <4.8E15 atoms/cm’

Resistivity (SOI) >1 Qcm

BOX Thickness 50 nm t0200 nm
Specification
| Item Specification Units
SOI Layer SIMOX Bonded Test Method (Recommendation)

Surface Silicon Thickness
(Mean Value Variation)

The larger of < +5% or <2 nm

Spectroscopic Elipsometry
Spectroscopic Reflectmetry

Surface Silicon Thickness
(Variation in Wafer)

The larger of < £5% or <2 nm

Spectroscopic Elipsometry
Spectroscopic Reflectmetry

Crystal Orientation (100)x1° X-ray diffraction
Rotation Misalignment NA <*1°
Non-SOI Edge Area NA <3 mm

SOI Etch Pit <2E5/cm? [Ts0i>50 nm] Selective Chemical Etching
HF Defect <0.3/cm’ [>50 nm] HF Etching

?Z)li ?nm) None Visual Inspection
E;Ol\l;[gsh%ezsiz 4 m) <0.3 nm <0.2 nm Atomic Force Microscope
?ROI\I;[gSh(ngSle 0 m) <0.7 nm <0.5 nm Atomic Force Microscope

Metal Contamination
(Surface) Fe, Ni, Cr, Cu

<1E10/cm? for each one

ASS/ICP-MS
TXRF

LPD (> minimum diameter)

=500 [@=0.13pm]

Optical Particle Counter

Scratch None Optical Particle Counter
Haze None Visual Inspection
Slip None Visual Inspection

Oxygen concentration

Carbon concentration
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Table 2—300 mm ¢ SOI Wafers (continued)

Specification of SOl Wafers for CMOS LSI Applications LSI (300 mm ¢ )

BOX SIMOX ‘ Bonded Test Method (Recommendation)
Thickness Variation <+ 50, Spectroscopic Elipsometry
(BOX) =0 Spectroscopic Reflectmetry
BOX Pinholes <0.3/em’ [>130 nm] <0.1/em’ [>130 nm] MOS Capacitance/Mercury Probe

Cu Plating

BOX Dielectric Breakdown

>4MV/em@]1 mm?[>100 nm]

>6MV/em@1 mm?[>100 nm]

MOS Capacitance
Mercury Probe

Dielectric Constant

Interface Roughness

Support Substrate SIMOX Bonded Test Method (Recommendation)
Edge chip None Visual Inspection
Edge Crack None Visual Inspection
Foreign Matter None Visual Inspection
Oxygen Concentration Same as Starting Wafer SEMI MF 1188-93a
Carbon Concentration Same as Starting Wafer SEMI MF 1391-93
Back Surface SIMOX | Bonded Test Method (Recommendation)

Metal Contamination
(Backside) Fe, Ni, Cr, Cu

<1E11/cm? for each atom

AAS/ICP-MS
TXRF

Mechanical Characteristics SIMOX | Bonded Test Method (Recommendation)
Warp <60 um SEMI MF 1390
Thickness Variation <3 um

(GBIR=TTV)

Flatness-site

Same as Starting Wafer

Same as Base Wafer

Dielectric Capacitance

SFQR

Same as Starting Wafer

Same as Base Wafer

Dielectric Capacitance

SFQR-PUA

Same as Starting Wafer

Same as Base Wafer

Dielectric Capacitance

4 Standard measuring method

4.1
411

Spectro-ellipsometry and reflectance spectrometry are specified

Film thickness (SOI/BOX)
Measuring method

in this Standard. However, at the actual

measurements, measuring instruments shall be calibrated with measuring reference test piece prepared in advance

under the condition that the reliability of the instruments shall be confirmed before the measurements.

a) Spectro-ellipsometry As shown in Fig. 2, monochromatic light will be radiated on the specimen after being

polarized into linear light with a polarizer. The reflected elliptically polarized light will pass through an analyzer

and a spectroscope so that

Meanwhile, calculate

amplitude reflectance (tan ¢ ) and phase difference (cos A) will be measured.
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(tan ¢)(cos A)
theoretically, assuming the multi-layer structure, complex dielectric function of each layer and film thickness

sequentially, and obtain the film thickness which is most approximate to the measured value.

Monochromatic light or white light source

o=r/r=tan(®) exp(iA)

Polarizer Analyzer
p
S
|

Measure two angles of ¢ and A

Fig. 2—Spectro-ellipsometry

b) Reflectance spectrometry As shown in Fig.3, white light will be radiated on SOI substrate. The strength of
its reflectance will be measured after wavelength dispersion. The incident light on SOI substrate will be
reflected at the surface of SOI layer, and the surface and underside of implanted oxide film. At this time, the
phase may also be changed. The final strength of light reflected at SOI layer surface will be the sum of the light
reflected at whole areas, and light path difference may be generated due to thickness of SOI layer and implanted
oxide film, causing phase difference corresponding to wavelength. As a result, reflectance strength dependent
on wavelength can be obtained. These reflectance spectrum characteristics will be compared with the theoretical
spectrum characteristics obtained in advance by simulation, and thickness of each layer can be calculated by

finding points of identity.

Spectroscope / <
A

White light source
> \ Photo sensor

l\

Measure wavelength
dependency of reflectance

Fig. 3—Reflectance spectrometry
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4.1.2 Measuring reference and reference measuring equipment

The calibration of measuring equipment as hardware shall be performed by the standard bodies such as NIST, etc.
by using reference materials (silicon oxide film [single layer]/silicon wafer) with guaranteed absolute values
(reliability). In addition, in order to guarantee accuracy of the measured value at SOI/BOX film thickness
configuration, which is identical to the object to be measured, SOI wafer (pieces) with superior uniformity of film
thickness shall be prepared and specified as measuring references. For daily control of film measurements, these
measuring references shall be used. If possible, several measuring references of different types should be prepared.
The SOI/BOX film thickness of measuring reference should be determined by the measured values by transmission
electron microscope (TEM). However, either the spectro-ellipsometry film measuring equipment (that meets
wavelength resolution: < 0.07 nm @ 313 nm, tan¢ and cosA: 1.000+0.010 @straight line) or the reflectance
spectrometry film thickness measuring equipment (for example, including characteristics of alternative
characteristics that meets with = 1 % against NIST reference materials (oxide film thickness = 100 nm), etc.) shall be
defined as themeasuring reference (SOI wafer) for control of instrument for non-destructive (in terms of wafers)
measurement. Then, the film thickness obtained by simultaneous measurements of SOI/BOX with these measuring
instruments shall be used.

4.1.3 Measuring area and number of measuring points (measuring positions)

The measuring area is defined to the whole of surface except the edge-removed area in this Standard. The
measurements on the discrete points would be accepted with the center of probe placed on the following measuring
points in the following two cases; when measurement accuracy has potential problems originating with diameter
of probe in wafer edge region and when only discrete points can be measured in terms of measuring speed.

1) Center of wafer

2) Each vertex of regular polygon inscribed in a concentric circle of which radius is smaller by 10 mm than the

wafer

3) Each vertex of regular polygon inscribed in a concentric circle with a given radius

The total number of measuring points will not be specified, however, , it should be as many as possible.. When

measuring points of 5/9/13/25 are selected, the measuring points shall be in accordance with Fig.4.

O Measuring point

9-point 13-point 25-point

(Positions of notches should be agreed upon by the parties concerned.)

Fig. 4—Measuring points
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4.14 Standard value

The standard values for film thickness (SOI/BOX) are defined against the average values and standard deviation
by "First method", and the average values and ranges by "Second method" based on measured data on given number
of measuring points. Either of these methods shall be determined by the agreement of the parties concerned.

