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s S 1BE 22

KRETENT 7 A2 ) AV EXORERBHIRAREOEE (1F, 28)

BT OV F =R FH ORI > T, £ 2 THAI NS BEERT N A ZUTH & O R
MERIND LD TETWD, —MIVIZ, PEIRT N A 2T FRITT LTS TH S L ShbnT
O, HERIMEIREIR T ORI HICIRE T 57, RIS % i U CRER B RRIREE 2 15 5 72 D iE
DEX N T E 7208, B O SRERELIZME S I X b OB mERIIINIET 5 720121F, FEER TN
1 A B G O EHREZ B, ERREE % BT 2 2 2B EE k5, U T, GRS EWTE
BART N A 2 RERRHNZ R U T K 720213, U IR N T O REARRE X, REERRE DRI S
ZACIZ DWW TR R TZE %2 170 THGHRMER At 2 BRI iz sy, £/, 25 L0LTHES
NI HRIE, MBERRRET S ZADOBFEE WS EHE DA S S, BUERHFRIIELE W 5 A R S H i
OTHETDH S,

RO R =7y N2 BKEMAMTENT 7 AV Y 3V (a-Si:H) FEARE, FEHES ) IV 2 LT
IANF—F vy THRREL HBPRED E W, BIEVES, A& (R CRE, KEBLAE
G BIA N TH D L\ o 72PN, EAMFREZR > TH 0, WEASRNVOERE S 7 v YA %, K&
M, Y, HEEOBNE R I LREIZAVWSNT WS, /2, XA AV VY ITHZEFLLUTHEH
HAENTED, BEHRRESBRADIEHEITON T WS, a-Si:H PEAKIL, EREMETH D Z &b St
BEHFREDE W E SN TE D, GBS THERET 267 N1 A, REGEM. K FBlidse & ~0IsH
DRI NT WS, LA Lass, ERME L R TRIBERD U E WET 3L F =295 I K <, /T
SEHRH R T R F — BB K> THRIEVERT 2 Z e RS TE L, fEaE & 138722 517
HRNRPMFEL TOWEHREMELR D D, ZD XD BMEHZEWT, BRI X5 RIGERPED K S 74
INT A= ZIZ KL E 5 O LA IR 1 BRI,

AEAFETIE, EITHERRIRHT P S BHAEE X ZEE, BURGSEESREE, ¥ —Xy 7 REO%
b PR, 20 S IFRERRMZET & < AV SN IR FE TR 2 REE RV & S /g
WHSSIRES AT Z e TEL, IEEIEEORVWIIEFIETH D,

BEHRIRFIC K 2BEEE. X EEEZIL (BE. 4E, 7TE)

ZTOGELSEEENEEE 2R L., a-Si:H OBEEE, MMEEE SRS >TED LS 12
ZALT B0 0%, HEHRE (B B, 544 Y), TRLVF— JLVIT VR W kxS
A—=RERDIZHPSFENIZBIZE L, BERMECHRENBOMELEHRE2FARNL 2 E LT, REELLDO2K
% Sz U7,



ii i ST 2

10 MeV I F# DO LS @z 2V F - iz dsL. ERF—7 (R F—TEThTwiawn)
a-Si:H OB REE L W REEIZ 7 VT AN L&z EF L, TO®BEADAT S WS IEEHA
ZA6E R U7z, BIRCTHEICRR 2, 2 &, BHREE, SR8E O ITHMT M 2R L7z, K7L
TV A (1078~1077 dpa fir) TEER I N EEE D EFIXRGEIFHERGE & IR 2 1M=L T
WL Z &, 300 K A ETREICEEMT 2 LD BRBMICALEREDTHD I L EHON TR o7z, TD
IO BEEED LRI n B a-SiH IZBWTHEBIZR SN2 p M a-SiH IZBWTIREEI T, #
P U Tz, BFRO TRV F—% 3.0 MeV, 1.0 MeV, 0.10 MeV &K< T3 &, K7 T v A
TIERIE 0 BEEE, MEEED EEMERINZ, ZNEBFROTAINLF—REWVEEHETH D,
V=2 %MWz 2T NI VAEELRo7, LML, @7y A% (1076 dpa BAFE) TRV B IR
DUz, ZORTIVE Y AFES CHN D EEE D R, Bk T 2 7 OGEGE DT OREERN S,
—RE 7 R —BIRMDOERIC L > TH ERZIINT WA Z DS NIZHR 572, =R —K
MR AR E, RO E FRIEM RS L Twbd e ERZ 6N 5,

UL, 2.8 MeV Si 1 4 YIRS TIHME 7V T ¥ AFEIE COREEE, HEEED EFIFBRINT,
EHITMAA U7z, ZDH, HIZIEH 21T 2 LI EEEO AU, AT R FIZ2R -5
7o F7z. 0.10 MeV B HRIBH OB A TH, 1x101° /em? METIXFERICHEEEED LF, HED
HENENZ, Zhik, X7V V7RV K (DB) OFBFRHIC KD 7 )b I MR OARFEE AN )12
BEMU 728553, Ny RIEEER LD, TORDVIZT )V IWAFHEDRAEREMZ N Uizhy ¥Y S EE
DX IR 72N O THBEEZOLND, TDEIBEIE, KEEEEFLVWTELI 7T AV Y OV
(a-Si) OIHEEEZALEELILTE D, 1071 dpa 2 X % 7 VTV AR TIRKRRMOAIIZE DL S
T UHRPRIR 2R T Z LD SN0 o 7z, KERINT & 2 REGEEOEIIEE IZPHEL TE 57,
EREFEIXIZEE A EDNTLES>TWVWEEE25, 2O DB OERMIBFHENEICEI->THED
TWBH, TITIFUEHLUEBEHEIRICERL TWS Z 2D h o7z, 13U EH UBGEMRENKRZ2 E/S
BB LW R, — MRS RSB SR E AT H 5,

E7z, AETHSNZ HORED S, MOFEI N — T2 X 50 < DL OMHEBLU 752 S 2
U7z, TOME, —ARLZIRMERLTVSE LI RINS DR E2 P ERSBEGDEL I L
2RI L. ARSI RO A GE REETWA Z e 23 U7z, 20k, ilRlo gk 721 © i
<, MTFRROBEP T ANV —2L X, TUTHBDTIEWT LT Y ZAOHPH CHRANEZFARZ15TH
D, AHEOROMPEN S NIFERTH 5,

BT, U R £ D BRI & 2 WA E L EEE D2 L (FEMER) 2R, 55352
FIELRNWZ EZHASI Uz, Tk, HRILIIC K - TEU 2 ATgi 2 R B & 1352 70 2 fi 0 K
DEPHZ LS TELUTWSZ L EZRBLTED, HEHREHHBIZTE R0 THS LT
&5,

BIXNF—BFRRNICE 2RARFEEREE (5 F)

B RE LSS (RIC) MUE%EE £ M L. 10 MeV B FHrp O3 R — 7, n i, p il a-SiH 0
RIC OZALR R ZAIT DOV THMICHA, T OMEEMMEN 52T U7z, HR—7 aStH ICET %
VE—BTRERE T 2 L. RS OEEE I — BRI ESFT 20, TORMD Uz, BPRIZRL I



iii

INE L7, BRI B Z Rz, AR EEEORY LA n H a-StH IZEWTH ARICBIEI N
7=H, p M a-SiH 2B 2T OLEEEIID UAREEE LV HE Ko7z, Zh5iE, BHIZLk-
T RF—BIRFAR RN AL T 2 Z 2 IR L TV 5,

BT F — B PR TP OEEEIE, N — BRI X ARG E & — 72 RIC GBS v )
Tk 2BELRUEE) OFIZE>TRIND, HIEIIMET7 VT Y 2 (1078~1077 dpa f13) TXEMH
THDN, ZIVIVADRKRE LHITHRAITHD L TWE, PORTHRELLEMIZARS, UL, RIC I
Fr ) THEMILHTE7-D, BHRBRIZE > T DB EENEALF Y ) 7HEMPEDLT S L, RIC
LWAHT D, FF—RIRMOERIZET RV F =G RO F R T 3V X — (58 TH 5 E i)
RIERT 5720, K7V 2 AFIRT N —BREEO LIS 5, —FH, 13U EH UEEGRRICE
K3 % DB OARIE K F —BURBEOE RO UIRHHEZIER. £ LT RIC OAIZES 355, Zhidsk
7 T 3 F — (5B ZR X NS 72, K7V Ty AEETIZZOFEBIREL RN, LTV AD
WAL L EI12H% 12 DB OB A, &7V Ty A5 (1076 dpa M) THENRKE RS, o
T, B7NVIT Y AR TSR TR SN RIC LA UHKPRI > TED, W D2HhDET
INVF—A XV LBEFHT RN F—(T5E GEEMEF v ) 74KE) LEEE (RIC) OME %A
5L TIDHEEZPHSMII U, £72. RIC IFIEFEMF v ) THEERICH U THHAIL TH O, FEE
¥ U7 OSBRI BOVTIIRGEEN 2/ U - MEEEA L ERNTH L Z RS IR T2,

BT, B0 N —7 ) n Bl a-Si:H OIS 2 J R, B X 2 RAEEH 0L 2 E
PERZI S DT U7z,

BIRNF—GFREFICLZE—Ny JHREEL (6%)

ZTOLBEBHWELBEZHBEL, ST AV -G rReEASINZEN—TBL T n i a-Si:H O
Y =Ry JEBEE AR, BHREE, BEEEO EEPNRI 2{E 7T v A% (1078~1077 dpa
i) T R =T a-StH IFADE—Ry 7R EZRLEI N6, n BIZZELTWE Z 2L H
U7, ZhUE. RF—BIREEA =BT ER L TWA Z 2 2HEE L TWB A, RHEEE & Y 8 YE
AMZHE L B 7 VT v AR (1076 dpa £13E) TR F—BIRMEAHETEZ LBz, TL
T. REEPEOLN TR EEEN LRI 8E 7 LTy AfHE (1072 dpa D) THERIEFHIE—Ry
SIRIIRI T, ZNERY VT EEPELTWS Z L 2H AT 72,

AREERD 72 DI L 72 2 O E NI E X, H 5 2 FERPDHMGA, HEM R O RHZIE %
PARD ZENTE, R, BB EZOBENLRZME BTN TE 5720, BRRE N CHASIh
5 BEMRIO BTN RIZE0, 1 & VIS Z W2 BEM R OWE (BEMERED M EORRENERT 572 &)
ZHBUZHEANEIGHTE 2,

BEYSELHmYX (B’EHE0)
3% “Proton-Induced Photoconductivity Increment and the Thermal Stability of a-Si:H Thin

Film”, S. Sato, H. Sai, T. Ohshima, M. Imaizumi, K. Shimazaki, and M. Kondo, Jounral
of Non-Crystalline Solids 356 (2010) 2114-2119.
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“Temporal Electric Conductivity Variations of Hydrogenated Amorphous Silicon Due to High
Energy Protons”, S. Sato, H. Sai, T. Ohshima, M. Imaizumi, K. Shimazaki, and M. Kondo,
Jounral of Non-Crystalline Solids, in Press.

“Anomalous Enhancement in Radiation Induced Conductivity of Hydrogenated Amorphous
Silicon Semiconductors”, S. Sato, H. Sai, T. Ohshima, M. Imaizumi, K. Shimazaki, and M.

Kondo, Nuclear Instruments and Methods in Physics Research B, submitted to.

“Temporal Donor Generation in Undoped Hydrogenated Amorphous Silicon Induced by Swift
Proton Bombardment”, S. Sato, H. Sai, T. Ohshima, M. Imaizumi, K. Shimazaki, and M.
Kondo, Applied Physics Express 4 (2011) 061401.
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1.1 MEHRRIET CTOHEERDOFAEKRETEIL 727 AT OV
(a-Si:H) F B4R

BT A F — YR FHBAR O#E, SRR EE PRI EREMIZ JIEF L T WA EITERTH
D, ZTHUE S THRERT NS A CREAET) 125 @ OVEREME, MBGHRRERERI NS L5tk -T
ETWVW3,

AL ADY 23— TREAMTEZL T 1, 2008 4 9 T ICHEM % BAAG U 72z KB N o V@2 lE#E (Large
Hadron Collider: LHC) %, 2008 4 12 H & v #i /] 2 Fil#a U 7= KGR ABF AR R g 12 & 5 J-PARC
(Japan Proton Accelerator Research Complex) 72 12K I N5 & 512, ME#ERO KB, & 2L
F—LAEATE D, MEREALEEDIR S NS BHBERT DR 2D DL L oTWd, BbAA, %
5 U 7 IR B A ARG I IE B ER TN A AR EREERZHAH O NTE D, o 2F5-0I1213%
< DEREFC. FERZRBLE LGB L 205, MA T, BRI E S E 5B iR s 2k X
TH O, Si RPERIR LR O HBURHRIVEFRAGAF S0, T B KR PE AR 2 T 7R AR HE 26 D B FE A3
HoNTWS [1-3], £72, B0V 2 b UTH#D 5 NT WS EEREELEE I (International
Thermonuclear Experimental Reactor: ITER) Tl&, & 1.1 IR U772 & D REBED v fHERE R TO
SANEBR IR ST E P BEREOM AN EEINTE D, ZN5121E 100 MGy & \» D FEkDHEfi~— 2 %
KEL LRSI BEHFREPER TN T NS [4],

AT, FHERFEEVHRE U EDoNTE D, @E. BuX. KR WAL, HJREE. HBkEl
Wi, NLHEBIZSEPHRUT L > TAARBFIEL o Te, FPAINICE, ERFHAT - a v
(International Space Station: ISS) 2WRMMARFEEE T O = 27 b & UTHEIL TWAM, KGR T H
DRI & PR T 5 72 O DRIEE B CPREROBAFE, T 2P HE ) OBRET 2 M U 72 ZERWFSE 72 £ W37
bnTEY, SHREBEM, FMOME IS W TFHAFEITERICHED 5N THL Z L IFREVR N, U
MU, TOED RATHEOEHELICHE->T, BB INLZENRIIPRICZ-TESTEY, KEE
CEEMDRARPED SNTWEH, Bl RABMIEER/ICEIA ML WS HEIZELR S,
INEMIT D701, FIZIXFHAKRGERICS VT, @%b, B2, iRk m B2k
SNTH O, BCIBERFRMEICE L T, HBREZID & BEETH LT 7 - TV VinZ s 5 &
572 FEHHEC K EE CIREREZL I B EXH S, £ 121K T L 5I12, FHEMIZE T 5B



1.2 FHAMBII S Z R T R 6]

MWH D, KMERDILRIIBE L 2hns,

2 F1E
£ 1.1 FPFRMEAIT B 5 BURHEREE, STk [4,5,12) 288 IC 2 HHE L,
[RFIFE (BIKIF) BEEIE (MA< )
. 5 —BE 254 %A
e i 2P o B
: 75y b &y b
FEF 10101014 <1011 #2 >108 *2 S108~101 *2
n/(cm?s)]
v #R 103~108 5x10° Gy ** >10%*3 >103*3 >103~101*3
[Gy/h]
Al Lg-6 190
[dpa/s]
L) EDRIEAE, 2 T, AT, S i R,

7T Y A DHEIX RN 2 MR ELE T 556

PR 157 TR TXILF—EHE
|/ (m2.5-Sv)] V]
A HLHCH o 10" 10%~2x10°
(F7y . TL ) CEf 104 10°~10°
a i 10° 1~2x 106
HT 108 105
L‘%% 108 >107
KB ik o 107 107
Fe 10° >107
C 10 >107
EF >105 >105
ST s 100~10% 106~10%
(k3 1) o f 100~10%° 106~1020
Fe 106~102 106~.1020
C 108~1020 106~1020

LT BCEARS, DEIEDIE T5E] EV0oTh, ATHREAE 53N EETIE LT 2
KT NA 2 & TEH L TODRIT IR 5720,

COES T, HEHREE T CHIET 2 BT A A E T ETMATOL 2 LR FHEINEA,
PNz, R TN A ZF SRR LTS TH 2 L SN TE Y, fERIMEREB TORHIZRET 3

VIEN

RIS 2 i U CRB BN R 2 S 5 72O DIEPHINT S 72, LrLERS, 58K

133 U7z & 5 2R @G 12 B W TRER T N A 22 BRI R U T < 2012l RIS~



1.2 B O G RR M 3

£ 1.3 FERRE CHRE T 2 R BR TN A L B R R DR L BB, KRFIEKFEMLT EL
Ty AV o EEKOBEHANPAGEIND D,

el =, B
JRFHANL R E N TR 2 B as g &3 2 M. N

(V. BEHRREER)

FRHEEHORED Ry b

eV, BEHRREER)

N LA B DR ° K5 E b
(2T 7 v - T LU, KEER)

MBI ARIK, AREII ARG, BRE P RE

RERAEME, BRI

BEEIRN 77 X< Sk AR R 75 AXULE, RAAFYIZW

TOYERFFNED, REBSREOBINIE S FEZ I OV TORFEN LR EZTV., TNO5DOMHEZE &
(R BURARIE ] AN DFREH 215 T MBS RRIE R T N A ZDFEZED TOHARITNIXR 520, %
ULTENEFKHZ, I7B36R» 0 RAREZMEL TA A= XLRIAZ HIET Z &3, R
TNA ZADEAFE LN D EHE D S 721 T < BURRRIELT: &0 S AR S DIl THETH 5,
AFEDOER & B KFEMT EILT 7 A2 2 (Hydrogenated Amorphous Silicon: a-Si:H) 2%
IFFEF Y 3y (Si) LHEBELUTIZAVTF—F v v TR E L HRINERELE O, BKENR S, A4
Ji (AL CiRE, KRR, KA NTH B L\ o 72N, FEMiFRE2R->TH 0, W
NAVOHE[E T P A& (Thin Film Transistor: TFT), KBz, YoV HEEOROERN Z L7k
CIZHWSNTWS, &z, XA A—Y Y IHEFLLUTHMAINTS D, BUEMRIL SR A DIEH
b TV, a-Si:H PERIE, IEFEMETH D Z P OMBERELREVWEZEZSNTED, EK
GIRRG CRERET 6T N1 A [7]. KB [8,9]. Kir#utids [10,11] ZEADISHMIFET ATV S,

1.2 FEERDOMBETHRE

MEEROM B ARIER B &5 5 & PEERMEI O BRI B BB T S A 2 O i fE
b 2 UTHRBEEOMASTRIER LD 3 DOBRBARAINTVS ZLICHEBFBETH S, 1 K
HIZDWTIE, MR O B X B e M CHRE S N 5 72 AHIHIENT & 2 M CR#E o )k
EWS HED H BN, FEMITIIMBEHFRMED @S WMRHZE D 225 2 & 2 EIkT 5, HRME LTI
EAESIHRMAENTVEA, KEEMP M, T N1 2ADED, GEFBHEN S VYA
(High Electron Mobility Transistor: HEMT) A7 B#& /N1 K—F b 7 2 Y A X (Heterojunction
Bipolar Transitor: HBT) &\ o 72 &8 731 ATl -V BEEERP TV SR, TELVT 7
ZEURZ EDRH VSN TE O I BERHRRED @ RERM R 2 RS Z e EE L 5,

2 MBI, PEART A Z0MIEE I E S LIz &k o THIBEHED R L2 M2 Z & 2 EkL,
Z 1% SOI(Silicon On Insulator) fitiZs ERZDHlE LTHEIT SN D [12], — BT v ) TIREZ S
25 Z L TMBHFERXM ET 2 Z e oNTWS, £z, TN ZABKRDY A XHUNE < 2nid 7z b



4 F1E ri

1FERFEARENE (Total Dose Effect: TDE) 1268 U Tldiffb T 115720, B O ERE R IR IF & R E
SR U TIFEV, #IZ, O DDEIZRNF R AU K> TETFRE EOT I -2 AT K/ &
ZRIERITY VI A Ry MR (Single Event Effect: SEE) (23X U Tk, T/ ADH A XN
WIEEEISIC R Z RSN TED [13]. Y Y71 Ry MBI % Rz ¥ 2 720 O FUE R O
R EDRBEITIR D, TN 3 HETH S,

BURRREREE N CEIES 2 LBR TN A A ERE AT AT S 2 O BERAEE X, BT & 2 BB /E I
I8T 572D DREFF R EDHARENTE D, TS IFRELSKROTEPERBOMIN, T LTIAZA D
WM ZEE < o ARIFETIEEEERME (a-SitH BRI OB RIR 2 TR 72H, PLEARME B & OTif
TUPHRRYE 2 HE S 202 Uy AU RRIER EA DR 2182 Z A EE LR DX, TN 56 % & 12 il 2 Bk
WERRET S Z & THBIZAERGEEHC L2 Em I A Mug ), REOBRE(END Z DI RDE NS
Thd, FHAKGEMEZFIZE 5L, RENTIHMET R VF -G K 2G2S 720D Y — IV NE
(IN=HFRA) BHEINTEY, ZHXKGEMOFERERAC T L X 72T 2 ENIZR->T
WB 5, KEGEMARIOMBEHERIERE T UL, Y=V @2 TN TELE BAICE-> T
V=)V NEHSDPABEIT R B RN D 5,

1.3 FEFEMBOREMR & (ZAD

T, PEEEMEBIORRZR] I2OWTHEZ S,

— RN X, EHRIEET X N BRI A TR 28 b2 WD Z kit a B H, ELROMRIE LTD
Wt ZE AL & AR T N A A DR L E S £ KBEN T B 2 EAVEEARD PR RIS KE R
HHWOOLDTHY, TNE2HEAT ETH - L EMIZERT 2720121%, BUHRIBSH ML S Bl OfEE 2
{b & PEARRE 2L OB I DWW TER T 2B ELNDH 5,

il E R BRI AR 35 & ERN THRE RMEAER L., A RO & & 1S A
(Structural Disorder) 23K L TW<, 1 RITDRKETH B mRfa, 2F 0 7L st (25L& igFH
JRFDRT) \ZIHRE D, RROEENREZ 212 ONEE R 2 Kot RITéd %R X B (Stacking
Fault) 2VER L. & 51213220 (Void) BEK L T, PR TRTEL T 7 AR 5, 1 A4V EADY
HITE, BAINEFH IR EZ - TH I/ ERELEL 2560 H 5, MERBAMEDH KL L EHIZELEZ
NoDEZLZFNSE Z L, Thbb, ED& S LML, COBREDRIZE ST, EDXIBAN
ZALT, EDEDITHERZAIELDDP, TUT, THIIHE>TED &S BRI EAEL B
DA E RN ST 5 Z & HY, R RIFFRDO L HINTH 5, HERDINR & 752 kR D%
fbix. REOBRITAES BN ORETH o720, FRHEEDRIEIZ L Z2WHETH > THHEDLR,

AR B W TIE, FEARAMEOH R 2B 5 Z e WE-RNLHBIC R Z s, |
HULMBORREEZRNS I EVERE LD, RN SHEE U TR, X #MEHE (X-Ray
Diffraction: XRD), F ¥ % U v 27 7% 7 x — F# 5 #ELEE (Channeling Rutherford Backscattering
Spectroscopy: ¢/RBS). &% & 7-BM#E (Transmission Electron Microscope: TEM), 7 ¥ Vif#ELik
(Raman Scattering Spectroscopy) EDH D, TN o 2 EERITH WV, RRICIFRKRLRBE 2 1E L 2 d
5. WBHEIROMEN L 1T T E 7 [14,15], FEEARBAMEZH U S BEHEIZIHIL THKRT 2
DIF TRV, MEERHRAMEDZLE & 2R D2, B 2 I XBEMREEE, BuRetk, BRRE. B



1.3 EBREHRIO BB & 1T 2

PE, SEEREVEDBIEVEZ B 5 2223 5 Z & ld. UEHRIC & 2 BEREAIS O M U AR R O BIFE (T IE A AT R T
HBENZB,

— . CEERERE &0 S MR O EHRIBR S IR A 2 B 1Zh o TR, ME D H E T, LEREHE
DOHGEBUBMEIZN U CHERZ D RITER S 0, P8RS UTORANEEDO VO & DI, HEO A
WEHIN (R=7) $5Z212&>TNfIc bz > CTRELKMEBEEZ2ZLIEOoNE I THDE, ZDX
S IR E I, H B \WIFEEARL (pn) HlfHZ ATREIZL T WA DIZETONY FEETH LM, ZDNY
RigEZ2RAH U 2Bk ONY NMEE) &, 2B ICEAET 2 REEMIZKRE S REI NS, pn il
Ffk, R R — 712 X 2 ERWEERL DB RIZEE D W TITON T WA DS, EHRIRSHT X 2 RS R0
BRIZ, ECNY RN S ORI ZTERT % & W5 B CLEREICEE R RIFT, BARNZRE
FUZDOWTIEFAEMBETHHAL TWLA, ZITER LW &I, Ny FEEMOERPERE W o 72
NV RRSEANDHER 1 R RBIZE > TREMTBIERIINE, WS HTH 5,

BJ 1.1 0%, WSROI > THEU 2R OREEARRAIMEDI R & 2 OFHEI LI OWTE &b
LEDOTH D, fEmMEE2HFARS XRD, ¢/RBS., TEM, 7 v VHELEZ ik, BEREAZ BICERL T
WBESBREMIZBWTIREHATH LD, DL IZHBRIER R FABRL, 7TEL T 7 202
DIFCITREERHAIMED R L TV B LS R TIE, B IFPAY NEENERETE R WVIELITRHL
ENTLE-TED, PEERFEIZEBENZWES S, BFIZIE fS5 Si 0BRSS X 2 HERH
HIMEDBRZFIRD Z L 13H B A AAHREL D, TS Si & WO MRIOBAEETIEH > TH, SiF
BROBBPDGETH S LTV AR, ERE &5 Si D 10 MeV BRSNS 2 7 €IV 7 7 AEEFARED
3.6x10Y /em? TH B OIX L, Hifbd Si ABEMIE. 20k v 5 HIRREM OIS & T2 I FER
MABELTUE S, FEERMEI OSSR, PLEART NS ZADBEREL S 2 HIPH (RaHRias &if) ©
DOMEHFEDZE ML L ERINEIRETH D, ZTHNIEH 11 ITRLTWVWE LD IZ, BNk TR ZI B3 F

FEEDRIHRS
Roh5HEH

1
> FBRRFHEORE !

D
5784 ZBI5E (DTS etc...)~ | — - >

#& & 14 58I 5E (XRD, ¢/RBS, TEM, Raman etc...)

BEXFEAIE. FEFRITEPL IL, OAetc...), BEK FIB(ESRetc...)

S5
>

A

FBAEMHORI R
=F BT NAZAHHAET SEFE TOMHEFEDNE L

L1 TR RS & 2 Ol /5 %,



g

A

6 FH1E

=1l

TEREMAD S B OEELHANMEDERA D2 D /NS WEIRIZBRE S N D, 6o T, PEARREE WS MH
BIZEHT 20 ThIE, LD &S fERMEEZ NS FRIFIF L A LKL RN iz ), B
PERIE R HE, BESIEIG &\ o 72, FEEABIIPEDZ I U CIRFICBURIZ ]G T 5 & 5 2RlllE T
R VRIS,

1.4 BREMREVWSIBRDOLALEIFHANEDER

PR DY HRUR R B IS0 U CHRRIZBURIZ SRS 2 Z & 2 R AT UL, #Em MRl CId R4 Z &8
TEROVE D BRBUNSREEARBRIMEOZERM 2B T 2720 DFE L0155, HIZIX, FELRT A 2D
TRS s R &2 AR5 FB & LT DLTS # (Deep Level Transient Spectroscopy) #3d 2% [16]. Z 1LiEK
BaHERL 2 R 3 2 HE HIEE UTIHEITENTE D, EASI N RFOTEEALT 3OV F — 5 & KFfkEE %
HH T2 ZENARETH D, LU, T AMEZERES 57-20DI121F, 731 AME-O 7= DIE & £
MEET DI L, TN ZAOYIARESIBFNNRICEHEL2 522528, RADOHENRHVELII L%
ZTOEBEND 5,

—J%. 7% MV I 2 v A (PhotoLuminescence: PL) X4 A4 > )L I 2 v+ X (Ion Luminescence:
IL). YEWAX (Optical Absorption: OA) &\ o 72 % HE, &1 A ¥ V3G (Electron Spin Resonance:
ESR) %% &30S (Nuclear Magnetic Resonance: NMR) &\ o 7zl &HHIE Tk, 781 AfEiE % 1
T MEN L, FAE LTED XD Rl U T HEHEiA /B TH 5, BRAEELHIE X F— VR
BOHIE &\ o 728 SRHEHIE Tl RENZM S DO EMEET HERDH S DD, AROMEIFIER I
YITNTHY, HEEDOEMES (PES R OB H £ 0 72w,

AWFZETIE, PEROMIG IR ZFAND FE L U TERREIEZ W20, 2RO & 5730 EH#
RSN D B,

o PEMAMEIE ULTOREARETHD, BoNZHMAZOEDONERA EAEETH S,

o MEEZALIZH U THURTH 2720, FEFMHIE TIEEbE R0 & S R EfREE (1079 dpa
HKiii) THEMBIEETE B,

o IHHISRMIZL S THIETE 2720, ERIREED S BIE E TORWEEIC b7z 524k % i
HIZBIETE 5,

o HIERMHEELX T, TOHUEREDIGHMPAFETH 5,

o PERKHEICEBEICEDIBEE, ¥y ) THEME Vo MR LYEEOZEDLRD 5N S,

—H. DFDE S REBH 5,

o MHAIHIE TIXA W=, BARIIZE D & 5 HEEZ D E U TV B0 H 5 740,
o DLTS R ED X D ITRIFHEN 2 RET 5 Z LI TER,

BLRAREEDELIX, BHENZ X > THEU A BREDEE L% LTEHNS /2D, BIZESEE
EDEALZFANRD 721 TIIBAEIRICET 2HMAEREELZ 2 IFTE RV, AR Fy ) TIEAR
BEREERDBEIZIGEUTNRIA—RELTHEHSIZ T, BEVWEHREZS E<HELTR®AZ ENFEE



1.5 a-Si:H JERDORE & Au5E 0 E iR 7

1.5 a-SiH #EXFDORFHEARFRDOER

AFFED R =7y b Th D a-Si:H PEMRIE, —BIRLER (VY :Si, TAVY=T L Ge, H
VUL GaAs RY) LIXRB I RREEALTWS, F—0REE LTHE TN DX, M
B (TELVT7A) METH O RS PEFRREZRTIETH D, BEMEMAZEIZENTIE, TEN
7 7 A% B OMEHC GRS 2175 &, O & 5 EEERHBIMER A U 2D, L\ S sk
W, £8B5A, TENT 7 ALV THPEEERREZFBLT 27200 NNV FiEEZ AL TWE DT 0
5. NV RENAT S DO RMGHEEM ALK L TWL 222k b, HRa BB iR 28E LT b0 LT
Haxns,

UL U S, RETHIAT S K512, a-SiH PBEARO N Y NS TSR ZHECERT LI L
ZTEY, BB S T ABEEX v v T, RIS T 3L X — I U 72 JRAE
WRNHFAET D, THUTA T, 105~1010 /em3 BEFET 2R (X 7V v 7Ry R) ICERNT S
"N CIREBERE) 237 )V IMWEN(HEICFIET 5720, NSRRI L > TED LS ICBbT o0 %%
ZABMBEND D, 72720, RBEEDIRD 2 ARFEINTWVWD & 5 B — A2k PER L hiRd 5 &
REGOBRLIT T 2B ERHE O IIPURTH 5 2 FHEI NS,

ZDESBNY FiEEE D a-SiH PEAOBEBLUZEE X, RHY N — T 217> TOIRWVIREETIX
10710 S/cm BBELHFVE< ARV, BEERMMETE v ) 7THEHESINE N Y NMEEIZ L > THEL X
NTWB720, FIZIEKBEIC X O IEPEF v ) T2EAT I L, BLAEEEXRIMC ERTS, 20k
D RBLLERMEPIIIZ L > TED LI BT 202 TR, NV FHEEIZED & S BBV EL TV
Z0EWHSPITBEI N, AFEOHEFKR L B> TWVW5,

ZUT, a-Si:H PEARRFEDOMEL LTH - & HBRENDIX, IR E L (Staebler-Wronski %5 )
CIEIEN D, WHGIEE & A RIGERBELTH 5, Zid, REGERD U EWET 3L F —2FER ITE
ZeEFEKRLTED, HIEHEIF 150~250 °C DI %175 T L TRACEEIEDL I LN TE S,
ZIIEEHIRETIZ & B R & Z O RIEERED AN TH D, Wi & MR ERREBTHENOELEX
SNBEH, TNTIE, THENE D HEIITE VT IV F — 2RO SR Z S U581 20 & 5 n2q
DELBTHA D0, KBHHIL BRLBRNELZDREZH B TE LN, EULRIEEPZD
BEERMERED X ST 5 2R 5 2 LT, KRS OO, HEEZI ST S EMT
&5,

1.6 AR DREK

RiwsCld 8 LRI N TWS,

9. 1 ETE, MRERPMEOMEIZOWTHMA L2, 2 HTIE, AFFROEFL DD a-Si:H P
RO ISR Z B S 2T 2720 L TE K REEAWMEE IZ OV T T 5,

3ETIE, BUICERARPEREEDOHFA LTV, ST RV X—BHREHIC X 5IE R —7 a-Si:H
DIFAEE (BREEE), HMEEE CEGHEEREE) OZLIZOWTIRRS, £7z. T o DA
R L TW200, K2, (K7 VY ZFETHNE EEEORE LA ) (22oWT, L LHEmT %,



ranl

8 H1E

g

i

=1l

4 BT, B2 R TR K BIERN =T n Bl p B a-Si:H ORHZEREE, ARG D2 AL % Wik
RIFERERU, BEEOZENED IS BRI A—=RIZEHINTVWENIZDOWTHLNIZT S,

