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Standard specification for thick film SOI wafers
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2. BEHERUHH
2.1 Bipolar/BiCMOS A& SOl 7 = —/\
HA fi XA HELE S B I 5 i
U = — B 125, 150, 200 mm
« 7 = — NPRINGE +0.20 mm
| EE [B] pm
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W| TTV [B] um
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[B] : 7L 7z — LA
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2.2.1 40-60V ABS&H SOl ™ = —/\ (40-60V MOSFET)
HH it XA HELE SN % JIE 15
7 = — 125, 150, 200 mm
7 = — N RINGE [B] +0.20 mm
| o [B]+ (SOl E &)+ (HE
& JE & DA% SI0, /T ) [B] um
T TTV [B] um
H| LTV [B] um
B %Y (WARP) =50 () | =30 () pm | BEA R
T v RS <2 mm
v VIR T * —
JEE 2~ 12 0.1 ~ 0.5 ©m Q)
&N +10(% + 5 % A
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IN—T 4 T ) [B] /T ==~ | GRS
FHT 7 1A [B] nm
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;2 AR T —
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2.2.2  40-60V ABEEE SOl o = —/\ (NHIBIAHAEHY, 40-60V MOSFET)

HH {2 HAfL HEDE S 5 I E T ik
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7 = — NG [B] mm
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Zg BN W T if
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| ki ELPRA BT A MV/cm
Nrs @ Jem?
it e 7 L A —
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A ZELAFEEHOWEICL D,
() solE tkum (TumiRE) UTFOHEHHTY 7Y A kY LA,

SOl @/ 4 um (7TumifE) LLEDHEESHTY 7Y A U XL FT-IR Z#E4E,
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HH {2 HAfL HEDE S 5 I E T ik
7z — & 125, 150, 200 mm
7 = — NG [B] mm
ﬁ 5 X [B]+ (SOIEE) + (BiA% S0 J@ES) | um
| TTV [B] ©m
1H LTV [B] um
S| XY (WARP) = 50 (") pm HER L
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v VTR BT @ -
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224 250V FHREEHE SOl 9 = —/\ (250V MOSFET - IGBT)
HH {2 HAfL HEDE S 5 I E T ik
7z — & 125, 150, 200 mm
7 = — NG [B] mm
ﬁ 5 X [B]+ (SOIEE) + (BiA% S0 J@ES) | um
| TTV [B] ©m
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JE SN +10() % @)
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fRER N, P —
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FHT 7 A [B] nm
FREIG ) b ofETHRA —
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BRI T B] () Jem?
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A R -
AR 1 ~ 50 Q +cm
= fRER P, N —
w| OF// v F [B] —
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[B] : V7 7 == LAl
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®
Q)
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®)

SR EERE OWEIC L D,

U o= =5 OFEMEIL 50 pm,

SOl @A ¥um (TpumRE) UTOHAES Y 7Y A M UL,
A

SOl @A\ um (TumifE) UULEOBHADSHTY 7Y A b U UL FT-IR % HELE,

SOl @2 um (7TumiRiE) LLTOHEAZEE0S um,

SOl @R um (7TumiRE) LLEOEHAE1.0um ZHESE,

O WEERTOMH,
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2.2.5 500-600V AHELEHE SOI ) = —/\ (500-600V MOSFET - IGBT)

HH {2 HAfL HEDE S 5 I E T ik
7z — & 125, 150, 200 mm
7 = — NG [B] mm
ﬁ 5 X [B]+ (SOIEE) + (BiA% S0 J@ES) | um
| TTV [B] ©m
& LTV [B] um
| XY (WARP) =10 MO um PR A EE
T v VRS <2 mm
v VTR BT ) —
B X 3~ 17 um *
JE SN +10() % @)
it em 7 E (100) = 1 —
AR 5 ~ 50 Q +cm
fRER N, P —
eI 3 [B] )(© fem® SEMI MF 1188-02
w | RFWE (B] O)© Jem® SEMI MF 1391-93
S| ALY [B] /em®> | AAS, ICP-MS, TXRF
N—=T 4 IV [B] /D = —/~ | HGELE
FHT 7 A [B] nm
FREIG ) b ofETHRA —
OSF # % [B] C) fem?
BRI T B] () Jem?
XX VT T4 T7HA A A 1 sec u -PCD i
JE X 3 ~5 um DRV TV A ) TG
I JE SN + 5 % STV TV AN Y TR
S| AR EAFRAL IR, Si S I A kg/cm? Sk ik
A WX F i
I EPE 0 jod® | BRI
§H RS EAIR AR 7 —
T MR E ZAFRA b I A MV/cm
Nrs A Jem?
A R -
AR 1 ~ 50 Q +cm
= fRER P, N —
w| OF// v F [B] —
ﬁ [ES 3 ¢) /em® SEMI MF 1188-02
PRI A) fem® SEMI MF 1391-93
A B V5 G [B] — AAS, ICP-MS
S RRE [B] —

[B] : V7 7= —N &R EE
FEO) U= EZ150mm OHADETH Y, Ve=— EENRRDLGAITE, EETENT S,

A Tz =P LOFEMEIL 50 m,
() ZELEEEOWEICL D,
" SOlEH»#kum (TumiRE) UTOHEHTY 7Y A Y LA,

SOl @3 4 um (7TumifE) LLEDHEESHTY 7Y A U XL FT-IR Z#E5E,
®)  SOIE A um (TumPEEE) UTOHAAZET0S 1 m,

SOl @R um (7TumiRE) LLEOEHAE1.0um ZHESE,
)  BEEERIOfHE,
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JZIR SOI 7 = —/\ZEM R D EER

Z OffEIE, AEKOWREICFHE LN, SEIREHE L72FHN, WONS 2 I BE L 72 i &
HTD720DHDT, BAEO—ETITZRU,

1. HIEOBE KAHEKOHITIE, BEMEDONTWAEK TH D JEIDA-50-1008 7, JEITA EM-3603 O
HIEIWC S CTRIESNIZZ E CALERMEICHIGT 22 E2F—0ME LTiThbh, LTn-T, 1E
Y72 o T JEIDA-50-1998 DINE A TE LT ZOEEF &S T LICHE LT,

JEREE SO ¥ = — /NI 3R D H AL D FEHERC 7 = — O BEHI K OWE RN SRS U TR L Tnd 2
CIREERTHD, LrL, SHOBBHIEICE L TE, BRAFEELRN I SISk 2R M2+ 5 =
CERREEL L-, BRI U8 LOWESR~ORISIE, AH%ERELZITY 2 & THIS LW,

2. BESB PRI EES 1 REMEES (2003 4 12 AR 2BV T, YEZBEOEENS JEITA
EM-3603 il D FH 2B L TEMRH Y, T OHIEIZ > T JEIDA-50-1908 23 FE [ S V72 2 & OB L fR
T 2ERANHENZ, £ T, ZIMEEICZED T JEIDA-50-1908 FE [ DI OWTHELZIKIE L7- & =
%, JEIDA-50-1998 O R B HE /3 1 X EROBUE B CHEDON TV O HIE TH Y, BEIRITZEE LI E
DOERNSETFE LT, % 2T, 5 2 BIFEMZE B 2 (2004 4 1 A ) THFk - Mt L7 fE R, JEIDA-50-199
2D JEREE /3 720 Z2 B D H L TR LW JEITA R 2 ERLT 2 2 & 1272 o 72, 3 3 mIFHEE S (2004 4 3
HBifiE) T JEIDA-50-1908 75 D fi % F & O JARDR S, §kzlT 9 LRI EZEDNFbLIF-> T
Bt Mz sz & Lz,

R 16 R 1 [FIEEMEES (2004 42 6 ABAME) T, KZENOH SN ERZ MK LB IEZR R
S, ERIZTRINTZ, 20%, V) arBENEESROEEES TOHEmEF#HL LT, 200542 A
ZHIE ST,

3. JEIDA-50.19908 MDD EHRBIER  FEARIC JEIDA-501998 D JEIEERSS DN 2 Z D F FREEEL7-,
JEIDA-50-1998 |2 5 F 41TV /= CMOS-LSI A SOT 7 = — 2R 2 HLENAIL, JEITA EM-3603 (2%
JEAIZ I R NT T O TR THIBR L, ZHUTHE D B RSUEZ M2 72, S 512 JEIDA-50-1908 TH|H &
TR D 9B, ASTM BMEIET T SEMI BUEIZRBATIE A XIS ZOBITH FTEINTWVHTD,
FIUTEVMETE L=,

4. ERLHEROBH AtLERIL, Bipola/BiICMOS HREAGE Y = — K OVRT —F A ZHMAEHE T = —
BRI LTHIELIZ D TH L AFEHBIL, U —NBRPD T = — NWEOMEIZE TRA TN D,
BLEEFEIZHB W T, SOI W 2 ITEEE 2 G 2 72O OREFENE —L S TWRY, D72, JIE
TEGI R OMEDOBEOREEFHAAMT L, 2k, EEHEOHRT, vx— 1y VRS, SOl BESIE
5o, SOIJEDOREEKMHEED 3 HE OBUSIIL Y = — a2 —F NS OFLHETH 5,
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5. BIEA&E

51 RY/TTV/LTV

51.1 HEREZ"

1) BERE v u—TMICEMNESZDE, Ve EOEBEOBEREFEREOELE L
TSN Z EAFHLEEHEE QIS H0611) Thb, Vz—nErn—7HoOERE dITFHFER
#®C EHNEEVIrLRATRDHND,

