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TEST METHOD FOR CONTACTLESS EXCESS-CHARGE-CARRIER
RECOMBINATION LIFETIME MEASUREMENT IN SILICON WAFERS, INGOTS, AND
BRICKS USING AN EDDY-CURRENT SENSOR

BEREVHERAWN=YaVYT—, 42TV, BEUTUYHDBEIEBR
X )7EEESAI73M LD IEEMBTEICET SRR AE

B FH: 20 SEMI AZ U # — R, BEIZIVERS NI SGERDN IEAZRB O THY, AATERIL A ADHH SO
HOTZDIER LI D TT, TN —HEEL A RFELICER DO LG A TRGENGL RN A PMEE SV ET,

ARAZ L —RIZ, global Photovoltaics Committee THAAJIZAAFESAL TS, BRI 2010 4F 12 A 21 H, global
Audits and Reviews Subcommittee (2 CHAIT AT I L7z, 2011 4 2 H I www.semiviews.org 35 & N
www.semi.org CAFFREL72D,

1 B#Y

1.1 BRIERFYVT (CLTF AR VT ) fiEA T4 7 ZA L%, S Var KBTS A 20, i,
BLOTatRa ha— BT AL RTA—ZTHD, ZOTA T HZALORENL, @FF )75 E Ik
SV E R DB D5 ENEDIL, UL TR EMOR O RE P RO TR ATREIC 2D,
AR FIETIE, SATTATHAL, REFEGHE, F— U MERO = X FaFIERE LR L, K5E

ICBWCHEETHD, TR STA=LZ OB D, ZOFFETATIA L EBICEELLOITT57200 )
BEIZOWTH IR %, ZORBRTEL, mER T2 O HEE FAR B E 2R (QSSPC) kB L OB 1%
LB HEEE T,

2 #iF

2.1 ZDAL A =R T, FXVTEHESTATZALH 0.1~15,000 ps OFPHN THLHL VAL T x—IN, A
vavbh, BEXOT VI OBEIX VT T4 7 XA LR ET D200 FiEE TR T2,

22 AHENE, WBEIFX )T HEENT 2 — GREOBFAIE 1 x 107 em®~2 x 10" em?, 7L 7508 (EE 1
em Bl F) OBA1T 1 x 108 em™~5 x 10" em?™ O#iF N T JH T4,

2.3 AL ECTRRTDI7EE, PR 0.1 Q-cm~10000 Q-cm OFiPHN THLEHI WS,

2.4 ZDAF A —RTIE, Vo= Fold Lo a B Ol &L CENE R 2 FET D, GFF 4 F
BOWE T EfwmAE TR 35, W OREIED, HERRE A S AL TRl L7k = A v (RER) B3
ZFAWTIITT 5, 2 FED 7T QSSPC L&AV, ZOHIETIIEARARIE 57280, JeERM RN
WETHD, F2, HODREKRIEFEIZ DN THARITEOHFANTEY L5,

241 Dz — i EE— P (Transient Mode for Wafers) — Z OB FIEIL, BEDS 1 mm UL FOU = —
KOV BHEHIEL T\, ZORZ L —RTRLR T 58918, MIEE—RIX, iEF V7747 XA L0
HEUR OSBEBTIRE IR & LR L CR WGBTS,

242  Dz—JH OSSPC -£—](QSSPC Mode for Wafers) — ZOFRERFIET, JESN 1 mm L FOTz—
FEHZEL CQUD, ZOARZZ —RTREIR T 51912, QSSPC E—Ri, X F G L7=T — XD HTick
STIATEA LE RO DG EITHND,

243  NAZYYEIHEIEE— P (Transient Mode for Bulk Material) — ZORERFIEL, BSN 1 cm 225
HEFOREIZHNDLDEL, R OB LDIZDNICEWF YV T T4 72 A LOREIZH D,

244 N ZBEH OSSPC T —F(QSSPC Mode for Bulk Material) — ZORER F LT, JESN 1 ecm B 25
AWEHZHWAL DL, SR TG LT — 2 DL > TR Y U T HAE A TA 7 A b RD 5,