5 ETIE, BUHRIEH FIZH 5 a-SiH FEARDOZEE, §740bb G EEREE (RIC) ICHEHT
%, a-Si:H FERD RIC 1Zxf U T— M7 EBARTH SN D RIC L HKOMREZ 5 XA TERVWRE S
MPEESPIZL, RIC LHEEOFLL, HESREZFmL7Z ET, RICOXA D= XL %2EHT 5,

6 ETIE, 3~5 BIZBWTHNZ (ZEEORE LA OFRKEZMHT 572012, BTV F -G
HSHZLE S a-SEH PEAED L — Ry ZRBEIZOWTHALFERE F L b, KEREZRITTS720
12, AR TIZEOSBEE HNEEBE L W IERIZ 2 — 2 RMEREHE L 72, TR~ 7228
BAMBHIN U CHRBKICEAT 2 Z B HEETH 0. PLEARD ISR RIC T U THiz 25 R 2 7 LS
5HDTH5,

7 #ETIE, a-SiH 23E 1E 0 BRI 2 R X 22 < A2 B 502 & CHIRHEIPA 2L, a-Si:H 0¥/~ 5%
THOEBEHEDZI N Y FEENS Ry E VT REANLERT LI L 2HONITT S, £L T, a-Si:H DEX
(EEDBEHREFHNZ Ko TED LSBT E2DNIZDONTIE, AEIZBIIE2ERTIFLEALETHS M
WZiRoz s 2R3,

BBIZ, 8 FEIZBWTARXOBIEETT S,



f\'l\'2:i

=

a-SiH 84 DMEE

21 EC®HIC

AETIE, KFEMLTENVT 7 AT ) 3 LEROBGHFRIBRIRZ TR D 120872-> T, BHREL THEIR
ERANAREEIZOVWTHRARS [17,18], KELT LT 7 ATV I 2 2RBRIZIERE L &\ > 72 R
ZRMEEZELTE D, — MR PEEROME & OB, HESIZDOWTHEL TErRITER 5 4
W, OB (2.6 Hi) TiE. BUHRIBHRICET 2 20 E TOMEOEIMP, BEEMINTHE WL
DMDFIZDONWTHRAR B,

22 FEINTZ7ZRIUYOAVEKTE
221 TEIT 7 AIRRE & R

JAR 2 Fl s 2 K572 3, REEBERRT 2 5 720 WH F O AMEEZ 7T EL 7 7 ARBLEIER, UL, &
HARFED X S W H 7D FLHIICFEL TV A DTk L, BAREBICEM L 2@l E 260 T
5, THIIWHREROEE D LIFHRITRR-THY, #Hifg7 X Lxy 7 —2 (Continuous Random
Network: CRN) £ MINd X512, HKFAFEALRMTo2DfEEE L TIEWSE DD, £ O & HREECH
BAREEZRS, BABIEATLH —ETIEARWV, Milid e CRN O KX E ZE W IXAFYIE 7DD A A&
Fi Ty Kl T IS D R S D3R 72 D 1T BEARKS SR & [ U RGBT U KR 7 & M A TA & 72
WDIIZH U, CRN TIRADIZERZLEAMBMCAFMYEFZID ZLIENTES, ZDIZEIE, TEV
77 AEEKIZBNTIE R =Y hOIEMHELREBRL TWED, TNIFRIZFERT 5,

RERMATHFVROEDVWTWETELT 7 ZAPERTIE, TELVT 7 AL VWAEBFTFNT Y HX LI
AL L TWEDTIZ AL, KA DOFRFIE8 — N Mo TREG LTS, oT, ZDL54M8—N
& i 72 PR RERR T DM TV B B D & R IR, e — I TR R RIRIIRE G FAO L DT
RoOTWBHIREE, T7bH 8 — N HITHRE BFAEE D O DR D DR VIREET, T D K S Ak
GFE2 X7 27Ky R (Dangling Bond: DB) &\ 5,

fhiZ B 2 b Bl R EiE, 224l (Vacancy) & 7 (Interstitial) TH %, 4 FlAikE& LT
WHRXAYEY FHEED SifiFHaplizc o TAHAD L, FTW 1EKITZEZDEDLHD 4 HD Si i
TR DB%2HDK5X%%, TENT 7 AMETIE, 1D DB MU THFAET SHEED HHET, %



10 %2 a-Si:H PEAKROME

D& BRI ERE BRI THD LEZONTWVWS, FIZIE, TELVTZ 7 AV AV (a-Si) Tl
1019~10%° /em3 @ DB MMFET %, 72, KRR8I T 27%EE A (Floating Bond, a-Si T®
UL 5 BN Si) LWVWIOREFZONDD, ZHIETENT 7 AR TIEBO THEP T, ZDDHIT
HELTLE->TWVWEEEbNT WS,

ZDEH, HHEEHEE LcofEDE e LT, 2B, MR MR (Columnar) &R &30 0, Z
NoLELTENLT 7 APEROFIEICHEL 525 L EbNTNWD,

2.2.2 IKFRARIN

KFEZEER WV a-SIIFZLEDOXM (FI2DB) 25ATWS72S, ZDFE  TIEPEERREZ R I 2
WAL, KEFEMEITS LItk >T DB &% 1020 /em® 55 101 /em® BEE TS T Z &M TE
5, Tk, BINUT-KFEDN SIH#EEZEE L T DB 249 57280 ThH b, KERMI N7z a-Si 1dK
FTENLT 7 AT a2V (Hydrogenated Amorphous Silicon) & ’EXH, AiwX Tl a-Si:H & &KFdd
5, DB B EEE N7z a-SiH IZIZ@EH 10 at% BREDOKENEENTWVWS, B L a-Si D DB
RS 272 chnE, HIEEK 1x10%° /em? (0.2 at%) BRETRED 21337205, FEBIZ DB #E 2
IR T2 IT1E 2 OREDKBRMABEIZRS, THIZDOWTIE, KEDKEN 1 BN THET S
A& o TEHENME I L, TELVT 7 AFEEDOEEZFEMT 52 212& > T DB EENHDT 50D
TRV LEEZSNTWVWEN, HSNITIFR STV,

a-Si:H W2 Ep T 5 HikE LTIX T I A< CVD EREDR—BNTH HH, £2.1ITRT ISV
OWPDSiEWH S, LU, £ D5E SiHy RO F2FERE U, SO FERTHRID 72 0T 5
ZEiTkh, VI URNIGERE KETOIVHIN) BERT S HEIZE>TWS,

# 2.1 a-Si:H #IRAESIE D 512 & 2 0%,
7% U YPr
77 A< CVD ik (EJE. SEEE A 7 aiik)

BT ‘ o :

- VE—FNFT5 A7 OVD i KES UH vk, k)

” B OVD ([MEASUTHE, THo vl —Hik *v /vy 75
KGRI CVD

Z # CVD %=, HOMOCVD &

RIGHEA Ry 2 v T, A b7 A X = — L
F DM CO, L =% CVD £, St EZX)Is CVD i
Ay hUA Y —CVD %




2.3 TEINT 7 ALEMRDE TIREE 11

23 TEILT 7 AFEEDEFIRRE

Bz, IV ETEP SR EINDE T M IARIILRTIE, BETOFD sp? EEHE LT O
BRBE AL THAMENY REESTENY REER L, SE D4 DT DR > TV 5 R/l
BLOVREEMENY N &7 U CiiE 74 (Valence Band) 2T %5, KAGEME NN Y N3O REH
(Conduction Band) & 7%, i & LEHOMIZIETALF—F v v T (N RFX v v T) ML
U. NV RF Yy T2 B2 TMHE I L 728, 25 WIMEEFOEAL (R—) PEXEEZH
9, ZHINY FEE (Band Conduction) & IFIXNL 5,

ZIZT, MEEPEEENTELT 7 RAIRDILIZE 2T, NY REEENRED XS IZBLT 201 %2E 2
%, M 2.1(a) TR U7 & 5 iR EATOBIN N Y R, H RS O 8N & vt 2 KL 72 &
DTHY, 7TENT 7 AFEROLGEITIIFIEL 27\, oA ERx & oM EORLh., i
fi GEARTHNICET 258 2 0 HEE Y S LY, HOREHYE ETRdAaE) PV v rEs o
HAREE DD S EERH B L, NV RIHXIERIITULE S, TENT 7 ALEERDONNY R TIE, KR
RIZ BT Bl i P ARE R Y T 250 OREBEE O SAHAT T TLU LWV, FHI Y FEiAHETIE
IANF—F vy THIZZNAL XS BHE2 0K 512725 (K 2.1(b)), Zh&HHIRAE (Tail State) &
IPRAS, R TIMMTE T4 LB DI 5 5 DT EHHRELRF v v T2 HH R LT, REEFEED
Fyy THHET S, TELT 7 ZAEEARTRZDOIIBNAY REEZAEL TV EEZZ 5N, fif Pk
HRIZASND LS IRIRBEED X ¥ v TIIFIEL B,

LU s, 2N TH T ENLN 7 7 ZARERITEERKEE 28> TH 0. HIAIEE SRS ML
DA ZRT, THIEANY MEEPEUTWA I L 2B KT S, REBEEOX v v IRFEHELBEVICD
Bbh o TNy FMREEZRT O, #RREBNICEET 28 FORBBEEPHEEDILND -DIZRDOBTT v
X—=Y VRELTWT, ZHIFHIERE (Localized State) LIFXN DA, ZOFEEADF ¥ ) 7 OBH)
FEIIMD TNE <, BEEDX v v 7 (Mobility Gap) &L TWA 056 THS (X2.1(c). ZDOBEH)
JEX v v O TIXEFORBBEBUIR M > TH D, ZOREBEENIIFAETEF v U TIEE
WBEIEEET S, Ik, HED - 72IRME (Extended State) EFEIEN S, fiAY 5 7REEIX. N NG
BV EEFHLMETHO LI RIE6E2ED, ZOBHEDHA 2B EEN (Mobility Edge) &
IEOY, T ORBIBBIL Z OB SN2 5EIC U CTIED 5 72 D BELZ D T 5, URLMNS, T OBH)E
LEHD—EDFHOLEE2HD2HEDEEZI LN,

CZETBRTELTENT 7 ZAPEROEIREIZ, HK TR EE#RT RO TWEE DD,
HEMBIETDEDL D DILFFEGRE, DEVEMEBREIFEBALREZNTVDE L WS REZENT
Wz, Lol BHEOTENL 7 7 ZFERIZBEWTIE, DB 21k U e LZBERMPEFEET 5, 2o
. BEEX v v THICEE L 2B OEERL (Deep Level) 2T 200, ST OXRIED X 5128 R
WTHRE >N ZISTIZ, ROTLNIIERN L THIREDTZXNT—EEETLIEDLEEFZ6ND,
PoT, TENT 7 ZPEEDONY FIEEIZK 22 DX 512725,

TENT 7 APEEKIZBEWT, 2O DBIZERT ZENENIE, A ZOEENNILSEET VI
WERLEFEICAIET D720, F v ) 7SR EOIBOEEHERII K ELHEL 5 5, 102 /cm® RED
DB 263 2 KkFEEEER\ a-Si TIEPEFRFEZRI T, 101 /em? FE £ TEML 72 a-Si:H A3VPE



12 2% a-Si:H PEAROME

D, (E)

(a)
Density of States
(Crystalline)

L
E
EF
D(E)
Extended State
Tail State
(b) (Localized State)
Density of States
(Amorphous)
E, E. = E
w(E)
(c)
Mobility
' E
E. E. Ew
| < .|
| Mobility Gap |

2.1 FEECEEARE T EL T 7 ZPEEEDO N Y FHEEDOE N, (a) #iaEEAROREEE, (b) 7T
V7 7 AR DREEE, (c) BEEDOX v v 7,



2.4 a-Si:H ¥EARDELRE 13

D(E)
Extended State

Tail State

Density of States Dangling Bond

(a-Si:H)

Mobility Gap

2.2 a-Si:H YERD NV N,
KEEERZETEDIEIDEOHTH 5,

24 a-SiH #EFDEIGE

225k, a-SitH PERIZB > CEE2 DL Z L1129 5,

241 BEREBEXGEE

TENT 7 BB B ERELIZEE o [S] 1. SEAECIEB BT COM%IC & 53y
RIS & AL DR R 2 5T,

—E,
0 = 09 X exp (k_T) (2.1)

ZIT. B, 3BLAEEEOFEEAT RVF— [eV], kixRVY v @, TIidMxtiEE K] ch 3, E,
W72V IEADIINF -2 525 XDICAZLMN, 7o)V IVAPEBREEREYE 26T 55481F
BT UBHIEL LB,

242 FHEMARMEARZER (pn) HlE

KFZEZEEFRD a-SLIEAHYEZ F— T U THLEREEELZLZMIEL I LI TERVD, a-SEH IZT
LT ARERELRD S, SEEEA L ABICY Y (P) LA (B) KkB F—E Y 2t ko
ThZFhnn e p MOMEEERT I 2D, 1975 412 Spear & LeComber (2 & - THI S h iz iz [19],
ZhiE, KBRIMZE > T DB HEEMIEE N, BEEX v v THNOREEMEEDNNS (Lo TW0D
MO THD,



14 %2 a-Si:H PEAKROME

UL, BAINZ R =RV MNETFORTHRF—T7 272 7RE LU TEEL b TR, EBIZ
R—=3Y h e UTIEE S K AR FOEEGIZME N, ZhE RV ISR, 21X, R T
U7z n M a-Si:H 04, BAINZY Y (P)DR—E U I9RIFN 0.1 % ThHo7z, f-oT. 1FLA
FOPFEFIFIRF—2 L THEFZMBLTVARY, T, TELTZ 7 ATREMBZZLEIES XS
RIS RISDEE LR VDT, BFICEET 2 AMPE 71, 8 — N HIIZR S Wiz > THxy
NI =2 IZAD T MIRNE NI LEZPSTH D, [>T, PET® BRI 3EMDOILTEAZ
NIV, TOLSICEAINZP FHFP BEFEIBEHES v v TAICREEMNZEEET. FF—%
T2 T REUTETFREAZMEMET 5 LR TER,

243 NIEBEHRE

PEMIHERPT S L, MEFROB TR I NTEEFIIBD, FEFEEFy VT 25, Z0JF
i v )T 3D 5 FMED o TIETFH RV UIMEER 2 AR L, ERMEEICHFST 5, SRk
THEURIEPMF v ) 705 S 2 §ESURE 2 R E (Photoconduction) & IF, & O BT+ v
U7z X 2 ERURE 2 IE{RE (Dark Conduction) & IFE,

A R—r 72 LTy GER—=7D) a-Si:H OzEE (Dark Conductivity: DC) 1k 10710
S/cm FREE LARNDY, & B S B & BT & W BIREE (Photoconductivity: PC) 234U % (B 213,
100 mW/cm? O FEFIEYET 1~5x107° S/cm FE), KPR OBLUZEE OLEEE+RH{ZEE)
C I EEE D% & (Photosensitivity) & FESRAY, a-Si:H IZIEFICEHWHEEEZFLTE D (Flx
IE, ERORMTIH10° ), TOMEEZFAL T v Y —ARFRENEATNTY S,

25 NERESE
2.5.1 Staebler-Wronski (SW) %53 & Zhal¥itE

1977 . Staebler & Wronski 1 a-Si:H (2 U TR FEDERS 258 1) 5 Z £ 12 K - THH{ZEE &R
HEPRHEE HIZHEDAL TS Z e 2RI UAE (K23) 20, ZOBKE, BREDOHKEZ L 5T
Staebler-Wronski(SW) ZiHR & JiFNTW5, SWRIRIZ, TN ZGHDOBIZ T NS A8 A= X%
b2 WSERLREEZG SR T2O, TORKEHE WRBPHREINTE 72,

SW R R DA, KA L o TIEFEREAPUNTELZSIiOD DB ThHdEEZSNTWD, BT
A ¥ A (Electron Spin Resonance: ESR) HIE %175 &, a-Si:H H10D DB & g A% 2.0055 DA
B LTallans (99 X—Y, X6.9ZH), ARAIZL>TID ESRESD g XL/ L
WA, EETRESINT 5, Z7id Sid DB ML TWS Z L E2EKT 5,

SEIRANZ & o TOBMEREAPHA LTV LRKEIE, DBEEOHME WS HELEE A DL RD L5127
HENns, JER—=TD a-Si:H TIHMER OB OB E L IXiE FF O EADOBEEZIZHATHIZKE
WOT, BRIFBEICET L THIZNT VWS LEZOND, KEHIZL>T DB EEMNE KT S L,
7 )V IYERIAE DEENHERL DGR T 5, SHRBIRFEORIE & & B ITRWCIERL OARBE LGNS 2 & |
RER I E S N2 BT OFMANRAD T 57212, HEEEIZFEAD L TV, HEEEIBFE L X v )
T FFE DORUT IS B0, R IC K ABEE DL T FHTNI WD, F v ) T HEMOIRDIIEE



2.5 SISk 15

10 T T T T T T
T=25°C
-4
T L -
£ A OPTICAL
ARK
N EXPOSURE .
> 10_6 2
e
"
o
-8
a0k i
=
O
(&
IO p— —
=12 o O | 1 i 1 1
0 2 a 3 8 10

TIME (h)

2.3 B EEMRTHOTRLEZZ T 7, Bl 2 h 25 6 h OB THREFVITOATED,
HEET AT ORGZEEE A 1349 1x107° S/em 725 7278, HHH B O EEE B 1% 1x107° S/em & k&
KPWALTWS, iz, HABEE SIS R 2 T LT <, Sk [20] & 0 Hke.

JERADDERFNTH 5, 7. HBIN L > THENEX ¥ v TNOREBEE NG 5 &, LRSI
BBEEX vy TOR R & 0 EEEANTED 5 72 7 )b I HERLAMEE FH O B I B E LiEM T 2oL
F=AHT 2720, BEEEIIHDT2EDLBREh TN,

ZUT, SWRIRIZX->TEZ 5 DB EE ORI, HZEEPHZEE ORI, 150~250 °C DR
TEMHZMA S Z & T, ERHFTORBIZR ST Z 2N TE S,

252 SWHRDAHA=Z L

SW R IZ & D DB D A=A LIIZDWTIE, ZLDWHERPRINTVEH, FRWLH o K72
PHIZIEE > TRy, REWLEDITHEXRMGET V. Si-SifEAUIBET V. AMYIETVREDNDH S
D, ZIZT bobANTHEEEZLNTWVS Si-Si UM ET MIZDOWTHRT 5.

B4 7% Si-Si fEG YW E T VIE Stutzmann, Jackson, Tsai 2M2ZE LU 72 SIJIT EF I EIEENEE DT
H5 [21], a-SiH o> Si-SiAEE I, #f SI & IR VRS A PR SIEMS —E T3k, /o T, #H
ITANF—H —FIZIFR S\, BEEMNZE &2 TW5 &S 2Ea Tl Si FALiEd 7 b REEITHE
BLTHBD, HATHIVFFEBIINIVEDEEZS5ND, ThEFVHES (Weak Bond) & IE.3,
HHRINZ K> TET L EAPEL. TN PIEEHNHMEE THE T HBIIRE SN ZANVF =2 T + /
YEEY . O Si-SifEEVYIM I NT DB AWERT B L EX DN SIT ETVTHS, TODETILT
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IZ. DB ZEORRIMZA LTI D 1/3 FIZHHIT 2 Z 2127405, 1/3 FANZCHRGTIER & YEaRE D hs
OIEWHIPIZ D722 UTHHATE 2 Z B30 R > TWED, EHAIED R 2503 LTk
AR BI S N2 0 [22], HEREDHR DO IREHREARE L 0 EWEE I 32 0%
bR ND Z e EPHEINTED 23], BT LI ELHBUMPTEZ 2 DITTIERL,

—7i. Redfield 51, KDL S — MARADS S EBRERP L FPTE L L 2R LR [24],
DB IZZb D G5 ETEKDEE R N, TR L, DBODEER2 N, 35L&, gilkiAkOE FTW5S N, — N,
WZEEHIL T DB IR S 31, N iICHHIU CRIBMKRIZE A TH A S, o OERK & HIRO @R XSG
FYUTOHBETRISDEEZ, BEOHE RIZHHILZL— M ERET 2,

dN,

dt
727200 ¢ & o BEBMTH D, TENT 7 AYEHDOF v ) TRKEOE SR LT, ¢ TELT S &
SR BAUZEIZEBR U BEDRLIEVIEENE Z S, 22 Th e e Mt ORBINTF 280
HLDE LT,

= ¢, R(N; — N,) — caRN, = ¢1 RN, — (c1 + ¢2) RN, (2.2)

dNg

dt
LEEWMR D, 2770, REFYVTOERRGIZHHITE2EDE U, ). hlder. e &IXERDEK
Thd, ZOMIIMFIREFEEEIE exp (—t°) 2> T,

=t"“{|GN; — (¢} + c4)GNg} (2.3)

Ny(t) = Ny(00) — (Na(00) — Na(0)) exp {— (t)ﬁ} (2.4)
CHASND, 77U, Ny(0) 35S0 DB BMETH D
B=1-a (2.5)
M) = (2.6)
/
T {<c’1 fcé)G}l 6 =0

Thd,

ZZTWD THIEMA] L IZED LS REETH A S H, I IZL > TIHW Si-Si k&N LT
H, TOEFDRETIZDODMEE-72 DB BEKINEIDITTIERY, HLIDL S RRETIT
DO DB MBEET X, KB BE/EMIZ L > T ESRE5OMIBIIHKL 25 LI N5 50, KA
Ko THEKL DBIDERHET LR U ESREFSZ/RT, /o T, 57220 DB W5 N5 K57tk
BEANELTED, TNNE I D F2HEEHIREKRRDTIE R W e EZ5ND,

Street & Winer I&, H R FOBE 21 L LT, 55\ Si-Si A DOUIBNIZ L > TAHEU25722D DB
WEET B E, K24 DK5ITFERT 25, 20, UMz Si-Si e & Z0EMHEIZH -
72Si-H A H & DB 2L, ZETHLVWIHDTHE, ZOZFEZIHZIE. HEFEEDIFH
Si-SifEG L EARTHAIT R E T NIX, IR X > TERT S5 DB OEEIX, Ho5UDFELET S50
Si-Si fEEDBEEIL L > TR T EHZ 21T 5,
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Light Illumination Annealing

N (1)

X 2.4 REEOETEAAD 2 DD DB I2Zb 5%

DB

&>

S
X

ZO&S7% Si-SikEGYIME TV E2EME LT, BUETIR L VIR E T VOMENTONT VS, fi
ZIE, KHEEZEE TV (Hydrogen Collision Model) [26]. Kffs 7 —)LE T )L (Defect Pool Model) [27].
TFiliEkE &€ 7V (Floating Bond Model) [28] & Wo 725 DRI NTE D, WIhdFEEMEREZ ZN
BRI XLKHUTEL ZLWRINT VDD, ETNOZLMN 2 PIREICREN T 5 & 5 2R EERERIZS O
EIARLNTNAR,

2.6 a-Si:H ¥ EFDMEIRIREI MR & HRDOENH

ZD &SI, a-Si:H OREBHHIIZBIL T < D TTONTE D, 274 b OHEENIE SN T
W3, TUT, 5% DIIEESIZE > TA D= X LBPANDE N BEINIZ I NTWE, Tk
LT, AWIZEDEBETH 2 HEHFRBANFIZBE L T, WL SRDOE TN TWdH0D, HFE it
USRI N TOVWRVODBRTH 5, 22Tl BIEHEMINTVEHEEIZDOWT, RITHEEEX
HAZEE, REGEEIZET 2 REEZPMIMHT 5. £72. a-SiH 781 ZADOMRH S FRIZDOWTH
95,

261 SIRILF—EFREFUR. 12 RBIADR

b, PEEKPTORMEZFEET 272012, HIT RV F—EFFRRIREGIZ L > TR K% E
ATEHLWVWIFERLILHVWSNTWE WS ERELH->THh, BTN F BB IZLS a-Si:H
DG EEECNREE, RIFEE D2 ZFARRIT AL N [29-33], £ < DEE. EFFIZL -
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TH UK (DB) &ML, BHEEER M EEE N T S L 2HE L TW5, #lxlE, Danesh 5
1 18 MeV & 7 AT KX 2B E D22 Fi R, SRR E DAY 180 °C D HUMLHIZ X - T 100
% EfET 5 E2WMELRE 34, #oE. IS HONZEEDOEE N, SWaRICE SN2 by
PIRDELLTVWBE Z eh s, BFHIRHRIRIZ SW a3 & EARMICIZFAKOE D TH B LiEiwmL TV
5, U UARDES, BMEEEDBEEDMLLT VWL L WS ZIT T, TRLVF—(E5ERENE BRRETHAD
BT ROV X — B ARSI & B RERASGEREDY SW SR EFRETH 5 &\ D DIERWIZEERIZ S 72 5,
B IFL AL DML TIE, EREROBIIZOWTETULRAERLTES T, HHERED A =X LI
F TREEAAA TR,

—Ji. A K VRGBT B WSS ARSI LR B & A7 < [35] A A VAT & B ALK O il
R WEIZHEH U2 2 \» [36], Mo T, A A VIBHIRZOEDZMIEL - DIFIFEEIZR SN
TWT, AHHREDZ W, FIZIX, WA S 17 MeV B FARIBHNC & > TIE N — 7 a-Si:H OJEREE D
ERT2L 0 RBNAFREZBRELTE D 37, ZACDWTIRARI THEMICHERT 5,

262 EIXILF—BFRBHWR

B &% 50 keV AN OE R TIXERF Q7 & #MEEZR L TH, TREFICEFEMEZRI I ESIE
EOZRNF—%EZ o503\ (72720, KEH) K2R, 2F0, MEEFMIECEHLT X
)V ¥ — (Displacement Energy) ML ED T X)LV F—% £ 7272007212, A5 LEARTIXIES RFaAA U
W, L2 L, HERFEBIEZ 5 a-Si:H OBEIE, RT3V F —FFHEHNIC & o TH RO LA
252N roTED, RMGERIZHE S BLXUREE DL P RIFAEKA 7 = X LIZDWT, EITSW
MB L DI E WD BUED SRR I NT VWS,

Gangopadhyay %, 20 keV & ARG & OLIRHIC & 5 DB BEEDZL 2 HR, HLIEHIZ XK 5 DB
EEIL, SIT ETI)VCRESI N XS ITIRHRFENIZE LT 1/3 |TEMUL 7225, 20 keV & RIS C
(ZHESREREC I 9 2 Z 2 S 2T U7z [38], LU, AEERT 2 R IC 2 272 <. RIfFAERFED
BRI B - DI RIAERRIZEANE L B e WS Al 2R L TWs (K 2.5), 7z,
Scholz 5 1%, 20 keV B FHRIRANIZ & 2 RGO B2, MIRRIEHBIBICZ L > TEILZ BT
EZTLEWMSAIIUE [39], HoB TR, SWAHEE ERMARBIRICEEA D LEATEY ., %
HU TIEE5 W Si-Si KAV I S T DB 2MEK T 548, T 2L F — & FHH TIEEW» Si-Si #id
KV BEPICE AFET 2 SFH AR > XS U N T DB AVEL 2D TR WA Lk LT\ b,
Si-H #&oulnicid, Erfe HIE FOMMEEZICES XU EH UBGHIRPES T2 205 KD,
LUAEFEMNEIZE 5T Si-H OEZEREVEE S N T, BEHEOT Si-Si #id & Kt LT DB 2%
BT B EEZONT WS, ik, KFEMEZEE TV (Hydrogen Collision Model) (28459 2 B #)7K
# (Mobile Hydrogen) O#EGB KT N T WS & b h, BEIKEDIFIEIZFIERIZIFFEN X T
Wiy, Yelon 5, KEEEET VS keV e TR & 5 REGEKRA A =X L %25 2, BEIK
ENBTRRORIFIZIHR > TTE Ay bFa—7 (Hot Tube) D ZE DT 2 nm 1FEBET 5721 THE
Bz 5 £<FHATE LML TWD [40],

THETFOERUEHLI ALY —% 10 eV EIRET S, 5 keVREDETHRTHRIUESHLIRI VES,
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THERMALIZATION
e b o A

ENERGY

RELAXATION

CONFIGURATION COORDINATE

2.5 keV MREFHZ & 2 RIAAER & LRGN X 2 RIAAHRDE N, SCHR [38] & b Kk,

2.6.3 a-Si:H 7/31 ZDOMSHHRIBH IR

TNA AR BT B RIS S Rk, EH EE o LB EERARTH S, K FRHBADIGH %
H¥ U7z n-ip X4 A — NOBEMEIELTONT WS A [10]. mERIIZiTbn T2 DIEFH
a-Si:H KPZE MO RGN HLIcBT 225 TH 5 5, ATHZICHERT 2 KBEEMIE, T2/~
L RIAAES DR (EICETPHT) ORBELZZIT TRERNMEN BT 2, o T, ATLHEICHER
T5ABGEMORIE, EAYPMIKT T2 THEREBENEZMEBETE S I TRESINRTNER ST,
i AR D LI 5 AADZ &, FKERMEOHIE FHT 27200+ HA 2152 BENH 5,

p-i-n fii% H D a-Si:H KIGEMICEG TP EFREBAT 2L, ZREEVIEIZEIT 2 DB HEDH
MAF v V7 HamOHMDEG SHI U, ZOKE, BRERUEILMTL2LEDbN TS, 7z, 200 °C
BIEOBMIZEST &, WHRMICE K205, FREMIZIZRRICEET 2 Z 2%\ [8,9],

ZD XS, a-Si:H K@M O BRI IR IE, ©@MEMICIEH 2RREHEI N TV DA, HTHl
ETIVEMET 51F X OEEMNZIEMIIF SN TORN, £ < OFETIE, BEHIZH 2 FEERRT A
ULTH 5 a-Si:H KGEMDOFKERME 2R D 72012, BOEEALEREELTLE > TWDAREEDH
52, £, BB (FHK. BREEER BERY) PEAEIN—TICL-oTRE->TVWEI LR
EDVEEFEHG 2RI U CTWAERTIXARWrEBbhd, e, TN1 2D BERIRSE T,
FNA DA VED RN AR K K X B Z &%, MO OEMEMEIZREK U 28R U 5 Z e AL
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10 MeV Proton Fluence [/cm’]

2.6 10 MeV B34 I1C & % a-Si:H KEF@EMOBLREES . BRKEEIZBEF v o N—AT
HELZ, BF5E 25 °C T, HitBIE 58 °C THELZ2 EOETH S, (a) WKER (Isc).
(b) BAEE (Voc). (c) X KEHN (Pmax). (d) HARAT (FF), #He#IgEz 1 & U THMBEL
7=H 0, iRE U TSR Si KGEMORRZRTRLTH 5,

H2%E aSiHPEAOME
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BUIEH B7-0, EWEI IV —TTOMREE U HERT 2 Z 2138 L W,

EFHOET DRV — T THFHHAGEBOEIEE21T > TWBA, a-Si:H KR st
SRR FIZ B L T, % 5\ o 2 B BT 2 R § 2 K 2 B L § 57212, BES&EomEEH
N7z, ZTORER, BHHERDBFRHRE, BHBORBRE A RBREICSE R 2 EE5252 05 2
LRSI U [41], B12.6 1, HERRHMAMEGE 2 S DY T A L — MUBES a-Si:H KGERO,
10 MeV B T#riBSHIC X 2 BRRMEOETH 5, BERFHMEIIBHAF v v N —NTRIE L, JWIERIEHY
b A2 IR 42 & WO EEREIT o7z, Hid5H 25 °CREICOMETH Y, HLF X 58 °C THREH L
A OKRTHEH, 58 °C TR L2 AMRHS DI HANE K eoTz, K 2.7 1, 5.0x10M /em?
A I, BHF v VN =PI Ek & ISR ORE O & F AR Uit 1) 72O BSRMHE DL TH S, 58
°C THRFEF L2 /i ERIF R E WA, 25 °C TREFINAZGHETE, 80 HEICIXHKENH 6.5 % [

0.8
0.7 'd::;g__¢—.:'
0.6 B Isc
(@ RT ® Vo
v FF
2 04
£ 03
en \
.E '
g 1.0 (b) HT
& I F
2 09 F:::::::; 3
/J——/'_V
0.8
0.7 A —A
0.6 /
0.5 - - - -
0 20 40 60 80

Elapsed Time After Irradiation [min]

2.7 10 MeV B7## 5.0x10'* /em? BE D a-Si:H KGEMOBLREEL . (a) 25 °C TH
B, 5L 72854, (b) 58 °C THASN, 55 L7254, B MAEER (Isc). 7 : FIKEEIE (Voc)., f& :
BRES) (Pmax), 7 : Mgk 7 (FF), SE0ZREHATOME 1 & UTHEKILL 72, EMIEIRPT X0
=DIZH N TS,
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HTDEWSHERIZR o7z, 206 DRI, WEEG L RRICRN» S ORIEVPHEELTVWE I L %
HELUTED, RSB R O A FHPIEROLITE EET LI L 2R L TWS, #uz, 2kl
&5 T M a-Si:H KF5EM O BRI iR % EME T 212 H 72 - Tik, HRSTIRARE O IR R, %
POBIFE & W o 72 ISR LRI R 50 U, S KRBGE A — 7 —2EH U 72 % 72328 a-Si:H
RGBSR % T 212 H 72 - Tk, BIREZMTICOZ > TH—T 288N’ HB725 5,
iﬁ\ﬂi?@ﬁ%ﬁﬁ%%ﬁi\£$ET®Wﬁﬁ@%%#&%ﬁTét\Vb@%MﬁﬁﬁK@of
Wa 720, EFHTOD a-Si:H KZEMOFERMELIE. B 2.6 DL REBERID BT o /M
LoILmdeFRING, MAT, BERITIIRGEMIZEEP EATLIL2EX5 L, I HITHIE
INEL 7237255, KoT. aSiH KEGEMORE RS Z EHICTHT 57201213, HoREE#H
JEXZ DIRERFMIZOVWTEH S PITT 2 HERDH 5 LA ohd,