PR
c I,
ZIT, C:fERE, ¢ @ FEE A Iu—TmE d: R
Vo HEE, R, L e —TER (—E)
WE & Y — OSSR OWERFO 7' 1 — 7 OFESGTT 2 22 R 1 (a), (b) (TR T,

oY FBEARELX HE 3 a—7 =R
Y oREE (F) 75y hRxA 2Fa—7
H—=KV>7 Ky (9—7) 37u—7

3.81mm 1E J5 ¥ A

Du
FO—JA | |
[A)
\J
V=l o/kfC | 7=/ | t
C=e A/d
N
] 7O0—7B .
7O0—7C
/T INN
| FERME |
(a) B+ Y OHEH (b) BEEDTO—TOEEHER
ARE 1

& b of%7u—7 A, B, Cl, TNTNY =—EH, Vx— Eim, EHEREEOMOK
BEHET L0000 THD, D, DX, 7e—T A Ltvz—nKlH, YB—7 B LU=
—EE L OEETH D,

2 EEHIE
a) SOl Vx— DEH, KV TTV,/LTV ORIEREL, £KiE SiEOBRE, HHTE&KORLEO FE
BT A=K LTHAT D ERBHAITERZORE WER SOI (RPLER) v — DA TR
B 2 IR T L IR AT0013um THY, RIEIZZRW,
b) Fu—THEE/NSLTHIEE, BEEENA LTS, 2L, HFICEETAILEND D,
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AE|F=4000
03 nE 2L 15
- BRLIZE »=1.04m ] i
- T ] )
T R 1 1
W - T e T = ; T
5 o02f T T 1° Y
=8 B I - {
S - i L
= i = T
Mmm C i v
i - nm
01  E{LEEEA=0.3um 1°
[ E{LEEA=0.1um ]
0.1 1.0 10.0
FEVICEBIEE (um) YU RIERE
_____________ 10Q—cm
............ 3Q—cm
1Q—cm

fRER 2 BIE SOl (FEME) VI —/\DOBEDRERENHERRE?

512 RFBE

(1) BEFRE SMELOREY = — A EICE 2 TATEME S TH L, % OENDORDER I ICE
DESDHZLICES> TFRBEL S, BREDTE L ¥V = — O TEOBRAES FUHEOR THLA
5.
HFWEFHO—BIELTRI A~ « 7Y — Tt 2 R 3 1077,
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#hA&mE (Siryz—/V)

aAYA—=BL X

A

RICR

TS e AlE

fEER3 rOaAvL - T U—UFBE

Q2 FEEBEEE UV HEST Yy I/ OMEICLIBEEICEET S L,

513 HRBINDHTEAZE KV IHEREECI2HEELHERET 5, AT, EAEEEEORIC

RSN TS T ] &1L SEMI #k% (IH ASTM #ik%) 1285 TWARP) # BT 5, HEREILEOR

K72 Fhex & TWARP) DEFEIEL, SEMIMF 1390 }2 X MF 657 (ZHE 9,

52 SOIEBEE

52.1 REFKE

1) AEFRE AHDLEK O R (400~800nm) ZEFHIZ 2L ST SOl I AS L, K& (f -
R 4) ZHET D, SOl DEBIEITHEAAS L7, BESIE 5 X 512 SOI & M O 6 IA L
FRLIE DR, B CTHRHMNAEL D, 20L& B ET 5, B SOI Kifih b KK S bk
DRI, SHERCRE SN0 FE 72528, SOl B D IARBILIKOE X1 X - THREEZEN
EU, WRISUTARENS bbb, Z07d, HEIEFE LI KEEREN 2 5, AKEiH
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JECKR T DR TR RE L TORLIESOBE I TH D, Z D53 Eli#IE SOI & K O 6O IA 71 %
LD ST L > TEILT 2, HES NI elifiz, v Iab—ra Mk 2EHEHYXITT—4
NR—=Z2 L DHIIZ L > TSOLEDEZZHIV 7,

&2 (%)

|
400 # K (hm) 800

fRERE 4 SOl ™Y T—/\DORHDLAEH >

SOIfE
126 A HER{LAR

BHE5 SOIY T — \ORDOEBE RS

2 FEHH
a) A EFIHLTWA =, HIETE 5 SOI B AU O IALILIEDE ZIZHIFER & 5,
B . F ) A~ 7 /AFT model : 210LCW.SP-FSC15
SOI J& : 0.01~15um
B IA A FBAL I - 0.004~3 ;' m
b) ZREIEATEONFEEBNBEM TH 0 N T—ETRITIER 5720,
522 SHRITVIVALRY
1) BIRFEE AL FELE T CEMMREIC L ZFUEHC RN U, MR & 72 o o e %, o7,
INEREE L TR TN T D, KFERICKT S tang (RIESEGTFEL) & cosA (MAHZE) ZHIE
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T5, —HT, ZEBEHEL, 58 OBRFERE LR A2 M0E L THERIC tan o (RIESSTRE) &
cos A (FZfHZE) ZRIE L, &/ TREC L > CRHRIEE EMED 7 1 v T 4 > 7 %AT > TEREZ KD
Do

BEXR TS
mIEF atas
FRIF

o A

R e HXT)TUA—4

2 FEFHE
a) RFTAICIRENEE L TV DRECIE, ARNOE—AREZHUNNS L T20ERH D, Y
b) HOARERLEIZ Y 3 ki G ae, BEICARA R23H 5854121% Bruggeman ¥i{El ¥ TE D
TR FEFERRE G2 D,

5.2.3 FT-IR (Fourier Transform Infra-Red spectrometry)
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JEITA EM-3604

Standard of Japan Electronics and Information Technology Industries Association

Standard specification for thick film SOI wafers

Preface The membership of the SOI Wafer and Related Technologies Committee (hereafter referred to as the
Committee), which belongs to the Silicon Technologies Committee of the Japan Electronics and Information
Technology Industries Association (JEITA), consists of wafer manufacturers, device manufacturers, and
measurement instrument manufacturers. Since SOI (Silicon-on-Insulator) wafers and related material are
indispensable for high function and high performance devices, the main activities of the Committee are to survey the
technology comprehensively and to specify its quality and measurement methods. Once specified, popularization and
revision for updates are also parts of activities.

One of the recent good results was the establishment of a new standard for thin film SOI wafers, JEITA
EM-3603, entitled “SOI wafer standard and standard measurement method” published in September 2003. This
specification was prepared for use with a leading edge CMOS LSI and is under consideration as a proposal to
international silicon committees, such as SEMI, as a basic agreement on SOI quality and its measurements.

JEITA EM-3603 is established formally as a revision of the former JEIDA-50-1998, which was withdrawn after
the establishment of EM-3603. However, in fact, JEIDA-50-1998 specified not only thin film SOI wafers for
CMOS-LSI but also thick film SOI wafers for power devices and Bipolar/BiCMOS. Thus, the influence of this
withdrawal on the industry was reinvestigated. As a result, many members of the Committee replied: *“ The part
related to thick film SOI wafers in JEIDA-50-1998 is used as an ‘active standard’ in the current semiconductor
industry and should remain effective now and in the future.”

Accordingly, the Committee recognized its importance and decided to establish the new JEITA EM-3604,
entitled “Standard specification for thick film SOI wafers” by excerpting the part related to thick film SOI wafers
from JEIDA-50-199s.

1. Scope This specification applies to the standard for bonded SOI wafers for Bipolar/BiCMOS and for power

devices.
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2 Specification

2.1 Specification of Bonded SOI Wafer for Bipolar/BiCMOS Devices

Property Values | Units Recommendable Metrology
Diameter 125, 150, 200 mm
Diameter Tolerance +0.20 mm
::; Thickness [B] pum
g Warp =30() pum SEMI MF 657-92, MF 1390-02
%’ Total Thickness Variation [B] pm
§ Edge Exclusion <20%) mm
Edge Profile/ 6
Edge Profile Surface Finish O B
Thickness 1.5~2.0 um Spectroscopic Ellipsometry or
Thickness Tolerance +£030) um Reflective spectroscopy
Surface Orientation (100), (111) £ 1° —
Resistivity 0.1~1,10~30 Q-cm
Conductivity Type P,N — —
é Oxygen Concentration [B1(H Jem® SEMI MF 1188-02
E Carbon Concentration B1H fem® | SEMI MF 1391-93
;;:) Metal Contamination [B] fem? AAS, ICP-MS, TXRF
?| Particle Density [B] /wafer | Light Scattering method
Surface Roughness [B] nm AFM
Residual Stress Substitution for WARP —
OSF Density [B] fem?
Void Density () 0 /wafer | Scanning acoustic method
Thickness 02~1.0 pm Spectroscopic Ellipsometry or
Thickness Tolerance +5 % Reflective spectroscopy
-'qé Adhesion Strength equivalent o Interface F)‘etween thermal Oxide kg/cm® | Tensile testing method (°)
o) and silicon
E Surface Roughness equivalent to Thermal Oxide nm
E Dielectric Constant equivalent to Thermal Oxide —
Dielectric Breakdown equivalent to Thermal Oxide MV/cm
Fixed Charge Density ® fem?
Surface Orientation ® —
Resistivity ® Q-cm
- Conductivity Type PN —
<2 | Fiducial Axis Orientation
% (Orientation Flat/Notch) [B] B
é Oxygen Concentration ® fem® SEMI MF 1188-02
Carbon Concentration ® fem’ SEMI MF 1391-93
Metal Contamination [B] — AAS, ICP-MS
Back Surface Finish [B] —

[B]: same value as prime wafer

Q) The value of warp is for the case of 150mm in diameter. It is proportional to wafer diameter.

A Values expected by wafer user.

A See text.

A* To be determined by negotiation between wafer users and wafer makers.
Q) For the case of SOI thickness thicker than 1pm.

®) Properties with blank value are determined by agreement between wafer makers and wafer users.