"First method" Average value m/Standard deviation o
+ Tolerance A % for average value m
T-(100-A%)/100 < m < T-(100+ A%)/100
+ Tolerance A % for standard deviation o
T-A%/100>3-c
"Second method" Average value m/Range R
+ Tolerance A % for average value m
T-(100 - A%)/100 < m < T-(100+ A%)/100
+ Tolerance A % for range R
T-A%/100 >R
Where, T: Targeted value (nm) and n: Number of measuring points
In addition, standard values for values calculated by "Third method" and "Fourth method" could be defined, but
these are only reference values in this Standard.
"Third method"
+ Tolerances A % for average value m and standard deviation o
T-(100-A%)/100<m~-3-c
m+3-0 <T-(100+H%)/100
"Fourth method"
+ Tolerance A % for whole measured values Xi (i=1, n)
T-(100 - A%)/100 < Xi < T-(100+ A%)/100
4,15 Others

As for film thickness measurement of bonded SOI wafers, the measure value of oxide film thickness at formation
of the oxide film could be used in place of BOX thickness (only in case that the fluctuation band (p-v) of SOI
thickness against variation of BOX thickness on wafer surface could fall within 2 % of the median). At this time, the
BOX thickness (representing value) shall be measured in accordance with the measuring area and number of
measuring points (measuring positions) given in 5.1.3.

4.2 SOl etch pit
4.2.1 Measuring method

Density of SOI etch pit shall be measured by selective etching method and optical microscope. The specimen for
this evaluation shall be at least 1/4 of a wafer.

When oxide is found on surfaces of wafers before specimen evaluation, the oxide shall be removed by immersing
it into HF liquid. To minimize the variation of measured density due to foreign substance on wafer surface after
selective etching, the wafer shall be cleaned well prior to selective etching (for example, wafer shall be cleaned
with SC-1 prior to selective etching). After this process, selective etching shall be performed in specimen as follows.

As selective etching liquid, the following three could be applied.
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1) Standard Secco-etch liquid Molar volume 1 (volume ratio) of 0.15 K,Cr;0; dissolved into distilled water
+ HF (49 %) 1

2) A type of diluted Secco 50 ml of HF (49 %) + 80 ml of HNO; (61 %) + 160 ml of H,O [K,Cr,O;1g +
Cu(NO3),*3H,04g]

3) Atypeof diluted IT? 1 mlof HF (49 wt %) + 15 ml of HNO; (61 wt %) + 6 ml of CH;COOH (99.7 wt %) + 6
ml of H,O + 0.067 ml of KI (0.1 mol (16.6 g/11H,0))

Note”  See P34 : clause 5 Management of industrial properties, etc.
The SOI layer machining allowance and residue film thickness shall be defined as follows based on the SOI layer
film thickness prior to selective etching.

1)  When SOI layer film thickness is 100 nm or more, the SOI layer film thickness after selective etching shall
be 30 nm to 50 nm.

2)  When the SOI layer film thickness is between 50 nm and 100 nm, half or more of the SOI layer film
thickness prior to selective etching shall be removed with selective etching. The remaining thickness of the
SOI layer in this case shall range between 20 nm and 50 nm.

3) When the SOI layer film thickness is less than 50 nm, half or more of the SOI layer film thickness prior to
selective etching shall be removed with selective etching. The remaining thickness of the SOI layer in this

case shall range between 10 nm and 25 nm.

Of the selective etching solutions mentioned above, we recommend the use of an etching solution with a slow

etching rate, either (2) or (3), to afford more control over the remaining thickness of the SOI layer.
After selectively etching the SOI layer and rinsing it in water, the sample is soaked in a HF solution (49 percent)

for at least one minute. The HF solution removes the embedded oxide, producing voids under etch pits. The density
of SOI etch pits is measured by counting the number of voids under an optical microscope. When the SOI layer
thickness is 25 nm or less after selective etching, verify that the HF silicon etching has no impact on the results. If an
impact is suspected, adjust the procedure by diluting the 49-percent concentrated HF solution.
4.2.2  Measuring area and number of measuring points

Etch pits shall be measured under 50-times to 500-times magnification (50-times is recommended) in at least three
places — near the center of the wafer, at half the radius from the center, and near the edge.

Templates are frequently employed to specify the measurement areas when measuring etch pits. Reference
templates are given for a 200-mm-diameter wafer when the wafer is not divided (Fig. 5) and when the wafer is
divided into quarters (Fig. 6). When working with a 300-mm-diameter wafer, extrapolate from these templates and

measure etch pits near the center of the wafer, at half the radius from the center, and near the edge.
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Fig. 5—Case of unbroken wafers

'20mm !

Fig. 6— Case of 4-divided wafer

When measurements are conducted by using the templates shown in Fig. 5 and Fig. 6, measurements shall be
performed at total 12 points of 4 vertexes of 3 squares. There is another method to define SOI etch pit density. In this
method, etch pit density at each measuring point will be calculated and summed up, and the sum will be divided by

the number of measuring points so that the average value will be obtained.
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4.3  HF defect
4.3.1 Measuring method

HF defect is a generic term for defects which become obvious in SOI layer by HF etching. A test piece for this
evaluation shall be the whole wafer surface or at least 1/4 of it. The test piece shall be immersed into approximately
50 wt % HF liquid for about 10 to 15 minutes or approximately 25 wt % HF liquid for 3 to 4 hours, and dried after
water washing. In this process, when voids and oxide that expose BOX, metal soluble into HF and silicide exist at
positions to short-circuit between SOI layer surface and BOX, then, HF liquid would dissolve the BOX directly
underneath a defect through these defects. The size would depend on the concentration of HF liquid and immersions
period, and is about 20 um to 100 um and could be easily observed with an optical microscope.
4.3.2 Measuring reference

Defects of diameters 20 um to 100 pm after HF etching shall be counted as HF defects. It is recommended to use
an optical differential interference microscope of approximately x50 to x200 magnifications (object lens x ocular
lens.)

There are two methods to calculate HF defect density.

1) The total account of HF defects shall be divided by total measuring area to indicate the density

2) Considering a case that has uneven distribution of HF defects, density at each smaller area shall be calculated

by dividing the measuring area into a few smaller areas.
In each case, the density shall meet the Standard.

4.3.3 Measuring area and number of measuring point

It is recommended that the whole area of wafer surface except edge removed region or at least 1/4 area should be

scanned.

44 Void
441 Definition

Void is not a gap between bonded boundary faces, but it is a defect which is detectable with the naked eye at the
time of delivery of SOI wafers. As shown in Fig. 7, it is either the exposed BOX layer due to dropout of SOI layer or
the exposed silicon surface of substrate due to dropout of SOI layer as well as a part of BOX layer. In either case, the
size of dropout of SOI layer shall be the size of the void as shown in Fig. 7. When a dropout is circular form, the
distance corresponding to the diameter is the size of the void. When a dropout is in infinite shape, the longest
distance in the longitudinal direction or the distance equivalent to average diameter shall be the size of the void. In a
case that equipment could measure the defect size corresponding to the area of a dropout area as a void, the void size

from the measuring method (equipment) shall be the size of a void.
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Fig. 7— Definition of a void
Note In JEIDA-50-1998, a void is defined as " an air gap generated by disaggregation between Si and oxide
film boundary face, and it should be distinguished from disaggregation due to adhesive strength test". As
for evaluation method, infrared interference method, ultrasonic flaw detection method, magic mirror
method and X-ray topography are listed, and ultrasonic flaw detection method is recommended. In
addition, as this cannot be evaluated at the time of delivery of SOI wafers, evaluation will be performed
for what can be perceived during manufacturing processes of SOI wafers.
Visual evaluation method
Measuring principle and measuring method In accordance with the visual appearance test method for
mirror wafers specified in SEMI MF  523-02, sensory test examiners, who have been trained and qualified,
shall conduct visual check with the naked eye the surface illuminated with controlled light. The color of
dropout portions in SOI layer would change due to the interference color of multi-layer film, and those portions
can be observed with the naked eye examination with collected light under fluorescent lighting. The voids
which are detectable with this method are those with sizes of a few 10 pm to 1 mm ¢ or larger, and the sizes
would be determined by comparing with samples of defect limits with the naked eye.
Cautions
Illumination intensity, distances to lighting sources and illuminating angles, etc. may vary from those values
specified in SEMI MF 523-02 according to SOI layer and BOX layer film configurations. .
Examination shall be conducted on the whole surface where SOI layer exists. When edge excluded region is
given, visual examination shall be conducted on the surface except the excluded region.
Detectable limits and accuracy of detection may vary depending on the levels of skill and training of
sensory inspectors, and it would be necessary to provide periodic visual adjustment and training.
Method to use a light scattering automatic particle counter
Measuring principle and measuring method The details are specified in 5.5 Particle, and particulates are
detected by scattering light in this Standard. Detection of voids is conducted as scattering at dropout in SOI
layer and voids could be detected as particulates with a few 10 um or larger diameter.
Cautions
The lateral direction size and scattering strength of a void, that is particle size, may not have correlation
depending on SOI film configuration, and detection of voids could be impossible. In particular, in thin film
area, the step at an SOI dropout would be small to generate less scattering, and the size may be detected as
being much smaller than the actual void size.
All of the particles of a few 10 um or larger diameter may not be  voids, but some could be adherent foreign

objects.This method is unable to distinguish them from each other.
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4.4.6