2.7 BEMWRMAEICHITEZZDBAETDEEM : FEHICHNAT

PAE, a-Si:H PEARDOME D BEKR IR I RIZ DO W T AT E 7208, B HMEY, R TOMBMRI R
ELERETO LD BRELEMENTERITIERE SRV LIZTERNT 24 BRALERZAEL TSI L
P, a-Si:H PEAKIZET A2 NEREDIZLTWVWD EE X5, /o T, BUNKRIRN IR DML % 17
55“6’%%0) 5%+ﬁ6:%%bf%ﬁ=tﬂfﬂliﬁ%f\ Z D TrRIFE, BRI ES T RS
VRSN IZ& o Tkl - 72w 2 EH Z Dk,

YmFE’PE%‘FE%%J@LJ:%f)ﬁ‘\ﬁﬂil?ﬂ%’&ﬁw%@_é&l&i‘ ZTDHGREZETD DNR—FTH D, KX TIHIFLA
EDERREZDLGIEREMPEL TIT o7z, FEEE. a-Si:H PERDO PSRRI R ICOWTIX, 205
WERZDS ZZ R IHEPBE L H 0. ZORREIFFEIZHRENERPE SN D L0\ D T DA X
THHSLNZRB7Z5 9,

UL Ui o. TR IR IR O S DR Z IR 5 Z L1k, @HIENETH S, Znid. B
FRIRAHZARHI T U T ANV F — 259 178127 53, BPEfiREToOMEIZZD T 2L F -5
WX THEVWRINTLES NS TH S, Rz, ELRFHEICBEL TR A1 AV PE TP EDEMZDOE
DOPPERNRAT BAHEEN DD, TN old /A X ULTHRE N R IThIER o v, -T, £
ST FR I N2 D 23R OME 2 PR B 2 DGHIE TlE, AERBR ZHR U B E 2RO AZ T 5
FikE RHT BT ER SR NDTH 5,

—J. BTy N NICHERZME L, RAERICGARNOREZFARL 2L £, TDOGIED
VeDOTHb, Z0HE, FEFIZRNZT o TWianw/zd, EGid & 5 RREEIZED R WA, gz
KT 26 NDWLZER ) A XBEENIAHEEDH D Z LIXERE L TEPRITNIXR S W, R

TIXMHE 2 FHZ XA, Bz TZ205HIE] L RELTWED, BRI NEHRAPHELNDHAILE R
52 EITIER LW,
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B3E

BRI F—BFREBREICKZIER—T
a-Si:H FERDEEERIL

3.1 EC®»HIC

ARETIE, 10 MeV B AR IEHI1C &K 23 N — 7 a-Si:H ORHEEE, B EEEZIIZOVWTHRRS, K
FNZ, ARFSE TR 72 3R O MBS IR EIZ DWW TR R B, 4 B THWAZREHZOWTH Z Z
WZEEHTHLTHD, Kz, EiiL72EBRABRIZOWTHAL, EBEERIZOWTHRRS, LT, 5
SN EBAERIT U, — IR S TV BB A D BRI A B E X TS 5,

32
321 1FH

AWZECHH U 723lkHE, PEEBATR AL R AR E LA v X2 — 2B W T, 77 Xk
LA (Plasma Enhanced Chemical Vapor Deposition: PECVD) IZ & > TE# L7z, 75 X<
DI E AL 13.56 MHz TH O, HEHIZI1E 1.1 mmt OERAT 7 AH L <1 0.30 mmt D& KA
W7z, BIEREEARIRE E EAHTAFK 3L ITRINTVWE BN THD, MU, &idklz [JEN—7
a-Si:H| n # a-Si:HJ Tp # a-Si:H] & F9,

RETREZ L, ZNSDORBHEIRTT NI RV —RTHE LW HTH D, FERIIMERSME

# 3.1 a-Si:H PERGER D sl S

st R ERBF EARRREE [°C] BAAR HZEBAE [sccm]
Fr—7 180 SiH,/Hy 20/100
n# (P K—7) 195 SiH, /H,/PH;* 20/80,/23
pfl (B F—7) 200 SiH4/Ho/BoHg* 10/100/30

* PHs & BoHg 1& 5000 ppm KFENAS Y AHATH 5,
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Lo TRMENRESEIT 57D, EDXD BRMFRFMETED LS BRHIHFRMEEZ A L T\ RE & 74
5, BlZIX, K (C). %3 (N), B3 (0) REDAHMYIRE T PERFIEICKREREELZ G252 »
5, FRCER L AT NERSBRWEETH D, 72, HOEIDAPHEHENIET -2 DIES D EPiE%:
ALERE BN, BERRLENEZET 5 a-Si:H FEAKIZB W TIZRHIZ T — X2 DEHEM ICBb 5,
MA T, a-Si:H FERDGE, BEROFMIREIZIKE (H) IBEICHEL, HEEOEWIL>TH
BEHORIZET D, [>T, MU a-SiH PEERTH 5722 LTH, HIEENRL > TOIIXIREL)
RHEZT 2 A FHIND 72D, 55 N7 AR FIZBIT 2 KR % mA& I I BURFRIE 731 A&
KM LS L T25A1F,. TORICODVWTHESHEBINTWARITNIER S, UL, RIFETHL
R EHE T NS 2 (ZOBAIEKBEER) 2ERTIREAULGTERINTVWEZ 1S, B5Nhik
MR ZEHEERT NS ANEAT 2 ZEDVARETH DI E VR D,

3.2.2 ERHEHE

AMEIOEE L HEEIE T Y 7 4 — FEABELE (Rutherford Backscattering Spectroscopy: RBS) &
Bk T-# 3% (Elastic Recoiled Detection Analysis: ERDA) 72 & EERINIZRD 7z, F72, BEEITEE
FEAVTRDZ, ZHIEBEEDOKEERED S PRI NIBELIZIF—H Lz, Thb %K 3.2 1287,
AARHIZE EN A AFMY OWE ITIX. ZRA A V' EESHT (Secondary Ton Mass Spectroscopy: SIMS)
W7z, SIMS WIEIEHV VI —F 2 X —ITKHIL 7z, ZOMRERIIICELOTHL, /oo i
RO BT 20 B EIR R 3.4 D@D TH D, MREE LUREZ I e 2 L 72 & DIETH
. ¥y U TIRESBEIEIER—IVHIE (Hall Measurement) 12 & > TRed7z, T 2T, BEEEEIXHR
EBTOBBLRMLEETH D, HRHAROERLEED S REED 22 LIV D2 NREE L 327,

T, ABOF YV TREL XYY TBHEEZFARD DI A—IVHIEEZITo 72, F—VHEIZIETR

% 3.2 MBOEARRME, B, BE HREERMEEMIEET 3HTR UL, ZBRIX2HTH 5,

et EZ [nm] | BE [g/cm®] | HIRE (%] | PBE [/cm?®] | BIRE [/cm?®]
FRN—TF 300 2.30 11.6 - -
n#l (P K—=7) 270 2.34 13.5 9x10%° -
pf (B k=) 210 2.31 15.7 - 2x10%!

% 3.3 RO RHIRE,

ARt CBE [/cm?®] | NIBE [/cm?®] | O RE [/cm?]
FR—7 8x10'7 1x107 6x10'®
n# (P K—=7) 1x10'8 3x10%7 2x101?
pi# (B K—7) 6x1018 2x1018 2x1020

RN IEBRHDOAG T OO EEOBREEE 2 B L TR T LI AL VA, I TRATHF YV 712k
BLRALEZ MG, WHE X vV 72 L 3BREEENEE L EHT 5,



3.2 #lk 25

T2 =h8 DC & AC R — )VHI7E%EE ResiTest8300 Z{#H U7z, 7272L., a-Si:H &K TIEH—IL
B (Hall Anomaly) & WS BRI 2 Z &N —INIZHISNTE D [42-44]. K —IVHIE DFER DO
FUIFERDBBETH D, T A— VRO EENFEIRL, T OMBZER (il L<idp i) 2R
M EREET BBRTH L0, AR THW AR S AR - VREZRUZ, BB, £—xXv ZHlIE
(BB HHEE) TEZO XS REEHRIIBEINBZNI EDBSN>T WD [44,45],

RV BEEIE - RCELLEEDNT A =R B N 7 BEELDENILSREZ LR SN
THEH, ZhiE, wEREBIZFEELTVSE XY ) TORWBEHEL KL TWEN6THDLLEERZLND,
WoT, R34Dn & p LREMOEE RO THMLEEE (DC) LIE—H LA\, a-SiH FEEKD K
7 NBEIEE 1~10 cm?/(Ves) BETH D L SN TWD [46,47].

3.23 Bl

ARG CEM U 72 ZEERE, A—VHE, ¥—Ry ZHEIZIEA— Iy 7B BOEEPHBHETH 5,
EEEERE BT, 10719 S/em U FOMVELKEEEZMET 20 ENH L7720, K 3.1(a) D
OB OB AEML 72, BWMENET VI =D L TH D, £z, d—VHIEHREHZS LU TiE Van
der Pauw # (¥ 3.1(b)). 6 ETHAL /=¥ —XRy ZHEHREIIX U CTlda 77+ — R OEM % i L

# 3.4 AR THVIZAROMAEIN R BLRE, DC: BHEERE, PC:WREE, n: ¥ v ) TIRE,
p: BEETH D, SEEEIL 1 sun (136.7 mW/cm?) ® AM-0 YEREHE FTRIE L 72 (AM-0 Y6z
DWTIH 31 =Y, 342Hix2HOZ &),

EXS DC [S/cm] | PC [S/cm] | n [/fem®] | p [em?/(V:s)]
Fr—7 4.0x10~1 9.3x10°6 N.A. N.A.
n#l (P K—7) 3.7x1073 1.0x1073 6.2x1017 0.055
pi#l (B K—7) 2.2x1076 3.9x1076 6.6x1013 0.077

(a) Interdigitated Type  (b) Van der Pauw Type (c) Coplanar Type

~25 x 15 mm? ~8 X 8 mm? ~ 8 X 8 mm?

- 5.0mm
0.20 mm 8.0 mm 0.50 mm¢ 0.40 mm

3.1 RBOKS S LEMOME, (a) EEEREM, (b) A—VIEM. (c) ¥—~v ZHEHT
H3, BETATTLI= DA (Al) THO. Kbk Al B a-SiH #illz =7,
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W
[e)

AM-0, 1 sun Illumination
Undoped a-Si:H (as Deposited)

[\S]
()]

Photocurrent [pA]
w o a8

)

-5 i i i i i i i i i
-10 0 10 20 30 40 50 60 70 80 90 100
Bias Voltage [V]

X 3.2 AM-0. 1 sun (136.7 mW /cm?) StHa4 N TOIH K —7 a-Si:H OEN - EITRE.

7= (B 3.1(c))s

HWIEDOESZEE o [S/cm] (&, UTFORIZL>TRDSND,
_ Lo’

Wd
ZZC. LIXEMEEM cm]. W IXEBIE [cm]. d I3EE [em], o ZEIN-EXEZEE [S] TH
%, o WEHIMUZZEEICNTE2ERMOLLTRD GND D, A —I v 7PN T VWS Z L 2iERT 5
72, HINS B EE %2 E Y 2 HPTREI LT, BoNSERVELITHHIL TVWENE S D EMHRT 24
WhH 5, M3.212, FEF—7 a-Si:H OXEH FER - BERMEZ RS, tLELH (3.2.4 #is i)
EHELTH S THRIETIHE T ORI BIEAE U201z, 2% BTN O %2R U7zh, —10~+100
V OHEIPFATHE I L WA= I v TRMEE R LT,

(3.1)

g

324 FRE(LE

B CHaHLZ X512, SWHIERIZE > T a-Si:H OEBLKEMHIIZ/LLTCLE S 20, BREEOLE
ka2 HRE U TRt 2 G354 0% V0, BEEALI L IX, 50 COEREDLES 217> T
L Z e TCELRFN2ZEAIERNIEDZ L2 \WD, RIIEIZEWTEH, HLEIIZIGUTUTDOES 50 %
Hhiw L 77,

e AM-1.5 % 3 sun (300 mW /cm?), 60 °C T 6 HiH RS
e TUVAINTART VT (Hta, 200 mW/cm?) % 24 I HEH
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AM(Air Mass) IZ AP 62 BT 2BIZHV S N5 KRBLIE#ZESEDO A TH D, FIH O KT
DESHHHED AM-1.5 ETH 5 (48], B FARGHAEELFAMAL X —IZBVWTEEH VLN TY
55 DML EAMIEMETH D, BF AR ONEREEH S 2 Z L CLEMRMEERB L, &b,
BB O HETIZIEE I & R OEE D 50 °C £ TEAT 5,

33 CEEZZELTEIER

KRETIZIER— 7 a-Si:H OIEEEDZALIZ DOWTIRAR B A3, RIS A D58 %2 2 X8 5 %
RIZDOWTHERL, REEOEAEDRKERIESDEDORMBE V2175 Z L id. ET — X OEFHENE2E2
LCHMOTEEREETH D, ZITR, BEEZZILIELIERIIOVWTHIZEL, T o BARFEDH
ERIIBWTEDREREL > 202 b2 201275, 08, HERITERT 2HAELRIATAET
HEM, FRFLUTITRTERIZN U TN WE ATRER W, H2IE, EZEERE 054 12 M
&2 5 DX EDEHIZM, a-StH X Z IR T+ ESEiiTH 5.

EEEZZLIELERIZ, LRD4D28FZ 6515,

1.
SerR g
KA ARIE

(P
FHKA A, B2

-~ W N

PC)
s

331 EEEDREKREFY

AW TSI S BRASEE D ZL 2 AR T WS A, (ZEEIIREKREE 2D L IcEEL2 Db
R EIR 5700, PEAROIHAEE (BRUZEE) GV OREKFEZ R U, iidoX 2.1 (13
R—Y) DX IZRIEIND, BHIZ K > CGARIOEE IXBRIIC ERT 2720, iE EFIC K2 E8E
DEZEEIEL TE2R T NIE, FHROBHEEZ AT X TE R,

B 3.3, 3 F—7 a-Si:H ONEEEOIRERANEZ R T, HBEEEIZ DWW TIE MR TEVE B D {E
IR X 720, I U 72 RS HIPH CIRIZIZEMRN 2 22 R Uz, n B, p B DWW T FRRICHIE
L. INH6Z2R3HICELD, TNHIFTARNTOELENHEZHEL 72RICHIELZHDTH S,

ARIFFETIEER%E 20 °C & U7zh, EBRIE 1 CCREDIXSDENH 57z, 7z, MG HIH
BHZPES IR D EFIZE T Shanwzd, &7V v 28 CIRERED 20 °C K HEmoT W

# 3.5 BB ORILANE T D EHKAFE,

R 1°C H7=Y OBEREBEZLEE (%] | 1°C Hi=Y ONGBEZE (%]
FR—-7 - 0.60

n# (P K—7) 3.3 2.8

pi (B K—=7) 3.9 1.8
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el
o

Undoped a-Si:H 1 : : ;
| AM-0, 0.36 sun lllumination .\ i i

ha
W

..l;
)
T

(98]
(9]
I

y=2.52x10"x +2.85%10”

W
e
T

N
oY
T

Photoconductivity [10'6 S/cm]

T P R R SR SRR R
-10 0 10 20 30 40 50 60
Temperature ['C]

D
o

33 JHEFN—7 aSiH OIRELITHNT 2 EEEL(, BHHIE AM-0, 0.36 sun (49.2
mW /cm?), HfRIEH/N I MERTH 5,

2EEMNH o7z, UL, B XA EEEOZLIZINSICRNT 2 EEEOZ(L LD & oItk E
Motzlzd, RRXIZBWTHIZIREDHEBIZOVWTE AL TWARWGAIZ, BHTE2RETHL, b
ZVEEEUBRLSTHRVWE WS 2 2EIRT 5,
FERELTEPRITNIERSBRVDIR, ERIZZNS OREKRFEAG IR & 51228 T 52
HOIEDH, LWVWIRTH D, UL Lano, MG EEKAIEDZ L2 I~ 5 Z 2 iHE L A
ERARETH D720, MEOKELFZET IH5HFHANIRILDEESZICTLII L L, BHITHE
5 IR ERAENE D ZAL IR 1T ZAL LR W EARE LTz, D &5, AR TR IR, SR
IZBWTIEZOMRERMRZYTHS (36 X—Y, K 3.83M), b, HHEOWEMKAVEIZHR O
FCBRR S E T REL RBMEAICH S, HlZIE, 1.0 MeV B3 7% 1.0x10"° Jem? & X7z n B
a-Si:H ORAZEEDIREZA(RIE, 1°CH7720 4.3 % Tho7z,

332 NEEEDONEEKREFMY

SRR A SR KA S 5. SRV RIEO S EE L £05 % AR TH b, HREOE
BIZRINT 2 HEEEDOZALIZ/NI WA, JERE I BEINT 2 & 1 /A S 1/2 e & HRERIFIEDNE
LT 25EMRH2 L E2H> TEPRITNIXR SRV [T7], ZHiE, F ¥V 7 OEASMITIE U Tl
F ) THEREOMREMENETZZ L ITERL TWA 728, 5 53Tl S BEHRERE SZE I DWW T
EEBEDZ EMNEZ LD, FEMIZOVWTIE5.1.2H (61 R—) IZThRRB,

CITHEATEIRE LD, AL THWZARI ONREE D, RIS THW LR 1) D2 H)
IR LU TED KD R MEEZ S o T2 L, COREOFENRBMEONDI N, LWVWHII L THDS, M
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107 ‘
Undoped a-Si:H
AM-0 Illumination
E :
S) -5
z 107 F
z :
2= |
S Slope: 0.98 = 0.01
% 106: S
<
S
Q
2
o
>
107k
cl

1 10 100 1000
Light Intensity [mW/cm’]

3.4 R —7 a-Si:H OB LD NREMANE, AR BN FEMERRTH 5.

34123 F— 7 a-Si:H OMAREE OB ERF L PN THERE RS, /7 70ME10.98 THD,
FEEE IR EITH U TIRIFHBIL TWB Z e B0 h o7z, ARIFFETHEM U 72U EEEHIEIZ B 5]
BRI IX TR T 136.7 mW/cm? (AM-0, 1 sun) AR TH o722 &0 5, HIHEHEE & G EEE LT
BIBtRIZH B L HZEZ T L\,

M 3413 RN—7 a-SiH DHFATH B2, N—=T Uil ROGE X2 2 mERFENE N5,
FREDFEER S5, n B a-Si:H OBE1E 0.56, p B a-Si:H 1 0.89 &\ S BEMKAMERR SN TEY, n
B a-Si:H Tl 1/2 FIGEWKIFMD D 5 Z 0305 72*2, - T, HIEOHDEBZ & 2 HEEED
2tk £0.3~0.5 % TH 5 L Afib 5h b,

333 KEMACEDE

SRS T2 dp 2 Y EAKITNAZE 2R L, BPREEL DS (BEEE LIV E) BOVESIEEE 2 RT I, K
B 2P0 772%b, B RomBLRUREENTIZR ST, NI AT O EEE X 0 @V IREBEZ T2 2
ENVIELIED B, ZHIREH 20D BITHEL TV A, RWERHE (BRTHA—X—) #
e b, ZD&KDBRERIIKGENINEE (Persistent PhotoConductivity: PPC) &IFIENTW5, Z
. 7 =V IWERAHE I RFEM DL BICFET 5 L &, BOVEMICHEI N r R ) RWERERED
Fy U TR L o TIRAICIHEEHINE ZLIZESoTHELDIDEEZOSNT VWS, 2D EHR
M 2R IEWKERE DX £V 2 — & £ IFEN, AL Ga;_,N ® Al,Ga;_,As FEIRIZEWT & < Big
INTWiz, THET NS ZADREICHEE RIZTHDOL LT, TORKE &R 5EEC MY 2 RET 5

2R, TS OB, FEDGIRE N IR R D54 OREE & T 2 BOMIEME LTHW (3.4.2 HikESK),
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7z DFFFEAS 1990 FERITKE TN FF b7z 2\ S EHAH 5 [49,50].

FIBH DI K — 7 a-SiH T3 PPC BEEINAVAE, BEE, 55\ IZRE BB E il L 72308
TIEETD PPC O ELB5ELRH S, 5.5.2Hi (719 =) IZTEBEOMERERTZ2IZREN, Ihn
R DO RITH S DB AEN DX Y X —2 LTHESL M5 THE LHMENG, nHP p il
B TILRIS TS PPC 25T 22252 [7). ZHhIER—7UERETRIER—TRE LIS D
REBGGNSTHHLEZOND 52, SAMELROLORMET (RF—2T 22 T 2D L%
&) a-Sil TREEZ PPC MBS NG Z L BEESNT WS [53),

334 FESIHR BEEE

FHR A ADRRIRENICRET 5 Z & T, BRBEENZT 256055, HlZIX. 500~600 °C LA
TOWREIZE TS Sn0s. ZnO 75 & DALY EEROZEEHIE TIE. Oz, CO. CH R EDH AR
Z& 0 AREEOZEAEI S D [54], Tk, HAREIES BIBITOLOOMRBRITOF v
TIRES LORHEZFHOMRNENT I LIZL2EDTHE L EDNTWVS,

AL TlE, AR OEEENE IXEE R £ 72 ER[FTIT o ez, BEEMEEEIZ KT THEEH
Nz, ZTORER, BREICL2EEEOREBIREINT, FHAHTAPEEEOMEIMALTEI0D
DEfEE LTz, 72720, AR 2T oG a 1 BEFTRIRED EAPRE< 252, RAHHIET
GRELOREIZ & - CUEERIRIIZHEFZELZ LU 2560750 BEEEZELSHINBWEELDHD I Xk
EaBRTDMBEND 57,

PAE, 4 DOREE 22 G2 FERIZDOWTHET L72fER, BEETAREERIFEEHME PPC TH
3 rftimEnd, PPCIZBIL TR, BHEEEZLICHIEL., RIOUREEZ2JIES 5 2 & CEAIEET
&5, WEICEL TR, SCHEEP BN IC L > TREN ERA T2 Z L RIATBTH Y, HIREDE
i SN nzd, AIFERIZEWTIFRBREERFE L TaagEE 52520,

Po T, AMIEIZB I ARHEEEHIETIE, E35XRINTVIREDEELZEATVDIEEZ LA
EThHD, HMEEEREOHE DA, £ 3.5 DEITERELEIC XS +£0.3~0.5 % 2B L -FEE
L%, TNREDFROVERE D TED 50, BEAEHRIRINT & > TEEEIZBIIZZT 2D T, FEEIZ
FEEAEDIGEIZEWTREIZIZZR SR,

34 ZEREE
3.4.1 f(nE2S

FEH DAL L TV 2 @i 1 TSI I I ZER DO IR E I NTH D, FIHEOHZEEHINIZE D
ThA B Y=L, TXVF—, BEAGEIRESNTWS, ABIRICBWTIX, 3.6 DXL S Ch#s%
FMALRZ, BWAF Y Y AXTIE, ARy MROVY—-LZ2BWAREEAWVT EREAIZAFY VT 5
ZXTRY, RWEHEEY BT e AHETH D, FIZIEY A o8 b VIEBOEE, RKA
¥ v ViRIEE R (H) O%AT 10 cmx10 cm TH O, TOE—MIX £5 B AR TH D, ©—LDH—
PEIX GAF 7 4 Vv A2 W7 BOEERIE I & > TRHMi U 72 [55], MIEEERDFEMR ARy 21220\ TIEE
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# 3.6 fHH L & FEERNE,

N2 & FICFEALEE—LA BEAR REBRHNA
Y s #‘E :
AR D 10~20 MeV H BRAAF v (205%) E%EMi
50~108 MeV He ESR #llxE
{EZ3E R HIE
BT I gﬁﬁfﬂ? BHRAF ¥~ (22%00) A=V lE
O eV L B E
CUSLITY R 3 MeV H i BC S E
2~3 MeV He RBS. ERDA
AR EHIE
A FUEAN 0.10 MeV H EHEAE Y > (2K50) ButdE e
FTIR
AR 1~2 MeV BEAX Y > (1 RT) B ERIE

DR — L R—T % B N7z [56]

IR AR R TR F v O N—=H B 5720, ZTOHIERIZTF v o NN—=Z L ITHEEL 2P iz
S5\, 7z, Yo o0 ba U EE T LT RS T IR Z B 720, iR R AL
X — DO FNIIERPBEL LD,

342 FOBERECEENERERE

AREETIEG AN X D EEE, HEEEDOZIZDVWTHBRD D, TS OLREERIE I 1L R

F v YN ITHER L 72 2 OB SRS EREREE H W2, ZOHESZEEHEEREOE AN %K 3.5
WZRY, ZOHEREEENERE 2 HWAIXBH ERICHIENRE T, WERIXH RS %2 EEd 5 2
EMNTE S,

AR OEMULER - BIEHEEE UG RSN TE 0, EROBRITEICRETE S, MMeEE%E
WES 2856 1%, RO 45° 725 AM-0 B EYEE (AM-0 Solar Simulator) D X2 E AT 5, I
k. FHEMOKBGHARZ MVEBEE L2 1EHE a7 Thh, BIERIIABTH D, B
KEGICIRD Y H 1%, EBR - BEREL D S50 U h > TW A T HAEM Si KEEMOEEER %

$£3E12 LT AM-0, 1 sun (136.7 mW/cm?2) IZ30% U7z, 2 AuidoA B A0 P oD ELABE K 5 IGE ob 1 g

BT 5 ke UMD T RN D TH S, BT OEHREIZOWTIX, &I —ilk RIc#E
0 % A MR — 2 N THE D AT THIE U 72,

it - BIEHIESEE L Uik, ADC #6243 £ 721 Agilent 8 4155C RN T A =R T F T4 H—
BAEHLU 7z, BIE CTIXEROHIESMEEDY 100 pA & IR E W72, RIBEIE N — 7 a-Si:H OIE{EE
EERETEHRWI LIZERT 20 EDNDH 5, (REEHEDORIX, BNEEZ —0.500 kV/cm (—10 V)
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i
w
It

32

AM-0.Solar Simulator.
alogen Lamp

Temperature
Monitor

Light

K-Type Thermocouple

\

Sample Holder
(with Water Cooling)

Proton Beam

Four-Terminal Connection

Current-Voltage
Source / Monitor

3.5 TOHESUZEEIEREEOKRAR (1270 b k).,

* 3.7 AREEERE D EERRL| S

AR ADC 6243 Agilent 4155C

FER—7 —0.500~+5.00 kV /cm* | —0.500~+2.00 kV /cm
nfl (P F—7) —0.500~+2.50 kV/cm | —0.500~+2.00 kV /cm
pfl (B K—=7) —0.500~+5.00 kV/cm | —0.500~+2.00 kV /cm

RIS D AR I E AT

75 +5.00 kV/em (4100 V) O CTHEI L, EBIENEROME » SREE %2 RkD7=, 272U, ADC
6%3&A@mhﬂ%0?ﬁﬁﬂﬂ%@%&@ﬁ.\Wﬁﬁ%@%ﬁ@ﬁ.ﬁiﬁofwéﬁb\ﬁﬂK
Lo CHEMBIHPANE RS, K 3.7 ICKARNIN T 2 BEMSIHIPAZ RS, 4 — I v ZREPENY
(53 2 EIE OHFHIZ iofﬁ@%héh%@iiﬁibéﬂ\Kﬁﬁ?@bkﬁﬂi?«f@%%%
TRIFRA—I v 7RMEZ R, £/, BEROARHIEWTHIF LA LA —I v Z7RMEZMR L TV

728, FEITARG | HIPAAYERRAE R RAE T RBIEIEE TN T 0,
REIR VX —1ZE 2D O, O DIIKBEERBHRDAVPE[MINTVWEEDT, H50&D1E7
TAFXARZY b b= =R HINTVWT, HE%Z —150~+120 °C OHIPATHRET S5 Z LA HRER D
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DTHD, BiRTHRAT 2HEIAE 2 H W72 IREREZ TN 25513 5%E DR AL X — %
L7,

B 3.5 &% 70 bu VIIESHBNF v v N—TDXy 8Ty T TH B, MMOFRKFHIERIZDVWT
HEREARMIZIZIFZEFERCEY v Ty T THB, YA o70 ba HATEBESGIERIO G2 S AGT 505, M
DIEERHAD Z DHZRERDHZ G, AR RV X — %2 iS5 Z LA HRETH 5720, BHEEREEIER &4
RIS ER U7 KRB CHAZEE ZJE U7z, 72, BADEHRED 1 sun &0 HEFE<S 0.9 sun FRETH %
7=, Bk U7z s EARAEE DJIERE R (28 R— | 3.3.2 HiZlf) ZIGITHEEE%Z 1 sun TOfEIZ#H
U7z,

35 BIRNF-HBFRENICLZBEEE. HMEEELEL
351 REED RELSF

3.6 12, 10 MeV B RS> 9 K — 7 a-Si:H ORHEEE L HEEE O L2 RT, Z Ok
BH oD UORLENMUIEEL TH B, H57INIT Y A TR UZERIT, BEEEE, SYL(ZHEDIE
WCHIE L, HOROZ VTV AEZTRET 52 WS FIEEZHEVIRL 72,

RERTONEEEIX 7.3x1070 S/em THEH, 7V Y ADH AL 2 HIZ EFR L, 1.0x10" /em? T
RARME 1.1x1073 S/em o7z, ZOBIFIEHIZE L. 5.0x10M /em? DEEEHIHEL D K< o
Too WHEEEE IS > LBIIZZL L, WHATIE 5.7x1071 S/cm 725725 DAY 5.0x 101 /em? BAMET A
Wz EF LU, R 1.0x1018 Jem? THRAM 2.6x1074 S/cm 2R U7z, £ OHIZEBIZIHEA U 7z,

D& REEEOIBRALEIEIINETITIEL A LMED R, EHEOFRZED TIE, SlzL>

| [—e—DC| | Undopeda-Si:H, 10 MeV Protons
.| [=0=PC 1 | : | :
10' O R e, _,O\ i [
g e o N, ;
5 VAl 88 St |
= : : : O : O\ :
ﬂ 105 I AURUUUN DU ’O//\\ Ou
> S A o
2 I f ? e g
S 107k \.
o | | | | | PN
<
S SR | 4 | | °\;
0’ L ‘/‘,
| | | | | | AN
o o00®® ; ; ¢
10'11 ] ////..; ) ...; ) ...; Y BT B R Y B
o 10° 10" 10® 10" 10" 10° 10"

10 MeV Proton Fluence [/cm’]

3.6 10 MeV G # 4 1C L 296 F— 7 a-Si:H ORSEEE, HEHEEOL(L, @ : BEEEE, O MREE,
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IRAG R HMEIZHRE L TWEDIE, WESIZE 2 3D [7,37,57) DATH o7z, WA OIXI DIEK
72 irsE DT, JER—7 a-SiH 12 17 MeV itz A U, HEEEP EA 52 &, BEHRIZE o
THE I NZEHMEEE DR BB R 2 IZEE L RA S 30 KM Eihz - TRl T 6 Z 2w &2 W&
UTWaED, A= ZXLDMRHIZIEE > TOVR, BB T 5 & 512, FEARDEEE X — MM XU
M & & HICHEFNPEA T 2METICH 2720, ZHIEIEFICHEHBRFENHRTH L L WA D, PREIZZ D,
HDH—EDINITYAERICBEWTEEEN LA T84 % [BE ER] QIR L1275,

352 EEEREELFOREM

LIZAN, EBREROVKETSI>BIZ, UINVIZVAEFTHRELTE, ¥—AT7 T v 7 ANREL->TWS
CAREEDOEATEDNED, WEEME LT LRZITEEE RS LU T ZEDRPLNIR->TE
Tzo FTIT, AZEEORY FANRKIZARS 7IVIT Y AEZTHRE U, T OBROIEERE ORKFE(2HE L
7zo ZTOMENK 37T THD, dAEHIH S UONLEMNEE TN TE D, BIRIEF v v =N
BWTHEZ, =i (20 °C) FCREF LUz, ZORER, KGR, BRSO REEIT & & I BB
A U723, 10 HE: (236.6 M) £ 000ME (B5EEE : 10710 S/em, SBAZEE - 107° S/cm)
X 0BT EME Z AMERF U 72,

CDFERDNS, ZOEEEDORY FRIIMZERLOTHY, Bl HIEETIMEEEZ2E > TWVWE D
EDRHOMNE IR STz, AR TR U EEEDORE LAIE, ZOHHEREZHWEZFERIZL > THIH T
HfEICBIES CE 2BRTH D, BH I N/AROEEE 2B HMNOERETHET 5 &\ HIETIE
M BAERZBLZEIFH LV, TNRINETIELAERESINTI AP ZFHREDOO DT W
neEZo6NE, KB WAL ZTOHAERZHWTE D, ZOHFEIZBEDEMZEICE W TZOHH

r ; Undoped a-Si:H
10° |- et 10 MeV Protons, 1.5x10% /em?
o O\\OO\O\O f i
T 4L ® |  TTO—(_
SWe S o O\Ooo
> ‘ ‘ ‘ ‘
— | ® | |
= 10 e :
e } }
5 10°F \0
O oDl | e
¢ | | e
S [ZO=PC ] | | N\
07 7 ee®
0.01 0.1 1 10 100