0 Category has been changed from “Buried Oxide” to “Silicon Film”




2.2 Specification of Bonded SOI Wafer for Power Devices
2.2.1 Specification of Bonded SOI Wafer for 40-60V Power Devices (40-60V MOSFET)

JEITA EM-3604

Property Values Units Recommendable Metrology
Diameter 125, 150, 200 mm
Diameter Tolerance [B] +0.2 mm
% Thickness [B] + (SOI Thlckness) (B] um
§ + (Box thickness)
2 | Total Thickness Variation [B] pm
&| LTV [B] um
= | Warp =50 (" | =30(Y pm SEMI MF 657-92, MF 1390-02
Edge Exclusion <2 mm
Edge Profile/Edge Profile Surface Finish ®) —
Thickness 2~12 0.1~0.5 um | ©)
Thickness Tolerance +£10(%H +5 % A)
Surface Orientation (100) + 1 —
Resistivity 0.5~ 50 | 10 ~ 100 Q-cm
Conductivity Type N, P —
& | Oxygen Concentration B1A)(C) fem® | SEMI MF 1188-02
i | Carbon Concentration BIA)O) /em® SEMI MF 1391-93
§ Metal Contamination [B] Jem? AAS, ICP-MS, TXRF
ﬁ Particle Density [B] /wafer | Light cattering method
Surface Roughness [B] nm
Residual Stress Substitution for WARP —
OSF Density [B1®) fem?
Dislocation Density [BI(®) fem®
Carrier Lifetime A usec u-CPD method
Thickness 0.5~2 0.4~1.0 um Spectroscopic Ellipsometry or
Thickness Tolerance +5 % Reflective spectroscopy
§ Adhesion Strength equivalent to Interface F)istween thermal Oxide kg/em® | Tensile testing method(®)
5 and silicon
9 Location of Bonded Interface Bottom Surface —
‘5| Void Density 0 Jem® Scanning acoustic method
& Dielectric Constant equivalent to Thermal Oxide -
Dielectric Breakdown equivalent to Thermal Oxide MV/cm
Fixed Charge Density @) fem®
Surface Orientation Not specified -
Resistivity 1~50 Q-cm
y Cf)ndl.lctivit.}’ Ty}?e : PN —
§ Fiducial Axis Orientation (B] -
- | (Orientation Flat/Notch)
§ Oxygen Concentration @) fem’ SEMI MF 1188-02
Carbon Concentration A fem® SEMI MF 1391-93
Metal Contamination [B] — AAS, ICP-MS
Back Surface Finish [B] —

[B]: same value as prime wafer

O) The value of warp is for the case of 150mm in diameter. It is proportional to wafer diameter.
A To be determined by negotiation between wafer users and wafer makers.
@) Spectroscopic Ellipsometry or Reflective spectroscopy is recommended for silicon layer of less than a few pm (about

7um), Spectroscopic Ellipsometry or FT-IR for silicon layer of more than a few um (about 7um).
@) Tolerance of = 0.5um is recommended for silicon layer of less than a few pm (about 7um),
Tolerance of £ 1.0pm for silicon layer of more than a few pm (about 7um).

S Values before bonding.
) For the case of SOI thickness thicker than 1pm.
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2.2.2 Specification of Bonded SOI Wafer for 40-60V Power Devices (40-60V MOSFET with n + Buried Layer)

Property Values Units Recommendable Metrology
Diameter 125, 150, 200 mm
| Diameter Tolerance [B] mm
? Thickness [B] + (SOI Thickness) + (Box thickness) um
% Total Thickness Variation [B] um
5| LTV [B] pm
§ Warp <50 (Y um | SEMI MF 657-92, MF 1390-02
Edge Exclusion <2 mm
Edge Profile/Edge Profile Surface Finish @) —
Thickness 8~16 pum )
Thickness Tolerance +10(%H % A)
Surface Orientation (100) + 1 —
Resistivity 04~10 Q-cm
Conductivity Type N —
Oxygen Concentration B1A)(C) fem® | SEMI MF 1188-02
E Carbon Concentration BIAC) fem’ SEMI MF 1391-93
g Metal Contamination [B] Jem? AAS, ICP-MS, TXRF
:L:’ Particle Density [B] /wafer | Light Scattering method
“ | Surface Roughness [B] nm
Residual Stress Substitution for WARP —
OSF Density [B1®) fem?
Dislocation Density [BI(®) fem?
Carrier Lifetime A usec u-PCD method
Buried Layer A -
Thickness 2~3 um Spectroscopic Ellipsometry or
Thickness Tolerance +5 % Reflective spectroscopy
_'dg) Adhesion Strength equivalent to Interface .b.etween thermal Oxide kg/cm? | Tensile testing method
s and silicon
2 Location of Bonded Interface Inside the oxide or Bottom Surface —
‘5| Void Density 0 fem? Scanning acoustic method
- Dielectric Constant equivalent to Thermal Oxide —
Dielectric Breakdown equivalent to Thermal Oxide MV/cm
Fixed Charge Density A fem?
Surface Orientation Not specified —
Resistivity 1~50 Q-cm
.. | Conductivity Type PN —
< | Fiducial Axis Orientation B .
% (Orientation Flat/Notch) [B]
§ Oxygen Concentration A fem’ SEMI MF 1188-02
Carbon Concentration @) fem’ SEMI MF 1391-93
Metal Contamination [B] — AAS, ICP-MS
Back Surface Finish [B] —

[B]: same value as prime wafer

Q) The value of warp is for the case of 150mm in diameter. It is proportional to wafer diameter.

A To be determined by negotiation between wafer users and wafer makers.

A Spectroscopic Ellipsometry or Reflective spectroscopy is recommended for silicon layer of less than a few pm (about
7um), Spectroscopic Ellipsometry or FT-IR for silicon layer of more than a few um (about 7um).

@) Tolerance of = 0.5um is recommended for silicon layer of less than a few pm (about 7um),
Tolerance of = 1.0pm for silicon layer of more than a few um (about 7um).

Q) Values before bonding.

®) Recommended Specifications are Sb Dopant, sheet resistivity of 20Q/[], diffusion depth of 3um.
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2.2.3 Specification of Bonded SOI Wafer for 150V Power Devices (150V MOSFET/IGBT)

Property Values Units Recommendable Metrology
Diameter 125, 150, 200 mm
R Diameter Tolerance [B] mm
<=: Thickness [B] + (SOI Thickness) + (Box thickness) um
g Total Thickness Variation [B] um
5 LTV [B] um
S | Warp <50 () um | SEMI MF 657-92, MF 1390-02
Edge Exclusion <2 mm
Edge Profile/Edge Profile Surface Finish A —
Thickness 3~10 um | O)
Thickness Tolerance 10 (% % A
Surface Orientation (100) + 1 —
Resistivity 5~50 Q-cm
Conductivity Type N, P —
Oxygen Concentration B1A)C) fem® | SEMI MF 1188-02
§ Carbon Concentration BIAC) fem® SEMI MF 1391-93
:;'(,:3 Metal Contamination [B] /em® | AAS, ICP-MS, TXRF
Particle Density [B] /wafer | Light Scattering method
Surface Roughness [B] nm
Residual Stress Substitution for WARP —
OSF Density [BI(®) fem?
Dislocation Density BI®) Jem?
Carrier Lifetime ®) psec | p-PCD method
Thickness 0.5~2 pm Spectroscopic Ellipsometry or
Thickness Tolerance +5 % Reflective spectroscopy
© . equivalent to Interface between thermal Oxide N . )
< | Adhesion Strength . kg/em” | Tensile testing method
* and silicon
% Location of Bonded Interface Bottom oxide Surface —
E Void Density 0 Jem? Scanning acoustic method
Dielectric Constant equivalent to Thermal Oxide —
Dielectric Breakdown equivalent to Thermal Oxide MV/cm
Fixed Charge Density ) fem?
Surface Orientation Not specified —
Resistivity 1~50 Q-cm
Conductivity Type PorN —
‘g Fiducial Axis Orientation B] o
% (Orientation Flat/Notch)
é Oxygen Concentration A fem’ SEMI MF 1188-02
Carbon Concentration A fem® SEMI MF 1391-93
Metal Contamination [B] — AAS, ICP-MS
Back Surface Finish [B] —
[B]: same value as prime wafer
Q) The value of warp is for the case of 150mm in diameter. It is proportional to wafer diameter.
A To be determined by negotiation between wafer users and wafer makers.
A Spectroscopic Ellipsometry or Reflective spectroscopy is recommended for silicon layer of less than a few pm (about
7um), Spectroscopic Ellipsometry or FT-IR for silicon layer of more than a few pm (about 7pm).
) Tolerance of = 0.5um is recommended for silicon layer of less than a few pm (about 7um),
Tolerance of = 1.0um for silicon layer of more than a few um (about 7um).
Q) Values before bonding.
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2.2.4 Specification of Bonded SOI Wafer for 250V Power Devices (250V MOSFET/IGBT)