In

When edge excluded region is given, it is possible to carry out examination excluding the region by setting
equipment.
Method to use a reflectance spectrometry film thickness measuring equipment
Measuring principle and measuring method The details are specified in 5.1 Film thickness. In this
Standard, the film thickness of SOI is measured. Therefore, when a void is found in a measuring spot during
multi-point measurements with a small measuring spot, then, a dropout portion of SOI, that is, a point where
film thickness is equal to 0, can be detected as an abnormal value of film thickness measurement. As the
diameter of measuring spot becomes smaller, the size of detectable spot becomes smaller, and the number of
measuring points increases It is necessary to measure at multiplepoints, as a void may not be detected when it
does not fit in a measuring spot.
Cautions
As voids can be detected only as abnormal film thickness, it is difficult to define actual void sizes. Moreover,
it is unable to determine which is the case; the case where a dropout is local one in a measuring spot or the
case where the abnormality of film thickness is present over the whole spot area.
When edge excluded region is given, it is possible to carry out examination excluding the region by setting
equipment.
Method to use a bright-field defect inspection equipment
Measuring principle and measuring method This is a method which is applied in defect inspection
equipment of wafers with patterns. This method extracts defects by comparing contrast of images that are taken
into with scanning on whole wafer surfaces by an optical microscope with bright field or other instruments. The
accuracy of sizes of voids is relatively high because of bright field image, and it is easy to set a threshold value
for detection. However, when the sensitivity is adjusted to be high enough to detect even very small voids of a
few um or less, measurement will need a long time
Cautions
This method will need more time to measure one wafer than visual evaluation method as well aslight
scattering automatic particle counter method. For a large void, this method may detect one defect as a high
contrast portion and a low contrast portion with a continuous defect of a few separate points.
When edge excluded region is given, it is possible to carry out examination excluding the region by setting
equipment.
Recommended measuring method

this Standard, visual inspection method is recommended as a voids measuring method . The size of void to be

detected shall be agreed upon by the parties concerned.

4.5
551

a)

Particle
Light scattering method
Measuring principle For non-pattern wafers, laser beam will be radiated on a wafer surface and the scattered
light on the surface will be received. As shown in Fig. 8, when scattered light is received during scanning with
laser beam on a wafer surface, the scattered light from particles will be detected as pulse signal component with
repeatability, and scattered light and noise from a wafer surface will be detected as direct current component

and weak alternative current signals.
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Fig. 8—Signal waveform detected
In general, size of beam to be radiated is large for the sizes to be detected (1 pm or smaller particles). Image
of principle is shown in Fig. 9. It would help to understand clearly that scattered light might have various

information of wafer surface.

Direct light

Reflected light

Surface scattering ag%dsilgg%t light

Fig. 9— Image of measuring principle

Scanning by laser beam can be classified broadly into two categories. One is to scan laser beam itself and the
other is to move (or rotate) wafers with fixed laser beam. Both have already been implemented. As for receiving
methods, there are two ways. One is to direct scattered light to a light-receiving element through a scattered
light collective lens, and the other is to collect scattered light with a mirror. Generally, photo multiplier isused as
a light-receiving element and it catches weak scattered light with high gain.

Issues for measurements of SOl wafers For wafers with multi-layer configuration such as SOI wafers, there
should be some ingenious ways. This is because silicon wafers can be handled as metal film with near total
reflection, but SOI wafers with thin film of silicon layer may behave similarly to transmission films. On SOI
wafers, the light reflected from surface and the light reflected from each boundary of multi-layer after
penetrating into specimen may cause interference, and reflection intensity would sensitively depend on film
thickness of SOI layer and BOX layer. Consequently, sensitivity of measurement will largely depend on
configuration, and sensitivity for a certain configuration would be deteriorated extremely when compared with
silicon wafers.

In addition, on SOI wafers there are reflection not only from particles, but also from the following causes. They
are roughness of surface, boundary between SOI/BOX or boundary of BOX/Si substrate, defects in SOI layer,
minute defects such as COP in silicon substrate, etc. and they generate reflection which is similar to that from

particles. It is necessary to distinguish noise due to these causes other than particles from signals from particles.
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¢) Trials of new measurement methods Several new methods have been proposed to resolve the inherent
difficulties with SOI wafers given above and to achieve particle measurements of adequate sensitivity. Highly
sensitive detectors using deep ultraviolet light (DUV) instead of conventional visible light have appeared that
reportedly can measure SOI wafers with nearly the same sensitivity as bare silicon (bulk). There is promise,
then, of a technical solution to the pressing problem of increasing the sensitivity of particle measurements on
SOI wafers. At the present time, however, we do not have enough data to recommend these procedures as
standard measurement methods. Still, we will introduce several of them below.

The first technique considered is to reduce the wavelength of incident radiation. In general, to detect smaller
micro-sized foreign bodies, either a more intense light source is used or the source’s wavelength is made smaller.
The measurement sensitivity with laser light, however, is unstable because some wavelengths penetrate the
wafer, which means internal information will affect surface information. Thus, reducing the wavelength is a
more effective means of increasing sensitivity and preventing penetration into the wafer bulk. As Fig. 10 shows,
when the wavelength is reduced to below 350 nm, the silicon penetration depth falls off to less than 20 nm. At
this penetration depth, the effects of internal boundaries and other structures can be ignored for a SOI wafer
with a film thickness of around 50 nm. Detectors have already appeared with primary light sources of 355 nm

and 266 nm. These detectors can achieve a 60-nm PSL sensitivity with SOI wafers.
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Fig. 10— Shortening of wavelenghth of incident radiation

Other proposed methods of measuring surface layers and measuring the bulk use a second non-DUV
wavelength as an incident beam. These measurement methods make use of the differences in silicon penetration
depths caused by the different wavelengths (the shorter the wavelength, the larger the attenuation in the silicon
bulk). These measurement methods can obtain both surface information and bulk information from SOI wafers

and have the potential of aiding quality improvements in SOI wafers (Fig. 11).
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Fig. 11—Method of measuring surface and bulk defects with wavelength differences

Finally, as a method to detect foreign objects with high sensitivity, there is a method to utilize laser confocal
optical system. In this method, radiation of incident laser beam will be focused on a wafer surface and the
reflected light from the surface will be focused at a pinhole arranged in front of a photo detector that receives
the light passing through the pinhole. When there are particles on the surface of wafer, the wave front of
reflected light may be deformed and the reflected light may be spread insteadof being focused at the pinhole
Consequently, the quantity of light passing through the pinhole will decrease. Detection of this quantity

variation of of received light will lead to detection of particles.