ER: ZORXH —RFZOFERICBEEL- A TOLRRMEZRVIR Z L2 B L TR, ZOARZ A —R
OERFIL, TOFTITBWT, #7222 JOREE 3§ &N a L L, Eio6 A EsH <%
DOOFIFR~D A MEE HIMr 5L D THD,

IE:SEMI IZEBEE TO T AREF AL, FEOSMLLIT—WOBERES LS,
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3 IR

3.1 XX VTITATHALITEE, @R T LR BBR A DD, LIZBN-TC, T —2& k457
WIZ, F 22— RREICEFEIF YT EE CIA 7 XA LD RETIHNEN DD,

3.2 VAT, FIRIZB W TR YU T HIEDRFETHIENHD, IV ADE I GRIELEDOLEA) £
TN EIMENIG A (QSSPC {EDHA), B HIZE T FIT EALOMENRAETIE, oA AT DXx T
DT DS E AR BEIC LY £5, 2L DORBRIETIL, TERENFETHEE, MIEHEEE A LRV RY?
(FEE 1 22R), BROBERSy 7 BERHHICESLTA T I LORELRIT TS, DR AL R
PEIE, @RI DTN 1 x 102~2 x 10" em™ OFEIPAN THHEA IS, BRI 75 E ORI L THlE
SINDTATHALNRBINIEMTBZETHD, ZHLTAENF Y I TE BT AT EEmnIA 724 A0,

BRI U T T, T EA LETRTHDTIEARVY, HIENSMEERBE ST IES S IERTOM 5 DT — 2 & For
LTC, FTATHALLBFIF I TBEDOH —T 2R RTHEI, T —F2 42— HL, bLHE, 1
BHIEZIEETD2LERHD (FEE 1 25M),

3.3 R— U MEBIES 3R H B L > THEU TR E O WO A IS T A ANICH DA,
fHIEE 1 IZHAIORMIEZEEH LW ERY, 222 8255 (DRM) FE M FET DR YU T E COT — X%
WELRNWIEY, F— 2 2T 52 —WE, b LHNTHEZIRET 5,

3.4 arFOX Y TBEIFIL, AOEEGEEEE S, LR T, EEMET L LmiE 2 fE S L
BOWEBERLELTHN, FEFITEWV (B BEEHEZFFORPRRE CONE B RN —ATA IR D, ZOHIL,

RN —7 SN EOREHIRBW T, BFHIEWREZHAWTETA 7 XA L BN DE B2 88T 556
2, AbnbZEnd5,

3.5 B (FER—7) SV AZIEFNTITOERE (O —MEHI 2000 Q 2B 2 5L D) 1%, ZOAX X —RTHEE
W45 ZREEIE AR SR 9 D FTREME N D6,

3.6 7 = — NGREFO JE DO YEEEREE S L O URS N Y = — NESIOH XD ESWGA, RIS vV T %
AT WS REARESIT, 72— N EESORDVICHEIERE LW IRESOAF O 2 {5245, 7

3.7 BENVE N RIHORENTIX, QSSPC T4 7 %A LD RHeE M I 8 B O AR e EMEI e B92,

3.8 FETRIANAD & 22 R H 2 OB Y £721F QSSPC VEIC KD L 7, RS, Jnlkihit, BX
O HIESICE > THRESNA R ED R I A7 ZA LD B ZET 5, ZORE R, S Var Ly
D 1~5 mm DIEIET K5,

3.9 SV ZEEOBPERE L, EEED NIV TTATZA LD FIREZRT,

3.10  QSSPC »SIVZHIEIZHWD, ESNDTA T LA LIS/ SINTTATHZA BSDAREREIZ OV T, B
REDRITEBETHVLERHD,

3.1 ZOFANFETE, ESN 0.1 cm KEOT2— "BIXOWES 1 cm 8257V 7WEIZ B35 5 6
ZFeah 35, 0.1~1 cm OFFANOREILAIE AIHETHHAS, HMALEZ 1 TEXRNWZEnD, T —ZDI3HTIC
T a—H a2 —aly NRBIZRDDS LIV, AKSCETRR T2V = — F2i3 7 o8 owE i,
0.1~1 cm OFIFHOFEHZIBIL TFL U T E 20,

312 ZORERGED, WER Y EREBOZy NS5 (BT 1~3 mm) BEL CRLE L 72X
&b IEMETHD,

! Bothe, K., and Schmidt , J. “Electronically activated boron-oxygen-related recombination centers in crystalline silicon.” J. Appl. Phys., 99,
013701, 2006.