Property Values (250V MOSFET/IGBT) Units Recommendable Metrology
Diameter 125, 150, 200 mm
__| Diameter Tolerance [B] mm
=f Thickness [B] + (SOI Thickness) + (Box thickness) pum
% Total Thickness Variation [B] um
E LTV [B] um
S | Warp =70 HA) pm SEMI MF 657-92, MF 1390-02
Edge Exclusion <2 mm
Edge Profile/Edge Profile Surface Finish A —
Thickness 2~10 um A
Thickness Tolerance +10() % *
Surface Orientation (100) + 1 —
Resistivity 2~50 Q-cm
Conductivity Type N, P —
Oxygen Concentration BIG)(®) /em® | SEMI MF 1188-02
g | Carbon Concentration BI1G)®) fem® SEMI MF 1391-93
é Metal Contamination [B] Jem® AAS, ICP-MS, TXRF
Particle Density [B] /wafer | Light Scattering method
Surface Roughness [B] nm
Residual Stress Substitution for WARP —
OSF Density [BI() fem®
Dislocation Density [BI() fem?
Carrier Lifetime A usec pu-PCD method
Thickness 2~3 pum Spectroscopic Ellipsometry or
Thickness Tolerance +5 % Reflective spectroscopy
S | Adhesion Strength equivalent to Interface ?bf:tween thermal Oxide kg/em® | Tensile testing method
CED and silicon
2 Location of Bonded Interface Inside the oxide or Bottom Surface —
‘5| Void Density 0 /em? Scanning acoustic method
& Dielectric Constant equivalent to Thermal Oxide —
Dielectric Breakdown equivalent to Thermal Oxide MV/cm
Fixed Charge Density A fem?
Surface Orientation Not specified —
Resistivity 1~50 Q-cm
~ Conductivity Type P,N —
<2 | Fiducial Axis Orientation B] _
% (Orientation Flat/Notch)
é Oxygen Concentration @) fem’ SEMI MF 1188-02
Carbon Concentration A fem’ SEMI MF 1391-93
Metal Contamination [B] — AAS, ICP-MS
Back Surface Finish [B] —
[B]: same value as prime wafer
Q) The value of warp is for the case of 150mm in diameter. It is proportional to wafer diameter.
A 50um is requested by wafer users.
A To be determined by negotiation between wafer users and wafer makers.
&) Spectroscopic Ellipsometry or Reflective spectroscopy is recommended for silicon layer of less than a few pum (about
7um), Spectroscopic Ellipsometry or FT-IR for silicon layer of more than a few pm (about 7um).
) Tolerance of = 0.5um is recommended for silicon layer of less than a few pm (about 7um),
Tolerance of = 1.0pum for silicon layer of more than a few um (about 7um).
® Values before bonding.
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2.2.5 Specification of Bonded SOI Wafer for 500-600V Power Devices (500-600V MOSFET/IGBT)

Property Values (250V MOSFET/IGBT) Units Recommendable Metrology
Diameter 125, 150, 200 mm
__| Diameter Tolerance [B] mm
=f Thickness [B] + (SOI Thickness) + (Box thickness) pum
% Total Thickness Variation [B] um

5| LTV [B] um

§ Warp =100 (H®) pm SEMI MF 657-92, MF 1390-02
Edge Exclusion <2 mm
Edge Profile/Edge Profile Surface Finish A —

Thickness 3~17 um A

Thickness Tolerance +10() % *

Surface Orientation (100) + 1 —

Resistivity 5~50 Q-cm

Conductivity Type N, P —

Oxygen Concentration BIG)(®) /em® | SEMI MF 1188-02
g | Carbon Concentration BI1G)®) fem® SEMI MF 1391-93

é Metal Contamination [B] Jem® AAS, ICP-MS, TXRF
Particle Density [B] /wafer | Light Scattering method
Surface Roughness [B] nm
Residual Stress Substitution for WARP —

OSF Density [BI() fem®

Dislocation Density [BI() fem?

Carrier Lifetime A usec pu-PCD method

Thickness 3~5 pum Spectroscopic Ellipsometry or
Thickness Tolerance +5 % Reflective spectroscopy

S | Adhesion Strength equivalent to Interface ?bf:tween thermal Oxide kg/em® | Tensile testing method

C><> and silicon

2 Location of Bonded Interface Inside the oxide or Bottom Surface —

‘5| Void Density 0 /em? Scanning acoustic method

& Dielectric Constant equivalent to Thermal Oxide —

Dielectric Breakdown equivalent to Thermal Oxide MV/cm
Fixed Charge Density A fem?
Surface Orientation Not specified —
Resistivity 1~50 Q-cm

~ Conductivity Type P,N —

<2 | Fiducial Axis Orientation B]

% (Orientation Flat/Notch)

é Oxygen Concentration @) fem’ SEMI MF 1188-02
Carbon Concentration A fem’ SEMI MF 1391-93
Metal Contamination [B] AAS, ICP-MS
Back Surface Finish [B]

[B]: same value as prime wafer
Q) The value of warp is for the case of 150mm in diameter. It is proportional to wafer diameter.
A 50um is requested by wafer users.
A To be determined by negotiation between wafer users and wafer makers.
&) Spectroscopic Ellipsometry or Reflective spectroscopy is recommended for silicon layer of less than a few pum (about
7um), Spectroscopic Ellipsometry or FT-IR for silicon layer of more than a few pm (about 7um).
) Tolerance of = 0.5um is recommended for silicon layer of less than a few pm (about 7um),
Tolerance of = 1.0pum for silicon layer of more than a few um (about 7um).
® Values before bonding.
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Explanatory note on the “Standard specification for thick film SOI wafers”

This explanatory note is not a part of the standard specification but an appendix for the purpose of better

understanding of the main text, annexes, references, and related issues.

1. Object of establishment This standard was established primarily to respond to the problems caused by
withdrawal of JEIDA-50-1998, which was actually used but replaced by JEITA EM-3603. Thus, the work gave as
much attention as possible to bringing back the content of the part on thick film SOI wafers in JEIDA-50-199s.

It is true that the quality required for thick film SOI wafers as well as manufacturing technologies and
measurement technologies changes in a short period. However, the top priority in establishing the standard was to
avoid the demerits caused by lack of standards. New requirements arising from updated needs will be reflected

through timely revision in future.

2. Background of deliberation At the first meeting of the Technical Committee in the 2003 fiscal year (in
December 2003), some members of the Committee questioned the procedure used to establish JEITA EM-3603 and
pointed out the adverse effects of the withdrawal of JEIDA-50-1998. All the members were requested to reply
regarding the effects of withdrawal of JEIDA-50-1998. Many members replied: "The part related to thick film SOI
wafers in JEIDA-50-1998 is used as an active standard at the workplaces of the semiconductor industry. Therefore,
withdrawal is not recommended".

The second meeting (in January 2004): Deliberation resulted in establishment of a new JEITA standard which
would contain only the part related to thick film wafers in JEID A-50-199s.

The third meeting (in March 2004): The draft incorporating modifications from JEIDA-50-1998 was presented.
The members discussed the draft and took it back with them for further review by the next meeting.

The first meeting in the 2004 fiscal year (in June 2004): The revised draft was presented and basically approved
with minor amendments proposed by each member. After the draft was deliberated in writing by the Silicon

Technologies Committee and the Committee, it was established in February 2005.

3. Main revisions from JEIDA-50-1998 This standard basically succeeded JEIDA-50-1998 by excerpting the part
related to thick films, by deleting the part related to thin films, and by revising the corresponding technical
descriptions. The part related to thin film SOI wafers for CMOS-LSI was established anew in JEITA EM-3603.
Referred standards were updated when revised. For example, all ASTM standards were transposed into SEMI

standards.

4. Features of this specification This specification is applicable to bonded wafers, to Bipolar/BiCMOS. and to
power devices respectively. The standard describes a wide range of items: from the shape of wafers to details of
wafer quality. Because SOI wafers are not primary material in comparison with polished silicon wafers,
measurement methods to determine the quality depend on the people who are interested in this material. This is why
examples of measurement methods and comments are annotated alongside the specification details.

Among the standard items, three items: wafer edge exclusion, SOI layer thickness uniformity, and crystal defect
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density, are desirable values proposed by wafer users.

5. Measurement method

5.1 Warpage/TTV/LTV

5.1.1 Electrostatic capacity method ”

(1) Measurement principle When voltage is applied between a wafer and a probe, the variation of distance
between the wafer and the probe is detected as a variation of electrostatic capacity (JIS H 0611). This is the
measurement principle. The distance (d) between the wafer and the probe is given by the following formula
from the electrostatic capacity (C) and output voltage (V)

d= ﬁ - M. Vv
C 1

P

where, C: electrostatic capacity, €: dielectric constant, Ap: probe area, , d: distance,
V: output voltage, f: carrier frequency, and Ip: probe current (constant)
Examples of measurement sensor construction and location of probes at the time of measurement are shown in

Explanatory figures 1 (a) and (b), respectively.

Sensor: electrostatic capacity type Measurement: three-probe type
Construction of sensor (example) Flatness, 2 probes
Guard ring 3.81 mm square electrode Warpage (warp), 3 probes
Du
Probe A | |
A
V)
V=lp/kiC | Wafer | t
C=¢AMd
Probe B
| DL
Probe C
| Datum plane |
(a) Example of measurement sensor (b) Cross-sectional view of location of
construction probe at the time of measurement

Explanatory figure 1

Note Probe A, B and C of (b) measure the capacity between wafer front and probe, between wafer back and
probe, and between datum plane and probe, respectively. D, and D are the distance between Probe A
and wafer front and between Probe B and wafer back, respectively.

(2) Remarks
a) The measurement error of thickness and warpage/TTV/LTV of SOI wafers is calculated by referring to such
parameters as the thickness and resistivity of the surface Si layer and the thickness of oxide film. The largest

error is found in the case of thin film SOI (high resistivity) wafer, being 0.013 um at maximum as shown in
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Explanatory figure 2. This value is insignificant.

b) A smaller probe area results in the higher accuracy of measurement. But, it becomes sensitive to noise.

Number of division=4000

0.3 15
[ Oxide film thickness=1.0 u m ]
> ]
7 1 3
o . 3
c | o
5 02[ 310 ¢
S. - . =
g - ] 2
=) . X
2 - 1 5
» - . <
o B i :
5:‘: C ] nm
) 01 - . _ <95
pm [ Oxide film thickness=0.3 u m ]
[ Oxide film thickness=0.1 u m ]
0.1 1.0 10.0
Film thickness of surface silicon layer ( « m), resistivity of silicon film
————————————— 10Q—cm
------------ 3Q—cm
1Q—cm

Explanatory figure 2

Calculation result of measurement error in the case of thin film SOI (high resistivity) wafer ?

5.1.2  Optical interferometer

(1) Measurement principle When the datum plane and the wafer surface are hit by parallel light, the reflected
light from each surface is superimposed to produce interference. The shape difference between the datum plane
and the wafer surface is obtained by interference fringes.