Photo detector I:I
Pinhole —_—

Beam splitter

Laser

Objective

Wafer E—————3

Fig. 12— Laser confocal optical system

4.6  Contamination

Specific standard for contamination (number of measuring points, accuracy, etc.) shall be agreed upon by the
parties concerned.
4.6.1 Pretreatment standard for test pieces at chemical analysis

Chemical analysis such as Atomic Absorption Spectroscopy (AAS) and Inductively Coupled Plasma-Mass
Spectroscopy (ICP-MS) requires pretreatment for bringing metal contamination on wafer surface into solution. To
improve reliability of analysis, it is important to inhibit contamination from chemicals and environment upon
pretreatment. At this pretreatment for chemical analysis, only average information of the whole surface can be
obtained because contamination is collected from the whole surface of a wafer.

At present, Vapor Phase Decomposition (VPD) method to decompose wafer surface in HF based ambient is

mostly applied. Fig. 13 shows a method to collect dew condensation formed by forcibly insufflated HF vapor with
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gas. In addition, there are other methods. They are, for example, a method by natural condensation of vapor, a
method to decompose surface with free fall of seeped recovery liquid, and a method to scan with holding recovery
liquid. As chemicals for decomposition and recovery, pure HF is used in most cases. However, there is an issue that
recovery rate for metal with small ionization tendency (e.g. Cu) is not good enough, and it is now under study to

improve recovery rate with adding oxidant, such as H,O, and, HNOs.

HF solution

Recovery of condensation
liquid

Hot plate

Fig. 13—Pretreatment of test pieces for VPD method

4.6.2 Flameless Atomic Absorption Spectrometry (AAS)

As shown in Fig. 14, a slight amount of solution specimen will be put into a graphite cuvette, will be heated and
dried so that ashing and atomization will be performed.. It is a method to measure the absorption by atomic vapor
of characteristic radiation generated from a hollow cathode lamp. The lower limit of detection is several 10 to several
100 ppt, and for major metals adhered on wafers such as Na, Al, Cr, Fe, Ni and Cu, it would be in the first half of 10°
atoms/cm’. Al will generate sublimation AIF; coupled with fluoride ions by heating. This will have vaporized before
atomization ,and therefore, it will be unable to analyze intact HF recovered liquid (Some modification substances
may be necessary to remove fluoride ions or to mask fluoride ions).

Characteristically, this method needs a small amount of reagents, the equipment has a long history with high
maturity, and the cost of equipment is relatively low. As shortcomings, pretreatment requires skill, and takes a long
time when multiple elements are required to be analyzed, for atomization can be achieved only for one element at
a time. Recently, the market has offered flameless AAS equipment that has higher sensitivity by 10 times (catalog
value) compared with a photoelectron multiplier by applying multi-channel semiconductor detectors and a plane

optical system.At the same time, it has realized multi-elements simultaneous analysis, although conditionally.
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Fig. 14— Conceptual diagram of AAS equipment

4.6.3 Inductively Coupled Plasma- Mass Spectroscopy (ICP-MS)

As shown in Fig. 15, this is a method to introduce specimen into high temperature plasma and analyze the ions
mass. Argon gas is used as plasma source, and quadrupole type as mass analyzer system is used in most casest. Mass
spectroscopy is a highly sensitive analysis method, and ionization efficiency of ICP is high. Therefore, analysis
sensitivity of ICP-MS is very high (the lower limit of detection is sub ppt to several ppt, and this is approximate
10%atoms/cm” when it is converted into wafer surface concentration). In addition, ICP-MS has many features such
as simultaneous multi-element analysis. As shortcomings, it requires skills for pretreatment similar to AAS, and
moreover, it requires larger amount of solution (a few ml) for nebulizer method, and lower detection limit for Fe is
slightly inferior due to the interference of **ArO".

Currently, double pole convergence type ICP-MS with higher resolution of mass compared with quadrupole type
has been observed in the market, and this type can avoid interference of most molecular ions.

There are various ways of specimen introduction for ICP-MS and those have their own purposes.
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Fig. 15— Conceptual diagram of ICP-MS equipment (quadrupole type)

Nebulizer method This is the most generally-used method and introduces the atomized solution into plasma,
based on spray principle. There are many examples of analysis. However, this method has the following
shortcomings. A certain period of time is required until signal strength will stabilize after introduction of
specimen, and moreover, approximately 10 mL of reagent is required due to the low transport factor of sprayed
specimen to plasma at 5 % or less. Therefore, the liquid concentrated with VPD method shall be re-diluted by
about 10 times and the lower limit seen from wafer surface density base will decrease by about single digit.
Recently, Micro Concentric Nebulizer (MCN) has been developed and this enables selective production of mist
of particle sizes that arrives more easily to plasma. As a result, this equipment is capable of effective analysis
even when only minute quantity of specimens is available, for example in the case for VPD method. .

Ultrasonic nebulizer method This is a method to generate high density minute mist by ultrasonic wave, to
heat and cool the mist, to evaporate solvent, to obtain dry and concentrated aerosol, and to introduce the aerosol
into plasma. The efficiency of introduction of specimen has been improved to produce 1 to 2 digits higher
sensitivity compared with a conventional nebulizer method. However, the construction is rather complex and
contamination and drift are large due to stagnation of flow of specimen.

Electro thermal evaporating method This is a method to introduce objective elements into plasma with
carrier gas by evaporating the objective elements through heating and drying solution of specimen. The feature
is that the required amount of specimen is less (0.02 ml to 0.05 ml), but this method has not yet been established

as a firm technique, and experience is required to handle this method.

4.6.4 Total X-Ray Fluorescence spectroscopy (TXRF)

As shown in Fig. 16, this is one type of fluorescent X-ray analysis. When excitation X-ray is irradiated on a

mirror-finished surface of a test piece at a low angle of 0.2 degree or less,, most of X-ray will be reflected totally at

the same angle, but a small portion will penetrate into the test piece to the depth of a few nm. The X-ray will excite

the substances located in the penetrated area, and X-ray fluorescence specific to the elements will be generated. This
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fluorescence will be detected by a solid-state detector (SSD), and the types and surface density of the contamination
elements will be measured. As the scattered ray of excitation X-ray will be hardly caught by the detector due to the

total reflection phenomenon, the spectrum obtained has a very low background and enables high sensitive analysis.

SSD
Fluorescent X-ray
Incident X-ray Reflected X-rav
Impurities
Substrate

Fig. 16 —Principle of TXRF method

As the features of this method, the following points are listed: Special skills for measurements is not required
due to unnecessity of pretreatment, and distribution in a plane, simultaneous multi-element analysis and information
on depth direction are available. As the shortcomings, practical lower limits of detection which is inferior to AAS,
susceptibility of signal strength by distribution in depth direction and semi-destructive analysis due to the
susceptibility by particles contamination during measurement could be listed.

In addition, at the measurement and quantitative determination, attention must be paid for specific issues which
are represented by interference peak.

a) Impurities peak (ghost peak) When excitation X-ray enters at a particular direction, strong diffraction light
will enter an SSD, exciting impurities in the SSD and generating impurities peak. Impurities peaks by Fe, Ni
and Cu are reported. Recently, as a technique to avoid the effects of diffraction by maintaining incident
direction of excitation X-ray constant, a method and equipment to make the stage to be xy 0 has been
proposed and demonstrated. As a result of this, measurements in an incident direction of excitation x-ray that is
resistant to generate strong diffraction lines are possible at all points on a surface plane.

b) Distribution in depth direction The intensity of excitation X-ray has intense distribution in depth direction,
and it causes much variation of quantitative values depending on depth of objective elements. Therefore,
attention must be paid to interpretation of quantitative results of specimens whose distribution in depth direction
are not known.

c) Pileup or sum peak This is the peak generated at the position corresponding to the sum of energy of plural
photons that enter SSD. For analysis of silicon wafers, this could be generated at the position of twice as
much energy (3.48 keV) as Si-K a  (1.74 keV).

d) Escape peak This is the peak generated at the position corresponding to the difference of energy between
energy of excitation X-ray diffraction light and energy of the diffraction light partly absorbed by Si in SSD.

e) Relative position to SSD SSD has the highest sensitivity immediately underthe center, and the sensitivity will
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decrease with distance from the center. When contamination substances are concentrated in a smaller area than
an SSD radius, then, intensity of fluorescent X-ray will vary depending on the relative position of the both.
Therefore, attention must be paid to interpretation of quantitative results of specimens whose plane distribution
is not known.