Elapsed Time After Irradiation [h]

3.7 10 MeV B 7% 1.5x10"° /em® MU ORHZEE, SRHEORKZ(L, @ @ BEHE, O : HREE,



3.5 mITAIVF — G FHRIRENIC X D WHAEE, SRE AL 35

EDPVNIIEREZETHEIPEZMIREBLTVWE L WR S,

353 HEEEDRERFMHEL

X 3.7 CRIBINEZEEDRE FROBMEIZ WAL IERIZL->THERIINTVWED, 7z, 2
W EAPEI > TOWARETORERMEZEDI SR> TWENEHFHARD D, HEHiI%TONEE
& DIREREZL 2 Az, RN IR e b A2 fEL TH &, 260 K %25 330 K O#ipH Tz
HEORERMEEZHNR, ZO%, 10 MeV G2 REEDORE EAORKEMETH S 1.4x10"3
Jem?, EIEHEIE L D H FDITMEL 2D 5.0x10™ Jem? £ TRH L. WA THIZE B2 260 K
75 350 K ORIOWZEEDIRERMEZ2 TR, 72720, BEITERTEMEL 72720, BERIE—HIR
ExE 29K IZET R T SIREE R I, REREZHIE L2, 1.4x1013 /om? £ CTHRE TR
BHZ DWW T, 2.5 HBRICHEIREREZ ARz, 2B, FEEE &S 120 +0.5 K/min,
—0.4 K/min TH v, B - BERMEIETOREDSS D E 13, @EFART £0.1 K, KEMNET £1.0
KThotz, HIEFOREZMITEIRBIIZLZ2EDTH 5,

FERZM 3.812RT, ZOXTIE 1000 ZAExRETH > 7-EZ2 e LTHhH O, EEBICREEZ AT —
NVUTH B, 300 K AETIEHACZEE ZFHEMABOBREKFEZ RT I XMoo NTED B8], &
FERTHFEROFERLE SN (M 3.8 HD ), £9. 1.4x10'3 /em? W OMRERHEDHEEIZ D W
THHT 2 (M 3.8(a), 219 K 2 SifEL LR X3 L REEEHEPIMC LR LTV A, 300 K A
RS U, 340 K £ TREAULSET 72, ZTNUEDORETIZHEO EF U7, 350 K (IZFEL &1
T 2 TR S B E 2 & U2 hS, ISR & & 3 IOUEEE X ITEATE2ORTH -T2,
DFERIE. 300 K 225 340 K DT, MZEEDRE EA QTR & 705 223 BT iEM (HK) Lk
ZEERBLTVWS, 2B, 350 K 25 330 K DT, JWIREFD 50300 @ W RERE % /R U 7253,
T FN LA & 5> TH U 72 IR H D —¥23 350 K OFIRIC & b 7=—)v (BEE) Lizh
S5ThHHEHHEING, 2.5 HBRICFABROHEZITo72 2 25, WS EZORIRE & 1FIZ RO IRERE
(FHWTEMEALRI D) 2R U7z, 72720, BUBRIDSEE Z o728 . UG XS AT O & AR TH 4
EEWEZMRFLTED, ZHIF 25 HRBELUTHIFLALBEL R P22 06, BE EFOER L
7525 B B I AR L E R B D E WER B DD 2 FWENFAT S EZOND, BHERZSISITHE
RIZT DI ETREAILD 2aREMESE H 5, 72720, RITHER7 LS 12, KRB IO XD 2 FEERE
LTWBZeNEZONET-H, WRINZETH 2 LEZS5NDMMITDONVTIX, BITERHE LA 0E
L7722 222005 L, SBEHSIZTHIBRIC S W TIZRIMIZE T 205, & 2FESHLHE
LELZDDONHBPTIRF LALLM L2570, TEREZFNRD 72O R 2o 72 &
UTHEDITIENRPA B RATI S, B EZEREDDEEL TV & S 35 R I 74 5 W Retk i
HY1gsd,

T, 5.0x10M Jem? S HEOREREDOREFIZOVWTHIAT S (KM3.8(D)), ZHb56i%(a) KD BH
MTh D, BEIEBEAREEIIN 1/4 12D U0, BEREZBENITEIZLALED ST, R0 BHWE
MALTIDMEF 2R U7z, LA L, 320 K X 72572 0 2 S R ED ERRIZARIZAR D, 350 K 2]
ERRIRE RO S L HOHWEE LR OMEMIZ R . FRTOMEIZIZRE S b o7z, > T, 320 K M
ETORABNZEED LRI, BRI & o THE U 72 B EE R A O R DB [ U 72 72012
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H3E @I AVF—GFREAIC X2 F— 7 a-Si:H FEROLEE 2L

Temperature [K]
340 320 300 280

; , ; , ;

10 MeV Protons, Undoped a-Si:H
O Before Irrad. ® 1.4x10" /em® Irrad.
A 2nd Time Meas. (2.5 Days Later)

(a)

10 I Disappearance of
PC Increase A..../oo..:...." o0
=
3}
A 1L Difference
o ; w
2
2
2
'"g (b) O Before Irrad. A 5.0x10" /cm® Irrad.
)
S
Q
o 1F
2 i
A~

A

M
\

Thermal Annealing

0.1F 1 \ 1 \ 1 \ 1 \
2.8 3.0 3.2 34 3.6 3.8
1000/T [K']
3.8 10 MeV [ IHZOAZEE ORERM, 7V T Y 2k (a) 1.4x10" /em® (FH L7
DY —2Z L), (b) 5.0x10™ /em? (FIMHE L D HAKL 7 B, (a) TIRIRHFER I IR FHE 2 0

FL (@), 2.5 BBIZFEHIE L (A), (b) TRISERIZOAMEL - (A), BhoKEEHE
LzERZ2RLUTED, RGO TREINT WS,




3.5 mITAIVF — G FHRIRENIC X D WHAEE, SRE AL 37

IolzbDEEZOND, BT IZ X 2 UREERA O FIN X 2 O BRI E R I DWW TdgR T 5,

PAE, Ba A8 B OEE R IC DWW TIRIE T 2 & BUNICALE RN I L2 8E ERZRITIE, £
L5 DRI E VT HIRE TN T 2 EEE DEERITIIR E REA 2R < IREREIZEARKIZIE
BOORNEVD ZEDBPESPIZR o7z, ThlE, v ) 7 OEEMERENIAEZ L TE ST, Rk
DT ENVT 7 AREEZTDEDIIRELEAALTVWAREVE WS Z L 2EKT S, 2O L IFBHENS R
THZYTHS, REEORN EAIFITIU EH UESE (dpa) TE XX 1078~1077 dpa TR I > T\
LZHRTH57-0 (dpa DEHIZOWTIEH3 R—=, 442 HTHHTZ), /oT, KENPKEIZERH
ORI N, KRS POMEBARI 5720 LTWVWEE WS L5 RIIZEZ IS, %5
W o 7Rt D E B DRI 2R EEDORYE R 25 I U TWAHREEIERHRL TIwe
Bbnsd,

354 GEEODERRLFICWT I2NEE(LNIBEDEE

AREERTIFFARNIN U 0B UL 217 5 720, JELE(LILEL (26 X—2, 3.24 HiZl) 2L T
W EHIRED 72 NI BT K 2 EEEDHAPEZ o TL W, BEOH DT —X 2[5
WD H o7z, UL L. HLEANEEEP RN NRICEEZEXSA@ELH D, ZORITOVWTIE
PARTELBENRD 5, NHLEMILEE L 73R L i U TOZRWEkRHIT UL 10 MeV B 1t % [F R 12
M U ORI EOUREE 2 TN T NHE U KR 2 3.9 (2R 9, ARMER D S BB X TIL%
DOHBIREL THE D, MR ZIOHF S LTSN BZHIRT L2 L ETER o720,
LREACIEL 2 F i U TWZRWARHZ DWW T B D P BAEL TWD Z & 2AM L TER» AT L

10° :

0 10 MeV Protons, Undoped a-Si:H

10° F | s T S
— A m-Bm O :
g 4 ; Q’D/D .OJ) ?O%E
2 10" S N
— 0 ,O/ [ 2 ® 8\ i
— S i /—D/D O/O. / \. \6\
£ 107 P85 oot e Ny
2 ‘ ° m G
9 ] : / / \ \ ae!
..g 10'6 || As Annealed | ... o P g \OO .
g | —m—DC | / ; \\;
2 4| | —o—PC f f e\
S 10 oy s A . e R\ B B
o) . | Light-Soaked " : :
& | | —enc | ./ | 0\

107 | —o—PC ~'xp~'~

: / o\
91 _2_—4————‘.7-'.—-.-/! ——————————— ‘ -.‘ - - -
10 (a— KT RE TR
0 10 10 10 10 10

10 MeV Proton Fluence [/cm’]

3.9 10 MeV Bz F BN HE 5 R AN U OB ZEMILEEA RIS, 7R« SRk
Bkl R RAEEEURL, 7 OBRRIIMHIRUE 2 =g,
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o\, o T, MEHMEREZ TEEIZEWHEEEZRLTWEDEEZISN5,

B SIS H3 7R & 51T, SELEALILEE % i U 72BN RN AR AR E 275 U e hd, T OB ]
EEFIZHBHDEFEZSND, ZDFERTIIM S OARHIN U TRIRHIRS U, B2 E LB 7 Uitk
DIALEE — [FFARIONEEE — SR CUERF R DR RS — FRRIOYURERE, DONHIZHIE 2
o7z o T, R LI FTFARHI MR 2 DRI > TR o IET 5 2 IR b7, ¥—27 0D
S IR 2o TLE D, £/, S ETHERD K5I, (REEORE LA IC X > THETY
5P Iro TS, ML ECMI L U AR O SR E EHIE DBRIZ Y 72 2012 K o> THREE DR
DPREINT WS, ZTOFRIZ, 3.9 L2 FAIUERE, ZEMLIEFARZEICHET S &L 5125
ML7z& 25, SREMMIFTEARID S WMEEEDO Y -7 & ko,

PAED S, HLZEANIITIA S RISHEE G0N e rotz, 72720, HIMOEEENEAD T
B, BIZIZHHHEEEZ 1 & UTHRILT 2580 SICRIERPLETH S,

36 GEEZLICOVWTOER

35 HITHRINE TN TV AEBTOEEE DR LAY E 7 IV T v AR T O % HifEd 5 7-
DIZ, ZIZTIHE T M2 EEER (2 IEESRE ST P GaAs 72 Y) OEBELRREE M HEHFRIEHIZ X >
TEDEDIZZBATENIONTHESIL., SHESNFERIZOWTELET S,

36.1 ¥EEHRDEXRLEE

9. PEKOBREEIIOWTO— R E RS [59], BRIEEE (KEEE) oq U FORTE
#Hxnsz,
oq = e(pen + pnp) (3:2)

T, e lFFEM (1.602x1071 [CD. pe & pp EFZNETNET L EAOBEE [cm?/(V-s)] TH Y,
n AIEER OB TRE, p 3B THOEARE [/cm®] TH S, LrL, 2054, ETB#HELE
ABHEIZRZIREBREND DD, FADHFEREHRTE S, EN—T7 a-SiH 056, EFBEIENIE
ABHELD & T FIZREVDT,

04 = €llen (3.3)

LB, AR — 7SN BEROGEIIDEF Y ) TOHFGIIEEI N, ZHEF YV TOHFEDOA%
ZEZhX X0,

PEURIZ N E ST 5 &, B HFOBFIdMEEF IR I, IEFE T+ 72 05b, EFMF v Y
TWb b4 T 2o CTHIMEET 3D, BEAGLAL» 2B DIXELRMBEIZFEFT 5, Tz NHEEL
W, IR RIS B L ERDBELRLEE o 1k, BEEE L M EEEDOHMTRDT I ENTE S,

0 =04+ 0p = epe(n+ An) (3.4)
op = eleTeG (3.5)

An = 1.G (3.6)
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An, To. GiFTNZN, VMR v V) TEE [/em3]. Fv V) 7 HFa@ [s|. ¥ U TEEE [/(cm?s)] TH
5, 7272L, 36151280 (61 =) TRRD X512, FIELBEDNKE VRAZRLEITE W TIES

FTLUBHMZL AW,
E R —7 a-SiH O5&E. BEEEDVIEWIT/NI WD, KR TIT 5 MMREERIE D&M ChiE)
TIRHZERFICHEETE, o ~op &5, ER—T a-Si:H ORAZEITE U TIZHEARIZA 3.6 YK

VETAHDL UTHDHES ., ZHIEERE TN T BN EEEDKFENIZIF 1 THAZ ENOATEY
THb (61 R—, 5.2 i),

3.6.2 MEHRRAICLZ2FBHROETEEEDEL

TNTE, PO & > TEEROBLREEEZIZ ED LS ICZT 2 THS 55, 4.4.1 i (52
R—=V) IZTHT 205, PEROGEITHHFIC L D1F0 & UEEGHE (Displacement Damage
Effect) (2 & o THRFZEM P RMGER L Vo 72fiE EOZAEL B, ZnbidN Y RETH S 50 [T
WRLE UTIR72 56 72, PERRIEIC RS P82 RITT,

F U EH UHBERIRIC & o THEBR U ZRIBEMIX. Fv ) 7OEMETLE L TIEZ6L 2% L,
FvUTHEMTOETEL ST, TR FORTEAING [60],

LR an
ZZT. 1o 3HIAF v U T A [s]. o [EHEH R [Jem?]. T4 1E ¢ TR INAZL EDOF ¥ ) T H (8],
K (3G [cm? /s] TH 5,

Ez. AR =TI TV EERDG G, RIGHEMIZ P F - £ 72187 2 T REMZHHET S
LENRHB, Tbb, n MEF p BEEADOEE, Fv ) TREZRA L LB IZEDLTWL, Z
ZF ¥ ) THESR (Carrier Removal Effect) &FESR, ¥ v U THERIRIGLLFOATEREL T2 [61],

Ny = Ng €XP <_RC¢> (3.8)

o

ZZTng EHHF v ) TIRE [/em3]. ng FEHEZEOF ¥V TRE [/cm®] T, Re 1$3% ¥ ) 7HEHRE
[Jem] EIEENDS, F v ) THMERE R, L EITRUZEBEGRE K &, FEROM B 2 FEfT 5
HERNATA =R E D, HIZIE EU S URGRIRITES RARMOBEDT N1 ZRED S LR
WHHE % & D KZE MO LS. R, & K 2 HWTHEHHIZ X 2 BE R DL E FRIT 2 Z LD HEET
»H5 [62,63],

772U, TRTOBERDF v ) TG R ZRT DO TIEAWI LICER LRI NIXR 5720, K
WA HEW N F =ML F T 7 T REM LR >T, T ) TRBEEZ5ISRITHEED D, HIRIX
n#l Ge ld p BN CHHA L [64,65]. F a2 F)VAF— (Czochralski: CZ) EIZ &> TEM L7 Sildp B
2o n ALY 5 [66), Zho 3. A RMEBE NNV FRITED & S MM L LTI o <RI
Lo ThRELBDTHD, BT UHBRHRMA-FHETH S L IFRS L W-DBRE MR EMTH S
W Xy U THERVEZ 2581280 TIE, LREORXPE-BMITIZEATE L LEXONT VS,

WoT, F¥ U THMMET U THEREENBDIL, TO—AT, F¥ U THEBHRICEOFY VT
IREDPAD U CTRHEEENHAD T D 104 d, BEIE pPF v ) 7HEKE G RBETLE ETIERWD
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M, RETIT > EROHFANIZEVWTIR—ETHELARLTH LW, BENEIXT + /) VEELR AHY)
BELIZ L > TR E 2YMMETH 205, TS OBEMERIIAZ TIT o ZIBFEETIRIEE AL/ LRV D
ZIHS R TH S [67].

3.6.3 BFREBHICLBZIER—T a-SiHDEEELZLICDVWTDER

ARETH SN IERF R EEEDEIX, EEEOEEZF SR I TERPEBEFELTWS I L 2R
BLTED, 3.62HTHLUZ LD RN EEEROBHMRTIES <FHHATEZ LW &ifk, X 3.7
PAISHVHEFBDEZERBILTVWE IS HOLTH S, £z, HREHPRIUSHUBENEZ 5k
WET 2OV X — B FARIESIC & AR E O % RELT & 2 MR BHEHEIE (X 2.4) 2OV THFEKT
b3 [39]

AR DR EFIZOWTIZ, BEIELBHIIZDZ > TRBIZZEILT 2 2 13E 212 W e h b,
FYVTRENPEFLTVWARDTIERWNREEZEZDLONEZYTHAAS, L1, THhiEHL FTA 330
RALT BN ZEEFIRELTWAZD, FY VU TIRENPEZ LT 5 T2 <, PPC X%
NIZHPIU7Z2BR I L > TR2 T EEVWEEEEZRLUTVWAARELEETE RV, BURIIFY VT
BENHZIZLTEE, RF—DNT 272 TROELLVHRT-ONEEXZ0BERDHL, TOHE, X
310 1R T & 51T, p M a-SiH IMEEEAE < 5\ [68]. FF—HERIAVER LT n Bz 7% -
TWBEEBEZDDONEYTHD, 72720 IDRNF—Ix 3528 (34 =) BXU 353 (35 2—)
TRENZEDICHELERHDOTH Y, BIRTHEL TEWZ D R EICMALZYTEILItk>T
HELUTUES LD AMEZE TS, BFHIZLX > THEUALZ N F—RIXDZWVIEZTD &S MEE%

ST e e Qe

|
08 06 04 02

(Gc_ Gf )o (eV)

X 3.10 BRETOT o)V I¥NTRIVF— LG EEE, MMEEEOEKR, O:B F—7, +:ER—
7. @:P N—TOREHEETHD, AN p B, GV nEERS>TWS, Sk [68] & b HkE,
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HEOMPDEECEE L, BEEES LXONMEEED ERE2E 76T, ZHIXBFENISICHZ 5L
HELTLES, HE2WVIEF YV THEMNRIZE > THEINTLE S 2012, & 70T 2 A TR
PZHEU D TIERWNEEZOND, BEDEZ IS GE. N —BRMIFME 7 )V v AGEE T
TIZAEREIEEN L TE D EBEDIH AR S KA S 7 VT v 2T F v VU ThE % £
odeHllEns, v ) THEEES ST REOMEAIL DB Th 5, DB IXBSHREHIZ X -
TREIZAERKR, R, BLREEZHLESEE 2L OMEL SN >TWVWE I &5 [32,35,69)].
7TV AR TIE DB BEENEAL, T v T7HEMOET, Thbb, HMEEEORDE2F S
LTWAZLIFHSHTHA S,

3.7 F&D

AREETIE, 10 MeV FGFRREIZ X 29 K — 7 a-Si:H ORHZEE, WEBEELERAR, mWHE2 7L
IUADHEMELIZ-HABIZ LA L T2 ST e WS IERPFLLMEZRT I EEZHSNIT U,
ZDED RBEITES(EEEORRAZIIBERICIFLAERESINTES T, KEHARMREL -7
D, ARSI E DFEMIZ DO WTHHS T U7z,

F9. 1x1013 Jeom? (HE%E ©— 2 IZREDOEEE O RE BRI, BT SIXRRE & ke iIcET
H2MEZE S, 300 KA ETRPICHENT 5 L5 RBNICALEREDTHD I 2HOoMI Lz, £
7z AR THRHNRZGHREARE (1x10Y° /em? UF) TiE, MZEEORERMEIZIZFE AL R
WZeEHE 0oz,

BEEORY EAPEI 2D, NF—¥EM 2 AR TS 2D RIGEAIME T VT Y ZAFEIBIZBE N T DA
HERLTWENRLTHDEHAIEING, — ., M7V U AHEETIIHEEZIIOIE L D /NI LR 5
N, ZHXBH R, $7205 DB OEMICL > THF ¥ V) 7THEMPBEOLTWENSTH S LiERT 5,
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Y Tan =
4

=

I~

ETHRBRETHIC & B a-Si:H 3
Tl ERIF/ISTA—%

41 EIL®IC

HHRIZ DOV T ORI RATL 2152 Z & 1F, TG T N ZDRKEHI L > TREARTH S
I 0T, BASRORA D= XL ZHHTE72OICHIEHICEETH S, AETIR, BHEERE, s
BB REKANE, RO F -V IR MAEDEWVIZE D ZREIZOVWTHOMZT S, *
2o TS —HDOBANED I I BNTA=RIZE o THMENTWEDNIZDOVWTEET S,

42 HCAZAVEHNICKIBEEE., AEEEEL

ZITIE, A AV, AT RV F—RKFEEZ A D701, 0.10~10 MeV B 1t 5\ iE 2.8 MeV Si
A F 2 E B U 5E0RIZOVWTET,

B 4.1 139E K — 7 a-Si:H (2 0.10~10 MeV B 75 £V 2.8 MeV Si 1 A VA Lz ED, HEX
HAIKT 22T ANT—HEOEMTHZH, BIARICH LU TEIFE - ICZ 2V (52T bh
5 EWrs, Zhid. TNSRFRRORIEDGRIOEE (210~300 nm) L0 & FRITRWZDTH
%, TXNFX—(IG5OFFIZOVTOFMIE 4.4.2 i (53 X—) I THT 2,

421 3ER—7a-SiiH OfER

R —7 a-Si:H OFER %X 4.2 1I25R7F, 3.0 MeV B H-#RIEH OHIE TiX, WERIZ ADC 6243 % i
UZz728. ZEEOMHRAMED 5x107° S/em FEE & &<, K 4.2(a) TIEBHHTA S 5.0x101T /em?
KB L 1.0x101 Jem? DA TOREEEITHIE T E Rh o7z,

B TS T 3 RMEDO T XV F —THERL 7225, 10 MeV. 3.0 MeV. 0.10 MeV & T3 )L ¥ —AYK
KRBIZONIHEEE L HEBEDOE — 7 HIINE KR, E=20BNE TNIVAENS kot
WINDOGE BB REE L M EEEDOE —713—B L7, UL, 2.8 MeV Si 1 7 v @4 CIIMEEE D
EREERSNT, BT U7z, 2B, 0.10 MeV G HRIEH OF5 R TIENEEEE O LR BHE Tk
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60
——10MeVH ——3.0MeVH

— 50 L- | ——1.0MeVH ——0.10 MeV H (x0.1)
§ —— 2.8 MeV Si (x0.01)
5, 40} ‘ ‘ ‘
o
S
Z 30
Q
o
a
>, 20
en
5}
S 10}

0 A | A i A i A i A i A

0 50 100 150 200 250 300

Depth [nm]

X 4.1 HBOEXFEIZNT IR TRMOET 2L E — 502k, B 10 MeV BT, fk
3.0 MeV BB, &%t : 1.0 MeV B¢, 7% :0.10 MeV BB15%. Bkiz: 2.8 MeV Si 14>, 0.10
MeV 5 FH i Mta o 2 r —uh3 0.1 %12, 2.8 MeV Si 1 A v DHAIF 0.01 {412 >TWB Z &iZ

PavE—o
E =

Wz bHr D D5 WA, 5.0x10M /em? 2 =2 IZ L THIHMED 1.4 f5FTEFLTWS, 0.10 MeV B3
T2 ZOBREDOT7NVZ V ZETRH L THARNDIREIXIFE AL EALRWD, T 21k
BHHZEA L2 TH D, 7VITUADBER 5L WTNOSRMTEREERE, SHUZEE XA T 5 05,
B RS TR 3L X —MEL 2 5 1F CEHE A U 7z,

422 nfaSi:HOER

MU < n#la-SiH OfERZM 4.3 1R 7, 2AEKICRDDMEANENL S, &7 VT Y AGEETIRWT
NHWUWEHAZR Uz, ZOEREEOHDE, BTHROIXANVF—PMEVIFE, £/ Si1A VD hM
BHETH o7z, LN L. FEF—7 a-Si:H OFER & HER, B TABHOLGEITVThOZ RV F—TEHIK
TNy AGEEIZBEVTREED AP Nz, 4.3 02513010 D5 0WD T, BHREEE{D—
WAEIARLZEDZX 4412773, 10 MeV, 1.0 MeV, 0.10 MeV &, TRV F—DEL HRBIFEE—
THEIINE KR, =T TNVIZVAENILK B2 e300 5, b TAriRs & B EHIE % 40
KB, ARV X =2k I N T VS EIFWARHRE XS oo ER LTS 2R 6, K4.4121F
mE EFIMESBEED EAZ2ZELZZI—N—%2RLTHE, ULNLL, E—I(HED TNV AT
HRoNBHEE EFIZVWTNORFIZBENTEEVWEW 1 CRETH Y, SHOFRIEETLIEDTIX
W,
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45

107 Undoped a-Si:H (@)
= ~¥-3.0MeVH ./. \
9 10°F | —4—0.10 MeV H N
— % — 2.8 MeV Si ) v\ o
%“ 10" F v/ \ [
E 107 / \
2 / oo
. 8 v.e v °
= 10 /)/ 4 \
Q 9
A 10 A / \ L
S o /“/./o AL ®
A 10 — —6* “\A\
1 0—1 l ////I 1 :D:\ID\?_IDI—I’_‘_’T‘ 1 : :A:_:A
10° _e-
AT,
10" N2
E > /o/ v. &
% 10_5 - = =TT = .:.:‘%tx( & \v L .
= 10" o A e
;»‘ o A TV Ne
E 07 a N
&} A\
El . N
g 0=0 A
2 10°
2
~ 10—10
o 100 10" 10" 10® 10" 10" 10"

Fluence [/cm’]

42 HAAAVIBFIZE BN —T a-Si:H @ (a) BEE, (b) MEEEZLL, @10 MeV
T4, V3.0 MeV 574, A :0.10 MeV 7. 0:2.8 MeV Si 14,



AR EERIEAIC XD a-SiH FEURDILBE L KGN T A =X

10
-0 000¢.¢
o— 29220038 a
O— —0O A \AKA “0\ .‘\Q £ )
1 0_3 —D\D\m Q. .\.
e MY ® %o

\
3
10* \ P R

- A
10 o X
n-Type a-Si:H \ \
A

10‘6 L | @—10MeVH |
@ 1.0MeVH \ I

—A—0.10MeVH h
10 | —[1-28MeVSi

Dark Conductivity [S/cm]

10_2 7/7T
(b)
3 g
vg 107 A= SO AE AR \K‘”’:\:“\. o
2 N AL e, %%
) 4 q ‘\’\ ®9
= 10
2,\ ) A\
£ 10 \ B
_g u\ A\
= A
S 10° Y
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[a W 1 0—7
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Fluence [/cm’]

43 HOAAVEEIZEZ n i (P F—7) a-Si:H @ (a) BHzEE, (b) zEEZE/, 61X1.0
MeV [ fofERTH O, fillXX 4.2 LEETH 5,
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1.8 ‘ 1 1
I n-Type a-Si:H
165 |—@—10MeV | g
| |—e—1.0MeV | /Qiﬂ\ |
AT ‘ ‘ | | |
- : : . :
.@ /i\‘/ \0.
= ; ® | |
A \
z A4 e °
Z b A N e
F | | | ‘\‘;
I i \ *
Y /A B SO B VN W
0 10" 10" 10" 10" 10"
Proton Fluence [/cm’]
M4.4 BTc & 5 n T a-SiH ORHMESEZL BEARD, #ElZiiiE 1 ¥ LTl

THH., BFAT—LVTH5b, MPIRUAEZT T —NN—3RE EAIC X EEE LR Z2 RIAARZIES
DEERT, AT A3 LERTH 5,

n B a-SitH IZEWTHFAMRICEEEDORYE EAPEI o722 WO HER, fiETRUEZ [FF—2YK
TNVIYVAEBRIZBVWTOAERLTWE] LWSEFHEZFLTWS, T 212, n#la-Si:HDF v
) 7 BREG RIS > TETF YV TIREEVP EF U2 72OICEEEEN EF LZOTH D, HIZH
B35 L WO KRG, $72b5 DB OERICE > T v U 7 HERIELE Z - THEEEE AR
5, LWHITFULTH B,

nfa-SiH EF v U TRED 6.2x107 /em? L@z, m—IVHIEIZ k- TR TOT YV T
BEOCEMEZFARDLZENTE, ¥V THBEPHENIEI > TWENRE SRRSO PZT LI LR
T& %, £ZT. Van der Pauw BB % fti L 7z n B a-Si:H 12 1.0 MeV Bz 7#1% 1.0x10' /cm? fa4t
U, BHF#ELDRTSITHR—IVIIEEZIT o7z, ZTOMEER 41125 T, BIE. BHEZIFEALE
ER VPR U RETH L —F, Fv ) TREFIHMED 1.8 % IZE TR Lz, ZNIEHEEZ
BEOFEAELL % eBBLE T 5, toT. WIHIZL W EEEDHADIEF v ) TIRE DA
BRLTWSZE, 9725, Fv U THEMRIEZ o TWE ZeDWHeN LR o7z, TDF v TH
E RO, BEOHEN S AT, EWHENZFKT S DB OEBTH D &H X THREEWVR,

72U, A= NVHEIZ L > TROSNDF v ) TIRECBEHEIZDOWTREPRDIEZEVPBET, 3.2.2
fi (24 R—=Y) THRRZESZ, F—IVEENRI O, BEERIBHERSLITOFY Y T7ORY 7 b
BEEIDE/NI WD, MHFEFR—ILFy ) TRE, A UBEEE LT, ERICERMELSICEST S
FYVTREPRV 7 NBEELIIXKFLTEZBZIRETHS, LU, F—ILF YV TRE, S—IL%
BEIE, AROF v ) TEEPRY 7 MEEEICH LU THERH 2D T, d—ILF v ) TEEORDRIL
ZTOFEERKDF ¥ ) TIREDHMADRLEZEZ T,
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#£4.1 1.0 MeV B4 1.0x10%° /em? BSFT#TO n B a-Si:H ORHEEE, * v ) 7EE, BHEOZ/L,

KECEE v ) TEE BEE
[S/cm] [/cm?] [cm?/(Vs)]
o) 3.7x1073 6.2x10'7 0.055
IR a4 4.2%x1075 1.1x106 0.045

423 pBaSi:HDER

p B a-Si:H DR %X 4.5 (2R T, p M a-Si:H ORHEEE, SLEEEIMORER L TR, £TH
ﬁﬂ@btowh@V%%ﬁ%%%bt%mwﬁﬁﬁﬁwﬁﬁﬁu2xmwﬂmﬁﬁﬁ?%$kﬁbfm
ZEDICRZBN, TNIKEE ERIZEBIESDEORPANTD 5, EEERAD O IZADRR & Ak
T, BRIV F—=PMENZ Y, £72Si 1A VD SHIMEEE DA NIEE TH - 7=,

METRLUE TRF—DMET7 VTV ZEBICBVWTOAERT S WS RSZE LTS5, p B
BTk, K7V AEBICBWT R F—DBERTE2 22 TT 7 FABHEINTF ¥ U TRE (K=
WRE) IS BH, TV ADBRIES>T R F—REELTEHY p MIZED, FLT, 7Ly
AHEBTIE DB OFBIC L > TH ¥ U THESIRVEZ > THF v U 7TRE (FHZEE) 2HTMST 5
EWVWS | MRDEMLREEERT IR TFRINZD, ERIFZFDL S ITIFR SN o7z, a-Si:H F&
WIE R =Y THIERIPRDENZD, ZERORERR R—1V b (pEOBEIZB) BEENTWVWS,
INDWRF—DHERKD D WIFTEEAITS U THHIZIEZ S > TV B alEetkldd 205, HERlOEZ 2w,

424 nB pBaSiiH DHXERELEIL

CIZAT, FYVUTHIERRIZEZFy ) TIRBEORD L, HEEOLZFTARLZLIZE>THHAS
WZTBZEeNTES, WEE P IZERETOMLEEE L BN T TOEEEDLTERZI NS,

p— opC + OpC (4.1)
oDC
a-Si:H OWEE X, DB BER+0ITEBINTWEEMAETHNIE, BEHICEVWEDIFEEL R,

K=V 7BENEVEDIFEEL RBHEICH 5,

n MBI p M a-Si:H ONEEDEALEM 4.6, 4.7125R T, n B, pBlE EICIEIZ X > TRKED
ERTBZZEBDE, ZNEF YV THIEMRIZE>TEF YV TRENBADALTVWEZEE2REBLT
W, VIV AT EHEED ERRE, BT ALF—PMEVIFE, £72Si1A VD hRKE
Vo ZHIEHEEEOBDLEEWRELTED, BHREEORD EEED EAIIEL 53 v ) TIRED
BWAIZERALTWEZ e h5, LrLAMNS, 0.10 MeV B RIS & 2.8 MeV Si 1 4 VIR DY
Bk, B7NVZYAMTHREEIZL LA Uz, ZHIEEWEN 2B T 5 DB B RKEICER L Z
PIZE o TAY REEEDRFHNTU E W, REEREDOO L DTH B EENLLNIZLOTWEHETFEE
LTWwadeEZoNS, ZORIZDOWTIZTEIZTEHRT B,



4.2 HOA A VRHIZ X BBEEE, HEEEE1L
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10

10

10

Dark Conductivity [S/cm]

10

10

10

10

10

Photoconductivity [S/cm]

(a)

— .——.—..\.‘
= ==0—g_  A2Al ¢ e 98 'Q.
O, A, Y "%
G ‘A L o,

p-Typea-SitH G A .
A
—@—10MeVH \ \
—4-1.0MeVH 2\ N
- | —#—0.10 MeV H \ Ay
[ | 2.8 MeV Si -
7/ +
F (b)
e == vy
- E\j A %0680 00y
A % Tege®
A R S
R M e
\ \
g M
\A
\ \
0 A
A
\F"\
//” I N I N I N I N 13I N 14I N 15I
o 100 10° 10" 10® 10° 10" 10