An example of an optical interferometer, the Twyman-Gree interferometer, is shown in Explanatory figure
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Surface to be examined (Si wafer)

Z,

Collimator lens \ 7
- / ‘\\ 4—»—/
/ \ /
/ ( /
Point light / \ / Datum plane
source J “\ %
VA N E— *”‘/
/

Imaging lens < >

Side surface for observation
of interference fringe

Explanatory figure 3 Twyman-Gree interferometer

(2) Remark A measurement error occasionally appeared due to the wafer tare or the construction of a chuck.
5.1.3 Recommended measurement method The warpage should be measured by the electrostatic capacity
method. The warpage indicated in the table of this standard specification is equivalent to "WARP" in the SEMI

standard. The concrete procedures of the electrostatic capacity method and the definition of "WARP" shall follow

SEMI MF 1390 and MF 657.
5.2 SOI layer thickness
5.2.1 Spectroscopic Reflectometry

(1) Measurement principle Visible light with wavelength continuously varied within the range of 400-800 nm is

irradiated into the SOI layer and the reflective spectrum (e.g. Explanatory figure 4) is measured. When the

light is injected into a multilayer consisting of SOI and buried oxide layers, the light is reflected at the SOI layer
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surface, and the top and bottom interfaces of the buried oxide layer, as shown in Explanatory figure 5, with a
simultaneous change in the optical phase. The intensity of the reflected light is determined by the sum of light
reflected from each surface or interface. On this occasion, SOI and buried oxide layer thickness generates the
optical path difference, resulting in an optical phase difference corresponding to the wavelength. Therefore the
reflected light intensity should depend on the wavelength so that the reflective index spectrum can be obtained
after normalization by the intensity of incident light.

This reflective index spectrum varies as the thickness of SOI and buried oxide layers changes. The SOI layer
thickness can therefore be derived by comparing the measured spectrum with those approximately calculated

using simulations or those from a database.

(%) ones uonos|joy

]
400 Wavelength (nm) 800

Explanatory figure 4 Data example of reflective index spectrum of an SOI wafer ¥

SOl layer
\/ Buried oxide film

Explanatory figure 5 Schematic drawing of light transmission and reflection with an SOI wafer
(2) Remarks

a) Using visible light for the measurement restricts the measurable thickness of SOI layer and buried oxide.

Example: Nanospec/AFT model: 210LCW.SP-FSCI15
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SOI layer: 0.01 to 15 pm

Buried oxide film : 0.004 to 3 um
b) The optical constant of each layer (SOI, buried oxide) needs to be known prior to the measurement. It should

also be reasonably constant within a layer.
5.2.2  Spectroscopic ellipsometry

(1) Measurement principle White light is linearly polarized with a polarizer and irradiated onto a specimen.
The reflected light of elliptical polarization goes through an analyzer and a spectrometer, and is detected by a
detector. Then, for each wavelength, tan ® (amplitude-reflectance ratio) and cos A (phase difference) are
measured. Finally the layer thickness is derived from the fitting of the measured tan @ and cos A with those
theoretically calculated by assuming the multilayer structure, complex dielectric function and thickness of each

layer.

White light source Detector

Polarizer

Analyzer

Specimen

Explanatory figure 6 Spectroscopic ellipsometer

(2) Remarks
a) It is necessary to make the incident beam size small when measuring a specimen with local fluctuation of
layer thickness. ¥
b) If a buried oxide layer contains silicon inclusions, or voids exist at the layer interface, the Bruggeman
approximation  gives the effective complex dielectric function of a layer.

5.2.3 FT-IR (Fourier Transform Infra-Red spectrometry)

(1) Measurement principle Generally, when light enters the parallel thin film and is reflected, it produces the
phase difference (A) corresponding to the film thickness. Here, when light whose phase difference is equivalent
to this phase difference (A), reflects interference occurs.

As shown in Explanatory figure 7, this apparatus uses a Michelson interferometer, which gives the optical
phase difference with time to the infrared radiation coming out of the light source. It causes the infrared
radiation to enter a specimen, and detects the time variation of the reflected light intensity. Namely, this detector
observes the interference peak corresponding to the layer thickness, from which the layer thickness can be

derived.
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O Michelson interferometer

Detector

\/

Explanatory figure 7 Measurement system of film thickness measurement by FT-IR

(2) Remark When the infrared radiation coming out of a Michelson interferometer happens to be in-phase, the
detector observes the so-called center burst. The peak position observed according to the layer thickness of
specimen therefore approaches that of a center burst as the layer thickness decreases. This determines the
detectable (separable) minimum layer thickness after Fourier Transform to be 0.3 um. At the thicker end, it is
possible to measure up to several hundred pum.

5.2.4 Definition of layer thickness tolerance The definition of SOI layer film thickness tolerance is as follows.

1) For layer thickness measurement where the measurement point is one for a single session of measurement,
several points within a wafer shall be measured, then the maximum and minimum shall be selected. The
tolerance shall be defined as follows.

Film thickness tolerance =maximum — minimum
The location and number of measuring points shall be determined upon agreement between persons
concerned.

2) For layer thickness measurement where the measurement point is multiple (e.g. several hundred points) for a
single session of measurement, the tolerance within a wafer surface shall be defined as follows.

Film thickness tolerance =3 o (three times of standard deviation)
Edge exclusion for the measurement shall be determined upon agreement between persons concerned.

5.2.5 Recommended method of measurement This specification recommends the following method for

estimation of layer thickness and its tolerance.

(1) For the thickness of e.g. about 7 um or less, a reflective spectroscopy method is recommended. For the
thickness exceeding this value, FT-IR is recommended.

(2) Measure the film thickness at e.g. 9 points, and define the tolerance as the difference between the maximum and

the minimum.
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(3) The buried oxide layer of bonded SOI can be evaluated as the measured value of oxide layer thickness just after
the oxidation (before bonding). It does not have to be measured after the SOI wafer is formed.

(4) In any of the above cases (1) through (3), the number and location of measuring points in case of measurement
with several points, and edge exclusion in case of measurement with multiple points.

5.3  Ng, ps

5.3.1 SIMS (Secondary Ion Mass Spectrometry)

(1) Measurement principle SIMS is the mass analysis of secondary ions spattered from a surface that is

bombarded by a primary ion beam (e.g.0," or C,") so as to analyze the components of a specimen.

Sector electric field

Primary ion source

— Sector magnetic field

Faraday cup
|

Specimen ———— 1 j

=

Secondary electron
Fluorescent plate multiplier

Channel plate —+— =Zmmm

Explanatory figure 8 Measurement principle of SIMS

(2) Remark The charge up of the specimen due to existence of buried SiO, layer; matrix effect where the
detection sensitivity is different between Si and SiO,; and existence of interference ions (e.g. existence of SizoH!
in P*! analysis)

5.3.2 Four Point Probe method

(1) Measurement principle As shown in Explanatory Figure 9, equally spaced four point probes contact a
wafer. By flowing the known electric current I [A] between the outer electrodes (D and @, voltage between

@ and @ can be measured (JIS H 0602). Resistivity p[Q * ¢cm] is given by the following equation.
V
= 2ﬂ£ PE—
P 1

If 0 >>d, then

(Q * cm)
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2
a)

Current V Voltmeter

Source

Explanatory figure 9 Principle of Four Point Probe Measurement

Remarks
The four-probe method cannot measure resistivity accurately when impurities generate positive or negative
charges on the wafer surface, or the fixed positive charge in the buried oxide film spreads out a depletion

layer.

b) The four-probe method can measure the resistivity of the bonded SOI wafer only when the silicon layer is

thick enough to ignore the existence of a depletion layer caused by the fixed charge in the buried oxide film.
In the case of a SIMOX wafer with a thin silicon layer, it was possible to measure only the low-resistivity

wafer (0.01 to 0.02Q + cm) in which the spread of a depletion layer was negligible.

5.3.3 Spreading resistance method

0]

e

&)

Measurement principle Two probes scan the beveled surface along the obliquely polished surface at a known
step. The spreading resistance can be obtained from the current flowing between the two probes by applying a
known voltage (e.g. 5 mV) at each step (Explanatory figure 10).

Remark When an SOI wafer is polished obliquely, the spreading resistance of the surface silicon layer
becomes higher because of the influence of the fixed oxide charge in the buried oxide layer or the buried layer
just below the interface.

General caution As a typical phenomenon of SOI wafers, ambient boron contamination increases the boron
concentration at the Si surface of the SIMOX wafer or near the bonded interface during wafer fabrication.

(Explanatory figure 11)
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Edge of beveled surface a = Bevel angle

Original surface

) ] Beveled surface
Film thickness

(Az=Axsin «a) PN junction

Sample stage

5mV

Power supply Ammeter

Rs Rs

\— Wafer

Explanatory figure 10 Measurement principle for the spreading resistance method

10 20

ICR P T
=4

SiO2

10 18

1077

101

Boron concentration(/cms)

10 15

1
0 0.5 1.0 1.5

Distance from surface(um)

10 1

Explanatory figure 11 Depth profile of boron in SIMOX wafer

Explanation
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5.4  Particles

5.4.1 Light scattering method

(1) Measurement principle A laser beam is irradiated onto the wafer surface, and the light scattered from the
particles to the surface is received. The scattered light is received while the laser beam is scanning the wafer
surface. Then, the scattered light and noise from wafer surface are detected as a dc component, whereas the
scattered light from particles is detected as a pulse component. The diameter of a particle is calibrated using a

standard particle (Explanatory figure 12).

Incident light Incident |ight
Light reieiv
Light receiving
element
Condenser— . Scattered light
Particle — X from particle
Mirror surface < Specimen shift

Detect?d pulse

(Detection signal waveform) W
WY

(where no particles are present) (where particles are adhered)

Explanatory figure 12 Principle of particle detection

An SOI wafer is a multilayer wafer, and it has much noise from the film interface. It is necessary to decrease the
incident component in the film and to increase the reflected component from the surface. For example, in the
case of s-polarization with an incident angle as low as 10°, about 85% of the light is reflected from the silicon

surface, and S/N is improved (Explanatory figure 13).