4.6.5 Microwave Photoconductivity Decay (u -PCD)

This is a method to detect decay due to the recombination of minority carriers generated by laser pulse irradiation
by means of microwave reflectance variation Decay time constant numerical is called as lifetime. When impurity
levels due to contamination or crystal defects exist, they will become the recombination centers of carriers, which
will reduce the lifetimes. This method has features such as high sensitivity, non-contact and non-destructive
measurements, availability of mapping at minute pitches and easy measurement, etc..However, it has shortcomings
such as necessity of thermal treatment prior to measurement (diffusion of contamination into crystal, surface
passivation), and inability to quantify the specified elements other than Fe.

This method is different from AAS, ICP-MS and TXRF methods, and needs to effectively generate carriers in SOI
layer and to trace the change of the carriers' density with high sensitivity, because this method detects the
contamination that diffused into crystals and generated impurity levels by means of carriers lifetime variations . For
this purpose, as shown in Fig. 17, it is proposed that lifetime is measured by means of excitation by ultraviolet laser
and detection system of differential microwave. The penetration depth of excitation light of 355 nm wavelengths into
silicon is about 10 nm (1/e). When this light is irradiated on SOI layer of a few 10 nm thickness or more, carriers
will be generated only in SOI layer, will remain in SOI layer due to the potential barrier of BOX, and will
eventually disappear through recombination. Therefore, evaluation of only SOI layer will be available.

In addition, use of differential microwave detection system will provide highly sensitive detection capability by
reducing various noises, which will enables the accurate detection of the of carriers' density change in a SOI layer.
However, when a SOI layer is thinner, the disappearance rate of the generated carriers at the surface and the BOX
boundary will increase. Therefore, attention must be paid to the fact that the obtained lifetime would not always

represent deterioration of the crystal quality due to contamination, etc. alone.
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Fig. 17—Principle of ultraviolet laser excitation differential u -PCD method

4.7 Warp
4.7.1 Measuring method

In accordance with the recommendation in 9.4 of SEMI M1, measurement shall be performed based on the
provisions in SEMI MF 1390 or SEMI MF 657.

SEMI MF 1390 is the standard for automatic and non-contact measuring method to rectify warps of silicon wafers
which are caused by gravitational effect. Scanning would be conducted on the whole specified area. This method
would not be affected by variations of wafers' thickness, because a central reference plane is used.

SEMI MF 657 is the standard for manual and non-contact measuring method to scan continuously a specified
portion of wafer surface. In this method, no rectification would be done on warps of silicon wafers which are caused
by gravitational effect. This method uses a reference plane on backside of wafer, and the measured warps may
involve contributions by variations of wafers' thickness.

In SEMI MF 1390, warp is defined as follows.

D : Distance between probe a and probe b

: Distance between front surface of wafer and probe a

b  : Distance between backside of wafer and probe b
t  : Thickness of wafer (always positive number)
z  : Distance between wafer's central plane and the midpoint of two probes (probe a and probe b).

Among D, a, b, t and z, there is the following relation.
z=D/2-a-t/2
z=-D/2+b+1t/2
z=(b—a)/2
The distance between the midpoint of two probes and wafer's central point will be expressed based on scan

pattern.
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Fig. 18 —Physical positions of parameters at measurement of warp

All position data z for scan patterns shall be measured. Correction value z.,, shall be the value obtained by
subtracting a gravitational correction factor (Zgryiry) from a measured value.
Zeom = Z7 Zgayity
A gravitational correction factor shall be the value obtained by adding the measured values at both sides of
reference wafer at calibration, and dividing the sum by 2, as follows.
Zumity = (Zaor )+ (20 ))/2
Znor 18 the value of z when normal surface of reference wafer is positioned against probe a, and z,, is the value of z
when inverse surface is positioned against probe b. However, as Zgyiy, a theoretical value could be applied.
The plane from which z., is derived by minimum square law shall be the reference plane. Reference plane
deviation (RPD) is defined as the difference between the gravitational corrected value (z.,,) at each measuring point
and the measured value (z.s) at reference plane, as follows.

RPD=2z__ -z

com ref
Warp is defined as the difference between the maximum and the minimum of RPD, as follows.
Warp=RPD, . —RPD .

4.7.2 Measuring reference

Measuring reference shall comply with bulk wafers.
4.8 BOX pinhole
4.8.1 Measuring method

Copper (Cu) plating (Electrolyte: cupper sulfate or methanol) and I-V characteristic measurement using MOS
capacitor structure shall be applied as standard measuring methods. I-V characteristic measurement using MOS
capacitor structure can be applied when BOX pinholes are supposed to be uniformly distributed within a wafer. In
addition, this could be replaced by I-V characteristic measurement using mercury probe measurement system.
4.8.2 Copper (Cu) plating
a) Measuring principle As shown in Fig. 19, as SOI wafer is placed on a cathode, and an anode made of Cu is

fixed above the wafer surface. After filling the gap between the wafer surface and the Cu anode with electrolyte

consisting of Cu sulfate or methanol, a voltage is applied between the anode and the cathode. Under appropriate
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conditions, circular Cu electro deposition with convexity at the center would grow at SOI surface immediately

above BOX pinholes. By counting the number of depositions, the number of pinholes can be determined.

Probe for surface potential
7\
N
Cupper anode
@ Electrolyte

SOI wafer

Fig. 19—Principle of cupper electro crystallization

b) Measuring conditions and remarks

1) When using Cu sulfate solution as electrolyte

1.1) During electro deposition, light such as fluorescent light shall be irradiated.

1.2) The Cu anode shall have uniformly-distributing holes to allow sufficient irradiation light so that it will
reach sample surface at electro deposition. The total area of holes should exceed 30% of the total area of Cu
anode.

1.3) The Cu sulfate solution shall be kept on the wafer with electrochemical cell structure. The distance between
the Cu anode and the sample should be around 1 to 5 mm. Alternatively, the Cu sulfate solution may be kept
soaked in a thick paper such as filter paper placed directly on the sample surface.

1.4) When thickness of BOX layer is between 100nm and 200nm, or around 400nm, the suitable concentration of
Cu sulfate solution is about 0.01 mol/L and 0.05 mol/L, respectively.

1.5) Eletro deposition period should be about 1 minute for BOX layer between 100 nm and 200 nm, and about 5
minutes for that around 400 nm.

1.6) Applied voltage for electro deposition should be chosen to give electrical field across the BOX layer of about
1 MV/cm.

2) When using methanol as electrolyte

2.1) During electro deposition, light such as fluorescent light shall be irradiated.

2.2) The Cu anode shall have uniformly-distributed holes to allow sufficient irradiation light to reach sample
surface at electro deposition. The total area of holes should exceed 30% of the total area of Cu anode.

2.3) Before starting electro deposition, SOI layer of the sample shall be removed such with KOH.

2.4) The methanol solution shall be kept on the wafer with electrochemical cell structure. The distance between
the Cu anode and the sample should be around 5 mm.

2.5) To enhance Cu deposition, it is preferable to dissolve Cu sulfate in the methanol with the concentration level

of 0.01 mol/L and under.
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2.6) Electro deposition period should be around 10 minutes.

2.7) Applied voltage for electro deposition should be chosen to give electrical field across the BOX layer of about
1 MV/cm.

¢) Measuring area and number of measuring points

1) Ideally, the total number of Cu depositions should be counted in the wafer area within edge exclusion (EE).