2 Macdonald, Daniel, and Cuevas, Andres “Trapping of minority carriers in multicrystalline silicon.” Applied Physics Letters, 74, (1999): p. 1710.
* SEMI MF28-0707.

* Bail, M., Schulz, M., and Brendel, R., “Space-charge region-dominated steady-state photoconductance in low-lifetime Si wafers.” Applied
Physics Letters, 82 (2003): p. 757.

5 Cousins, P. A., Neuhaus, D. H., and Cotter, J.E. “Experimental verification of the effect of depletion-region modulation on photoconductance
lifetime measurements.” Journal of Applied Physics, 95 (2004): p. 1854.

© Macintosh, K., Guo, J. H., Abbot, M. D., and Bardos, R. A. “Calibration of the WCT-100 Photoconductance Instrument at Low Conductance.”
Progress in Photovoltaics: Research and Applications (2008): p. 279.

" Bowden and Sinton. “Determining Lifetime in Silicon Blocks and Wafers with Accurate Expressions for Carrier Density.” Journal of Applied
Physics, 102, 124501, 2007.
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4 BRRAVI—FBLUXE
4.1 SEMI X5 57—F
SEMI M59 — Terminology for Silicon Technology

SEMI MF28 — Test Methods for Minority Carrier Lifetime in Bulk Germanium and Silicon by Measurement of
Photoconductivity Decay

SEMI MF43 — Test Methods for Resistivity of Semiconductor Materials
SEMI MF84 — Test Method for Measuring Resistivity of Silicon Wafers With an In-Line Four-Point Probe
SEMI MF533 — Test Methods for Thickness and Thickness Variation of Silicon Wafers

SEMI MF723 — Practice for Conversion Between Resistivity and Dopant Density for Boron-Doped, Phosphorus-
Doped and Arsenic-Doped Silicon

4.2 EN Standard®

EN 50513 — Solar Wafers — Data Sheet and Product Information for Crystalline Wafers for Solar Cell
Manufacturing

43 ZOMOICE
SEMI AUX017 — Contactless Lifetime Measurements in Silicon Wafers, Ingots, and Blocks
BE: NBERORWES, sl S TOCEEEFTO R A —Yar Tho,

5 FAtE
5.1 RHRBRIETHWAL DA ED, BETEE, HEE, BLOS AL, SEMI M59 IZE0fiEh, ST
%,

5.2 W& FEF LOHTRE

52.1  OSSPC (quasi-steady-state photoconductance) — Y& IR TE
5.2.2  IQE (internal quantum efficiency) — PR &1 3h=

5.2.3  RF (radio-frequency) — MEHR B4

5.2.4  DRM (depletion-region modulation) — 252 FEIRZZ 7R

5.2.5  B-Cz (boron-doped Czochralski silicon) — v R—7CL vV 2
5.2.6  FZ (float zone (floating zone) silicon) —FZ V) =1

5.3 R

531 1y — RBOFHREX VT HEEGTAT XA L ATE T £ IR EH P ORFIEMF I T IZE
I - BB G L D E TOFERERH MR,

532w — ABOSVTIRRVT HFEGTATSA L, REFHMG G DR TEOLSVERTLIZS A, ffl
B E MRS P OB B ) TICE T - EALFRS A AT HETO YR R,

533 dn() — (RFRHEAFE) AR ) 7 5% B

534  Gt) — E A1 EfLxro (BReRR A7) 7‘5%552}3

535 Sfiont/back_ K FI T P A

5.3.6 — R— U MEEE D= V&ﬁ@fﬂ CERU P

537 w—Uxz—/JEX

538 D— HREK

539 pup— EFELITELD (R—/ UM L ONEREIR v U 78 BERFM) v VT B8

5310 Nyp— R—=rURT 7 BT ZEIRF—DEE

o
i
it

i

8 CENELEC, European Committee for Electrotechnical Standardization, Ave. Marnix 17, B-1000 Brussels. EN 50513 specifies a special case of
the QSSPC for wafer specimens described here.
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53.11 Ado— Sehhe IR K SR mE =R,