Light receiver

s-polarization /T
~10°
Silicon
Oxide film
Silicon

Explanatory figure 13 Improvement of S/N by low-angle irradiation of s-polarization
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(2) Remarks
a) SOI wafers with relatively thick silicon film (SOI > 1.0 pm) are measured by using the perpendicular
irradiation type apparatus that is used for bulk wafers. However, it is necessary to use a high pass filter that
eliminates the interference signal caused by thickness variations, and to adjust the detection sensitivity of the
photomultipliers. It is possible to detect particles equivalent to those on bulk wafers (particle diameter of 0.1
um or larger).
b) SOI wafers with relatively thin silicon film (SOI < 0.5 pum) should be measured by using low-angle
irradiation of s-polarization or ordinary light, because there is much scatter noise. To reduce noise, however,
the sensitivity of the detector needs to be adjusted. Detection sensitivity depends on the magnitude of
scattered light noise, and it is possible to detect 0.5 um or larger particles (0.2 um or more by bulk) by the
low-angle irradiating method.
¢) In a situation where quantification is not sufficiently determined, an indirect estimation method is the second
best way. A bulk wafer with a well-established method of estimation is put simultaneously into the
manufacturing process as a monitor. The data can give the particle level.
5.5 Roughness
5.5.1 AFM (Atomic Force Microscope)
(1) Measurement principle A cantilever with a probe touches and scans the specimen surface. The location
displacement of the cantilever that is scanned is read, for example, by an optical technique to give
two-dimensional information on the concave-convex condition of the surface (Explanatory figures 14 and 15).
(2) Remarks
a) To estimate roughness correctly, attention must be paid to the surface treatment method of the specimen for
estimation.
<Example of surface treatment>
i)  Surface treatment in the case of observing surface Si layer
Diluted HF solution — rinsing — drying

ii) Surface treatment in the case of observing the buried oxide film interface (upper side)
Diluted HF solution — rinsing — KOH solution — rinsing — drying

iii) Surface treatment in the case of observing the buried oxide film interface (lower side)
Diluted HF solution — rinsing — KOH solution — rinsing — diluted HF solution — rinsing
— drying

<Example of solution used for surface treatment>

Diluted HF solution: Room temperature, 1.5%
KOH solution: 50 to 60°C

b) The shape (dimension) of the probe tip and the method of contact (contact mode, tapping mode, or
non-contact mode) must be selected according to the specimen to be estimated with careful consideration.

i)  Contact mode: It features the capability of estimation in the atomic dimension order, but electrostatic
energy on the insulator layer caused by the probe may affect data.

ii) Tapping mode: It featureds the capability of stable estimation irrespective of specimen material but the
scanning speed depends on the flatness of the surface. Except for a flat specimen, this method is not

suitable for observation over a wide area.
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iii) Non-contact mode: This method tends to be affected by the surface adsorption layer, and is no longer
often used .
¢) To increase reliability of data, the observation area should be 20 umx>20 pm or larger.

d) Calibration of a concave-convex pitch: Refer to JEITA EM-3505.

Cantilever and probe

Adhesive layer
Adhesive force

Sample

Explanatory figure 14 Cantilever with probe

“RMS detector Data processor

Frequency
synthesizer

|

Piezo oscillator
Laser .
W Cantilever
Light detector
I Silicon cantilever substrate
Sample
with built-in probe
3-axis

piezo tube scanner

Resonant point is shifted by gradient variation of force

: Amplitude when cantilever is far from surface
Amplitude

Amplitude when cantilever is near surface

Resonance characteristic of cantilever

Frequency

Explanatory figure 15 Atomic force microscope
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5.5.2  Stylus: [e.g. Nano step 2 (made by Rank Taylor Hobbson)]
(1) Measurement principle The stylus with a diamond tip traces over the specimen, with contact pressure being
1 to 100 mgf. The surface shape is converted into vertical movement of the stylus, and then converted into an

electric signal by a differential transducer etc. The surface irregularities are displayed one-dimensionally.

—=| Amplifier| — [ A/D —= [ Operation | — | Output
CPU

JuswisAOW |edllua A
-

Specimen shift table

(Source: Rank Taylor Hobbson)

Explanatory figure 16 Block diagram

(2) Remarks
a) The shape of tip (R=0.1 to 10 um) and the surface tracing speed of the stylus require attention.
Minimum trace speed: 2.5 um/sec (trace direction resolution: 50 nm)
Maximum trace speed: 500 um/sec (trace direction resolution: 500 nm)

b) The contact pressure is so small that it is easily affected by external vibration (floor and instrument vibration,
airflow vibration, and sound pressure vibration).Vibro-isolation means are required. Temperature fluctuation
during measurement needs to be controlled.

Noise level < 0.03 nm RMS

(3) General remark Generally, the surface micro roughness of bulk wafers is estimated by using the scattering
and interference of light. When this technique is applied to SOI wafers, the micro roughness of uppermost
surface cannot be estimated, because the estimation is affected by the light reflected from the buried oxide film.
In other words, minimization of the intensity of light reflected from the buried oxide film may allow optical
estimation of roughness in the future.

5.5.3 Recommended measurement method This specification recommends AFM (Atomic Force Microscope)

as an estimation method of roughness. The result of roughness estimation by AFM shall be represented by "size of

measurement area" and "Ra value" The estimation data shall be calibrated based on JEITA EM-3505.

5.6  Residual strain

5.6.1 Raman scattering spectroscopy

(1) Measurement principle ® In Raman scattering, light enters a specimen, and is modulated by the lattice
vibration of a crystal. The wavelength of the emitted light is different from that of the original light. The amount
of difference corresponds to the energy of the lattice vibration. On the other hand, the energy of the lattice
vibration varies with the stress of the crystal. Thus, the amount of difference of wavelength indicates the stress

of the crystal.
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If the stress on the crystal is sufficiently small, then the wavelength difference between the incident light and
the Raman scatter light is proportionate to the stress of the crystal. It is larger for compressive stress, while it is
smaller for tensile stress.

When isotropic stress is applied, 1 cm™ corresponds to 7 10°Pa. When two-dimensional stress is applied,
the triple degenerated Raman band is decomposed into two: doublet and singlet with 1 cm™  for 3 X 10°Pa and

4 X 10%Pa, respectively.

—
Q
(72}
@
Incidept light
Scattered|light
Amount of
difference,
Spectrometer ™
Wavelength
Specimen

Explanatory figure 17 Principle of Raman scattering spectroscopy

(2) Remarks

a) The penetration length of incident light into Si and the film thickness of SOI layer must be considered when
analyzing Raman signals. If the penetration length of incident light into Si is longer than the film thickness of
the SOI layer, the Raman signal from SOI layer and that from Si substrate will be superimposed.Thus
isolation is needed. In this case, if measurement spectrum is inseparable into two Lorentz components, the
residual stress can be estimated to be 3x10° Pa or less.

b) Because the temperature of samples tends to increase due to poor dissipation of heat in the SOI structure, it is
necessary to suppress the incident power as much as possible. It is possible to estimate the amount of sample
heating by measuring the value of the Roman shift corresponding to the change of incident power.

5.7 Bonding strength
5.7.1 Tensile strength testing method
(1) Measurement principle Apply a force against a bonded surface perpendicularly to peel off the bonded
surface. The tensile strength (usually: Kgf/cm?) applied at the time of peeling shall be defined and estimated as
the bonding strength.
As shown in Explanatory figure 18, fix the tensile jig to the SOI layer by using adhesives (e.g. epoxy resin).
Place and fix the specimen horizontally on the specimen stand. Pull the jig off the bonded surface

perpendicularly until the bonded surface peels off.
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Explanatory figure 18 Bonding strength measurement by tensile method

(2) Remarks
a) If the peeled interface was the adhesive interface or silicon block cross section, and not the bonded interface,
then the bonding strength shall be estimated to exceed the tensile force obtained at that time. The maximum
value of adhesive strength shall be the upper limit of this technique.

b) The size of the specimen shall be larger than that of the jig so that induced strain may not reach the measured

interface.
Example: Diameter of adhesion surface of jig a=2.7mmd
Size of window of specimen stand b=4.0mmd
Size of specimen ¢=7.0mm[]
Outer diameter of specimen stand 7.5mm®d

5.7.2  HF corrosion method
(1) Measurement principle Immerse a piece of a sample wafer in an HF solution under the specified conditions.
Measure the penetration depth from the bonded edge with a microscope etc. (defined as relative strength).
(2) Remarks
a) Adopt a cleaved chip with less mechanical strain.
b) Maintain HF conditions for the immersion (temperature, concentration, duration, etc.). Prepare a reference
specimen (e.g.covered with SiO, film) to avoid immersion process variation.
5.7.3 Adhesive tape method
(1) Measurement principle Stick adhesive tape on the wafer and pull it off until the SOI film comes away from
the substrate as shown in Explanatory Figure 19. In this way, some characteristics of bonding strength can be

quantified such as the location, size and number of weak regions. ”



JEITA EM-3604 Explanation

Adhesive tape Weak adhesion area
/ Si (Siloxide film) layer
-ié Adhesion interface

Underlying oxide film or Si

Explanatory figure 19 Principle of adhesive tape method

Roller type adhesive tape
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Explanatory figure 20 Measurement by adhesive tape method