2)  When the distribution of pinholes can be assumed to be almost uniform within a wafer, evaluation of the area
within a given distance (for example, 5 mm) from the wafer edge would be sufficient. In this case, evaluation
of a divided part of a wafer such as 1/4 piece should also be applicable

d) Others Ammeters and voltmeters used for this evaluation shall be calibrated in accordance with the calibrated
reference measuring instruments.
4.8.3 I-V characteristic measurement using MOS capacitor structure

This can be applied when distribution of BOX pinholes is assumed to be uniform within a wafer.

a) Measuring principle As shown in Fig. 20, SOI layer shall be etched into mesas so that many MOS capacitor
structures consisting of SOI layer/BOX layer/Si substrate will be formed and distributed uniformly and

periodically on a wafer. .

|
'\‘LI\ Electrode (SOI film)
/ SOI wafer

<+—BOX layer

\Sub strate

(S)

ONO

S

Fig. 20— Measuring method of I-V characteristic

After applying a low voltage on each MOS capacitor structure at the level not causing dielectric breakdown of
BOX layer, the current flowing across the BOX layer shall be measured. When the measured current exceeds a
pre-determined threshold value, the particular capacitor is judged to be defective containing pinholes. Thus,
occurrence rate F of defective capacitors shall be obtained from measurements with many capacitors. When
BOX pinholes can be assumed to distribute uniformly within a wafer, the BOX pinhole density D can be
obtained from the following Poisson distribution function as,
1-F =exp(-D-S)
where S is the area of top electrode of a MOS capacitor.

b) Measuring conditions and remarks MOS capacitor structures should be arranged to cover the whole area of
wafer surface as much as possible. To obtain a sufficient number of capacitors for evaluation on a wafer, MOS
capacitors with necessary electrode size should be distributed on a wafer surface periodically with 0.5 cm to 1

cm pitch.
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To prevent voltage drop at SOI layer, SOI layer should be degenerately doped in with dopant such as
phosphorus with concentration of 10* ¢cm™ or more. In addition, it is recommended that metal should be
deposited on the SOI layer.
The polarity of voltage applied on capacitors shall be normally set so as to make the substrate side
accumulated.
The voltage applied on capacitors shall be chosen to give electrical field across the BOX layer of about 1
MV/cm.
The threshold current density to judge a capacitor as defective should be between 100 nA/cm” to 10 mA/cm”.
Several types of capacitors with different electrode area in a range of about 10° c¢cm? to 1 cm’® are being
prepared and measurement will be normally conducted with capacitors for electrode area of about 0.1 cm®
to 1 cm® In case that occurrence rate of defective capacitors becomes close to 100 %, additional
measurements with smaller electrodes shall be performed to evaluate accurate BOX pinhole density.
Measuring area and number of measuring points Ideally, the whole wafer surface within edge exclusion
(EE) should be measured. When this is not possible due to inconvenience of electrode formation or any other
reasons, measurements shall be performed for the area extending to EE as close as possible. To maintain
validity of statistical analysis, a guideline of number of measuring points shall be 100 or above. In addition, the
measuring points shall be evenly distributed all over the wafer surface.
Others
Ammeters and voltmeters used for this evaluation shall be calibrated in accordance with the reference
measuring instruments calibrated.
Measurement of I-V characteristic using MOS capacitor structures could be replaced by I-V characteristic
measurement using mercury probe measurement system.
In this case, after removing SOI layer with such as alkaline solution, the mercury probe shall be contacted on
the surface of BOX layer. Voltage which is low enough not to cause BOX dielectric breakdown shall be
then applied between the mercury probe and backside electrode on the rear surface of the wafer and the
current through the BOX layer should be measured. The definition of pinhole density, the measuring
conditions and remarks, the measuring area and the number of measuring points, and the calibration of
measuring instruments shall comply with those in the method using MOS capacitor structure.
Even when BOX pinholes show uneven distribution within a wafer such as forming clusters, it would be
possible to analyze pinhole density by using the following Seeds' formula as,
1-F =(1+DS/a)™
where,
F : Failure rate at MOS capacitor measurement
S :Area of capacitors
D : Defect density
a : Clustering parameter
setting the clustering parameter carries ambiguity. So, when BOX pinholes distribute not uniformly within a

walfer, it is recommended to use Cu plating method which can detect exact position of each BOX pinhole.
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4.9 BOX dielectric breakdown voltage
4.9.1 Measuring method

The standard measuring method shall be TZDB (Time Zero Dielectric Breakdown) characteristics measurement of
MOS capacitors. In addition, this method could be replaced by TZDB characteristics measurement using mercury
probe measurement system.
4.9.2 Measuring principle

An SOI layer shall be etched into mesas so that many MOS capacitor structures consisting of SOI layer/BOX
layer/Si substrate will be formed and distributed uniformly and periodically on a wafer. . Current-Voltage
characteristics of the MOS capacitor structures shall be measured by applying a stepwise-ramping voltage on each

MOS capacitor. Dielectric breakdown voltage of BOX should be determined in accordance with the method

described in 5.9.3.
O
N ‘ Electrode (SOI film)
SOI wafer
N\
W/

<«—BOX layer

\Sub strate

(S)

Fig. 21— TZDB characteristic measuring method of MOS capacitors

4.9.3 Measuring conditions and remarks
MOS capacitor structures should be arranged to cover the whole area of wafer surface as much as possible. To

obtain a sufficient number of capacitors for evaluation on a wafer, MOS capacitors with necessary electrode size

should be distributed on a wafer surface periodically with 0.5 cm to 1 cm pitch.

a) To prevent voltage drop at SOI layer, SOI layer should be degenerately doped with dopant such as phosphorus
with concentration of 10%° cm™ or more. In addition, it is recommended that metal should be deposited on the
SOI layer.

b) The polarity of voltage applied on capacitors shall normally be set so as to make the substrate side accumulated.

c) To obtain sufficiently smooth current-voltage characteristics for the range of 0 MV/cm -10 MV/cm that has
been usually used to report BOX dielectric breakdown field, the ramping voltage step should be equivalent to
about 0.5 MV/cm or less as electric field in the BOX layer.

d) To eliminate influence of time-dependent breakdown from the measurements, it is recommended that step
voltage and step time of the ramping will be adjusted so as to complete evaluation of one MOS capacitor within
1 minute.

e) The criteria for dielectric breakdown voltage shall comply with the standard conditions used in TZDB

evaluation of gate oxide. The following examples are listed in SEMI MF 1771-0304, 4.4 for desirable criteria.
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1) Voltage when the measured current reaches 98 % for ammeter's compliance value.

2) Voltage when the measured current keeps increasing by more than 10 times with two successive ramping
voltage steps.

3) Voltage when the measured current density normalized with electrode area reaches to the preset threshold
value in the range between 1pA/cm?® and 100 mA/cm?.

f)  Several types of capacitors with different electrode area in a range of about 10~ cm? to 1 cm? are being prepared,
and measurement will be normally conducted with capacitors for electrode area of about 0.1 cm” to 1 cm”.
When the density of BOX pinhole is too high and BOX dielectric breakdown can not be properly measured due
to the influence of electrical characteristics (shortage) of BOX pinhole, additional measurements shall be
performed with smaller electrodes.

g) For SIMOX wafers, etc., there are cases where BOX dielectric breakdown characteristics depend on capacitor
area. Therefore, when comparing characteristics between different materials, measurement shall be conducted
with the same capacitor area.

4.9.4 Measuring area and number of measuring points

Ideally, the whole wafer surface within edge exclusion (EE) should be measured. When this is not possible due to
inconvenience of electrode formation or any other reasons, measurements shall be performed for the area extending
to EE as close as possible. To maintain validity of statistical analysis, the number of measuring points shall be 100 or
above a guideline. In addition, the measuring points shall be evenly distributed all over the wafer surface.