M4.5 HOAAVERFIZES p L a-

Fluence [/cm’]

Si:H & (a) BHEEEE, (b) Yoz 24,

FFIEN 4.3 LEKTH B,



AR EERIEAIC XD a-SiH FEURDILBE L KGN T A =X

n-Type a-Si:H
12 _ypeastl

- | —e— 10 MeV H
10 - —e—10MeVH | .
—A—(0.10 MeV H

oo
D\ “: R
i

| —0—28MeVSi | 17
E |
2
=) o : : : /Q
AL / | E;] A el
2k / A
%M‘on—“"’“
0 I //I 1 |||I 1 |||I 1 |||I 1 |||I |||I 1 |||i 1 1
0 10" 10° 10" 10" 1013 10 10"

Fluence [/cm’]

4.6 HEA A VBHIZEL S nf a-Si:H OYKEE L, X 4.3 LEETH 5,

12 p-Type a-Si:H
- —e— 10 MeV H
10 | —e—1.0MeVH |
|| —A—0.10MeVH
—D—2.8MCVSi
2 8_
= | ;
B3 S SN B -
[en] : :
) ‘ ‘
g i i D/
= — : pini
~ I %Z:D_\DL:_A/A
3 B E—
0= /’/”;9I ”|10I ”|11I ”|12I ”|13I ”|14I ..|15.
0 10 10 10 10 10 10 10

Fluence [/cm’]

4.7 HAAAVRANIZ LS p B a-Si:H OMEELA, FLFIER 4.3 LAKTH 5,



43 BT OVE TR X B R, SRR L 51

43 BIFRINF—EFRBRICLIBEEE. AEEELEL

CZETCHOA A VIR ORERZRLTERD, MOBFAMTIIED K S RBIRASNSTZA DD,
ZZTlE 1 MeV ETHREROFEREZRT, Wb, REBRCHML &SRS o AMZERT 1 5inEd (8
TARRIEER) X, KRAFRHZEE L MEDo, W2 HEF v N ICRELTH, BNT2E T
I BRI REEERT S, 1 MeV OBEFHRIE 50 pm D TislE 20 cm FEDO KL EBEL, £LT
FE 50 um O TiEZ2EBL THSRRNCERET 2720, EEICGREDNEE SN2 E RO T 3L F —
X1 MeV D ERNEL BRoTWEI L2 TRTHBENDHL, LrL, ZOREOREITARIADT
FF—(TEIZIZE AHELZ FIFE T, JUZ 11 MeV B LR T2 2202020, b %
T - 7=,

X 4.8 1% 1 MeV EFHRIEHIZ & 5 N — 7 a-Si:H OWEEZEE, HEEELMIERLEZEDTHL, Z
ZTHOWZHIERTIHHIERAA 1x1077 S/em FRE L 2272 0 EDTIED DA, RIE 0 BHREE, Yz
gD RY EEAPEIIES Nz, UL, BMEEEDO Y — 21X 1.0x1013 /em? TD 2.7x107° S/em &
HESHUE < . DI PYIAED 3.0 5 Th 57z, ZOENID &5 UK LB AEL CThH 57228, 7
Z—VEHDOGE, JEEEIX 5~10x107° S/cm B DMEE & 5720, HZEAMILZEL TWRne
CDHMAZEED EFIIBE TSRV ATRMEDLNDH 5,

1T )L F — B R EAR O R A2 X B A SR SR 12 B W CHER I I AW S T H D, a-SiH
DHEHRE, Kz, JEF—7 a-SiH OMEEEDZLIZ DOV TE WL DRDMZE T IV — T HRH|E L T
% [30,32,33], L2 L., H&A DA UAZRE EFIZIFLAL OV —TTREHENTE ST, HEEE

107 ‘ ‘
1 MeY Electrons ‘to Undoped a-Si:H —0—PC
5 % ~oq, | [T DC
A o ® } @
N | O
2 o : O~
= / Nl ©0,4
= | | o)
3! 6 .\ O
3 107 F gy
g ; \
@ f o0
| | | e | |
B : : o\ Detection Limit
e @ ee-088
10 o— : : ‘ :
L1 ///|/||||| Ll Ll Ll 0l
0 10° 10" 10" 10" 10"

1 MeV Electron Fluence [/cm’]

48 1 MeV BEFMIUNIZ £33 F —7 a-Si:H ORUEEE (@), WEEE (O) 2k,



52 FAE ORI LD a-SiH PEEDOREELL L KF/NT A —X

FETFRBFICE > THA T2 28, ZNA DB HEEOMINEMHBEMELRH O, F v ) 7A@ O IZIE
HLUTWE IR EPHRESNTVWEIDATH S, WALIZED L, HIERRFRITENT 17 MeV
TABIIC KB EEED ERIZDOVWTHRLUZE, W DRDI L —TDERE L TE TRV F —E 1R
WINFERZIT > 720, BZEED LRIFBEI N o7z, DI L TH-7z [76], HIZAIE, Danesh &I
18 MeV % THRIEH B DI N — 7 a-Si:H OBFEERE, MeBHELZHFANR, 1x101° /em? FEEO RS T
HIZHAED 10 5D 1 BEICHA LI 22 RE LTS [31,34], 5 DEBRIZE W TRERE O R
ERAPBHIZI N o720k, ZOHBHETHRNVZODIZ TNV VY AEZMEEMNHET DI ENTET,
10" /em? U FOME 7 VT v AFEB CORP MR A2 BRTERDP S NS TH S S, 72, TOHMIET
WO, B O HIE X TITHYORHARE L TE Y, BE EAOWRZEEEZZZ X, 5 <8
HCERP RS H 5,

ERE, ZOLHERZREL T 3.5 MeV & THR IS EZDORE{EZEE % JI%E U 72 Navkhandewala & 13,
CORELAZBHLTB O, ZNDHENT a-SiH WHIZER LU 72 5 O RIGIZERT 25D TH S
ZEeaRHUTWS [29], £7. Baccaro 513 v #IH 12 K > TH RO RZE EAPBHT N Z L %
WELTWD [70], fE-> T, bRz B SNz a-Si:H ICHN B8 E O R R, Fig 0k & R
EDMIHFRMEIC L > TRESINIRELBGTIERL, FEICHFENRBRTHD L VWA D255, L
U, ZOMEENLHEZ RS20, ZOHMEREZMEL. 7Ty ZIREFEHEIZ DWW Tl < Bigg
LCR2RBERDHEI N0, ZLOHBEERRINTLE>TWAEDOTIFRWALEDNS,

4.4 BRI
441 GEEZEXBTD/NTA—4

PAE. OIS S N7z a-Si:H ORRERE, HEEE B2 FHEMICHNTE 20, Zhodnozn
EDEINTA=RIZHLINT WS, HAHRD a-STH IZ AR U BIZEZ 2 2D X 5 M EFEH
DRRE RS> TWENEFANRND Z L, RNDIREZHS TS ETHFEICEHETH S,

FETHERBRRAZE DT, MEICK P ARTE e, E7REOHAEMFERIC L DIEHMEREL L, JH T
REDOHBEAERIC X Z2HEHRELZZ T TR HRIEZDOT AN F—%2 Ko T WL, HIEOBENIZ X > Th
TR AR X Y72 D ITE D T )L ¥ — % B TP IEAE (Electronic Stopping Power), ##IZ X2 £ D
% KHIBH IE#E (Nuclear Stopping Power) & IERA, AKX CTIEFPEIZZ XLV F =G b LD
Bisc ko, ThZThE T X)L ¥ —{I 5 (Electronic Energy Deposition), &# T &)L ¥ —ff 5.
(Nuclear Energy Deposition) &8 Z &2 5, WHEPK PS5 6N BARI HZH DT RV
F—, TARDLLEIXNF (5 SIF ZOBEBFHNZAVF—HE S, LB RVF -5 S, ONIT
xKbINsd,

S =S, +5, (4.2)

BALIE eV/nm 2 ETH 5, — R FFEEDEGE, BEFHNT XL F 5128k > TEL 2 S
TR THOLEHAGEZUMTELIFLDIANF -2 DI LT LA LRV, BRREOZL
X Se LB ZE B 2\, — . BT 2L F — (G R 720 R A R & W o 7o g E D 2L
W, T o BRI AN Y FRITHM O 2DHER E LTI 6< 2D, v U 7HMEDRF v THiE L



4.4 RN 53

Wo BIR 25 S IT, T EH LEEGHR (Displacement Damage Effect) & IEHENTE D |
Z U E i LiEG R (Displacement Per Atom: dpa) & \WHREH 1 FdH7z DI Z 2130 EH L D[EEK
W&o TiMiid s Z LA TE S,

UL, a-SiH 2B W T Li*ﬁ%ﬂ@@ﬂéiﬁfﬁik FERRDIBERVPEL D, SWRIRM»S 9B K 51T,
a-SEH 2B 2 REEDAER U & W E T 2OV F — 13855 B SR D 2 & AR TEBITE S . RGO E
TR RIZ & > TH RIEHERK b%’f\ﬁ‘l‘é?ﬁ‘%ﬂﬁ?‘é (I8 "=, 2,62 i), W-oT, FUEH
LB G R & B RO A2 RMAEK. TRbbESFIELMIIEFLSTEI LR 50, ZhT
. ED D BEDED SDRMHAERIZ U TEEMZRDZES S h,

L ZAT, KIGEMIZE T 5 REERMEDOBEFRBG LI, R L T S PREIRBRE T D U R & 3R

MzED2Z LWHSNTWVWSA, Srour 5% a-Si:H KFGEMIZHR 2 22T X)L F — DR 7-F#%. B TR,
X ik B U7z fE R 2 ik U, RERME DB 1 & Vb#kE (Tonizing Dose). 3 &b bETH T XL
FNLGIZE > TAT =V I TEE I 56, a-SiH KGEMDOBEHIRL LB ST @%mtw%
X BRIGEBRICERN L TWAZ 22 ERLTWS [8), LA L., BlESIEFAU < a-Si:H K&
s K OB i e K U, BRI 058 3R BRI LA A U EREIZ Lo TATr =) v 7 &Eh
203, B AR 0846138 U A NIEL(Non-Tonizing Energy Loss) IC& > TATF =Y vraIns e
EWELTED [0, H—MARMIEESATOAY, 25, NIEL i dpa & D & EEOKMERE % K
Mg 24 e LT Summers 5IZ &> TERINAHDTH Y [71]. NIEL IFHK5EFEMRIZ K o THEERE
N5 KGEMOBFMBIEIFEIZLL AT =Y VI TELI LD NP>TWD [72],

DL RBERDIERERVESNZFKOOE DL LT, EBRAEIZERT ST —2DIES D EH%E
Fond, HoDEBRIZZOHMETIHRL o720, MIEE TIZRRORMELSH ZREL(LTL
FolzWReMAH B b, WERILIZRE LM EZHWTWEZ LREPRT-XDIX5DE 24U T4,
Z OFERUWATRRIZ B W T E 2EBIERICR 72D TldARnwhr e gEIhs, £7-, a-Si:H KfpEM &
FWoTH, ML TWDDIF a-SiH PERZ T TIRARL, HEAMDOEE THNIE a-SiGe ER LD
FHELTBY, TORMZ{LEHELTVWIIETTHD 72D, BT L a-Si:H HEDOWRE RO A%E K
BLUTWD EIEE AR, O RGO FHE R a-Si:H FERO AR 2 EICKKRL TNE L
WA S0, HERKRIEONDE Z RN 5,

442 BFMIRILF—5E dpa DEE

EAFUDHENZE 2D S, ® Sp. dpa ik, SRIM 32— F2HWTEHET 22N TES [75], % 4.2
Z Sev Sp. dpa DfiZ LTz, TOFEICHIZ->TIX, 2=y NEEE 2.3 g/cm?3, kL% Si:
H=884:116, FUEHLTXLF¥F—%2Si=15eV. H=10eV & L., #ESHANFEHEZR > TRD
2o WUEHUIALF—ET 74N PTANINTWEIETH D, ER—F, nfl, p BMTHEEPKE
I TERZRDEN, K42 08fE%E KEZ{IEIIFLDETIERWZD, JEN—T a-Si:H T
HAfERA2n BB X0 p BIZEEA L 72,



54 BAE BERESIC L2 a-SiH PEEROEREEZLE KT T A—X
#£4.2 TRIM THH L7 Se. Sa. dpa Offi,
B -k SiAAv
TR F— 10 MeV 3.0 MeV 1.0 MeV | 0.10 MeV | 2.8 MeV
S, [eV/nm] 7.39 19.8 37.5 111 2.02x10°
Sy [eV/nm] 1.52x1073 | 6.95x1072 | 1.66x10~2 0.163 40.4
Sn/Se 2.06x107% | 3.52x107% | 4.43x107* | 1.47x1073 | 2.00x1072
Ldpa B7DD |y 551020 | 8.08x101 | 3.21x101 | 4.48x10% | 9.84x 105
TNVIY A [/em?]
443 BFHNIRILFX—FEBE, dpalc&d245—1) 5 :ER—7 a-Si:H DIHE

4.2 Ol % E T 2V F — (1 5% (Electronic Energy Deposition Density) & U < I dpa iZ
2L, MEEZPIMEZ 1 U TR L U 72851 2 M 4.9 1R T, BTN AV —MEHEEITZ 7 LTV
ALBINTINVF—(EOHETH D, HfildeV/em? TH 5,

T BTV Y AFRICBWTAEL 2 EHEORE LRI (a) BEXT (b) ZRNEN”2 LS 2,
BT I E—[MEEED 102! eV/em3 720 TE—24%252, LA L, (¢) BLU(d) D& > ok
Bz dpa 2 L 5758, BTMIILF—MENE S EFCE dpafllic— 22505512 ->TL %
W, B2 33— LR, —H @7VI Y RAEBTE L B REEEDOWIZONTIE, (d) ILRINT
WBESIZ, dpall ko THHIZENWIZELDSNDZ I EAHNB, —H, (b) 2RI L, BFHIT X
VX —(F5BETIIMLEEDOMDE FL DL LIFTERY, UEDOZ 0 s, EZEEORY LN E
TRIERIZERNLUTWSEZ &, @7V Y A THE U D EEEOBANTIZIT U S LRGSR I
FELTWAZEARKEING,

444 &E

MIRLVLF—RE5EE. dpalc&dR4—1) 5 :n B aSiiH DFE

X 4.3 Ol BT 2L F —(E5HEEDS U< I dpa (ICZEH L, ML 1 UKL
AR AN 4.10 125R T, BHEERE, S EEE L 12, B dpa 12k > THE—Oiifticx 2o
otz (K (c). (d)e ZDZ &l WEEEXHEEEDMPDEK L Lo TWEF v ) THTERIR P
v ) 7T HE@EDA, FUSHUEGHRICERL TS WS 2 2 RBLTWS,

LU, (0) BXU(d) 2ZR<AZ L, BFROT—XIZRSEFLES>TVEY, Si1AYDTF—XIX
2RI U EAIZTNTOT, REEORBDELVGTROLGAE LD LNV, AU dpafiTHEAS 4
VIR O S PEBRICEAI NS RO EE GEERHE) PMEL LB [T 2D &5 L8N Tw»
5b0DEZO6N5, £7-. 1.0 MeV, 10 MeV 1D 7 — X%, & dpa 12725 & f#lifid 54 TR
O PRIFIT 5 & S MM Z R L TWEH, IERO KGRI FRRIEHHT X 2 RIFEAR L R
BEOBEERD NG Y ATRE D 72D, RFEBEARDENET 3L X —HFHTIRE I NBA LD REAEA
TERVDOTIERWREEZLNS [39].
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Undoped a-Si:H

10_ : - N E U S
(a) DC |

Normalized Conductivity

R AT e omevn |
~9—30MeVH | ..

p —49-1.0MeVH
1O o T P A 00 MeV H [
PPC] 0 S N RS A N || -28Mevsi |
1 ///..i . il 1 N 1 il -y 1 - ial A - il
o 10” 10° 10 10° 10° 10 o 10° 10° 107 10° 1070 10"
Electronic Energy Deposition Density [eV/cm?] dpa

49 (a) HOA A VBEHIZ L ZIE R —7 a-Si:H OBEEE 2 BFH T 2V ¥ —(5HE TR —
VY7 U0, (b) MMEEEOBEBTFHNIXILX—FEGEERT—Y V7, (c) BEEED dpa A
=0 v, (d) REEED dpa 27—V 7, MtENIAEMEE 1 & U TR L7z, FlEIEM 4.2
BLUM 4.3 LFAMTH 5,

445 BFHIXINF—EBE, dpalc&dRo—1) 5 :p B aSiiH DIFE

B 4.5 Ol % BFHT RV F—(F5HES U< 1T dpa (IC&# L, ML 112 UKL
TAERZM 4.111R 7, n B a-SiH OFEREFE U<, BHEEE, MEEE L £, WD O dpa (2
kot —ofiffictedonz (X (c). (d). LAL, BFMOTF—RIFR<EFLE>TWE T,
SiAAYDOT—=RENRD EAIZTNTVT, dEVEFLEFSTWVDEEFVEV, n il a-Si:H 054
CERE, dpa fHPEFEL K TH Si 1 4 VIBF TIEEBROBEHNRVENTHAS S ZLIFFHINDEH,. n
BOMRLDEBHEININTE D, ZORKIEAHTH S, 72720, B AR OMK 7 LT v 24K T
. R —BIRMDERDIZDIZSi A A VBHDOHBEIDE VW OENMEL BT LES & WS Z & dFE
Zohd, FEZOISBRILPRI>TWETHAD Z L5344 (72 =) THONIIRS,




56 BAE ORI & D a-Si:H PEROREELL L KFNT A —X

i

n-Type a-Si:H
1?9—_.'0{”{‘3;*’{%::\. """ : -O—W """
o N\ 4% )
10'1-_.,,,,.,, ; \ ‘.A\,.,..:. : _ ,,,,,,,,,,,,,,,,,,
b \ A £
L : : [} 'Y \A\ : L : : : : : :
FCEH U5 U U I W U PN A SRR SRS S S WA\ O
S | U E - I -
1w?;,g,, '\b' \&\ L E_j S T \QEA
107 —— \u Cte L o ‘\’a»
F | (a) DC O £ | (c) DC o
10° | '

Normalized Conductivity

10':

B W T A A O I A
e | \k | \“ |E[@PC| | | ‘%x

_ \ R |

107 | o B @ T0MeVH [ 1———0—\3
[ ‘ ‘ ‘ \ ‘ | [ | #—1.0MeVH | ‘ ‘ ]

10"k N S ENURTRRRI S b @-010MeVH| .
L | (b) PC = F | 2.8 MeV Si

10'5- 1 ////..I 2 1 aal 2 1 aal 2 1 aal 2 M | 2 M | [ 1 ////..I 2 M | 2 1 aal 2 1 aal 2 1 aal 2 1 aal

o 10° 10° 10 10 10° 10* o 100 10° 107 10° 10° 10"

Electronic Energy Deposition Density [eV/cm?] dpa

410 HOA A VEEIZE S n B a-Si:H ORRERE, SBEHEEOEFRT XX - 5HE X
REC S UBGEA T —Y) V7, MlEiEE 1 & U Tl U7z, 5343 LAKTH 2,

446 BEEEINCEEORIAH=ZLA

EEEDORY EFIZOWTIE—HEN, 22T, @7 VIV AEE THND B EEE, 8 E DR
MAHZZALZDOVWTELDTEEZW, BEEORE FHDANZALIZDOVWTIE 6 ZETHRT S,
INFEFTOFEMIZED, BREELHMEEEORD I —TIEELELE dpa il E>THELFLHHN
52056, U EHLUEEHRIZED DB OEMAIEZEE L WEEE 2D XL HRICL->T
WBZEDHAS PR 5Tz, DB OFMIL T )b I HEALAHE O RBIEHEN 2 X ¥, 3.6.2 fiCHHAL -
Xy VT HMOBWDLF Y THEGHROM %25 2RI T,

Fr U7 HEGMOWAE, A35BXUON331Lde, HMREEORMTHHIT 20, B =EEDLEAL
ZIFFGE LRV, LU, 7 o)V IEENAEOREEMIE T v ) THEE 25 SR $720, n %
p OGS, Fv U TEENEAT S Z LIk o TRHZEENEAT S, £2, M4.20) 2R5E. JE
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p-Type a-Si:H

a1 A 0O
107" o SRR e W R P N —— — i
SRR | b e W \é\;‘ 0
a2 ‘ ‘ ‘ \ N ‘ ‘ ‘ ‘ ‘ ‘ N 3\
107 = R R [ —— O
SR | N Yee F | | | LN
> . ‘ ‘ ‘ O-o ‘ N ; ‘ ‘ ‘ ‘ 0-0
= 107 F <
‘g I
S 10* F R — B — ol B
g (a) DC F | () DC
=2 107}
N
'c—‘é [
S 10 L.
z 104
10’2- R s ‘ ‘ : ; : ;
F o % |f|@pPCc| | | B =y
N | | b-o |t | | | | 3
107 F 1 F| @-10MevH | S
: *1.0M6VH
10 |- || €-010MevH| .
t | (b) PC F | —[}-2.8 MeV Si
10-5- 1 ////..I 2 1 aal 2 1 aal 2 1 aal 2 1 aal 2 1 aal [ 1 ////..I 2 M | 2 M | 2 ol 2 M | 2 1 aal
o 10° 10 10" 107 10° 10 o 100 10 107 10° 10° 10"

Electronic Energy Deposition Density [eV/cm?] dpa

B 411 HOA A VBEHEIZES p M a-Si:H ORHZEE, HEEEDEFHT I X —55E £ 7~
LU EH UBEREA =) V2, BN EEE 1 & UL 72, BN 4.3 LFAETH B

N—7a-SiH $ & 7 VTV AR TOREEEIIOHE L D BV S NMEL RoTWd, Tk, KIH
WDIER =7 a-SiH TRAMM L LTEENLKE (O) FHFAFF—2 LTI AsWTH n MIZko
TW52, DBEEOHINIERNTSF vy ) 7THEMRIZE>TO NF—»"HiEINhEroTHE %
Zob,

45 ZOEHRICDOWVT

21T, BRI O BARIERN RIZ D W TR 7R RIZ DWW TR R B, B[R0 R sk 7 1
ANGHT 5 ETEIERICEERBETH D, FIRIE. ATHEICHBERT 2 FH A AGEROS S, FE

IZHET ORI EET TR R R TR B2, REDD22D &EIZKRS, FEEREDEETIEN 70
°CIZEL [74]. ABHEEOREMETHNITFEIZEHRIIRE Z B TFREINDE, o T, FHHAKGE
MADHAZE Z 5 ETIRBRBENRIZT 7 AZiE76 <,



58 FAE ORI LD a-SiH PEEDOREELL L KF/NT A —X

MREIIEE B S H UOREL T 2N B 2 fi s & . BURBRIBE H16721) T i gt s
FIRHZ S 5 Z 21245, o T, BUHBEORBOEEEL2 2O FHMIE L KT 2 Z 2 I3 TEX
W, HLEACIILZ 70 I IR B BULIE & 17 > 723 UR O REE 2 AT RTOfE & kT 5 Z L B AR
M. Z OHEIEEIREHT T U TERP IS EERE, SSEEENMA L TUE S 72, IR 2855 %
B LRIERICNEETH D L EZ 5ND, * I T, BRI HE LB 2 U, a2t e (b
BOMEZ IS 5 Z & TRIIZE > THA UL EEE, AMEEEOEEREZFRS Ik, ERT
JEIZRDEE D TH B,

1. gkl 2 o2 e AL LR

PR, (R 2 JIRE

RS (0.10~10 MeV)

TP R & LB (150 °C. 4 W, No #A 78 —) U, ZOHREENRZE/LILE
RS, R EEHIE, 2. & R

BRI

BULBESAT I B3l 4. D2 BV TH D, SW RIRIZE > TH U % DB HE DRI EAZEE DA TH
NI, EREIESMA T 100 % BT H Z e R INE TOMEN SR> TW5B,

BULPLOFER 2R 4.3 1R T, BERE X PHE L BULRZOMEOE &2 EKT 5, p HlIdVWIhe
100 % 3E < OIEIZ E THE LA, n B IER =T OilkHEZ < D54 100 % £ TIREEE T, 8 #l5i
Bz EE o7, —H. 0.10 MeV Bz 7% 1.0x10 /em? & TS XN/ R — T30k Tk, HEE

# 4.3 BRI S N7z a-SUH ISB 1 B RHEEE, SHEEE OBEI R, BRI LE b
HAERLTH 5,
B FHRER ST BRIV E (%) B8 (%)
TARLF— | THTUA R SR R AR
[MeV] [/ cm2]
0.10 1.0x10%5 - 4.8%x1072 - 7.4
eSS 3.0 5.0x104 - 7.6 - 75
10 2.6x101° - 6.6 - 91
0.10 1.9x10% 1.5x1072 0.34 75 84
n & 1.0 1.0x10'° 1.1 10 75 81
10 2.6x101° 12 18 100 80
0.10 1.9x10% 0.78*% 0.49*! 99 105
p & 1.0 1.0x10'° 2.8%2 11*2 107 112
10 1.0x10'9 14 45 100 106

*19.0x10" Jem? HRFORHAR, 1.9x10" /em? £ THREU72A, 1.0x10™ Jem? WSO RHEEE X
HE LD T TN LD PETELRD 572,

*2 1.0x10' Jem? WSO8

IR

=250

1.0x10% Jem? £ CHRSL72%, *! ik, HETE 057k,
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JEIXIE L A LRI L b5 7z,

SREMEL 7B ERTIE, b AEEMREFARNSE Z 2 HWE U TRARHEZZE LR -
27D, TR EBWIIIRT 52 Z e TET, AN X 2 EEE R O BRI R AT D W CEEER
a5 Z L IFH LV, I XA EEEOHARNKE T NIEKE WVIFEBIIZ & 5 EIERIT
INELK o TWVWB KD ITERZADEM, B2 o -2 TR >TwiRwy, 72720, 0.10 MeV 5 1## %
1.0x10%° Jem? F TR I NI RN —TRROMREN S92 & 512, BEEELKE AU 72k
FHIERIFLALEBELRNE D TH D, BT, HLITHMTE D Z 21, BEHRIRSRIC & > THEL 21
(R, GBS DR, SW RE CERE) 12k > THEU ZRHEER, SHSERE DR & 1XH S H
B -oTHE D, 150 °CREEOEMMTIFZERITIIREE LRV, E\WS 2 & Th S,

ZORIZDVWTIEEIDULERT I LVAEETH D, SWRHIRIZE B KEREMDOO L DIZ, SW
SR TERENZRIE (~1017 /em?) FEUBIZ L > THETEDIC, E¥50LTHeH 2FELTVE
10%9~10'6 /em3 FEE D RIGIZME LBV DR, LWHEDNH 5, ZORMEZHIIT 572012, FEARK
RETIE LT, Street 5I1EFHW Si-Si fEA & Si-H #E A O R M & 2 HFRKIHO a2 2L L
7=my (15 R—=Y ¥ 2.5.2 28) [25]. BMIZKIEEEOFMHAUDVEILL TWDIZTERVWEEEZ LN
THO, TRITIEHS ITIE R > TR,

O E ISR S N RAREGREE REL TAS L, BLESRIZE > T SW IR UL
T REAER 7B AT Z > TWB B, TN IEANT, 10 EH UEBEGESRIZE > TE U 5 RIS
UCLERRIEMERLTE Y, T o3z Ny R (BEIEH) ATIRF vV 7HEYF vV 7 Ha
BB ERITEMNE L TEZOWVWTWVWEDTIHARWVWD, EWHIZEREILNE, EE5DKME
DB & LTHHENDERTH o722 LTH, BRI L > TOALEL % & DL DA IRTE
DEIL 5 L\ o 2B S LERINEUZ N U CLRER D TIER WA, EWH I Thd, ZDEIIERD
. BIBESDHE UMERE S £LHMHTEIeNTES 52—V, 441 H2R), BFITBTR
FOEFUEHUEBIENREL RS20, U SHUBRGIC X 2 BHEEEDRIEL S < FET 5D
BIRROGE XN SW I RIC L > TEU S XS RBMICH W R RO AL HKET I LEZ LN
%, o T, BHREHIC X2 KEEMORERMEOLMIENIEL ICX>TATF =) VY7 TE 50, &
TR OB A RXB LA M A VBRI LE > TAT =Y VI TE S5,

U U5, SISO MR IES 12 & > TEU BRI DWW TIX, £ < D2V — 7% ESR #llE 7%
CIZE->THRTEZHDD, BHRAEDRIHIZKERIT 2 AR MULEINETHREI N TVRY, R
BHZ & > THEHRBEIZ L > TH, BT 201X DB IZEKT % g = 2.0055 ZHud & $ B IRIEWME S
DATH Y [32]. TNH SW S REIBH AR E FEAIIEA —DHRLTH 2 LT 2L 725 TV B,
SEOMEREES ULabEnE, BIIZX > TEU BRI SWRIRIZE->THEU B ZN LI ESR AR
I RNVIEEDLSIRNEDD, FANEDERD SN ZERITEVPELZDTIERVALEEZ LN
%, H5VE ESR AEMRRIFERELTVWE2D00E LR,

PAEIZEZ 2N T E WA, S5, BEHRIBSNIC & > THE U 2 RIGEED RIE X, Kb I#EE O iR
WaEiT> L&, 20X BHEmPEEREHICTR2D TRV ifFT 5,



60 FAE ORI LD a-SiH PEEDOREELL L KF/NT A —X

46 F&H

AETIHIEN =T, nB p Al a-Si:HIZ0.10~10 MeV [FFHr. 2.8 MeV Si 14>, 1 MeV & 7%
ZREATL, 7V 2T S EEE S S ORREE QL2 FHMICHI N, £/, AHA A4 > Dkl
ANDIXNF - 588 %2 5 A, BREES L OOMREEOZIIN U TN ARERZ RE Lz, Zh
SDFERP SIS NI Z 2 RICEZEET S,

e JER =T a-SiHIZEWTHEHI I NAEEEDEE EFIEX, BT 2V XF =203 < R 513 L HE
2R, ¥REEEEY—2D 7NV VAEEL RS,

e n M a-Si:H THHL I h W oZEBED RN ERIFERI S, EEEY—272JERN—7 a-Si:H 0
BrBBLT—HTEI o, MERA—-DOHKLTHLEZOND, iz, TOMEITE 3 =
TRELUZ MEZEE FFRII R F—BRBOERIZE D] WS kEiE XL TV,

o p M a-Si:H O&a, WZEES L OMREE XS 12 L > THRFIZTHAD U 7,

e WINDAEHIZBWTH, BNV AHEB TR EEES X ONEEREIXBAD LT, BT
ITRILF—DEWIFE, £72 2.8 MeV Si 1A VD ARFARITKEI -2,

e 1 MeV BRI CHMEEE DR LRIIBHIS N, FEEORY LA BREDORMAETEL S
FOWRRLBDOTIHZRL, BA AU PEBFRR Y RO L > THENIZEULHKTH S &
WS Z DRI NT,

o WML IV FE —hGHHE L 3 U & 1 UBSR (dpa) % A\ = MR QRS B S | (S8R0 R L
FIEHHIC Ko T, B7 VT Y AFRTOEEERD EHICL > TR ENEHETHE L
B & 2 75 5 72,

o HUINI Y AMHIBTORZEE DA, DBEEOEINCE I v ) THERIZER LTS
D, HEEEORAEFEU K DB EEOBEANCIE S v ) 7HEGOREA (HESTOLDREM) 12
BERLTWS,

o HMURKRIRETIZ X o CE U EEE DA IX, BUMZHEL TELRE2IZIEEE LRV &390 >
7zo 2L, SWRIEIZ X o THEU B AW RIGE 1T R R 2RED RGBS IZE > TELTY
BZLERBLTED, BESIRE SWRIRIIEL BLIHRTH L Z 2RI N,



61

Y Tan =
5

=

a-Si:H FE{RD NG HREA I E

(L
AT

|
dm

51 ELC®IC

B E TIEBEARESN ER OB EEE P EEEIZ DO W THMICHHRTE 22, AETEET 2 LF —
% 7R IR T OBSEERZIZOWTER U, BRI FI2H % a-Si:H FEARO B2 EHE 2 1 5 7
29 %, /o, BURRIREIZ & - TREEONRNEE AL D L S IZEAMT 20OV THENS,

511 FBHEOBRHEMRFEESTIEE (RIC)

AR S N TV B YER TR, BELRANDZRVT -5 (BEDE) TL->TREDET
CIEA R UL I OREF v ) T Lo TREIEmZEIRT 2720, (REEPERTS, i
SRR B LS (Radiation Induced Conductivity: RIC) & FESR, R 7#RiZ & 5 RIC D&, BAF
DRIz E>TEDENG [14],

Setp
E
72720, e: FEM[Cl. p: Fv V) TBEHE [cm?/(V-s)]. Ang : BEHRBHIZ L > TEU 2 IFF X v
V7RI [/em3], 7 EFHF v ) T HEA [s]. Se : BT T AL F -5 [eV/em], ¢ AR 7 T v
I A [[(em?s)]. E: F¥ VT OEHERTILF— [eV], THhD, &0 —MIHIZIiE, RIC X AHK -7

Ty I ADEBRIHHITH I B >THED,

ORIC = eANR = eut (5.1)

oRIC X @© (5.2)
LREEIND, DL EOHEB o ZBEHERNC & > TER L ZEZBEOIEVM T v V) 7 OFEES#E2 K
BLTWa eFEZoN, EARMIZIZ 0526 1 DBOMEEzIE LI TWS (77,
5.1.2  Shockley-Read-Hall(SRH)