(2) Remarks
a) If the vacuum chuck is not strong enough, the wafer may break.
b) Change the adhesive tape for every measurement.
¢) When the wafer surface needs to be protected, coating photoresist (e.g. positipe, hardbake) may be effective.
d) The detectable size of weak adhesion area depends on film thickness.
For example, the thickness of Si layer should be 1 um or less.
e) To peel and record the peel area, a magic mirror (MAKYO) is effective.
5.7.4 Rapid heating method
(1) Measurement principle Heat the bottom of an SOI wafer rapidly. Stress is produced by the difference in
thermal expansion between the layer and the support substrate, and this causes the Si of a weak adhesion area to
peel off through plastic deformation. This procedure can measure bonding strength by quantifying the location,
size and number of weak adhesion areas over the entire wafer.
Place the SOI wafer on a heat-conductive plate heated between 200 and 300°C. Measure the swollen Si layer

with a magic mirror.
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Explanatory figure 21 Measurement by rapid heating method

(2) Remarks
a) Use a clean, heat-conductive heating plate (e.g. SiC coated carbon)
b) The size of the detectable weak adhesion area depends on the film thickness. For example, the thickness of Si
layer should be 1 um or thinner.
¢) Peeled Si pieces may scatter.
d) Higher temperature of the heating plate results in higher detection sensitivity.
e¢) When the warpage of a wafer exceeds 50 um, use a heating plate with a vacuum chuck.
5.7.5 Recommended method of measurement The tensile testing method is recommended in this specification.
For specific conditions of measurement, refer to the provision in 5.7.1.
5.8 Void
5.8.1 Infrared interferometry
(1) Measurement principle Interference fringes are induced by measuring interference between a ray directly
penetrating an SOI wafer and another penetration ray reflected at both ends of void. Presence of voids is
detected by observing whether the interference fringes are present or not. For the void gap width (d) and the

available wavelength (), the wave interference occurs in the following condition: 2d=n\/2 (n=1, 2, ...) .
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Explanatory figure 22 Principle of infrared interferometry

(2) Remarks
a) To allow light to penetrate SOI wafers, it is necessary to use infrared rays whose wavelength is no less than
1.1 pm.
b) Because wafers with low resistivity (0.02 Q + cm or lower) absorb the penetrating infrared rays, measurement
is not possible.
5.8.2  Ultrasonic void detection method
(1) Measurement principle This technique detects the difference in the transfer time of the sound wave reflected
at both ends of void. Gating is applied to the range equivalent to the predetermined depth of a wafer, and signals
are taken out. The reflective signal in the depth is acquired. If measurement is performed underwater, the
acoustic lens can collimate the ultrasonic beam. and this improves positional resolution.
(2) Remarks
a) Measurement is performed in water. So this technique is not suitable for SOI wafers with weak bonding
strength.
b) This technique is not suitable for thin SOI layers (10 um or thinner) because the reflection from wafer surface
cannot be separated from the reflection from the bonding interface.

¢) The detectable void gap width depends on the frequency of the available sound wave. The detectable void
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diameter depends on the dimension of the available sound source and receiver. For example, when a

frequency of 75 MHz is used, voids whose gap is 5 nm and whose diameter is 50 pm are detectable.

5.8.3

0]

Water

Wave Wave reflected Wave reflected Wave reflected
reflected at surface of inside of at back of
at lens tip specimen specimen specimen
Input pulse Circulator /\ Reflection
—> O — /\ signal t
\4 — .
(time)
| | Gate signal

Piezo-electric transducer

(electric signal——sound wave)

— Acoustic lens

Specimen

Water tank

Explanatory figure 23  Principle of ultrasonic void detection

Magic mirror method
Measurement principle A void causes a convex deformation in the surface of the corresponding part of an
SOI wafer. The swell is detected by halogen light or xenon light. The light reflected from the concave area on
the SOI wafer surface is converged onto a screen to produce a bright (white) image, whereas the light reflected

from the convex area produces a dark (black) image. Existence of void is detected from this monochrome shade.

0 >

Light source Specimen

Screen

Explanatory figure 24 Principle of magic mirror method

(2) Remarks
a) The SOI wafer surface must be a mirror.
b) Ifthe void is too small to cause the SOI surface to swell, it cannot be measured.
¢) The void detection sensitivity depends on the light-source-specimen distance and the specimen-screen

distance.
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5.84 X-ray topography method (Lang method)

(1) Measurement principle An X-ray that has penetrated the SOI wafer is cut by a slit. Only the X-ray that is
diffracted by the SOI wafer reaches the film. The diffraction X-ray intensity is amplified by the lattice distortion
accompanying void generation, and the void can be detected. The diffracted image from the entire SOI wafer is

acquired by simultaneous, reciprocating motion of the SOI wafer and the film.

X-ray source

it

Diffraction plane

y Specimen crystal

Scan =—+t+—>

Slit

Film (dry plate)

Explanatory figure 25 Principle of X-ray topography method (Lang method)

(2) Remark The lattice distortion becomes smaller as the SOI layer becomes thinner So, this technique is suitable
for detection of voids in the thick film SOI layer.

5.8.5 Recommended measurement method Ultrasonic void detection is recommended as an estimation

method for voids. For the concrete conditions for measurement, refer to the provision in 5.8.2.

(1) Void refers to an air gap produced by separation of Si from the oxide film interface. It is different from peel as a
result of a bond strength test.

(2) Some voids cannot be inspected at the time of shipment of SOI wafers. Inspection is limited to those that can be
detected during the manufacturing process of SOI wafers.

5.9 Pinhole

5.9.1 Copper precipitation method

(1) Measurement method Copper precipitation method (electrolytic solution: copper sulfate)

(2) Measurement principle Place an SOI wafer with the exposed SOI layer on a cathode electrode. Fix an anode
electrode (copper) above the surface of the SOI layer. Immerse the whole arrangement in a copper sulfate
(CuS0,) aqueous solution, and apply voltage. Copper precipitates on the SOI layer surface that is immediately
above the leak point of an oxide film. The number of pinholes of buried oxide film is measured by counting the

number of spots of copper precipitate.
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Explanatory figure 26 Principle of copper precipitation method

(3) Remarks

(3-1) When a copper sulfate aqueous solution is used as the electrolytic solution

a) The concentration of CuSO, must be selected to be suitable for the thickness of the buried oxide film. For a

thickness of about 100 nm, 0.1 molar or less is suitable. For a thickness of about 400 nm, about 1.3 molar is

suitable.

b) The applied voltage of about 1 MV/cm is suitable as an electric field to be applied across a buried oxide film.

¢) Copper sulfate aqueous solution may be infiltrated into filter paper etc., and may be maintained.
(3-2) When a methanol and copper nitrate are used as the electrolytic solution
a) How to dissolve copper in methanol

i)  How to dissolve the copper plate of the anode

Place a dummy wafer with an oxide film. Apply a voltage of about 5 MV/cm, which is reasonable

from oxide film thickness conversion. Leave it under fluorescent light for about 30 minutes.

ii) How to dissolve copper nitrate

Dissolve copper nitrate (CuNO;) into methanol, A concentration of 0.05 molar or less is

recommendable.

b) At the time of precipitation, irradiate light (e.g. fluorescent lamp).

¢) Copper precipitates beyond the threshold of the electric field. When an oxide film is 25 nm, precipitation

starts at 3.5 MV/cm or higher.
(4) Characteristics

(4-1) When a copper sulfate aqueous solution is used as the electrolytic solution
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Operation is simple. However, application of a high voltage causes copper to precipitate on the entire surface making

it impossible to detect the weak spots.

(4-2) When methanol and copper nitrate are used as the electrolytic solution

Application of even an even high voltage causes copper to precipitate only at the weak poits, making it possible to

detect the weak spots.

5.9.2 MOS capacitor method

(1) Measurement principle Produce a MOS capacitor by using the following components: SOI film (gate
electrode) whose resistivity has been decreased by doping, buried oxide film and substrate. Apply a voltage
corresponding to the electric field of 1 to 2 MV/cm between the substrate and the gate electrode of the MOS
capacitor, and measure the voltage. If the current exceeds, for example, 1A, the capacitor has pinholes and is
defective. Calculate the acceptance ratio of the capacitor for MOS capacitors of various areas. Assuming that
pinholes are distributed uniformly, the following formula gives the pinhole density.

P=exp(-D-S)

where, P: acceptance ratio of capacitor, D: pinhole density, S: electrode area of MOS capacitor.

A Ammeter

A)
Buried SOl film

oxide film

7

Silicon substrate

Explanatory figure 27 Principle of MOS capacitor method

(2) Remark Choose an appropriate electrode size for the MOS capacitor according to the expected pinhole
density. For example, when the pinhole density is about 0.1/cm?, use several kinds of electrodes in the range of
0.001 to 1 cm’.

5.9.3 Recommended measurement method The actual method and measurement conditions shall be subject to

agreement between a supplier and a user of wafers.

5.10 Fixed charge density Ngg

5.10.1 MOS capacitor method

(1) Measurement principle Produce a MOS capacitor by using the following components: SOI film (gate
electrode) whose resistivity has been decreased by doping, buried oxide film and substrate. Measure the relation
between the gate bias and RF capacitance of the MOS capacitor. Compare its C-V curve with an ideal,
theoretical C-V curve. Obtain the shift (AVgp) of flat band voltage ® and use the following formula to calculate
the fixd charge density (Ngp) -

Npp = (COX /qS)AVFB
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Explanatory figure 28 Principle of MOS capacitor method

(2) Remark For a substrate with high resistivity, the effect of substrate resistivity requires attention.