495 Others

a) Ammeters and voltmeters used for this evaluation shall be calibrated in accordance with the calibrated reference
measuring instruments.

b) Measurement of 1-V characteristic using MOS capacitor structures could be replaced by I-V characteristic

measurement using mercury probe measurement system.
In this case, after removing SOI layer such with alkaline solution, the mercury probe shall be contacted on the
surface of BOX layer. Stepwise-ramping voltage shall be then applied between the mercury probe and backside
electrode on the rear surface of the wafer, and the current through the BOX layer should be measured. The
definition of pinhole density, the measuring conditions and remarks, the measuring area and the number of
measuring points, and the calibration of measuring instruments shall comply with those in the method using
MOS capacitor structure.

4.10 Flatness

4.10.1 Measuring method

For measurement of flatness of SOI wafers, the same measuring principle as flatness measuring method of
ordinary bulk wafers is applied. The main measuring principles consist of the static capacitance method and the
optical method. In the static capacitance method, the variation of distance between a sensor with two electrodes in
the same plane and the wafer surface is measured as the variation of static capacitance. In this case, measurement
will be performed on both sides of a wafer. After measurements, flatness of the surface will be output based on the
assumption that the inverse side being a plane in calculation. As for the optical method, there are methods as
follows; Using a displacement meter utilizing reflected light, measuring inclination by measuring reflected light
intensity at inclined wafer surface and usinglight interference on a reference plane. As for measuring, there are two

methods. One is to output flatness by measuring from both sides, assuming the inverse side as a plane in calculation
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as static capacitance method. The other is to measure only a single side of a wafer using a reference sucker.

4.10.2 Measuring principle

a)

Static capacitance measuring method In flatness measurement of a wafer by static capacitance, as shown in
Fig. 22, the flatness will be obtained by measuring the static capacitance that depends on the distance between
the electrode at the end of a probe and the wafer surface, as follows.
(Cair)=(e, -s)/Da
where,
&4 : Permitivity of air
S :Area

By measuring static capacitance, displacement of wafer surface could be measured.

Probe 5'—

Silicon

Fig. 22— Static capacitance measuring method

In a case of SOI wafers, as shown in Fig. 23, there are a silicon layer and an oxide film (Box) with different
permitivity under the surface silicon layer, and the thickness of this Box layer will affect static capacitance.
Because of presence of this Box layer, the capacitance (Cair) between a probe and wafer surface, and the
capacitance (Cyox) generated by this box layer will be connected in series. The measured thickness will become
thinner by the following calculated value against the absolute thickness based on a reference of wafer surface.

(tpoc) = (1-1/5)

where,

¢S 1 Permitivity of Box

Accordingly, the SOI flatness includes the error which is equal to 1/ ¢ s of dispersion of Box thickness. In actual
SOI, the thickness of Box layer is about 100 nm. If the dispersion of thickness is assumed to be 5 %, , the
permitivity ¢ s of oxide film is approximately equal to 4. Therefore, the error of flatness is about 1 nm, which

is small enough to be neglected practically .

Probe

dm Da Cair
Silicon |
Thox Box Cbox

Silicon I:

Fig. 23— Case of SOI wafers
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Optical measuring method

1) Reflection type displacement sensor This is a method which uses a light beam type displacement sensor,

2)

3)

directs the beam obliquely to the wafer surface, detectsthe spot positions of reflected light by a sensor and
measures the displacement of wafer surface. The measurement will be conducted from both sides of a wafer.
Reflected light intensity sensor By irradiating light on the whole area of wafer surface and by inclining
wafer surface, the intensity of reflected light from wafer surface will be measured with a CCD camera. In this
method, a wafer shall be fixed with a sucker and the whole area shall be measured.

Light interference method This is a method which uses laser beam through a beam splitter and measures
phase difference caused by the reflected light from a reference plane with minute vibration and the reflected
light from wafer surface. There are two measuring methods. One is to observe from both sides of wafer while
the wafer is being rotated. The other is to measure the whole surface area of wafer which is fixed to the

sucker.

4.10.3 Remark

It has to be noted that in an optical measurement the penetration depth depending on wavelength of light and the

incident angle against a wafer may change the measured data. As shown in Fig. 24 for the case of SOI, the observed

reflected light from a wafer surface contains the reflected light from the surface (R,), the reflection from the

boundary between the surface silicon layer and implanted oxide film layer (R;), and the reflected waves from

implanted oxide film layer and bulk silicon layer (R;). Only the reflected light from wafer surface (R,) is necessary

for measurement. Other reflected lights are observed as noises and they may cause errors. Therefore, it is necessary

to investigate how to eliminate the reflected light from these boundaries or to examine suitable incident angle and

wavelength, and those should be verified.

R,/ R, R,
Incident Reflected
Wave wave is sum
of Ri+R,+R;
s \ /
BOX
Substrate

Fig. 24—Reflected light from SOI wafer

4.11 Roughness
4.11.1 Atomic Force Microscope (AFM)

a)

Measuring principle and method As shown in Fig. 25, this is a method which contacts a cantilever with a
probe on a wafer surface with a minute force, scans the cantilever, reads the displacement of cantilever by
means of an optical technique etc., and obtains two-dimensional information on concavity and convexity of
the wafer surface. This method includes the followings. They are: a method to scan the distance between a
probe and a specimen by controlling to keep the deflection of the cantilever constant, and a method to scan the

distance between a probe and a specimen by controlling to keep the vibration amplitude of the resonated



JEITA EM-3603B ##4/ik 20060425

b)

1)

2)

3)

cantilever, as well as a dynamic mode (which is also called as AC mode, dynamic force mode, dynamic mode,

tapping mode, etc.).

Points to keep in mind  Attention must be paid to the shape (dimensions) of tip of probe, and it is necessary

to select a suitable contact method (contact mode, non-contact mode, tapping mode) based on evaluation object.
Contact mode As the tip of cantilever will contact with surface of specimen, there is a feature that
evaluation at direct atomic size order is available. However, there are cases where the surface of specimen
may be scratched and attention must be paid to arrangement such as selection of a spring constant of the
cantilever upon evaluating soft specimens. In some cases, the static charge due to the cat whisker on
insulating film will affect the data.
Non-contact mode This is an observation mode to detect the atomic force from non-contact distance by
vibrating the cantilever at a frequency close to resonance frequency (a few 10 kHz to a few 100 kHz). This
method damages specimens only slightly, and can observe accurately the top surface of relatively soft
specimens. However, this is non-contact observation and the top surface is an absorption layer structure.
Therefore, observation is apt to be affected by the surface absorption layer.
Tapping mode In this method, the cantilever will be vibrated at a frequency close to the resonance
frequency, and concavity and convexity images will be obtained by scanning the cantilever and by lightly
touching (tapping) on the surface of a specimen intermittently. Compared with the non-contact method,
measurements with high spatial resolution will be available. Unlike the contact mode, a probe will contact
with the surface of a specimen intermittently and there will be no horizontal force (friction force). As a result,
the displacement of cantilever due to friction will not be mixed in the concavity and convexity images, and it
will facilitate measurement without damaging soft specimen. On this account, this is recommendable for
measuring specimens with a thick surface absorption layer and with easily chargeable specimens. This is also

called as the cyclic contact (periodic contact) mode.

Cantilever and probe

Absorption layer

Absorbability

=

Sample

Fig. 25— Cantilever with a probe
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Fig 26— Atomic force microscope

Recommended measuring method, measuring area, number of measuring points and calibration method
In this Standard, the contact mode or tapping mode in AFM (Atomic Force Microscope) method is
recommended for evaluation of roughness.

As the results of evaluation by AFM, "size of measuring area" and "Root-mean-square (RMS) roughness" in the
area shall be shown. Presenting evaluation results for both 2 pm x 2 um and 10 pm % 10 um "measuring sizes"
are recommended.

As for the number of measuring points, at least two points are recommended. One is the point near the center
area of a wafer, and the other is the point near the circumference at about 10 mm inside from the wafer edge.
However, based on the agreement between supplier and user sides, "Root-mean-square (RMS) roughness"
may be replaced by "Average roughness on centerline (Ra)". In addition, when there is distribution of roughness
in a plane depending on the manufacturing method of SOI wafers, the measuring area and the number of
measuring points may be determined separately.