6 HERAZDOBE

6.1 D —NGRIDPE T — Uz — N NREPE R L AR E T2 O IR L AT RE/ T A B IO B X,
REMK AN 7 07 7 AV THRE RS T2,

6.1.1 Dz — BT — N — FEGERIER L%, SONDIWERY BT RO
LCHIET D, WMBIREYDOLOT —2%, FEOKRIE(§ 9) 2 HWCEEERO BALICE B L%, Bk
FOB THERESNIZV )y OB EREE AW TR YT EEICEHRL, LR—MNIEHTH, 2075 —X &%
YU TEEREDOEKERA L NTHONL, Y VTEEOMKE LTy VTHEGTA 7414252155,
6.12 Dz—JHOSSPC £— F— 7 =— ilBHIZBE L7235, B EE & iERE o H
FVEE & RIRFCHIE ST D, HEOKIE(§ 9)ZHWT, BRI 0T — X & B E RO HENIE#AY
%, Z D%, BREORTAEINTV ) a2 OBBERMBREZANCIOT—2%2xx U THEEICERL,
LUAR— NMIGEERT D, Tz, EEREHESSORIEREL (1 9.4.1) &2 AW T, BEM~D NG E 0B 2 A B 2 A Ha
T4, ZOBEMDATNC I, RG2S ONC IR 2 K L 72 % OWERFOBEIX v VT 7 A4 74 A LD
FHEMNABEIZAR D,

6.2 NI ZFAFDPYE T — 73T ) 3L B AR E B AT Y ORI L A REAR T AN (I B
X, FFE e 7 a7 7 A CTHAE RS 5,

6.2.1 N2 FHEHENET— N — AR L%, SO simER Y A EEORE &2 E
T %, WERZYNEDOT —2%, HEOKIE (§ 9) 2 AW TREEROEAIZEBLT-%, BUREDORITE
Banizvar o8 E A AW TRy U T E AL, LR —NIGLEkT 2, ZOT —X &% v U THEE
BWEREDEKERA L P THNL, Sy U TEBEEOBKE L XYV THMAE A 74 A4 252155, K
FEAENZVERETIX, BHITEOXY VT HRELDTH1I2o0T, MEINDZTA THA LBV T
T XA MO S E, =Xy VT BENKREN LNV NENZBITT D,

622 A2 FHEH OSSPC £ — F— 2L 7 S RBHI A IRST L3 &, BT HL R & ildENi & o
FIEE Z FIICRET 5, HEEORIE(§ 9) 2 W, AR TICEASNZBER B INEDTFT —2 %25
HEEOHENICEBRTS, 0%, BREOBTEESINZY ) aryoB#EREEZHCZOT—4 %
Xy U TEEICERL, LiR— NMIGEET D, T, RERHERORERE (] 9.4.1) #HWT, E~D A
BHCERE 2 A RRICE T 5, S B IC X TRE IR GO RAMESZIZFHEL, ESNB T v 7%
FEETA T HALIZIEDSLASNTTAT ZA LB (tou) DS DI T REIR A BRI A G HZ &N TED,

7 EE

7.1 EE_HERE, 4 DAL R— RN TR T B,

71.1  RF A& — DVa BB —MEFICBW CERREBE2H 1 T20 2%, 2ok, v
Vo BB D BE AN O U B B~ D EC & 7 REZ B RS R 20l 2 D2 &

712  OFJE — IRIL, IR 350~1150 nm DOHAAD, AUV EE (B 20X, 742 FEDIREGIR)
Thd, WTHOEED, WIRO AT N UVEHERHFEIZ 2> TWAZE,

703 FIER SRR A (LU F DEE e a7 ). ZOFEERRHERIE, T Va BBt O#H2EIChz-T, i
EENDETOWRNINET D, JEEMRMERORFEISZIX, QSSPCIEIZHWAIIRDOKFHISZE D 10 f5FEH T
7R AUER G700, QSSPC IEIZ WA FEHESE FERR A, slBb IS 1 EfLxt 2 A L& 5 300~1150 nm D
SETRRE B &I U CEBERI DALY MVIEEZH L TR e b7,