T 2T, BRI G A UBR D, JEFMTF v U TIRE L ¥ v U T EREDOBFRIZDOWT
PRFELLGRL B, EFRE, T0bb, —EOF v ) THIEIEZ DT TWHIRETIE, kL 79k
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T v ) TIZRA O DD EFEGERIC K o THIKS 5720, IEFMF v U TIREIIEE (k) & HE
& EIH) ONTVAIZE S TIREDZ L2705, ZOHEFMF v ) TEEDF v ) THEIEBRE I LT
ED XD KFEZRTNE, Frv ) T OEMEEEELERT S LCHO THETH 5,

HXRHPHRZ L 2B X CIEAIRBEDOZE An ld, — (b X 17z Shockley-Read fifE X,

dAn _a_ {B+ VthOpOn Ny
dt op(P+p1)+on(n+n

THEA SN [18], 7L,

) } (np — nopo) (5.3)

(E-F
p1 = Nnjexp ( LT ) (54)
By — E;
ny = n; exp < tkT > (5.5)
Thb, ZIT,G:Fv ) THEEE [/(cm®-s)]. B: /Ny FHEFEHEEGRE [cm3/s], vy, : BOEE [em/s],

on ¢ BT OMERER [cm?]. op @ EAOMENER [cm?]. N : FREGHLORE [/cm®]. E; : i
BHDD T HLE MR [eV], F: BT 2V I THVF— [eV]. n ¢ B v ) 7HEE [/om®] TH
3, nEF ¥ ) THAMTDONT WS GARFENSEZ > TW5) BADEFIEE [/cm?] TH Y. ny
FECTEHPRBICB U 2B TRETH S, $AhbL, n=ny+An Thb3, FABEIIOVWTHRAMKTD
5 (p=po+Ap. 7272L. An = Ap),

ZOABRIF N Y FHEEMES (EEEEE) S REMEZ N L ZHEREEOmMFOEEEATED,
zhEh, R531CBFEKEMAOE 1HEE 2 HIIHELTWD, — BRI, EEHEHEA X GaAs
E\V o EHEEBRAEERIIB W T XN 2 HEHEEBETH D, Si P Ge &\ o Z[HEGER R EEKT
7 % VOMIHDES 72012, HERSEEGOEBHRIIME 25, EBICIK, st —Y s HiEaPR
HHEA D EZRTEHERH DN, 2 TREENS ZHEHT 5,

22T, n BPPREREMEL, WIEOZMHE (ng > An=Ap > py) TR 53 2N THAD, HiEE
FRDBNY RE Yy TOHRRMEIZH D, n>>ng PO VIDETELUTDO LIRS,

A
éa@:G_@m+mmHWMn:G—CAn (5.6)

CIEE HlsE 5, EHRE dAn/dt =0 TZ ORDMEI,

G
An=71G = c (5.7)
0, FEERMEIIBITSF Yy U T OHEMNE An i 3F ¥ ) THIEBRE G IZHHIT5, i ZFr VT D
HiaHFMTH 5,

SIS (An = Ap > ng > po) (27225 LRBUIEMIZZR D, BFN 5357 A — X DRNERIC
FoTEBPEDL > TL %, HIZIEAE3IZBWVWT BB KREL, KEEIMHNOE 2 HAMNIZ/NZ WE
ALELGEELTDOL DTS,

dAn

q;ZG*B@m2 (5.8)
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BT Z ORI

G
ATL— E

(5.9)
Lo T, ¥ ) TOMNE An 1ZF v ) THIEEE G O 1/2 TIZHHITEZ L1225,

:@&5@%@u\E%Q#A®%%%%ﬁk%w DF D BHAKREVEEEBILEEAKIISWTIX
HNRPTWEEZSNDN, HEERIEERDIGE, EHEEBM LD ENR VNS R520 ®wT
b%ﬁ58ﬁ&ﬁ?ébﬁ?i&hoWziﬁ%é¢®%§A&ﬁﬁ%b&E®@mT\ﬁ%%ﬁ@%Q
HX B 0B+ KETNE p+pr ~Ap R EZHANVT,

dAn VthOpon Vg An
— =G - —"""—" % (An R — 1
dt ¢ { (op + an)An} (An)* =G T’ (5.10)

B0, An i GITHEIT S, /o T, EFMF v ) TIRED T ¥ U 7EIEEED 1/2 FIZEH1$

PUXENESRETH D L WA DD, BIESFRETH > TH 1/2 FOMKEEDNEN D LTS 20, FEF
M v ) TIEE L F v ) 7 EIERE KR S 2N L, EREAERICETAME A S 20T K
(R8O YRR ENE. RIC OB EREFENEIZ DO W THAR TR 5 21T iR 5 20,

5.1.3 RIC X3 3 BRER

B v ) 7 ICEET 2ELMEEL WS ER TR, RIC IXFEBMIUEE L H UHKTH L L W2
5206, 512 HiTRANZHERIFWE TN U THRILTEEEZEAZATE, UL, BMEBEZBWTIE 1T
H720 1 DOOEF - EAFUNMESNRVDIZH U, RIC TIZREDE T - IEFLE DI KR D REF 1290 -
THEEECERT 2720, REF v ) 7 OERBEEILFINICIEAE 12852\ ZAIZHH DR
DB, o HEHNZ K> THEUZET - EANORIET AV F —IZ AR T E2HDOZ RV F -2k o> TR
572012, HHEOHBETHNITEVEVE eV RED T X)L F — Un Rz mnds, BEHRRGIC L 5
S F O AN F—AHIEENL D LEPICAL, GZAVF—OEBTIIMOETLHEMEHL, BIZ
B TR EAR I NG Z &IZk 5,

ZD &SI, NEEE L RIC ISP F vV 7 OEBBRIZZ S DEVWEASNED, EoLb Kk
SR AERITIBH RGO LRI > T RIC IZMRA K TT 5, EWHIRTHD, ZNIE3TETHRA
512, RIC 24U IEI2BEBIMNITANF—MEIZEDED TR, BT X VT —(F5120E5 1%
%&b%@ﬁ%t;é%@@%éoﬁ%k%@%@ﬁ%Mb1m<t\#%%#kv7®%ﬁﬁﬁ@b
RIC A4 5, R3.7TIZRLEZLDIC

o1k (5.11)

THdh6, TIITXN51ZE2RATBHLE,

1 1
= + K¢ (5.12)
ORIC¢  ORICO

*1 GaAs OBE 1.5x10710 cm3/s I2H B DK U, #i Si Tl 4.7x1071° em3 /s & 4 HIL ES /& W [80],
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0, RICIZ 7LV Yy ZIZHHHILU THAT B, 72720, T AL HES KB D B8RS A LA /N & WRIL
Tixbb, H5RMGEMPBEEICRFUTHAILTEMNT I 2IELTH Y, BEENB AL, B4
REGOREE R & W o T @M RER D2 T %5 &, RB 12 IFEHTE R,

514 a-SiH #¥EF DR RFEERLEE

a-Si:H MR D GBS IR 2 E 2 212 H T2 > TREICEP R T NIER S 20Dk, afED & 5
BRIV F =DM WEIKIZE > TEREPERTZ2 22, ThbE, REOERL EWETZRILF =1
FEIENZ & TH D, BRI & > TR Z 2 R4S O REFE L SW RhHE & 2 2 i gtk X
RKWZH D1FE05, TOREREL 2 KIGOREEIL SW SIRIZE->TEL2EDLEHELTH B & T NIL,
RIC OZAbiE SW s CEIEHA) LFU & 5 ICMRBEEHESIC L > THET I N TE S0 E
LR,

EoT, ABEIZBWTHSMIZLEZWDIX, BAFD 2 /HTH 5,

e a-Si:H *PE(RD RIC IF— M PR TAS NS RIC EHEBD A = ALK I NT VWS D
2 R51HBVWIEAL2VHEHTE DN,

e RIC %@, D 2k L T 5 RIC O k%, —AZRLEAR TR S B 24 & Rk
DM, BB, RHEFE L FAROEE 2R T DI,

JELABETHONIULAZLDIT, BTNV UV AHKTIFEEEDORE LANKI 208, ThziaE s
CEBUZ DB ORENKREL LD, BEETHA LTV, 23 0Wo7224kA RIC IZEWT B [FERIC
BIRINZ L PHRTEEH, LD 1 HHZHSNZTE7201IC1F, 2o DD+t Tte s
EOBEMEZRELUTRAIHEDNH D, ZHIXFEBRICIE»R ) N /EETH 5,

5.2 ZEER

B 5.1 IZAREERCTHW 7z EEREEE OB A %2 R s, BANEIX 3 T 4 BOMA L -FEBEE & Hk
ZH, ARENCIZEER, BEF. MUNEREF (ADC #8240 TL 2 b A —&) HEkishTH Y, i
KO BN —EBEEZMT 22 LT, BHPOBMEEREEICE=X—F5IL0WTES, £z,
RIS YU 2 W T2 RRHC IS U T, SRR BT 2 IR v ) 7 RAE LI E 2 Z L 3 H g
Thd, BHPOGRBHRE XX I —k EICB@EN 2 EEE—Z T A TllET 5,

PRI R IR EMZ L 72FE R —7, n B, pMa-SiH THH (23—, 32HizH). Th*
1 2,50, 0.500, 0.500 kV/cm OBEZEAL, Y+ 20 bo U IEETHES S 10 MeV BTt 2
WRH U722t o BEIC AN DB ZF M Lz, £ U/ 1 ZBHD RIC ITESLBHRL D & FITNX T
E, BREERZEI L 2B TE - 7262 RIC & 725, ISR, M, IS4 & BN ER % 5
HUBE, BERTETORBOEEE DL 2B Lz, £/, ZOMERZHWT, REHRBSAI%Z T
DIEIRHZEFNZDONWT H PR,
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5.3 10 MeV RBZFHRIC &L % RIC
53.1 &7/ T REBS

10 MeV B 7if#ic K 29 F—7 a-SitH ® RIC 2K 5.2 12T, ZZ TR EHLE—-—LT IV I A%
2.2x101° /(em?s) & L, 7TV R 2.0x1013 /em? £ THE U 72, HRSRT O REZEE 1L 2.6x107 1
S/cm W, BGFARIEE 2 BT 5 L EEE (RIC) IEABIZ EF L. 1.3x10% /em? (3T 2.5x1073
S/em &R oTz, ZDHBIIMRAITIED U7zhY, 2.0x1013 /em? THH %2 2O THREE IWHHEIZIZERE
53, HRAZHEL RS LIEFITEVRHEEE (1074 S/cm BUE) A7z,

1072 S/em A 5 & 57 RIC X, X 5.1 225 FRINDELS5F 2 TRBRIGIZ S, ]I, FU 7k
B#EL 10 cm?/(Vs), ¥ ¥V 7HF@mE 1077 s, ¥V T7OFEHERTRVF—% 5eV *2, BT X
V¥ —(15%8.07eV/nm T 5L, AltE 515 RIC 1X6.0x1078 S/em &7 0, EHIED 2.4x10~4
BRELLoTUED, o T. TORFEIZEHWRIC ZXHBLTVWEDIFXN5.1 TEARL, ZTDI i
HIRG R & HIEL TR B I L TSSO N E RS,

5.3 12, BURHRIRE & LB E 4T > TOWARWAULILEHOIE K — 7 a-Si:H (RS 217 - 72
ROEEEDELERT, HEEMLIZIT> TR WIERN—7 a-Si:H ORHZEEE X 9.0x1071° S/cm
FREZ o720 RIS 2BAS 2 L (Bl 0 s) EEEITABIZ EA L, —&I2 1.0x107* S/em £TE

Fluence [10" /cm*]

0 1 2
! ' l
10°F : -
= . | Beam OFF
o 107 | :
%, | :
2 | :
= i Undoped a-Si:H
5 | 10 MeV Protons
© 107t | 2.0x10" /em” Irradiation
Beam ON ' Beam Flux = 2.2x10" /(cm’s)
] i Applied Voltage =2.50 kV/ecm
10" | - L R . L . L .
0 500 1000 1500 2000 2500

Elapsed Time [s]

5.2 10 MeV F¥#C & 53E K — 7 a-Si:H @ RIC, 2.0x10" /cm? & THS L., IR T8I
MHREE 2 JIE Ul 7z B rdB oKXl (0~897 ) 2B W TRH iz,

*2 I, NV R Yy TO 3 EREIRD LS TS [11]
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| Light ON | Light OFF
10 : :

:k

'
wn
T

[a—
el

|
-
I

Conductivity [S/cm]
=

I Undoped a-Si:H
+ Light [llumination
i Intensity = 136.7 mW/cm®

[a—

Ou
K=l
T

10 0 200 400 2800 3000 3200 3400
Elapsed Time [s]

X 53 JER—7 a-Si:H 2 AM-0, 1 sun Y% 3,000 MRS U7z & & OEER DA, JKARKE
ZBWTHREBSH MThbhTW\WE,

F U7z, TOH, SW IR & o THRZ A U, 3,000 RIS #£1% 1.8x107° S/em £ THA Lz, %
ZCHREH Z PO THORREBIIRT &, EEER—XCED L, 25x107H /em? 12425 72,

B 5.2 LR THEETARELRDIE, KBH OB, F1RICE- T REEIRBEBIROZ L E R Lz W
IMTH D, KGN U TEEENEERDOZ L Z R T DI, PRI ND LI F v U T OAER
BRI EHRABITE L, BPRIBICR T LIEEMF v ) TIIBRIFICER E L TREEINTL E 50
FfEALTHERLTLES RS TH S, UL, BEHREHOGE (K5.2) 320 &5 2EEERDOZ1L
TRE T, BEHRP B X N5 L EEEIX (AAPERL TV & S1Z) UbUbe EF U, BRI
ZIEOTH EFHOEEZFIETE L0 T) o< D EMELTWL, ZHIFIEEHEF v U T2k 3
BLEE, T2bb, X5.1%R 5.2 TRbINS RIC BAC, #ZERTS L OBELIEEEH S EK
PHELTVWBE I LB REBLTWS,

72770, 3ERAETRUZMEZAEDTEZL L, ZNREEFIPEIREERTIIRAVEER S, K
52128 WT, BAHRIRS & IMA T OB EEE 2R L TWD Z e o 1T, S hO[REE S RE
CEWO IR EEEZOEDON ERULZ06THEeEINE, INEFTOMREFERIMETE 3,

532 E—LT7Zv I RKEFHNE

ZTNTIE, BAEEAHEEZ D52 OFRITED XS IZE(T 5725 55, 10 MeV BGTHROE — L4
75y I ARSI ETEEEDOEMEZRE L MR EM 54 1R, WTHOFRAETH 7L VA
2.0x1013 Jem? & U, B THBMG L TREEEDOZ/ZHJIEL -,

54 DFERMNS, B—L T Ty I ANELKRDIFEIET 2HMAEEEIL KRELSBREIEHHL 2
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Elapsed Time After Irradiation [s]
0 500 1000 1500

(—Beam ON

—_
S

n-Type: 4.9x10'°/(cm?s) | <—Beam OFF
— il

o0
T

High Flux: 2.3x10"

Middle: 2.2x10'°

Conductivity [10” S/cm]

Undoped a-Si:H

Low: 4.7x10°

0 ; = | 1 | 1 | 1 |
0 05 10 15 20

10 MeV Proton Fluence [10" /cm?*]

54 Y—AL77v I A%ZBIEZEED 10 MeV BFHRIC L 59 F—7 a-Si:H ® RIC, n #
a-Si:H OFR B TRUZ, 7V AL T 2.0x10" /em? TH Y. BEEHR TS EEE %
UM 72 BB e B TREHOD AT AR 2 5 T WA Z L ICHERE, KX TiE#H» 7 Ty
A, EHBIIHEAREIC 2 > TV B,

ot M54 DEE—LT Ty I AKMEDOEE, ¥— 2 TOfEIX 6.2x1073 S/em TH o7z, 7272
U, =LA77y 7 AREWEEXBFTORE ERERELS RS20, BE FFICERNT 2REED E
FAEBEETHILERDHD, TIT, E—LT7 7V I AT EEEEODY -2 ¥—2 TNV VA% T
0y bUL72bD%M 55 IR L7z, M55() TRINDLT—N=DFHIREIMTITNDDIF,
PhORE LAZZERLTVWENST, & UIKITEE ERP2KEU Lo/ T5 8, EEHEEFT T —
N=DFHIEIZ7%5 & FRENE, FIZIE, BY—L7 5y 2 A%MEDEE, BEHIZIEEIZRATI
°C EFR UM, b LiE EFERRIT SR KAMEIX 4.4%1072 S/em FRETH -2 EZx 6ND, Thik
HE—LT7 Ty I ARMETORKE 2551073 S/em KD FAEWETH L6, EEEOE— 21
C—LT7 Ty 7 AMMEFLT WD LR TE S, £72, K5.5(b) ICRLAEZEIIZ, BEEOY—2 Lk
Z2INVIZVAERRE LT TV I RUKGFLTED, 7797 ANELSRBIIFEE—T TNVITVAHER
XELBRBMENIH D, Thold, HEEE2 LR IE2ERPBHIZE > TEHEL TV &2 1T, KHE
POEBIZE > TRAICHELTWE 2O THDE e EZ LN, DE D, BRI T OEEEDZIX,
ko THEKRT 2EEE FRER S, HEBEIZZ>THELTWSHDDNT VY RAIZL>TREFLZ L
275, o T, (REE D LA EROEBGEE LA (B EEIZOWTOREN DI, FHEEIT G
MG THEIET % a-Si:H TN1 ZDRMZ(L (Z0BAREEEL() 2 FHTEZWARETH 5.

BIZIE, M551I28WT, B —L47 5 v 7 22T IR, EBRBOBIHEERTOREE Y — 2



5.3 10 MeV B+4#iZ & % RIC 69

E Undoped a-Si:H
o 10 MeV Protons, 2.0x10" /cm?
s 8
M'E 6-— (a)
>
Z 4
*5 L
g 2t hd
g -
& g
_:é 0 (b:):::::::} } 25 g
o 12.0 22
115 =
5 ) 2 3
11.0 5
. =
10.5 ~
| -4
| R | L S
10° 10" 10" 10?2 &~

Proton Beam Flux [/(cm’s)]

5.5 54 DT =AM SEEENRRERIIR 7L EDMH (a) LZDTINVT VA (b) ik L o7
B0, 7L, (a) LB ET5—A—F, BICRHTORE FRIZKEEED LREFEE LSO
THDH, E2E6 NAZMOI TS Z LITHER,

Y= TINVIZ VA% RDBZIENTED, LOFHNITREEZLZIH ST 5720171k, ARk & IHR
RS B MG E S R D MEN D DM, HREEIZEI L T 5.4 OSBRI Z 2EE8E DA T
U, FEERE R R IKEL T T4 v T4 Y7 L TRNIEHEERE2ENTE 5, Wz, EREE I
DNWTIE, HHEEN T DICEETE L LI REE—L 7 5 v 7 AEMTOEEELLZ2HE L, FUL
A SHOMIBEBIZ LS 714y F 4 I LD EEEEZRDTRIEEL W,

27Uy DX RRIGHEE R Z W ST T B 720011%, AR R RO DIREREFEICOWT S
fRATT 2 BER DD, PRV ZLDERT —RBBEL LD, WERFEEPE—LT Ty 7 AKFH, £
7 EHRREERAZ M IC DWW TS 2T HE, & 5D 2 BEHRREE TOMREE LA FHIT 5 Z L A3 affEIC
BBEAD, RFEEIT, DR LBEZDOLIBRAETEREICEITSILM2FHTELZ L 2PSNIZL
W MTHEEIIEBZBENDDTH S,

B 5.4 121, n M a-Si:H OEEEZEE R U7z, R —TOFRE L AKOMEMZR L, 1.1x10'3 /em?
THAME 8.2x1073 S/em &7 57z, ZHIXIRHFRTOME 4.1x1073 S/em L HART 25 TH 5, n BGER
THRRBEEED EAPENSE WS fiE, 4FBTEM LB, nMERZHRK, b RF—
DIEHZ X > TEBRLTWADTRARVWAEEZXSIESNS,

B, KW 5.4(a) 1R UZIRE EAICERY 5EEE ERHORBE DIZOWTIE, ATOFHHZMNA S
BEDRD D, RRHIG TR I E > T—MRIZ n BIZZR > TWB I ERNEZLNDEZ s, HER—
7 a-Si:H OIRERMETIE <, n B a-Si:H OIREREEZHOWTHRBES o7, EF—TICHATn DK



70 5% a-Si:H 5RO BUR KR A

PR R E W L2 AT (27 X—Y, 33121, ZhEDLABAEREL Y TH S,
FEEF ¢ ) TREED RS —HELOENC & > THIREMEIRZET 5720, BFULELVRES DT
HBLIFEABCH, 0 MOEEEZA,S FRT 2 &, JK—FRENTEL 72 K+ — OEEE T n Bk
DHIHIF v V) T (6.2x1017 Jem?) & KEAR L . IR IZ B KEIE LRV EEZ S5ND,

533 E7) T REBH

T, 6.0x10M /em? F TS L2 5EORREM 5.6(a) ITRT, X 5.2 K 5.4 &I[ABKC B HIE
EHIEEEIE ER U, 1.4%x1018 Jem? THRAM 5.0x1072 S/em 7o 7z, TOHIET - LA Ui
Iz, D ORREIZRZITER IR D . FIRIOMEE R L 7z, BEEA 7.7x1077 S/em 2R U727
VIV 6.0x10 /em? THRHZ LD D & REEITES ITIIPHUEICIIR S b5 7228, R4
U7 H 5 H) 1,200 BT ISP R - 72,

ZD 6.0x10" Jem? B ORIB THREREREZ2FEML2E 25, HREHEIX 1.1x107° S/em 5
1.8x107%S/cm, 2 W 0.16 fFIZIHEA LTz, THER 35S AT, AT X > THF v U 7 HMD
0.16 51T L7z Z L A KL T WA EEZ 5N DD, 6.0x10 /em? TOIREE 7.7x1077 S/cm A3k
FEF v D TIZEoTHELUSRICTH L EMRET D &, WHNERTORIC, DX RHIZL2F v U TH
MOWDNEZAECTWRWRETO RIC 25§25 Z 0 TE, ZNIX 7.7x1077/0.16 = 4.8x107°
S/em L RDHND, T DMEIFFEBITBII S N ZEEDRKME 5.0x107% S/em IZHARTH 3 A
<. K5.6(a) ICALNZEBEEDLEMIMIE. Fv ) THEMDODEIEZEZTHRIXDFHATE R,

72, M 5.6(b) ICIFNEEDEAE R U, BIEERMAIEK 5.6(a) TRULERE 2<FAKE LT,
MBS 2 A TREEZEOZ{LEREL, £ I TRONZEEEDOLELE K 5.6(a) (Zm U EEED
ZALOHERS Z L THBEDEERD 7=, ZOW, JEE P 2 A TORTERT 5,

P:o+0m

(5.13)

g

7272U. 0 = opc +oric TH O, BFEBBEF I NTVS 0~2,136 PO X[ TIX, RIC D ® b -
TVWAIZLIZEREVMBETH D, BB ONEE IR ICE< 10° BETH D H, B irias b
I & IR R IR 2T U7z, 2L T, M 5.6(a) THEREBENRKIZR S MEIZE W TREE TR
INETR D 1 DRI 72e T DOBRITRAZITHBEIX EH LTV E 6.0x10M /em? THREEZ2 LD S &
SEREFE IR AT ER UL 1,200 BI2IEH 10 FTRERIE L 72,

SCREEDH 11272572 20 D fUIIEFITHIRE W, HRER 1 THH 0D Z ik, HHIZL > T
HEUIEEHF v ) THBELRMEERZIZEAEHS-TES T, 2AROELRMEED) S R THHATE 2REIZ,
FRNZNS K722 TW0WBH EWVWI T2 HKT 5, ZNITIE 2@ OFRBHRETH 5, & DIEGT
FIZ Lo TSI NI v ) 7 ORI O ZFh & AR THERRIZZ <. BRI & 2 FEF il
X v ) 7 OERD G ARG I AR BETEDRETH o722 WO IR, $ 5 0 & DIk RIS
EHBHINZ Ko THEUBIEEMF v ) T OELXBENZ DO 7V Vv A TIEREEZEIZ AR TH55IT/N
L, MHTEBRREILR> TV WM TH 5, Higld. BT Ais &k & L &E0 o P
NBERIFHF v THEEANIRDICEETED, BEOMIFILINE THRSNMEEL S
naftme —HT22ens, M5.6(b) ITRINCEEDOE L, —HNICHEEEEN ERLTHWS



5.3 10 MeV B+4#iZ & % RIC

Beam ONW Fluence [1014 /sz] V(—Beam OFF

1 0 2 4 6
10 | U T T T T T
' 5.0x10° S/em Undoped a-Si:H
X : 10 MeV Protons, 6.0x10' /cm?
107 Beam Flux = 2.8x10" /(cm?s) |
g Applied Voltage = 2.50 kV/cm
o
2107t ‘ .
2 1
2 ~—7.7%107 S/em
o 7|
3 10
=
S}
(@)
10” 1
10" i i i |
0k - P 0+ opc |
; o
%
2 10°t .
:E 3 //////’
Z 100} ]
2
]
2 10°F .
~
10' .
(b)
1__]T_._._._u_._._._._u_i._._.__._u_._
0 1000 2000 3000

Elapsed Time [sec]

5.6 (a) 10 MeV B £ 53 K — 7 a-Si:H @ RIC, 6.0x10'* /em? £ THST L. MEEHK T
HIREEZPE Ukt 72, B itidROKEXE (0~2,136 ) (28w TRif S, (b) 10 MeV
Bz & 29BN — 7 a-Si:H OJaREL 1L,



72 %53  a-Si:H PEMRD RS RBEE L RE

EWVWIER & LT HMRIIAE>TVWDE L VWA D,

BB, REEPR 11280/ 8 WS JUZOWTEH TR T 52, K 5.6(b) 2R A5 &, —RIZ 1
FONELBoTVBLEIANHD, ZNIEXRBI3 NS5 LTHEIERY, Z50WoZ DRI BZDIE
HHF T TOELEBPRETOE M Z O L DORE CTHRHZHIE S 2 Z 2 I1ETE S, WiH 0TI OR
FHZ X o TEMI N2, BEEOEMALEREZBLU TV SRDEDRHSTZNPETHDIeHEZOND,
WoT, ZDOM5.6(b) IZBWTHEEZDIE, HEED T1ITEWE] 128057228 THoH AL TH <

53.4 p&aSiH OMHRFEEIEE

10 MeV B 712 &£ % p ™ a-Si:H @ RIC 2 5.7 12573, ZITIREHY—LT v 2 A% 2.9%x1010
[(em?s) &L, 7TV A 2.0x1018 /em? F THES U7z, IEHFETORHAZEREIEH 1.3x107° S/cm 72723,
B TR 2 RS 2 L EEE IR UAKLSRD, RAICEAL TV, Tl n BXIER—TDY;
HLFHOEMTH D, 2.0x1013 Jem? THRHZ PO/ EHIZ 2x1078 S/em FREA U, KE#%HE &

HITPA Ui ) 72,

AT ARz & 51z, BEFIE RIC BEL 5720, BHEEENZELRITNIE N —XIVOELXEEE X
L#Téi??%éoiof\E57®%%i%%1iomei@%ﬁ%@%h%ﬁ@ﬁ9#$bf
WEHZEERELTHY, BEEEOBDD R F—DEBIZESF v ) 7TOMENRTH 2 25 2 Z,
FER=TPnMORLEELETZ, 72720, FEFR=TPnMTIE1x1073 S/em A — X —DZ{LERL

U, p BOZEIE 1x107% S/em A= X =2 PR DKL Lo TV A RICIFEHTRETH 5,

Fluence [10" /cm®]

0 0.5 1.0 1.5 2.0

1.5 - T T T T T
— \ Beam ON i
= ! .
L : :
L2901 ; :
= : :
z i s
= | |
k3t : :
= ~ ' 1
2 0.5 + p-Type a-Si:H E
8 ' 10 MeV Protons, 2.0x10'3 /cm? |
+ Beam Flux = 2.9x10" /(cm’s) E
i Applied Voltage = 0.500 kV/cm E

i - 1 - 1 - 1 : 1 . 1 .

0 0 200 400 600 800 1000 1200

Elapsed Time [s]

B 5.7 10 MeV [5T#RHIZ L5 p B a-Si:H ® RIC, 2.0x10"% /em? £ CHS L, BEKRTHS
Ml U CTUBE 2 WE U 7z, KIF Tk, Bl 0~705 oI TREfThbh w3



54 BINTVAHBTOIERN—T a-Si:H DEERA A= L 3

54 BI7INIVRABEEHTOIER—Ta-SiHDEEA D= LA

INFEFCTIKRTELFBERL2S, 101 /em? fHETIHIE R — 7 a-Si:H ORHZEE % EA I T 205
DPOERNELLEE LKL TE D, BRI IC L > THEU X v ) TIZBLRZEICHE VHFS
LTWARWEWS ZEDHHS MR 572, T0TIE, 1014 /em? 22 TREEO R EAP 2% 5 &
IREI NIV AL TIE, EOEIBRANZALPELXEEE L L TWEDTHA S0, (REEDR
W EADEZ > TORITIIR, T v ) T IC XK 2BLREEVLENIZRE2DTHA 51, LEDT
HB5, BETOEERE (RIC) 2 AT 2104 v offifE (BEFHTZ A LVF—f5) PL—-—LT7TFv 7
2Oz, X522 ETEEMI U TFOBRAAKILT 51X TH S,

oric X (Sep)” (5.14)

U, ald 0526 1 DEZINS & FRING,
INEFND720DIZ, UFOFIHTHRZT - 72,

1. BN =7 a-Si:H 12 0.10 MeV Bz 7#t% 1.0x10'% /em? L, [+ @gt 2 hzilkl) % /R

2. Pl IR A VIR L. 2 OMEINT 28 EE 0~2.5 kV/cm O TEfLIE, &
fLIZIBRET B ERD A% HH

3. 2. OFEW - BEREOME 2, FHF v ) 7IZ & 5 RIC LIEEEEDH (RICHDC) THd &
FA. HoPUDHEL TEWHHREZ O Z % U5[\WTIEROD RIC 23kd 5

4. Y=L 75w I A% 2 CHEBEICHE

5. 10 MeV [5G4, 20 MeV [5F#%. 50 MeV He 1 4>, 108 MeV He 1 & > D 4 fi¥HT 2.~5. %
F it

ZDFERIZOWTIE, EFIHOEREHIFET 2H6ER D5, 9. BEIZ X o TREE I+ 12D
U7zidBl 2 AE LR ITNIER 52 0noik, BEIHhTOARVIKEIZ L EZEEORE EAMNELCTLE DS
72012, 2. 1ZBWVWTIELL RIC Z2RD SNBSS THD, LU, BEEORE LEPRI LT
2ETTEATATHY, 5 ATRUIZRFRROBEIITH LT, v U 7 H@OREAIHMN T HIREIZE
THRAINTVRITNIER SRV, DFED, 5 IR L 4 BEOKN FHIZH LT, E—AT7 Iy 7 AN
—ETHNERIC B—EIZ 8D L WHIREBTRITL, 2. O L5 RHIEIFFERT E R, SHOERT
. 20 T8I 10 VAT, WERI 22 0HORA 21T o7, HIZIE. 10 MeV B F#RO% &
BARDOE—=L7 T v 27 AF4.3x101° /(cm?s) 72o7-DT, Thk 2 pMBHLZEES, 7V v Al
5.2x10'2 Jem? 720, FhE 10 BIRER VKT OT, A5 7V T VA1 5.2x10"8 /em? (1.1x1077
dpa) &7%% (272U, MOPESRHETIEIE—LT7 Iy 72T INLD /NS, FERZRHLEZ7 Vv
A% 5.2x10" fem? KO BNI D o72), Ho T, 5.2x101° Jem? FEE DS 2 EHEHEVIRL TH,
ZNZEDF YV TEMOBAVHSHCEATED L RRBIZRLIETHS L USRI N TVLIIL
X\, EWnWS T kiThs,

NS DEMETIRISRMA 2 LT, 0.10 MeV B1## 1.0x10' /em? (2.2x107° dpa) % #ER L



74 %53  a-Si:H PEMRD RS RBEE L RE

7zo 4.2 (45 R—=) ZRNIFS e L 512, Z OB KM TIHMEEEDORE ERIZE2ITHEEL T
BO. MEEEIX 1.2x1075 S/em 725 5.3x1078 S/em (0.44 %) (I E TWA L TW5, 10 MeV B 1R
DL, 2.6x1015 Jem? (5.7x1076 dpa) B U CTHRMEHEEIE 6.9 % £TLRMALAEVSES, iz
AfED 272 5.2x101 /em? BEO IV Y A THNE, Fv ) 7 HEMOREIZ DA TE BFEEIC
BBEFHINDG, BREDS, T VT HEMOWDBA A VIHIIZ K > TRYICHIMT 508 5 I
SNTIE o728, UTFIZET IS ICAERPBESIN/ZE D ICEBETE, ZYULRERLIBEO NI L
o, ZHNFELWHHITH >z 2RO 5 b,