Calibration of evaluation equipment and data shall be performed in accordance with JEITA EM-3501 or based
on the reference specimens that have traceability to the national standards and the international standards

recommended by equipment manufacturers.
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Explanation for standard of SOI wafers and metrology

The following description have been compiled to describe the matters provided in the standard proper and their

associated matters, and is not part the standard.

1  Objective of establishing this standard and the intent of this revision
1.1 Purpose of establishment

The orientation in Si-LSI technology toward lower power consumptions and faster drives is becoming more
apparent all the time. We are now also entering the post-scaling age. Previously, scaling technologies were employed
to reduce the physical size of LSI component devices. But in the post-scaling age, we can no longer look forward to
further LSI performance gains with scaling technologies alone. SOI, then, is an important technology for the
post-scaling age since it delivers performance improvements without requiring miniaturization. The objective of this
standard is to create a standard specification of thin-film SOI wafers for MOS devices and, in this way, contribute to
the advancement of SOI technology while lowering the costs of developing and manufacturing wafers, devices, and
related equipment.
1.2 Intent of this revision

The scope of both JEITA EM-3603 Standard of SOI wafers and metrology (September 2003) and the revised
JEITA EM-3603A (June 2005) was stated as SOI film thicknesses between 20 nm and 200 nm. Nevertheless, both
standards contained certain specifications that were limited to thickness of 50 nm and greater. Moreover, some
entries in the specification tables consisted of only item names and measurement methods and left the provisions
blank. These omissions remained in the standards since it was difficult to create a specification both users and
suppliers could agree to, given the limitations of the general level of evaluation and measurement technology

existing at the time the standards were formulated.

Consequently, the SOI and Related Wafer Technologies Subcommittee, in cooperation with five wafer
manufacturers and 14 evaluation and measurement device manufacturers, began in 2004 performing round-robin
measurements to survey the status of and issues with evaluation and measurement technologies for ultra-thin SOI
wafers. In this revision of the standard, omitted specifications were determined through new deliberations on

undefined items based on the results of the round-robin measurements.

2  Fundamental policy

The basic policy of this revision was to stipulate the usage of items (1) to (4) below, which were not defined for
SOI film thicknesses of 50 nm or less, and item (5), which was left blank, in JEITA EM-3603 and JEITA EM-3603A.
Other descriptions were revised as necessary in tandem with these provisions.

1) SOI layer thickness (average value)

2) SOl layer thickness (variation over surface)

3) SOI etch pits

4) HF defects

5) Particles

However, this Standard is to standardize the minimal quality characteristic values based on requests from
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companies that manufacture or supply MOS devices, and it does not specify items that require more strict quality

characteristics for functions and performance of devices.

3 Main revision areas

This revision fills in provisions for the specifications previously left incomplete or blank in Tables 1 and 2 in
Section 3 “Standard of SOI wafers.” In accordance with these new provisions, changes were made to descriptions in

Section 5 “Standard measuring method” where necessary.

EM-3603A and earlier versions defined and recommended laser marking areas on SOI wafers, but all provisions

on board edge processes, including laser marking, have been removed from this revision.

4  Discussions
4.1 Review process

The standardization of SOI wafers began in March 1996 with JEIDA-50-1996, formulated by the JEIDA
Multi-layer Integration Technology Technical Committee, and continued with the revision JEIDA-50-1998 in
September 1998, which has carried on to the present time. On the other hand, demands for faster, lower power MOS
devices had led to mass production of 300-mm-diameter SOI wafers, driven by the push for ultra-thin SOI wafers
and the trend toward large-bore wafers. As demands rose for standardization of specifications of these
ultra-thin/large-diameter SOI wafers, the WG for “Standard of SOI wafers and standard measuring method (Chair:
Katsutoshi Izumi) was established under the JEITA Multi-layer Integration Technology Technical Committee in
November 2001. This working group began work on establishing new provisions for standard specifications and
standard measurement methods for ultra-thin SOI wafers. The framework of these provisions was determined at a
SOI panel discussion set up by the Multi-layer Integration Technology Technical Committee in February 2002. This
framework passed through a focused debate at the working group in November of the same year before being
approved as a standard draft by the Multi-layer Integration Technology Technical Committee in March 2003. The
Silicon Technologies Committee deliberated on the draft in writing and endorsed the final standard in September
2003. At the same time, portions of JEIDA-50-1998 related to high-withstand-voltage/power device applications of
SOI wafers were taken and issued as a separate standard, JEITA EM-3604, in June 2005. Additions were made to
JEITA EM-3603 based on TSC-15 (guidelines on standardization involving industrial property rights) in June 2005,
leading to the present JEITA EM-3603A standard.
4.2  History of the revisions

At the time of their publication, both JEITA EM-3603 and JEITA EM-3603A included certain unresolved areas
in items stipulating the scope and specifications of the standard and in items forming part of the actual specifications.
These omissions remained in the standards since it was difficult to create a specification both users and suppliers
could agree to, given the limitations of the general level of evaluation and measurement technology existing at the
time the standards were formulated. In one sense, issuing the past standards in full knowledge that they were
incomplete was done deliberately. The standardizing committee recognized that in order to assist the development of
SOI technology, which is undergoing intense progress, it was necessary to make occasional contributions to technical
innovation by providing the most complete standard to the extent possible at the current time and continuing to add
constant revisions. Consequently, these revisions were already anticipated at the time this standard was created. To

this end, in 2004, shortly after the publication of the original standard, the committee began performing round-robin
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measurements to survey the status of and issues with evaluation and measurement technologies for ultra-thin SOI
wafers. The results of these surveys were eventually taken and incorporated in this present revision.

As evidenced by the course of these revisions, JEITA is committed to future revisions in a timely manner to keep
abreast of progress in SOI technology.

Another issue for this revision was the discovery of patent conflicts in part of the provisions standardized in
EM-3603. Numerous consultations found that separate licensing agreements were necessary for technology related
to laser marking areas. The standardizing committee decided to remove these provisions from the standard, since in
principle standardized recommendations cannot directly support the commercial activities of part of the organization
and since an evaluation of the provisions’ necessity determined they were not absolutely essential to the standard. A
note was kept, however, about the corresponding patents in Section 5 on the management of industrial property
rights. This note was retained for posterity to show that provisions on laser mark areas had been considered
previously in the standardization process.

This revision of the standard was presented as a draft to the SOI and Related Wafer Technologies Subcommittee in
February 2006. Approval proceedings were completed in April 2006 with the post-examination of the English
translation. The draft underwent a formal written deliberation at the Silicon Technologies Committee before being

approved in June 2006 and issued in June 2006.

5 Management of industrial properties, etc.
Canon Inc. and Shin-Etsu Handotai Co., Ltd. have patents or patents pending on these standards. The two
companies have announced their conditions for licensing those patents or patents pending as shown below. For

charged licenses, those who would like to acquire such licenses to use the above-mentioned patents or patents

pending are requested to negotiate individually with the patent owners or the applicants of the patents pending

Patent owner
or applicant Title Number of industrial Conditions for Remarks
of patent property right, etc. licensing
pending
This industrial
property right, etc., is
licensed in any case
. This industrial on the condition that
Semiconductor . . the licensed shall
property right, etc., is . .
board and L . permit us to use its
Patent Application No. licensed on . .
Canon Inc. method of own industrial
. 2001-257139 reasonable and .
manufacturing .o property right, etc.,
. non-discriminatory Ny
it conditions within the same scope
' and on the same
conditions as this
industrial property
right, etc., is licensed.
Method of This industrial
. evaluating property right, etc., is
Ii};?dfs? crystal defects Patent Application No. licensed on a
of SOI wafers, 2004-235350 non-charged and
Co., Ltd. . e
and etching non-discriminatory
liquid basis.
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These revisions do not necessarily guarantee that there is no relevant industrial property rights, etc., other than the

above. JEITA assumes no responsibility concerning any industrial property rights, etc., related to these standards.
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