5.10.2 Inversion type MOS transistor method

(1) Measurement principle Use the relation curve (Explanatory figure 30) for the threshold and the back gate
voltage of inversion type MOSFET. Obtain the back gate voltage V%G, when the back gate enters an
accumulation condition. Use the following formulas, (1) and (2), and calculate the fixed charge density Ngg. *

In the case of n - type substrate

V6= ®yms - GNpp/ Cop - 2 ¢ 5(C/ Cop) + qNAty/ (2Cqp) (1
In the case of p - type substrate
VAo =®pwmis - QNs/ Cop+2 ¢ 5 (Co/ Cop) - qNpty/ (2Cop) 2)
where, Qs : work function difference of back gate ¢p : Fermi potential

N4 and Np : impurity concentration of SOI layer t, :thickness of SOI layer
Cob : capacitance of buried oxide film Cp, : capacitance of SOI layer of completer
depletion

q : elementary charge



JEITA EM-3604 Explanation

| Gate |

Source Drain

Substrate

Explanatory figure 29 Principle of inversion type MOS transistor method
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Explanatory figure 30 Relation of threshold voltage and back gate voltage of spaceinversion type

SOI/MOS transistor

5.10.3 SPV Method

(1) Measurement principle From the SOI wafer surface, irradiate light whose energy exceeds the band gap
energy of silicon. Excite excess carriers, and flatten the band bending on the SOI layer surface and the buried
oxide film interface. Measure the variation of the surface potential (SPV) at that time. Use the surface potential

variation and calculate the fixed charge density.
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Explanatory figure 31 Principle of SPV method

(2) Remarks
a) Calibration of the fixd charge obtained by SPV shall use a bulk wafer. It shall be performed at the fixd charge
density obtained by C-V measurement of MOS capacitor.
b) The charge density obtained by SPV includes the fixd charge density and the interface charge density.
¢) The irradiation light shall be intense enough to saturate SPV.
d) If the SOI layer film is thinner than twice the maximum depletion layer width, it might cause an overlap of
band bending and complete depletion. A model that is suitable for each case is required.
e) This technique disregards the charge density on the surface and on the lower interface of the buried oxide
film. However, its effect and an elimination method need to be considered.
5.11 Contamination
5.11.1 Atomic Absorption Spectrophotometry (AAS) ¥V
(1) Measurement principle Usually, an aerosol of specimen solution is introduced into flame. Light from the

light source passes through the flame, and atomic absorption that is specific to the elements is measured.
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Explanatory figure 32 Principle of atomic absorption photometer

(2) Remarks
a) To perform correct measurement, specimen preparation requires consideration.

i)  Silicon is oxidized, and the specimen is made of an oxide film with HF recovery liquid. As an example
of recovery, Explanatory figure 33 shows an HF vapor decomposition apparatus. At this time, the
substrate must be hydrophobic.

ii) To make measurement more sensitive, the recovery liquid shall be of small quantity so that droplets may
be rolled over all the front surface of a wafer, and may be recovered.

b) To prevent redistribution of heavy metals and external contamination during oxidation process,
low-temperature processes are recommended in oxidation (ECR plasma, step etching, etc).
¢) Heavy metal cannot be recovered by HF alone. It is necessary to use another recovery liquid.
+ Cu: HF-H,0, (HF:H,0,:H,0 = 1:17:82),
+ Au, Pt: aqua-regia (HNO;3;:HCl = 1:3)

HF Vapor
., . \ N, Gas
. N " (_
. b4 -
L}
Vacuum e .
. L]
HF Solution
Wafer -

,l
M
RN
K

Explanatory figure 33 HF vapor-decomposition apparatus

5.11.2 Inductively Coupled Plasma Mass Spectrometry (ICP-MS) '?

(1) Measurement principle This consists of an ICP (inductively coupled plasma) section that serves as an ion
source and MS (mass spectrometer) section that separates and measures ions generated in ICP. Generally, the
solution sample is atomized with a nebulizer, passing through a spray chamber, and introduced into argon
plasma that is held in a quartz tube called a torch.

Then it is subjected to pyrolysis. It is vaporized, electronized and ionized. Except for a few elements (F, He, Ne,
etc.) with relatively high ionization potential, most elements (90% or more) are ionized. lons are led to a

vacuum chamber and measured by mass spectrometer.
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Explanatory figure 34 Principle of ICP-MS apparatus

(2) Remarks
a) Sample preparation requires cautions similar to those of the AAS method.

b) Quantification of Fe becomes less sensitive because of the presence of ArO" which has a similar mass
number.

5.11.3 Total Reflection X-Ray Fluorescence (TRXF) 'V

(1) Measurement principle To produce X-ray total reflection, X-rays are caused to strike the wafer with a low

angle of incidence. Measurement of fluorescent X-ray energy and its X-ray intensity identifies elements and

gives the amount. Usually, the angle of X-ray incidence is 0.1° or less.

Jojosleq

Incident X-ray ;'UOFG:GV$ T Reflected X-ray
-ray

Specimen

Explanatory figure 35 Principle of total reflection X-ray fluorescence apparatus

(2) Remark The change of angle of X-ray incidence gives information in the depth direction, but quantification is
difficult. For this reason, unless a step etch is used, this technique is applied to analyze the specimen surface.
5.11.4 Recommended measurement method Total Reflection X-Ray Fluorescence (TRXF) is recommended for
analyzing the silicon surface. Atomic Absorption Spectrophotometry (AAS) or Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) is recommended for analyzing the inside of the substrate.

5.12 Lifetime

5.12.1 p-PCD method '¥
(1) Measurement principle The light pulses produce excess carriers in the specimen. The carriers in turn

increase conductivity. They are recombined, disappearing and decreasing conductivity. This change can be

monitored with the reflective microwave photoconduction decay method. Analysis of the time variation of
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reflective microwave power gives the recombination lifetime. The lifetime is decreased by the presence of metal
impurities, defects etc. that form an impurity level in the forbidden band. Analysis of recombination lifetime can
estimate metal impurities, crystal defect etc. in a specimen.

(2) Remarks

a) The effective recombination lifetime t. is expressed with the following formula.

L _r 1

Ty Tp Ty+7p
T _i Tp = d
T8t P aip

(tg= bulk lifetime, 1s= surface recombination lifetime, S= surface recombination velocity, d= wafer thickness,
tD= diffusion lifetime, D= diffusion coefficient)
In the case of SOI wafers, the SOI layer thickness (d) is much thinner than bulk wafers. So, the measured
lifetime (T ) is affected by the thickness (d).
The surface recombination lifetime (15 ) mentioned above must be expressed with the following formula
because recombination needs to be considered at the buried oxide film interface of SOI wafer.
S
SsisBox T Ssi
(Ssi/Box = recombination velocity at the buried oxide film interface, Sg; = recombination velocity at silicon
surface).
b) To lower the recombination velocity of layer surface, it is necessary to perform a surface treatment.
¢) To measure the lifetime of an SOI layer in the case of SOI wafers, it is necessary to select a ligjt source
wavelength that generates carriers in the SOI layer alone. The following is the relation between the

wavelength and the penetration depth (distance where the optical intensity decreases to 1/e).

Wavelength (nm) Penetration depth (um)
450 ~0.8

532 ~1.4

635 ~3.0

670 ~4.0

780 ~10.0

820 ~14.0

850 ~18.0

d) To avoid the effect at the interface between the SOI layer and the buried oxide layer, the carrier concentration
in laser irradiation should be lower than the impurity concentration in the SOI layer.
5.12.2 SPV method
(1) Measurement principle When excess carriers are generated by irradiation of light, the small number of
carriers generated move to the depletion layer and are accumulated. They change the surface barrier height. The
amount of variations AV of the surface potential obtained at this time depends on the wavelength of light, i.e.,
the penetration depth of light. Assuming that the light absorption factor is a, the intensity of illumination is @,
and the diffusion length is L, the following relation holds good.
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g: C(L+lj - (C : constant)
AV a

For several kinds of wavelength of light, plot ®/AV against 1/0. Form a straight line by connecting several

points, and extrapolate that line. Then, obtain the value of -1/a that puts ®/AV=0. Then, the diffusion length is

obtained.

Assuming that the diffusion constant is D, the lifetime 1 is obtained by using the following formula.

L=+Drt

(2) Remarks

a) For measurement, the SPV technique requires formation of a depletion layer or an inversion layer at the

surface. To stabilize a surface state, p type should be treated by HF, whereas n type should be treated by

H,0, . Then, it should be rinsed, dried and left for one day.

b) The formula (D assumes the following conditions where the wafer thickness is T, and the thickness of the

depletion or inversion layer formed at the surface is W.

T>4L, aT>>1, L>>W

This is an approximation. The measured lifetime depends on the thickness of the SOI layer.

¢) Like the p-PCD method, it is necessary to select the wavelength of light source that generates carriers in the

SOI layer alone.

5.12.3 Recommended measurement method

This specification recommends p-PCD method to measure the lifetime of thick SOI layer.
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Noriyuki Iwamori
Akio Nakagawa
Hiroharu Izunome
Hisashi Isozaki
Masaharu Watanabe
Sadao Nakajima
Toshiro Nakanishi
Naoki Kotani
Keishi Kubo
Kazuhiro Yamamoto
Katsutoshi Izumi
Michio Tajima
Hiroshi Koyama

Kenichi Takanashi

Meiji University.

Nippon Telegraph and Telephone Corporation
Oki Electronic Industry Co., Ltd.

Siltronic Japan Co., Ltd.

Shin-Etsu Handotai Co., Ltd.

JAPAN ADE LTD.

Renesas Technology Corp.

National Institute of Advanced Industrial Science and Technology.
Accent Optical Technologies Co., Ltd.

NEC Electronics Corporation.

MEMC Japan Ltd.

Kobelco Research Institute, Inc.

Komatsu Electronic Metals Co., Ltd.

DENSO CORPORATION.

Toshiba Corp.

Toshiba Ceramics Co., Ltd.

TOPCON CORPORATION.

SEZ Japan.

Hitachi Kokusai Electric Inc.

Fujitsu Laboratories Ltd.

Matsushita Electric Industrial Co., Ltd.
Matsushita Electric Industrial Co., Ltd.
SUMITOMO MITSUBISHI SILICON CORPORATION.
Osaka Prefecture University.

ISAS / JAXA

JEOL Ltd.

Japan Electronics and Information Technology Industries Association.
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