7z, 2. CEEZMITERT 200AZHMH LR TNERSRVDIE, HoIcBE S nziklizs v

TEF v ) 7 HF@AVNIWZDIZ RIC IZEKNT 2ERBIFEFITNI S hoTHED, /A XERFBTL

MG TE Lo THD, AFTHATIX 58 ITHWT, HINIEEL 0V DHETHERED
AV RINEZDIEZEDIZDOTH 5D, WERIKET DRADIENIZH, AW A2 Z2DHDDEMAH
ERANFAL, /A AEBREFREIETCLE S, TDH, ERKDOEX (0.30 mmt AAIE) 2R LT
RERFFIZREVWEIZALF—A A D RIC UL2HIETES, Lrd, REFHFICEVETRLT—
A XV TH->TH, BT —TIZY 200X/ A XRERLELTAV Y NENE=d, RIED %S
IZRET B ZERATRETH 572, 4B, M5.6(a) IZBWTIHEAFHIZRIC FE<. ZORETHI
X A ZEFRIE D ICHEATE 5720, 2D &5 7% RIC i 0 7H 7 < THEK®D RIC 23KD 2
ZENTETCVWBZ M LTEL,

—fl& LT, 10 MeV B3k, ©—AL7F v 7 A2 4.77x10° /(cm?-s) DFMT 7o/ & EDFERE X

10 MeV Protons, Fully Irradiated Undoped a-Si:H
5 + Beam Flux =4.77x10° /cm?s

@ O

Current [10"° A]

o -12 -10
y=2.50x10"% x +2.96x10

OO0\ O ©

10 20 30 40 50
Voltage [V]

5.8 tacBEE NI R =T a-Si:H 12 10 MeV B3 14#% 7 5 v 7 2 4.77x10° /(cm?-s) TH
WUz EOER - BERME, Ol 1 I OERM, FTRNFELERTH S, ZOEMRD
fHE D 5 1EKRD RIC 23k s 5,



54 BINTVAHBTOIERN—T a-Si:H DEERA A= L 5

5.8 RT3, HML (O) 1M LICHIELAZEHHETHD, PRDIESDVTWEIEW{RE,

FARHI IR § 2 T A X —C— LOMEA ¥ v VEHBEED 25 Hz (LA 04 %) THO. 1 HOHEE
AWM D 10 PLC (=028) 2HF0ENLRWZDITRI S, MBI L TE =08 12725 T
W3 EAREDLEME DF0, WEMEHPE—LAF Y VI UTLRETH D720, AT v v K
EELRITNIER SRV, THIEEEDARY 7 ELRAFETH D, T I T, HERBEHEY L EEE
5 Z T —BEROERMEEZ KD, LoT, BoNER - BERMEOMHE A EKRD RIC £\
ZXitnb, M58 DEAIX2.50x10712 S, DF D 1.95x10' S/em 2B H, H S5 UHHEEL T W
T RHEEE D 5.10x10712 S/em TH 572728, EHED RIC 1 1.90x10710 S/em & 725 7z,

T, ZokS L TRDON RIC Ziftllic e v, BB T ALV —LT Ty
ZADFEER -T2 EDT T INKNE59 THD, 1 AVEPIA LT —2[bT, OLDODDEMEIZEST
WBZ R DMD, ZIZ T, 10 MeV BGF#E. 20 MeV [ZFf%. 50 MeV He 7 >, 108 MeV He 1 #
YOBFT AN F—fF51%, SRIM THE L~ 8.07, 4.71, 27.2, 14.9 eV/nm ZIEHIZF WV, 2B,

ZD S, DFFHETIE Stopping/Range Table 2 FHiWT WA 728, % 4.2 TOELITHE TR 5D, FEHE

B E S Z5IFEDEDTIZARN,

ERROMEE X 1.01 £0.04 THOH, S x p [ZHHILTRIC B KRTZIEDVHNERST,
DHAIMEIE RIC BB TR AN F —(MEIZE > THEULZIEEHF Y UV 7 B WHBEZ B > TWE Z &,
DEVERUZIFFEHEF Y TIZESoTRICHHIEEIINTVWEEVWI ZLEZRLTWVWDS, BB, 7

10

Fully Irradiated Undoped a-Si:H
10"+ ‘ ‘ |
10°F Slope: 1.01 = 0.04

(7.7%108 [S-cm*(eVs)]) o

RIC [S/cm]
>

Sinl 10 MeV H
10 20 MeV H
b 50 MeV He
10 108 MeV He
: : : Linear Fit
-13 ; : ; : :
10 1014 1(I)ls 1(;16 1(|)17 1(;]8 1(|)19 1020

Sex@ [eV/(cm?s)]

59 +oBEEINAZER—T a-SiH LB 3B FHNIINLVF -5V —LT T v 7 ADMHEIC
595 RIC 21k, O: 10 MeV [5T5%. @ : 20 MeV [5T%%. : 50 MeV He. V¥ : 108 MeV He,
T — XN T B RN TR LUERR & 7 OMEE 2 XdIz i U 7z,

*3 P, EEOAHEFIE 2K THEH. MWD I ABEEBT 57201 3HTHRL TS,



76 5% a-Si:H 5RO BUR KR A

Z70KEM, DE VK —L T T v 7 ZAORPEMALIANE S5 D < DIk, RIC 23IEFR /NS L, R
WL FARENTNE D BN A>T LES NS TH B, HI2F T 7OAEM, 10" eV/(cm?s) B E
DT, WEHOWRE EAVEETET, BN - BIEREOERENRDNT U E 572720125 £<
MWEFTBILNTERNP ST, E—LT7 IV I ANELS DL, ERT I vV TOEES AT
5720, FEfEAHERD LA 5T S, x ¢ ICKT 5 RIC 07 (EHE) A3 2 algetkidd 5.

/2. M598I 2EMOMEEIIN5.14 1282 a iYL, a=127%%, I FN—7aSi:H Tl
FEARMNZ 5.1.2 HIOMIESMEPEHTELDT (An=Ap > ng > po). ZAUIRA 5.10 2EKIZ L TW
5ZLaEH®RTH, 2O eho, Ny NHEEREGIEEERTIER LS, o X6 RGN Z i LU 7-HiES
ko TP ¥ VT BHEBL TWDB 2 e d, £72. a=1ThiE, X512 T5Z 21
0. X5.9DME (7.7x10728 S.em?/(eVs)) 5 F v U 7 HMOELRE BEEE 5 Z LB ARETH
%, R5.1IZBWT, WIHDMIZIZ0 %, 0.10 MeV Ba 7% 1.0x10 /em? A HOMEIZIE 1 %2 T &
XFEE LTI L, Fv ) T7HEMOBDER R I,

TL_ OrICL Se0 * 0 7 10728 « Se0 * Yo
o Sel $1  ORICO ORICO
LB, ZIZT, DML UT Seov wo. oRrico WCEUE Z R U722 IE72R S by, IREFIHE D
oRico XRHEEED B LANIAET 200 ENT 22 LIETERY, 272U, K 5.6(a) Tiior &
ST, BHHOX v ) 7 HM LEEE) OREDENSHR L T opico ZAEL 2 Z LIETETH 5,
5.6(a) TD Sep = 8.07 eV/nm, ¢y = 2.8x10' /(cm?:s)., T L THF v U 7T HEMOIHDEN 5 AR
£ 57 onico = 4.8x107° S/em % ERITIRAT 2 2. R 13 0.0036 (0.36 %) L7 0. 0.10 MeV B 7%
1.0x10 /em? BRI TONRGBEEDOMD R 044 % BB LT 8T 5, Zhid, AZESEKEZELT
1o TCERFROBAUNINT VI E WS 2L, bbb, —HOERMEEVERMNIZRTHEYTDH
5LV ZEERKRLTWS,

R= (5.15)

5.5 10 MeV BFHREBHIC & 2 BN EHDEAL

ARETIZ 10 MeV B FRIEHHZ & % RIC ODZALIZDOWTEMNIC AT 7208, B FRRIaEHc & - TRI-
BB LD X SICET 0, Thbb, SW RIS X B EEE, HEEEOL(EH LN, BT
MEBHIZ L > TED LS IZLT 22 0D gk, MBGHRYE a-Si:H 731 ADJEH EBETH 5 1EH
DT, KNSR ZMPT 2-OOEELMRAIIARZEDEEZONE, T I T, HRHFEHEL
T, UFD 2 jiZif~R7,

o IBHEADINZEBEIINBHHIZE > TED LS RZEFE2RTHh, £/, —ERFBERBE L -%D
BEEEIIE SRS, FiZ, EBEEORY EADPFRELTVWARETHEBH 2T 2, WbY3
SW s RN FEET D0,

o IR BREULIE U 723 URHI IS G biLs) 2475 & RABILOZFEHII IR AT & LR 5 &
EDE SIS 5 h,



5.5 10 MeV BGFArIRET 12 & 2 eI 2B D Z 1L 77

2 HIZDWTIE, B RZFH LS BERT 2L VWO BERTIHEFHICEETH S, 4 ETIFANEIZ X
BEEMREZFNT, B < ECTHUBIZ & 5 EEDRON FZRIERT U230, GRS E R0 %
fEZFHNNIE, BB 2 DL S RBEREVPBIIIZ L > TRIET 2002215 T 5 LN
TZE 5%,

HARMIZIE, IR OFIHTHERZ LML 72,

1. BJLHL : Ny #7270 —HT 150 °C. 4 BEHIALEL

2. SETRSEEIBIE : 1 sun, AM-0 6% 2,400 OIS U, WS HOMEE CHEE) 0LkeE
=R —

10 MeV Z721% 0.10 MeV B - a4

SIS S BBIEE « B AR B BORE A PN 2 SE e

B

. RS A BB

AN

XU DICBLIE 2175 DX, Bt —E I ARGE U 73R ORI S b 2 It Z L kT E R
WD ThD, £722. OEEEZE =X —IZE W TEMBEIZHM L 7ZEE X 2.50 kV/em (FE RN —7)
HULLIF050kV/em (n#) TH oz, 4. TRRRDIANSIFERT IT. £ U THRFE o NGRS 25
R EITORETH oD, MEBDOE —L XA LEDIFRAVHERETDH 0, H BRI 2 /i X
22 IIHEETH 572, o T, MPELROHXLAEIIOVWTIEET — X 2 BEHELKRT LI LIFTE
T, EMRRERICEE S TWAEZ L EREICH > TEL,

55.1 FER—Ta-SiHICH T2 BEFERDOARBRETES

& 5.10 i 10 MeV B ¥R 83 K — 7 a-Si:H OYEIE 2 2 R T, 7V TV A%, EEEORE
ERAOE—2H50TH S 2.0x10'3 fem? (Ff) &, 4.0x10M /em? (FiR) O 238D %ER L7, K
T ZEEIHE X, 52 T U T o8 4 IR ICIIE U 7z, LLER D 72 8 12 TR AT 0 Y A 25 8)
HEHHITRLTH B (CRER.,

2.0x10™ /em? F THET 2 & BHZBREIZBINIC ER LU, T OBRME L & 5 IBR2 12D LTV
<A, #9 4 HEREA S 5.3x107° S/em DfEZ R U7z (X 5.10 Ak, Bl 0 FLURT) ., YelaS % Bdh <
B, {EEEIE 1 HRE ER UL (5.9%1073 S/em), YElEE 6 (R TR Ut 72, 2,400 #4%
RS AR R D B & BHREE L 2.0x107% S/em T I o7z (X 5.10 #&&R. 2,400 7)., Sel@gaT (0
AT ORHEEE OB E 2,400 BEETHMET LB L% 1075 S/em FREL 505, HRE
JE DA RIIHENMCHBIFZ L > TRELLR-oTHE Y, KlREE L HITR I ZMEIZLZEDZITTIE
BWZENRNN 5,

L2 AN, 4.0x101 Jem? FTHEH LG E, KB OB OMREE O ZIEFE DM ZRL 72,
4.0x10* /em? FREHERHEEE 1L 3.8x107° S/em TH - 7208, JeMEH %2 FMET 5 & 1.2x1076 S/em &
TERU., HRPFRIORM L & I UREE X R 212 EF U7z, 2,400 B£121E 1.8x107% S/em %75
U7=ds, K E2 P02 LIHEEEFD LA LTED, 1.3x10710 S/em &85 7z,



78 5% a-Si:H 5RO BUR KR A

{ Light ON Light OFF} |
107 -
5 10°}
2,
2
25 _
= 107 F
1)
=
g N 10 MeV Protons, Undoped a-Si:H
8 10° F Before Irradiation
| Post 2.0x10" /cm?
I Post 4.0x10" /cm® \
ot L ! : . el
0 1000 2000 3000

Elapsed Time [s]
5.10 10 MeV [ FHMRe 3 K — 7 a-Si:H OB B H T, 2.0x10"° /em? (Fir) &
4.0x10" /em? (HH) OF—RIZBRZABH»S/BONZHEDOTH D Z LITHR, SCRHFEIHIE
EES S HBHARRIBH AL T UTh 58 4 BERTRGEEICHIE U7z, Hlke LT 2.0x10" /em? 4
B DY 58 &2 BRI TR U 72,

NI T 5 LR EEIE ER U, BEEEIXEADT 2 L WO HOMAENBE N, THNIERD &L 5 IZfiF
RTE5, 4.0x10" /em? F THRE U 7230R OB WHER D K (DB) &IX SW ZHRIC k> TEATE S
BEHBELTEEMIE Lo THE Y CRREMMIRBDONZEE X 1.3x107° S/em 7255, £ 10 £%
DRMGHEEIZR>TWDEEZSND), SW R LITHOIEHEREMRE Gf SW HHE) O &> 7%bDh4E
UTWaoTikRrwreElbhd (79, $hbb, 4418 (52 =) Tilam L7z & 512, AKX
CHEBLU 725 O L B F R IBERA O RIGAEL 5 & TuE, @ENCEA S 2SO REIE, IR
XoTOLULANETEZEEZONS, 72720, BENZEAINZRBIZBAZRZERTHEL CTBEL T
LLDRHEBTH I s (110 =Y, K79 2. TR I > TRET N TWENE S0
FHS AT, — /i, BEEEOLEIICE > T30 90 1 REICE TR LZN, ZhMMEEED
B LR OB & 725 RV HIRGIZ & - THEME U IZEFEE (LTI 6 TH D L BbNd,

PLED &S B IRH2EE, BrfiOT XX -2 L2 THRRICBIZ I NS, 51112 0.10 MeV
B i % e U2 BB O RERT, BEE EFOY—IMEDTI NIV ATH S 9.1x10M1 /em? HE4
Tk, IS & & B IREEE IR U GRED. 1.1x1013 /em?, 1.1x101 /em? £ CTHEHT 2 &
(I Ak, Bk, B FAREIET AT & e TREEE A 10 2D 1, #0100 20 12§ L7zhs, Lg%
BB e WINEREEIZD LT OmE (EF) Lz, — AT, BEEEIILRATE 0 £ Lz,
INoIFRITHRARZ LS 1Z, BEEORE FHZ5] S 23 ERK & RO RGO AT & -
Tl BEAD & U< IR T 2 e B2 NES <MW TEZenTE S,



5.5 10 MeV BGFArIRET 12 & 2 eI 2B D Z 1L 79

¢Lght0N' LghrOFF¢ ;
O i i
=R
S 10°F
2,
2
= )
g 10y .
= 0.10 MeV Protons, Undoped a-Si:H
% = Before Irradiation
@) 10" Post 9.1x10" /em? i
Post 1.1x10" /cm?
verenroe)
- Post 1.1x10" /em? \\*-~~——f—
10" L Mot

1 | 1 |
0 1000 2000 3000
Elapsed Time [s]
5.11 0.10 MeV BB EZ DI N — 7 a-Si:H OEREZEEMIE, F UFENIX U Tk

M5 & SRR 22BN E 2 8 DR U 7z, SIS 23 0 M€ 1B F AR IR 8T % 3~5 IFERE L TH S illle
U7z,

55.2 BRHEBRBWNIEEITo/IER—T a-SiH OXIREZEE

B 5.1212, 10 MeV B 7## 2.0x1013 /em? MG EBULIRZ fi L 72 9F N — 7 a-Si:H OIS 258 % R
T BRI R O e 25813, SROMER & U TIZRETRT O YA (L258) & AT, SRS X > T
WAL A Uz, LA L. B RIZHH S 225 RRIBR R O VNI K o THE D, HIBREBA
BIDIZK LK B2 TWEZ RN PD, ZNRMEEEORE LR 25 SEITEHRD S5, IR
UCTLHETH DA VBB E K> TS ATRENE . B RN SELEE 2475 & SW I ROZEK &
75 M OIS R ORTERR) 2T 2 EEERE 2 5N b, X 51312 10 MeV B 741 4.0x 10
Jem? PGB BULIE Z fiti U 729 N — 7 a-Si:H OIS B E 2R3, B H iR 0R 0 e IR s 28k, 2
DM & LTI 0 BERTONRHEF E A TH 572, LU, EEEIT A %E L TR
BET& D BAKD o7z, ZTHIISBSLIREE S [ IR U 72 R BEHREAE O WHER; D RBGHS F v )
THMEBRDIETCVWIZDOTHDLEHEZONDD, HEEEOMDRNPAKESELFHL TRV &
5. BGFRRIBERA DO RMEOERE X, SW RIRIZ & o THERT BB VEN O AERE & 13H F 0 BIERA 2V
b,

BB, BB TAREE SN &2 17 o 721k, BWMREEZ 5 & T o 20 X 5 REEDR DT H s
LBz (512 3 KO 5.13 D 2,400 BUIKE), Z nidkfiezE (PPC) TH 2 L Bbnd (29
K=Y, 333 HizH).,
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95 % a-Si:H ERD AR E A5

Conductivity [S/cm]

0 1000 2000 3000
Elapsed Time [s]

5.12 10 MeV [57## 2.0x10"% /cm? IRUS#IC BULEL L 723k K — 7 a-Si:H O HH B EHE,

Conductivity [S/cm]

0 1000 2000 3000
Elapsed Time [s]

5.13 10 MeV 57 4.0x10M /em? WS IZBULHE L 723k R — 7 a-Si:H D4 (L8,



5.5 10 MeV [z THlRSz & 2 RS A8 0 2t 81

55.3 nBaSiHICHITEBHEZDONLEREIES

¥ 5.14 12 10 MeV G FFRIBHEHZ D n B a-Si:H OGN ZEF 27T, 7TV AL, ERN—TDY;
HELRUHEBT 2.0x101 /em? GRER) &, 5.0x10M /em? (FfR) @ 2 DREIRU 7z, SLIES2EEH]
ENL, B TARIRE AL T LT 5 4 BFRIBRICHIE U 7z, HRER O 72 6D (2 TR T O YEIRG 2 8 K iR
LThd (ER.

FER—TaSiHDBEL R, BTFEO 7Ly 2ZZBlb 53, HIEENZ & > TR IEEERE N
ER Uz, SRS ZE 2400 B TilDZ L, BH{REEIZP - D EFEA LA, ZEERIFIZE>TER
U=BHEEERHOEAIL TWE D0, H 2 WIEEICHRR7Z PPCIZE 2500 IHBI LD 5 WA, K
BORRL T2 MRAELU LS RBEZRLTWE 25, REEORENLSEHLTWS PPC I
Fo TR P RPODPEL T VI D LI ND, £72, HEHIZ K-> TREN 2 CRE LR UL
O, JEEFE TRICBEL T2 > THEEELE LD TR o TV 220 TERVWREEZEZ LN,

55.4 BBEHBEBUNIBAITS7= n B a-Si:H OYLEBEZEE

5.15 12 10 MeV B FHR S R EULEE 2 i U 72 n B a-Si:H OGS ZEE) 2 /R 9, REH TOHEG
ZE AL 2.0x1018 Jem? BEE (RER) 3RS X 2 EEEOEDDHER TR o 72, 5.0x10M
Jem? [EHHE (Fki) B TH D, KRB TIEHBITIZE 5T 1.1x1072 — 5.7x1073 S/cm &4
FTRHADTH2DITHL, 2.0x10" /em? BHETIE 7.2x1073 — 5.3x1072 S/cm, 5.0x10™ /cm? &

} Light ON Light OFF |
10" T :
i 10 MeV Protons, n-type a-Si:H !
i Before Irradiation |
504 —
Z F &
2 i
E | Post 2.0x10" /cm® !
2 : Post 5.0x10' /cm® :
o] -3 I !
s 10 F :
o I |
S | |
10* = '

0 1000 2000 3000
Elapsed Time [s]

5.14 10 MeV [ R A IER D n B a-Si:H OJERSZEIHIE, SEHHZE) O HIE 1355 1K
R 4 IREIREE L Th 5 JIE L 72,
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¢Lght0N' Light OFF |
12
= .
\O |
%)
T s
2 i !
= i 10 MeV Protons, n-type a-Si:H !
g i Before Irradiation i
S A Post 2.0x10" /om’, Annealed !
8 : Post 5.0x10" /cm?, Annealed !
0 i L 1 L 1 E 1 1
0 1000 2000 3000
Elapsed Time [s]
5.15 10 MeV BGFSRIBH 21 2 U 72 n B a-Si:H O YIRS EE,

B TIX6.7x1073 — 4.9x1073 S/em &, # 7 &ML T2 CeiggH#ofE & L Tl 3,000 o
ML), ER—7 a-Si:H OFER (X 5.12) LHARZ L, SBEEEBIEIERDITL > TWVWDB I
DNWTIEH—HLTED, THik, B rEHREANIEZITS & SW A RO EKN & 7 2 ks Oaft K
DRIFEAR) DT Hh, BUHEZEL TCHEZNOARE LR R oTWVWDERE VWS Z L EREBLT WS,
LU, 5.13 TIEFG RS R EVLE U 72 B OB RS IX R BN O TN L HARTREIFZE/LTE
59, BRATIHINM EOFREH#ED D Z LITTER,

BB, EEE ORI D & 5 22 bz R8T\ DIEREE OBEUKEERHEZDORET,
RS L 218 EFICH U TRE2ZZENS LI N TET £1 CCEELHLTCLESLZOTH
D, AREMZREETIXZR N,
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56 F&oH

ARETIE 10 MeV PO RN =7 n B p A a-Si:H OREEZ(L (RIC 21b) PIEBEEIZ
DWTHMIZTANR, ZDOEEMHEZHS M U7z, 72, 10 MeV £7213 0.10 MeV [ T-# S £ 0 I
F—7%7213 n B! a-Si:H OGN ZEE 23R, SBIRAZEEF N D K 512846 50 % EVERIZIH S H i
U7z, AR, AETHRONZNRZEREZT 5,

o JEN—7 a-Si:H IZ 10 MeV g 1fi 2 BE 45 &, BEFHOEERE TV - 72 ABIIZ ER T 505,
ZDBIBATEE U 72, BAARIIRZITER TR0, BT DA % B,

o [REEDRKEXRKMEERT 7T YA, BFHRT 7 v 7 ZKEZEL, BT 7y 7 ADE
WIEEEEEIIELSRD, V=2 IV Z VAL EFEL Botz, TNIRMEEE 2 ER T 5K
DH LR L BRI L BEEONT VAL > TERDBEENPREL TWENS5TH S,

o DI NS, (FHED LAERNEZLEDODEMEHEREEZR L - NEERIZL->T, Ho
D % RIS T T D a-Si:H OBLALEELZMADATFHTRTH 2 Z L3 bhr o 7z,

o B ZEEDRE EFIZn M a-SiHIZEWTHFAMRICBZE I N2, p B a-Si:H 2B 1) 5 R4
FOMEEE IR EEE LD BELSRo7z, THo DOFERIZ, BENIZ X > TN F—HIRMaDAER L
TVWSaREEZRE L TWD (ZORIX6 ETHSNIZT ),

o 10 MeV [5 i th D BE L2 A D & (ZREIBINIC LA 9 2 RETIILBREIITIT 1
Lipolz, THUE, ERENZ X > THEU IV F v ) 7 AELRBED LW ERIZIZ 2> TH
59, —fRIAEERD RIC L IZRRBREMENLECTVWE I L Z2EKRLTWDS, K7Ly
AR COEEEDORE LAIX, 3P 4 HCORUZMEEEDORE LR LR UERIZ L5,

o HUNI YA COEEMIEEZIA ST B0, [HoiclBitEhs-] JER—T a-Si:H D&
THANE A A VI EBEFHIRNE (5 GEFHF v U 7 AR L EE (RIC) D4
PE& AN, 7 LTy AT AR BLTE R 5T WS RIC LU <. JEPH
¥y U T BRI L 2 EREENKEINTH S L 2 5T L,

o AWZETHLY o MBS DHHFIZ B WTIIREFER o X 1 TH Y., AT vV 7IEKRM
R 2N U-MEESESICE > THE o IESHBL TWD Z DB S DT - 7z,

o [P ESZDIE RN — T £721d n B a-Si:H OB EF 2PN, ZEEORE LANAEL 5 &
S RA S (R7 VT A Tld. SW IR & 5 AN A1 BIl 0, 5 LR 25
ST HERDMELZENEDNRE N,

o HI7INI VA E TR INAGEIE. ©UAKKIZ X > THRIEEENRLIZER L, Z
N, ERNEA S N EEE RO U 72 RS D RS I K > TRIE L 2720 TH S &
Fxond CGRERES U I3 SW RIR),



84 H5HE  a-Si:H PERDBGHR L EREE

e 10 MeV [5G F-HrMBHTH R BUILIE 2 i U 723E K — 7 % 7213 n B a-Si:H 13EIRE BB Rv I b Z
EDD I oTz, ThiE, SW IR DRIK & 72 5 6 IEET R B 0 Bl BRAR D3GR IR 1z & - T L T
WA HFEM A2 RIBL TW5A,

INSOHENS, 5.1.4 8 (64 X—Y) T AL TOMG@REERRS 2, a-Si:H ® RIC IZ—
R 7 BR T A SN D RIC E[ARDO AN = AL TELTWEZOR 5.1 KT E, K7LV A
I TIE R F—BIRBEDOAEEAH Z > T, RIC TRFAFTERVEVELLZEENEL S, HHE—2
MEED &, BEEIEZZIZON R F—BIREAHEEL TV 72D, & 7V 2 A Tld— 72
RIC L UCHIRT 22 W T&E 5, £z, XN51DHUTEL 0D Z2iE, RIC IEF v ) 7 HmiZ
T35, 2FD 512D FE-FWITIR) RITAILEZREKRLTED, ZORIZDOVWTHERIXD —H
RPEKEFEUHEMTI VY, 0D Z itk D,

BB, BIANVF -GBS T O R —7 a-Si:H DEBEEEAZBERKTRLZE D %M 5.16 12
KT, BB T OEBE X, RF—RRIEIC & DEEEE L 7% RIC OMIZX > TREN S,
HE MRV T Y A TR TH D, FVIT UV ADBERE L HITHRZITHA L TWE, PRTHEDN
XEIZ 25, UL, RICIEF ¥ U 7 HMOADLHENH 5720, B HREBHIZ L > TR 12D
T3, BB, TOETIVE, BTAVF—BTHOARST, BTRLT—ETHP v RBH FTTOR
BEZIISUTHHHATEZ2HDTHELIEFEZLND,

ZOEIREMAVKI ZHEBEIE, ROLDICHHETE B, B IEHITMES N —BIRBRO &SRR I,
HNHER %2 /ED DB 72 & O RS RGO AR L R TIXZ2CE L, K7V > AFEE T N+ — R
EEIIMMT 5, S, BOERZEDIRERIEIE 7 VTV AD R L EITHR2IZERL, 20X

& Generation of metastable donor centers

Non-equilibrium carriers generated
by electronic energy deposition

~
)
> 8 :
g0 Disappearance of donor centers
gL
S €
=
o5
oS
S DC

DC

Beam ON OFF
Elapsed Time (Irradiation Fluence)

5.16 @AV F - FHA T IZH 5k N — 7 a-Si:H DREEZAAL,
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Fr ) THEMEPDIETRIC Z2EADIE2 L EHIZ, Fv ) THESIRIZK > TN F—BRH% HE
T2, £/, INVIVADHRE L HIZNF—BRMHMEGVPHEAL TV ZEHFZ6NEN, LB LI
LTH, M7V VAT N F—RRBIEZDOBEEZL->TLE S,

R —RUR B & R NERLDIBE RFEO A BENRKE L BRLDIE, TNSDERICHFLET T RN F—
MNEEEVPRR S TVENSTH D, BIEDERITETAIVT—A A ITEIT 5T XV F—HEDO K
DEEDDZBEBTHNIANF (5 (BTHENE) CEEFLTEL, BEOERITT XL —HEELDIFA
D—EEDBITEE R VM T IV F (52X EHUBEHRICERNLTWS, f£t-oT, K
F—HEL R EAB L TWEEHDEZ I T TR EFELTWE DY, FEBIZAGRL T & #7538 < M
HERAUTHAUBRTZEMD L S i@ TIdz, EFMEMNRICE > TER LA PR DKWL EWHE
2o AESREBOZMPRBOMEBEREBDOZEMIZL > TEUZEDTIERVWIRE B KEINS,

BIRF Tl R —BURBAD E R DOFERLZ B 5 22 IE L TWARWA, ZHIERZBEIZB W TH®R T 5,
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/\'l\'6:i

=

[mFHRERSTIC & B a-Si:H FBHEDE—
Ny JRERAE

6.1 EIL®IC

TNETIT, BUHRRIRANIC X5 a-SiH ORFZEEELAEE, RIC OZLEFFHIIZIHR, K71z v
AP B W TREE DR EANFEET L2 8, TR BIFERA L » £ I1I2BR2 1ITEEL Tw &
IWMEREIRLDTHDI L, THITHHFMBHNEZERLIEHDINIT UV ATHRAEZI > THEALTL
FHT L aERH U, ZUTINIE a-Si:H PEMRFEOHTRXTH D, #55 Si X GaAs 72 & DG
PRI U CTHEH S NG — R R IROZEZ H7ZITTIED F<HHTAIZ LN TERVWI L 2HH
5P U Tz,

WA D2k R 7z & D02, REE OB ERIE R N P —BIREEO AR, $72bs N —EEOH
7 EADRNTH 208N H S, ULArL, ThEMEmTELRTOERER IR >THELT, 20K
ZHOMZTT 2 72DITITHAHENEZDO X v U TIREZM S 2D AETHEUMLU TR I2MHENDH D, £
T, BHEF Y N NIZZOHEAEENPEREZHEL., 8T 2VF -G HREHEZD a-Si:H O
BEE OB ZREL 7z, BERED S IZPERBED D LD TH I —Ry ZRED RO o, ¥ —
RNy 7RO SHOEER (pHrn ) 2HHTEI LA THD, £z, ZLDINEZE L
TREPIZF Y TIREEZ KDL Z LN TE D,

6.1.1 FZEDOE—Nv IR

Y=~y 7858 (Seebeck Effect) D1 A=Y % 6.1 127, FEAEDOF v VU TIREIZIRED LH
5 LIRS 720, WEEVHD L X ¥ ) TIREOARIEEND, T5&, Fv ) TIEE
EOEWAPSENANEEHRU LS & T20, 20Xy ) 7 OHEE T2 ARICEEEN»HET S
7, KR, REEREBEENIZL L NY 7 FERV DD G- REBIZA L, IRy ZHRT
H5,

=Ry 7HHS [V/K] EFRDE S BRIZL > TERSI NS [H4],
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W
- AV

Electron

===- Donor Level

Fermi Level (E,)

Low T High T+AT

M6.1 =Ry IFHEDA A=Y (nBDGFE),

AV k([ E k(N

ZZT. AT, AV, e, kv B Neo ny A RIEIZ, BEREES K], SRAOEBZEL Lk 0%
fize (Bul® ) [V]. FEM, RLY T VER, 7 2V IEMOTRIVF — [eV], AIPIREBERE [/cm?],
Fr ) TRE [/emd], TXVX—HikE KT 2EHTH D, kT A= AF—RINZ0n56 20
Moz 2 2 INTEY, Ny REERERMTHZIFE 2IEDE, Ay BV NMEERERKTH
ZIFE0IEDK EELNT WS, /o T, BRHENY NMEEE £ DYEIRTIZ 2 ITEWVMEE 725 2%
Z56N5M, a-StH FEEDEE, 1~2 THDIEELNTWVWDS (17, E—Xy Z7FH S EF v ) 7O
BEHELTE Y, ADfEAR S n BREK, FOfEk s p BRYEARTH L Z & 2EIKT 5,

UL URAS, PEROF Y ) TREZHETSH - &6 —ARGIEC, BHGIINCE2FY YT R
V7 MOMRAZFHUZA—VIERS O, AFRZIZEWTERMY K — 7 U0 F v ) 7IREZ/(
EHRRDECAE—NVHEZHAVNTOVS (24 R=YD 3228, 4 RX=YD422Hi% &), TEBbHS
FTARBIZBEVWTE =Ry ZHIEAFAHUZHEBIZOWT, UNTHIAT 5,

6.1.2 Hm—=ILBIEEE—Rv ZHE

R VL =~y ZHEDR R ERFITOWTE 6.1 IZF & DTz, A—IVHlIEZHWT a-Si:H ¢
BAOF v ) TEERHIET210H7z> T HMEL 725 D%, BEEA MO8k & g L Th 7k 0K
WZ e Thd, HlzIE, #ifh Si OBEEIX 1,400 cm?/(V-s) FEETH 5 A% [59]. a-Si:H LEARTILE 4
0.1 cm?/(Vs) FRETH D, ZhdR— VB L THEIL TERAT 5720, —BINIZ a-Si:H &



6.1 XUBDHIT 89

HWOFR—=NVHIEIZNETH 5, SREICRHMY N — 73N T W5 a-Si:H FEARTHEHEIZTTEETH
B0, MR OMEZR B RBE BT 2 I3 ETH A S, £z, BRALREDHBIKHED D 7
RHEPBETHD L HEB EIMETH S, HEVIE, BEOADORDOIZY LV /A RIAAMVEHNS A
% [81). AAWAZAVD HEREEFZEZSNDH, AiH TIIEGEE D < a-Si:H LEAROHE 21X
PRV L, %% TIERISHRE 22T onimn e WS ENEL 5,