714 FTHIRGFRTLA — ZOVAT A, HERHGRBIOEENDOELE e R B L OETE S
fERE CREGRTDIENTED, Yo7V 7L —NE, BIEEOLEIITAT7 XA LOREERD, QSSPC HiLkDL;
BITHEZE D 10 {5 @3 TRIT UL B0,

715 ZoOEBEOToyIHEFN 1 IRT,

7.151 Tx— R EOEE, vo— O T HFIRERE YRR E T UE, EESREI~DO R E o7
SN TDHIENTED,
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Light source

& Filter (if present)

/g- Light intensity detector
I T | <——__| RF eddy-current sensor

1
RF QSSPC & U RF BEE—RSA 74814 LRED-HDEE

8 HEREH

8.1 U x— (EEE—RBEI QSSPC E—NR) 747 # A LHlE HORBRFEHE, JES2Y 10 pum~1 mm T,
MBS OBRHFEIRIVRKEIVMEEDOV A T — TR, Tz — DRy = g VLD
IERT 720N,

8.2 2L (@ PET—R B LN QSSPC F—NR) T4 7 XA LHIE DB, JESHA 1 em 82, Bt
Y ORHEFALDDR<EE 5§ mm KEWEEDOIIa kB Chsd, FHIXT A DT, 1200 77Uy LA
TR BT DR BOMRBEOND, °

9 REHS L UIE#EIL

9.1 W— It =7 SN B Taring, Daet 4 oORENBR5T 2 — "y b4 5, BfRE
DO CHABEINZHE (FIZIE, SEMI MF533) CESZRIET D, RIZ, 4 RAL N v—7 TIRPUREZRE T
% (SEMI MF84), v —MEPLIL, SR EES CHRAELZME THD, ZOKREREYNE, BETHEERES
J OB RO EFPHE D N—T DL,

9.2 IET 2 — T8I, BV z—ZR YOI LU AT REAR T HEL B I E T, BEMRATIRAE T CIlER
YV OHNERET D, Ve—nEr VOO LT D, B/ TIEREEIEICKD IR T 4T T
FANWT, HEREOBRERIEE HT=— 2y b IEBOREEEL TRDD, HoNT—T1XHET —#
% — NEEE SR OMER AL H T 2D VWD,

9.3 A ZFEH OSSPC 5 ONEEE—F — 72— NGRBHZ B 20— 7 OHUFITINZ T, D7l sd 4
DO —ZR—=7E 72 15 mm & (LLE) OFE S5 U a ik b VT, 9 9.1 BXLOY 9.2 [ZFtikS
Ni=7 e Az T, V7 EHEROSVZEPUROMH) EO " IRBETRE H1E BOBEEL TRD D, N
NIEEROLATL, SEMI MF84 (RS COAIREEHIEIR L OMHIE L (2, SEMI MF43 O k% AW3,
93.1 TV DIEHIFESORE — BHIESIE, 4 RAL N a— 2L THRESH-EHTER (Q-cm) &, D73
<&H 15 mm EDO SNV TEEHZ W CHIE R & S 7= —MEHL (Q) THRELZMETH D,

9.4 IR YETRORLIE

9.4.1 LUTIRT 4 DOFEOWTINEHWT, HIEX GBI YA R O He i & $5 % FE M FE R H 2R D
HIME B OBEE L TRO S, ZOKIEE, @IEREE—R CIIRETHS,

? Olsen, Espen and Ovrelid, Eivind “Optimizing the Properties of Multicrystalline Silicon Cast in a Pilot Scale Furnace.” Proceedings of the 21
European Photovoltaic Solar Energy Conference and Exhibition, Dresden, Germany, WIP-Renewable Energies (2006): pp. 1049-1051.
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9.4.1.1 FXVTHFEETATEZALI 100~1000 ps OFiFHN THHHE LT A KR LTZD =— % [
Wb, ZDOT 2= DXy UTHFETA 72 A 2k, wEE GEELERBZEAAE) BI O QSSPC
EERAOCCHET D, WEEICE S TUESNIZTA T XA LRSS IO FEHE E B RO IE &2 T E
@—éo 10,11

9.4.1.2 BWIEFEHDIEEIZLDPNE TTAT7 XA LPBEAOY = — v b 0D, BEOMEAFHENDLI
FLUWIEE O IEZ R ET 5,

9.4.1.3 KIFDHEF AT LA FNWT, JIEREHI T AR E N ER RO DO M IME T Ol 5T I
L—h4%, PRI, BTV KBEMZ (PCID P £7213BRE OB TR ESNIR O 7 0 r T 5% AVWT) 18
FL, SR EERR AR DBEA DO AT MVIRE W T IE BERD D, WIZ, (ELWIarBESBIOHE
BEO)REOET BT DAL, HIRPLDRICALZ MV AT L TH D SND N ER AR E L
5, Wi O R, RICEIRIC TR a8 B O HNALE B4 720 ORI E B O IEE 2 AR T
HD,

9.4.1.4 HIE T%fﬁﬂ@ T B L OSSN BEE TH L5, HIROAT MUK T DAL, WIS
" HFOEFHICEFOEMEFRELIEOSELL CEHETAZLENTES, ZOMEERICEIRIZ T@“éﬁ‘é&f
RSSO EBIE(E B CRETHELHIER N ELND,

10 FIE

10.1  Tx— BB EER T

10.1.1 vz— EX, EREHR, BIOEREZRE T2,

10.1.2 B Ho kg, 1 2RO EE SRR EORIC e U= BB B GRUEHE E <,

10.1.3  FREPEFREZHWT, V2= O TRIENDTA 7 XA LI0EE WM, 3N IR L=, B4 22
SRAHEWT 2,

10.1.4  FREAEWR LT- % OB EROLE(ZRET 5,

10.1.5 X2, 3, BLO4IZEBRESNTWDIIIZ, HEERE FEFEASY T BEEICET D,

\z
10.1.6 K 6 ZHWT, RIETELNAIXYITEEOFFAIZKITDENTA 7 XA LX) 7 5 EOREE
L TR,

10.1.7 MEIJSUT, fMEE 2 [ITRENTWDINS, MIESNIZFTNTA T ZA LIS ST A—4 (I, S,
T 78 8) ZRHE T,

102 v=— gkl QSSPC iEHIE

102.1 Tx— NEX, FEHEUER, BIOVREARIE T 5,

1022 &Y ORI, MERKIEORRIZTLER U FEREZ BT TRl A E <,

1023 BREAFEEZHNT, Y= O TRISNDENTA 7 XA LDVl 3 FD 1/e WEZIRHT, &k
FJOBLIE I B D S ERR MR A IS 75,

102.4 PREOZELE (| 11.1.1 [ZREBESNTWDINCT B HE BB ERRL72) MERO LA R ICH E 3
Do

102.5 2, 3, BEIP4ITERBEINTNDINNZ, HEEREL FHEAX YT HBEICERT D,

102.6 K 5IZFBREINTWDINNZ, BEOE(LEFENI BT DI AERICE T 5,

102.7 K 7E2HNT, RIETELNAXYITEEOFFICKITDENTA 7 XA LX) 7 5 O E
L TR,

1" Lago Aurrekoetxea, Rosa, et al. “Lifetime Measurements by Photoconductance Techniques in Wafers Immersed in a Passivating Liquid.”
Journal of the Electrochemical Society, 148 (4) (2001): pp. G200-G206.

" Trupke, T., and Bardos, R. “Self-consistent determination of the generation rate from photoconductance measurements.” Applied Physics
Letters, 85 (2004): p. 3611.

'2 Roth, T., Rosenitis, P., Warta, W., and Glunz, S. W. “Photoconductance-based excess carrier lifetime measurements on unpassivated silicon
samples.” Proceedings of the 24™ European Photovoltaic Solar Energy Conference, Hamburg, Germany, WIP-Renewable Energies (2009): pp.
2004-2007.

1 Basore, P.A., and Clugston, D. A. “PC1D/Version 4 for Windows: From Analysis to Design.” Proceedings of the 26™ IEEE Photovoltaic
Specialists Conference, Anaheim, California, Optical Archives, Inc. (1997): p. 377.

PV13-0211 6 Documents

Document Sharing Hub

Full document details: SEMI PV13-0211 (Japanese)


http://www.avadocuments.com/doc/semi-pv13-0211-japanese
http://www.avadocuments.com/doc/semi-pv13-0211-japanese