BRI EREDOMEZTRTZY T U LTH, a-Si:H FERDO K —)VHIETIE, F—IVEFEE WS B
FUIZERELZRT N RS (24 R=Y 322HiZ), ZhEF—IVEEBEORFSAF ¥ Y 7TIZHL
TEAVAESIZENIHROZ LT, a-Si:H PEAROLG AT n B, p B HIZE W TH—IVEEHHI%
INBZEDRHMOENT WS, ZOR—IVEEPKEETEAH=ZXLIZDWTIE, 3EN B 7% 20 RiEH
BRR=NURHBEELTVWEZEX 43, ¥+ U 7TOTHEBTENIEES L TWE I e nEhEHEh
TW5HDD [43]. BAEBMIHIZIEZE > TWiaw, iz, BESRMAIZ X > TER—VIRPIER ICRAET
SHEARLHLIEPHEINTSED [82,83]. MMM N7z a-Si:H FERDI A —IVRRIZFLTED
LS IEHT 2 0NERATH B,

—FH. =Ry ZEHRTIEZDO LS KB R ITA SN TV, R ICHEEZE %2 F 45 X ETEM
MOBEMNAEZBET 2L =Ry ZHETIERDEDP O REEPAETH D720, T OHMEERIZHNT
WHEEZRD, F72, =Ry IIRIIBEEZ KL 2 W72H12 a-Si:H FER I U THHE LT
W, 72720, BICHBBRARZZEBED XX ) TREEIIZKRENMIUNPRDONBZVE VI REDRDH D, ZHIEX
6.1 IZBWTHIIREBEE N, LT RN F kAT A =R AP—ETH D LHELRITNIEF ¥ TR
ERRESLNWI EVHHATH S, EBE. ZOREVRDPRDFTEVEDTH S I LIFATEIZEWVWTHL NI
%%,

6.1 FIVE L ¥ =~y 7 HIED I,

KL AE T
REMENBWEE | BENS. %) 7S ) 7
i BRI ) 7 2 AT
R RS 1 I SRR C W T
N Uve:- ] K 20
R wipipenk (e | 77 REDIERARR G
aSUHREOME | (SBINGE. AL
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6.2 X8R
6.21 ZOBREEUEEE

B 6.2 (2 EEREEE &R OB X %2 R 9, RHEREIC 27T — 8 Al B it U 7 /7 7 23 D
FER—7 a-Si:H T, B D 0.40 mm IED AV v s BEBIRD & 725, FEMITEENE<—2 b T
HrmELTHO, HERNERI NG, 72720, BB OB ITHERS & idMfkIhTtnT, 2556
I FEMROIRE Z JIET 572D D K BB PEEESA—A M Lo TEEI NS, REHE TR AR
VF L H#ZFIZED EO IR IO s NE DT, RVFoRZFEREHSES L, NEBOEE 0
CHhEFTRIF2ZeaTES, — 4, FBBOEEIIEERTH I, RIVF o RFORBEIZL DI
TIEN EA T2 80D, 20~27 °C &725, EMHEOEEZITHRATH 25 K245 K512~
VF RZFEHE U, b, —BNRE—Ry ZRETIE, ¥Ry 7REVRERTFEEZET 5720
IZIREE % 10 °C U RICHI A THIE § 5 4% [54]. SHENZREKEE 2R Z EAENTR RN &
FOREVEEBNZHEIEZVEWSHANG, HEAZLREIRSKRELLEEIEITLE, RVFx

a) Experimental Setu
() Exp P Copper  PC D
\é
Thermocouple p N
Beam Mask $ | Temperature Monitor 1 |
- I
L ) "
3.0 MeV Protons  mmmmp j Electrometer
! ) | Temperature Monitor 2
(«
Sample b |
. . A
Peltier Device L )
Thermocouple 1 Copper Film
\\ . Coplanar Type
Insulation Al Electrode

/
| (b) Sample Structure | A

a-Si:H (width = 0.40 mm)

Conductive Paste

~5mm

Thermocouple 2

6.2 (a) ZDBBGEEIHELEE L (b) Wk ORI,



6.2 FZER 91

ETF 2GSRBS CREZ LRI AP VEEEZ2EDZENTEEHN (KKA68°C). BT
REAEZEOEEEDRYE EFIE 30 CC U ETRBIZEMUTLESHRKRTHS IS (35 R—U,
3.5.3 fiz). RRAE 30 °C LLEIZT B Z &3t 7=,

6.2.2 EERFIE
BRI 2 EBRFEIEILTDOEB Y TH 5,

1. B r-Rriasanic But BB ME (51 3. DI L)

3.0 MeV B T4 - ST IE OV F = 7% BREY < & 3 i ALK, kb i gt
EBHA T AR I IR & B, BRI B A

J A REIEDHER % B o —ERRIREZIZ RV F = B2 —EEE 2 LR N2 iR
T3

5. RVF zH# 1% INMFBH ST, TOBAVF =R TOBRZY > AR M2 HURERICET
6. MFEMOBEENETITEL B2oTHS (H24). & 512 30 MREERD

7. WEMT . HOB PR (2.12R5)

F?"!\’

REEDPRK (~25 K) 1282 ETIZ 1 HRRE»» D, 3.~6. ORIXEMMEN %2 1 72 &2 llE Uk
5, REOUERHIZN T A TH D, =Xy ZREBITIREEDRKRIZR S 2VF 2 BREIE 70~170
B OFfED» S KD B,

ATBWTHSRIIZULZWDIE, RIVF o RFOE), 1k fE > CTEB) T 5 i B o BALE
AV W3, BERE AT ITERTE2NEI NV e Thb, AV/AT B—ETHNIX, ThHPEEES
THDAHEMENE WV, o T, WIEFHD ) A XEEZVWNIIRETE 200 EROBEE I 2l § 2572
DOEFERKA Y b, ik, REFIERN—7 a-Si:H OB EEEIZIEE KL (10710 S/ecm B
T T4 T ) A X%l oTLEINSTH D, Ll RITHEPSD ) 1 X2 E2HIRT
T LTH, BrBHBERICE > TRIERANEMPRAT 5720, TRy 7750V REFL
o THNE, ZONY 7759y REHEUGILZOITIE, BEEDPFEEL TORWIREBTOBETEDH
BaiRc0E8RHD, ZDHIT 4. & 6. TEAEENOREL TWARWRETHLHIEZKITTWD
ZDRUZDVWTIEMA R CTRERT 5,

6.2.3 AIERDEEMHES : n B a-SitH DRIERR

IR DM R HERT 572002, BTRIEE LTV n % a-Si:H OBEE I RE ST 7. 20
SR 6.3 TH B, Bl 0~180 ORI TALF c ZFABL TH O . HEE AT ((a). K 1
BHET 2 & 5 ITEAE AV ((b). BE) BELLTOWBBIRRTENS, —AV/AT, $abbt—
Ny Z B ERD UEOH (c) DEMTH D, 10~230 WO T —EMfi% R - 72, FEEIRKIA D
70~170 DO DEAMEIE —230 pV/K TH o 7z, REEIV/NZ WV 0~10 . 230 BUUBETIEE -y~
FREDET U125, ¥ =~y 2 REIRREREE 2 O 2 L R E BRI NT WS DL EX 5N5,
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Peltier ON OFF
n-type a-Si:H

°  20f — i @)

2 i |

£ 10} : — L — T

(=% : —T,-T, (AV) : S

5 of — Z E

= : H 6
s e "3
| : =
| : =
| 1 O]
i : S
i | A

z | =

= 2300 : —t = 9

E L :\\A//J/ é)

= -200} | (©)

[P} 1

3 :

= -100}

8 LI :

8 O : 1 1 1 : 1 1

3 0 50 100 150 200 250 300

Elapsed Time [s]
B 6.3 BafAriEs 217> T\ n Bl a-SicH O#RENHIERE R, (a) MEBEMOERE & IEREA AT,

(b) M N BAE AV, (¢) BIE L EEEDOHOEIE (¥ =~y 250, Wllxesnism,
i1 0 DTALTF = HFHERH L. 180 BTHEILELT-,

6.3 3.0 MeV [ZFIREREIRDIF K — 7 a-Si:H DREE
631 Ny o750y REENEZECRNAWNES

B A SN TVRWIER =T a-SiH TREEBHZMETE R o7z (E—Ry VR ERS
mirotz) D BGTRRBEHE AT LY Ry ZEBE U, FOMBKLEH LT, 3.0 MeV
B r#% 1.0x10'2 /em? ECTRE I NAZEZOIE R —7 a-Si:H OBEE N HIEFREZ X 6.4 1ITRT, K
A3 0 F02 5 180 MO TRV F 2 ZFDERE L TH 0, HEXE AT ITBHRT 5 X S ICEME AV A
ELTWARETARTENS, —AV/AT 2£D LD (c) DEMT, 0825 250 ORI TIEIF—E
% R> 72, WEEPRKIZRD 70 16 170 RO O FEEHEIE —256 uV/K THh o7z, 2RZEL
Tnfa-Si:H D&M (K6.3) EEALTVWEZ LS, ZNREMCEHDE—Ry JZIRBELTE
D, BFREESNZIER =T a-SiH 2 n Bz 2> TWa eI 6nd,

7B, 180 MAHETAHD & S WEEN LA T BN EHNZA TEVF R OBELEAINZ Y] -
BUZIRAT B ) A XA ThdeEbhnd, REROMUETIEUIXUIXBIHIZ N7,



6.3 3.0 MeV [5FfE5 % DIE R —7 a-Si:H OB E N 93

Undoped a-Si:H, 3.0 MeV Protons, 1.0x10'* /cm?
{ Peltier ON | OFF
30 T . : . .

Temperature ['C]

-400
=300+
-2001
-1001

Electric Potential, AV [mV]

- AVIAT [uV/K]

50 100 150 200 250 300
Elapsed Time [s]

o =

& 6.4 3.0 MeV [ 1.0x10" /em® BHEHZ O] R — 7 a-Si:H O BEREHHEFEER, THT
F Nw 2T I Y REBEEE U WEBOENAEE AV L LT —AV/AT k7=,

632 Ny oI350y NEENBEEICIRNSIG

641G\ 2759 RD ) A XEERTFITNSWGEDFERTH 7272, Nw 757 NE
JE L EROBGE T O D HEIE T IECHEFICIIHE L R o7z, LA LARDS, EOMEEEN D% 0K
WEIZRRPL. 2F 0. B 7L T Y ZAPMEL . £EZNEEREED A U TORWEER,
CAREEORE EAZBA -GNV VY ADHEKTIX, Ny 2750y REEPKRESENEZ, ZHiX,
BN T ZAEMIFIES A 1.1 mm THEDITH LU, 3.0 MeV G FHRrDOMRIE X 83 um TH 572D,
FHRD B D KID DA REEM (JER) ITHIWAD LS THEEEZ OGNS, ZORATSE
FHZ & > THEU BBEMAIZEBMZERL THEL 2 TEARBTE LD, BRIIIBNT AN TE
FTEXZIZADOEBEL UTEMI NG, ZOBEEIZRME & & IEBERNIEDT 2720, Ny o735
7Y N UTHEBOBERE N & Hlid 5 Z E5aREZ A, DA LHPE L2 WREE Dokt
EHREIZEINY 77Ty MIMEBI N TOWRITNER SR\, £2ZT, Nv I T 530 REENDH D
BENSSBRE2ETR>TLSEEBHIERTI ZLICLT, REAR2REIEIHEBTNNY I T T
7Y NEED Eﬂ%ﬂmtfbiﬁ\A/7ﬁ77/b@F%E%®ﬂt ST A 2 L AREIC
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15 y Peltier ON ‘OFF
I 3.0 MeV Protons 3.1x10"" /cm®, Undoped a-Si:H

| %

Z 10} |

E : v.'aﬂk_‘.'l .

= L e RNl Background

o P 4

~ S5+t id u?[h\p<77>+Jo

Q = P

g I i . A=4.06x10"3

3 ! L =161

= ; \”. Yo = 6.90 x 107*

0p — g

i

L L L L L | L L L i | L L L L | L
0 100 200 300
Elapsed Time [s]
B 6.5 3.0 MeV B3 7 3.1x 10" /em? WHEH DI K — 7 a-Si:H QRGBS REFER, H 1
ROBEEB TN 2 7TV RBEE T4 v T4V LEED, 7149 T4V ZICHVWET =X
R (0) TRUTH B, ZOHETIZGFHRBHIKTLTHS 20 BRIV F 2 R T2 BB
7= (Kl 0 7).

%5,

Ny 7759y REREEZUGIWZEEHE LT, K6.512 3.0 MeV B 7## 3.1x 101 /em? I8 E
DI RN—7 a-Si:H OB HREFERL, NXv I T30V RT7 10w T4 v OERERT, 0 #T
Nw%1$¥%ﬁﬁé%1m5#\%m@#%O@@%\22#6L7mV«t@bKﬁ§?5%ﬁ®E
B2, /N F o EF2EILVIREEMIZIZ 0 122> T W5 255 LA TIX, 055 —0.05 mV A&
R2IZBET 54 u®fm#ﬁméMK°;MiL SR S NEBMAIR 2 IZIEBAAIRA L TV DT
ERLTBY, IR 2750V REEERD, Nv 2727700 NEEIZX 1 ROERBEEE LR
HILeEX, RN _RIETT AV T4 VTR IToEMERWRETH D, ZONY 2759 REEEE
HEXNEE (B e) 54L& T, EROREENVHETES,

EIROBGEE 7 6 € — Ry ZEHE RO IAEREX 6.6 1I2RT, 6.5 DK D RUHEFT> TR
—AV/AT 131 K B EDREAEDEL TWLHII (00230 ) TRE—EDHEZIN>TWS Z W00 5
Ny o779 REEEZZLUIIMPTICEEY —Ry 78 RkO L5958 (BB, —AV/AT i&—
EMEES TITRAITTD S &5 Rl 2R U7z, HERITEEZPRKICRD 70~170 OO 101
DS RDZEHME (=253 pV/K) THEH, 0~70 B, 170~230 O DfE S ¥l & R IR\ —
HERLUTED, @2 AV WEEZE AT \ERLTWA Z eh o, B AV IZE»ICREE NI TH
D, —AV/AT = —253uV /K ZHENIZE —Ry 7R S THhD L EX B,



6.4 GTRBEHIZL2IERN—T, n#aSi:H D¥—xv 7 Z2H8EL 95

600 { Peltier ON {OFF
| 3.0MeV Protons 3.1x10" /em?, with BG
Undoped a-Si:H |—— No BG
Average
v -400
>
=
2 MM, 2 n AckArck Aa A | A.
S MU A VAUV A UATL T I LA A E
< =200 | :
oLl vy, .

A B B S B .
0 50 100 150 200 250
Elapsed Time [s]
6.6 3.0 MeV B3 7t 3.1x10" /em? A EZDIE R — 7 a-Si:H DX — v Z(REZ( R,

BEI N 205 Y R EE LIRS 5 B, BERL, REEREAIZ S T0~170 BO 101
S PR AR LTHE D, —253 uV/K TH 3.

6.4 BBFREHRICEZIER—T, nBa-SiHDE—Ry 7 ZRHLEL
6.4.1 3.0 MeVBEFiR7IIL TV RIKEKE

FER—=Ta-SiHIZB T 2=y Z{EHD 3.0 MeV B 7k 7 )V T v AMAFE 2 R 72 FER DK 6.7 T
Hb, 3.0 MeV Brr#t% 1.0x10" /em? £ THRH TN R — 7 a-SitH 2513 — Ry 7 %) 5 % Bl
TERD 72D, 3.1x101 /em? FTHEHFEINE LEHADE Ry ZHRPENTZ, BDOE¥—Ry Z5R
1% 5.0x10"2 Jem? £ CENZD, 5.3x101 /om? FTRHEIND &/ ZEECHE A TL RV, Bl
BHEBHTERL 2 o7, gL LT nf a-Si:H OFEREK 6.7 WIZR U2, 2O 7T v A%
TiEn M a-Si:H DX =Ry 2 BHIZZA L Aeh -7,

4.2 TR U7z 3.0 MeV B EHHIZ XL 29 K — 7 a-Si:H ORZEEZ{LZ2 X 6.8 IZfHET 5,
6.8 HIZIZY — Ry ZENEH T E - EH 20 TR UED, BHEEEDO LR IEFHIZRV—HZ R L
TWBZ ek nhd, 72, 3.0 MeV B 1#% 2.0x10'2 /em? & THRH I N7z R — 7 a-Si:H 12
U CEGE N HIE 2 EHICITO &, RATADE =Ry ZEBUINS K RoTWE, 40 Kt T
Y=y iR %ER U, 3.5.2M1 (34 R—=Y) TRUZEI I, BEEED EREHRMREEZRT Z &
Mo, =Ry ZEEOZA LG EEEDOZIIZIFFIZRSNBRLTWE Z A 5hnd, fitoT, ZEE
DEE EAPENS 7NV T Y AFIETIEIE R — 7 a-StH (NI n BN 2L TE D, N F—H¥[D
ERAMZEE DR FFIZHFSE L TWE I RN IOEBIC & > TREHI N7z,
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B6E HrmAIc ks aSiH PEAD Y -y 7 REZ

-300

-250

-200

Seebeck Coefficient [uV/K]

-150

T

e

m?) |

B Undoped
O P-Doped (n-Type)

0 2 4 6
3.0 MeV Proton Fluence [10"* /cm?®]

6.7 3.0 MeV B IBHAIC X 2R =7, n B a-Si:H ¥ —~vy 7EHZ(L (Eizm O), T
T — N IR E A R DT,

10
10

10

{
~

[S—
S

'
oo

[S—
S

Dark Conductivity [S/cm]
S 3

—_
—_

—
<

—_
S
T

[ m Initial DC

1 /il

3.0 MeV Protons, Undoped a-Si:H

12

15
10

10° 10
3.0 MeV Proton Fluence [/cm®]

o 10" 10

6.8 3.0 MeV B F#iSIZ & 2 N —7 a-Si:H ORZEEL( (), M 6.7IC8WTHD
¥ =Ry ZHHREPBNE N2 R L TH B,
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K612, LNy I7BEPSFY )V TREZEMBLIENTE S, nMaSitHOE -~y
Z A —230 uV/K T, ZOREIOF v U 7REIX 6.2x1017 /em3 THEHh 5. Zh s ORUEE AW
T.ABLXUN, 2 EThHBERETS L, 5.0x10"2 /em? TOX =~y 7R —259 pV/K 25,
Fr ) TREZ 441017 Jem? 2725,

LA L%As, H6.7 6.8 %L RERSE L, ¥ =~y 28 EIAEHE N5 7V T 2 25T IR
EEEIE 3 WA EIZh o TEALTWEDIZ, ¥—Ry 7RISV ZLL T, $ UREE
EOZEANETEF Y ) TIREDZ{DOAIEALTEY, ABXU N BZ—ETHERL, FvVITIRE
1,000 fEZET 22 212 & > TE =Ry Z48380% AS = 595 uV/K DEAREC B Ex 605, L
MU, ¥—=Ry ZEHIE 3.1x10M~5.0x10'? /em? OEIZ —253~—268 uV/K &, 7257215 uV/K L
EALUEPr o, ZhiE, ZhonF v ) TRE n OZLIZN L, ¥—Xy 7805 % 0 2Lk
WESBIETABIU N BEILLTWERSTHIEEZ OGNS,

6.5 KRF—ERREDEIR

ARETIHE T VTV AFHIBTHN A REE DO RE ERN N F =B RFOAERKIERNLTWS Z & %K
SMZ U, ZHIXED LD REEDRITH 5 5 h,

— Rz, REFHERL DR L A G2 RE T 2 DIRIEFICHETH b, BB OERSMEEZEZ NS
Bk RS FIEZ W TIE L R R 5w, BaAEHMR S, BN TRToME2RETsZ L
X TERWH, T2 TIERME R EIEEZ WL DRI B,

6.5.1 Ai¥ELR

EIZEZAONDIDIE, AHYIESE (O) DRETHD, O TS SIFIZEWT RF— LTI
5L AHPITH Y [85]. BURFRIBHIZ & o TRIGVKBIZEMT 5L, O R T L DEARMA RS —¢&
LCTiAZS5WT, pBDSi A n BALEHRTZ L WS BEEIEZ 2 [66], T, O B 1% ikl
&L F 32 7))V A% — (Crochralski: CZ) IETIEHR L Si &0 . Filf — > (Floating Zone: FZ)
ETHERL 72 Si O AP BEFREDRE 2825 Z LS N TN 5,

a-Si:H &R X C. N, O B EDARMPILREIEENT VWD, 5 Si LHARZ & a-Si:H IEAHY)
TEEDRATK U THETH 205, AMPIRED &, k0 B8RRI w82 JET, TOHT
., BATE O FHFIEME S LAKNF—2 LT ZeRMonTVWT, AT AZL—RD
a-Si:H PEARDEE, O FHF1E 1x101° /em?3 KIS TV B 5, B HiIashc X 2 & Fhbiesh R
CES>TORTARN—NRY bEMEL S DENBANEZLZ 0, L ORIGEEERMD & S el
ERLEZD LT, TOMBRF—~LETE 0> TR H S, AETHWEZIER—7 a-Si:H
21X 6x10' /em3 D O T DA END L E2FRAT (24 R—=V, 32 Hi2M), BEE%E 10 cm?/(V-s).
R—Err%h%£% 01 % 2BF2MH5T22E25L, BHEEE X o = 1.9x1072 S/cm 72505,
{ZELHE D FH 1 H a5 NZRHEEE (1073 S/em A — & —) 2 F4sEad L5,
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6.5.2 farE R

a-Si:H O RFEDOMAFEIE DB TH 52, DB ZDH DA R F—BURIGIZ 722 0 155 AT I BN 75 4
TE5%, REHOKET 10°~10'0 /em® FED DB 2MFEET 5 E, 4T & iz DB EEAH AT 5 2
LIFZ K DWWEBREDL DD L, £1-Fx DMFEMRENSEHS N TH D, > T, HAIZ DB AR F—
RIURFGETH B &\ D AlREME XA,

UL2L, 2ZTWwW5 DB &, EMiZi3ETZ2 1EET20EDBOZETHS, Hik DB IXET»
EfLEET 2 Z 12k, fifE DB (8K : Charged Defect) ~& 2t 35, Dt (Z0RfE) »E
T2 12O%FE->TD? U EFEHEA) 22D, 51 1O2%TE->TD- QEFHA) LK
[EEEZ, INSDRIEHEL BHEOICBEE B BHEHLT XL F—%2 ZNZN e(+/0). €(0/—) £ T3
&, TOAEITEGHEBE T XV ¥ — U (Effective Correlation Energy) &IN5, HEMREOLA, U
MIEDIETH 5 7= DIZBEHPRETIE DB 0% K FHMREBEZI > TWb eEZS5NTWS [86],

FITHRZIENT D WS Zeid, FF—RRPMMORELEIREBABITTHEORT Yy LT
ANF—=DIFFIMNZ L2 BRT 5720, TRV AERT 2 &5 i EOZbTldia | HIRRE
WIRF—TEML S BAERELES LTV aalkldd 5, Bz iE, DO 2385 HRidghc X > T4
U EAEFEL T DT 22, RoZBEFDVF Y VT ERE72D, THIERF—L L TIEESL
nE LAV, LAaL, D95 DM icks & 7 o)L IWRIMMEE FHEO AT 7 b U, RIEEMDIREE
BELHMETHDOANLIEDIL 2O, TNEEHN FF—HEAIZR D L 1EHF 2T\, #iZ, D™ IHMEER
MEANY T R0, F¥ )7 2EERIEETNIED ICR->TLE S 720 (Zhld, BHie LTk
PPCIZEW), M5 2DOHETHUY DY + e — D™ OEARZ 510X 572\, fitk DB & b fif
BDBDANLETHDZ7-DIZIF U BATHIE2HENDH DM, B EHIZE > T a-Si:H © U B2k
T AR L, BRFRTIH I E B ERA R\, 72720, a-Si:H OWNEBHEIE X — Tldanwizd, oz
HOU 2HFL WA HEEMEITERINTWS [87), £72. DB OMMERENZ( L 7245H, a-Si:H D
At (O HT72E) ORMNBMAZEAL, RF—2 L TET2H#EGTE2REBIILT 2 HEEEL H 5,

RAZLTEH, HLHEDB O RAE Y 27280 EE DB AN 2T hiX, ZHIZESRIZL-
THNTE 2133 Ths, £I T, 10 MeV B1## 1.4x1013 Jem? B EHOIE N —7 a-Si:H © ESR
HE %2475 720 REHIE X 0.30 mm DA AL (SiO2) A EIZHEE L 728X 2.0 pum OFE R — 7 a-Si:H
THH, ESRHERIZH T AEANE ANS-HIZ, 50 mmx50 mm DY 1 ZIZEH U 7zikkl %, 3~5
mmx 7~9 mm OEHRIZYID 2172, 1 EOWEHHAL7ZDIEEDYNDETH S,

10 MeV B TFrI8S EAOREHIBEHEL TH 0, 3 ICIEBEHRE KSR T Z 2 idTEh
W, FEDINV—TE, BEHKIENIZHAE T () ® JES-FA 8 ESR ZEZRE L TH 0. b
U72idBl 0 ESR I %175 Z 2B TE 3, RERTIE, BHEKN 30 5412 ESR HIE % EME L 72728,
AEHHIZIE PR D OREO R —BIREBENE T I ->Twa D b s,

X 6.9 12 ZF DfERZRT, 324.09 mT, 332.83 mT O ARY MUVIFFEREZRRICTH S Mn ¥ —H =5 5D
EDTH Y, HIEROBUTIZZDARY ML EILHEIZ Uz, IBERTOREELFREETH 555, ik g = 2.0055
EZNEENWAR T LD, TN DBIZXBEDTHS, DB D g fHOPEZ IZ Mn?t BT/
HDIAHDARY FV (g =2.0337) %ffioT, LIGRMAX hw = gupH »»53KD7= (v: <A 70K
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10 MeV Protons
1.4x10" /em? Irrad

Before Irrad.
Post Irrad.
Annealed

;

a-Si:H DB

Intensity [Arb. Units]

T

. =2.0055
Mn® (3rd)  © Mn?* (4th)
g, =2.0337
322 324 326 328 330 332 334 336
Magnetic Field [mT]

6.9 10 MeV 57 1.4x10"% /em? SHIZ & 5 ESR A2 MVDZEAL, % « WAL, f « T
B, B B, HHlHOMEIE Mn v — =05 DAY MVTHIEL 72,

JARE. pp r R—=THT. H: 5. REED 30 580 %ICHIE U2 AR THh 0. w200
ARY NIV icB Tz, hiled DB ICERKET 2 AR MLIZDWTIE, E— 27 EN 2 5RER <
BoTWBIEDRNN5, MOE—2130wThE a-Si:H T2 <, ERD SiO, icBHELTWwW5, FE,
SiOg DAIZ 10 MeV B2 5 L. ZNS6DART MUV TRTH NS Z & 2R L 72,

DB IZEKT B AR MULAHEIMU7ZE WS Z & id, BB E>THEDB ML ZZ & 2=
KLU, 2N INETHRESINTEAZAME —ET 20, MERBOEHIZOVWTITbRo BTz, 5
EORIETIZ, AT MLREZ H 5 7212 Modulation Width 2 +£1.0 mT 570 EL & >TH
D, INEIRARY VMDD K ERART MVZE o THENTLUE > TWAHREMEDLH B, F 72, SiOs
B a-Si:H i & LR TH 150 50K A2 RO 720, Si0 BODART ML EEL ODHE L, &
DI AR MV 21T D 720121%, AL RICHIE L, R Al 2RS¥ T I L -2 R o 72
a-Si:H %[BT 5 LR EZ2HWD BELH 5,

6.5.3 FDfhoiEE

ZTOMIZEZSNLIHEEE LT, HEFORNELEZSDRENEX SN, Si-HEGZKLTWS H
R 13k % G2 L CW0Wd e EbNTED, FIAIEHEMER R RAHEZH0 A G R Y, iR
BELTWARILEHRHD (ZF7AX—LTVWE, EREINE), KT UD a-Si:H I —IZ04H L T
WBDIT TR, 2O LI BRREDHEN R F—245.LET, K7 VTV AEBIIB W TOAKERIZ
FAET 2 2 WO AHEMEIIMENZ A S 95, KREE L N F—RIRBAEREIZIIMS LOBEBREH2H D & 8
bhs,



100 H6 = B I kD a-SiH PEARD Y — Xy 7 FEHZE

6.6 &

AFETIE, ZOHHRENNEREZFAEL. 3.0 MeV iz BN S NZERF—7 nl a-Si:H DO
=Ry TR ODOVWTHANIERZHL Uz, E—Ry 7RO TR 7 VT v 2K GEEIZDOWTHH
R, ¥Ry 7FRBOZE ML, ABTHONIZUZBEEEDOZLE 2B LUz, ZNODFRERMSHS
MTIRo T2 Z e ZATFICEEEE T 5,

o R DIE R —7 a-StH 25 13X — Ry ZHREZBHTE er 57205, 3.0 MeV B 1% K7
5L, 3.1x10M~5.0x10'? /em? OHEPFATHDOE — Xy ZHRI BRI S iz,

5.3x1013 Jem? A ED 7NV Z VU ATIEE—Ry ZHRIFFOCEB S 2 <o 7,

nfaSiH IFADY —Ry IFEEZRL., EEEO 7NV VU 2RMEEBTIREY —XRy ZHBE8IXITEA Y
Bl U7 - 7,

e INHLDHEMNS, FIEE TICRATEABEEEORE LRI, BBzt > N —RRko
—R R AERICER L TWS Z & DEFH X vz,

o ¥ —Ry JFRHMOEIZF YV TIREDZ(IZERZIZIINIGLTE 57, AMREBEED>T 2L
F—HE NI A =X TR L o TEMLTWE Z EARIB I Nz,

BB, REBROZOICHEL 722 DBEARE DT EEIL, a-StH PEERDAZ ST, b2 2O
HLERRHRAR, BVEMBIO RS SIIR, RFiZ, RN ERDO AN LZEREACEMBRZ TS Z L PA[HET
H5, FIZIE, EFHTOREHEEHANLHEE OB NFITIFAELHRERPH O o3, JHFHH & 24
BRTEMABDOE-RER BT L 2F A 06, BER T EMKT 2MENIE 7IF 2 & O
e FHBNROM GIZBEIND Z e b, TOREEMAPBEI NG, iz, BUHIRIEE T TORE
ETORMEZEARD 720121 F OLGHIE IERPE R WA, REEIXT D Vo 2 HRERE T CHEAI NS
BVERAMRL OIS RIS, 1 & RS & W BEM Rl OUE (BEMRE O LN G ) %
Hfg U FENIGHTE 5,
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yTan =
7

=

B A 4 VBEEIC K % a-Si:H DEF#iE
BEZE

7.1 EILC®IC

AETIE, a-StH OF Tk (BRUZEMNE) 2PHAHREHIC L sTEo LS8kl T »
ZH ST S, @, a-SiH PERIIEETREANAY RBFELZF vy U TI2L5EE, $hbbNy
NMEEP KN TH 2, BEHFRIBSIZ & > TNV FEIZRBFEMAERT 2 &, Ny MEEDEL I N TR
BENFBDLUTWLD, THICBFNERITZ2LEEDL I BEIERL, TUTZTDOELIZED & S Bk
WIZXBEINTWVWBETHA S W,

BT, BEBINTWARHAME L LTTELT 7 AHEFBEZENA L. ZOfE LD HEIITE
WIZI)VZ Y ZATH U 2 PERRHEDIERIZ O WTHEELT 5,

7.1.1 TEILT 7 Zﬁunﬁ%ai

BAH TNV ZADOHEKIZE > THRABGI DG 8d e, BHEIZ IAX=DPHWIZELYHWT
ENT 7 AP IS, Kinchin-Pease RC kB &, 7TENT 7 AFOEICET 2 Ei iR J,°
(Critical Dose) (&,
2E4N

0 _
L= (7.1)
THEALND, Eg RIFUEHLLEWETHRLE— [eV], N AR T OB FHE [fem®], S, 1%

IANVF =5 [eV/em] TH D, FEEIFEA (TR @?fﬂﬁ(}?ﬁuﬁ?r}:@@bd’ LOWEND D
b, RT71Z2EBETLI2HENDH L, MEOBKBE LU TEAOLBEEZRT 2L, BHAMEIUTNTER

5ND,
o~ 1727 72
1-9R <J§> ] (7.2)
R FEBIZ L2857 F A2 —DEdbEED U,

SR =2\/Dyt (7.3)
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£71 KEESIOTELT 7 AEERGE J.°,

Sn [€V/nml] J0 [/em?]
10 MeV [ZF#R 4.15x1073 3.6x10"?
0.10 MeV [ZF#& 0.201 7.4x1017
2.8 MeV Si 37.1 4.0x10%

TH5, D, FELDIBIRE [cm? /s]. t 1ZZEALOHLEIERL] [s] TH 5.
SRIM #HWTR 7.1 oM SIiOT7TENL 7 7 AR MELZHE LU EREE2R 7.1 I2RT,

712 FBHEEFUEIERT DRE

—H. ZOTENT 7 AR LD BEIENIRE (7L Y R) T, PEREFEEEELTLE
5, DFD., FEEEEROLERBEEZHEALI L0, TELV 7 7 ABEREEIESETE L,
ZEALXRHTHERTDO X D7 1 Rl R RGOEMT A TH 5,

B 7.102 BEARS D Uz 17 MeV B TRRES 20 S K i Si O RHEEE &S E 0 £k % R
T 88 F¥ VU TEEILLoTWL 52D ZH, M R—T L zidkloge, &% 1x101 /em?
RitAD 7 VT v A THREEEE & GERE 2B LTLES., LTI &SRB, Si T4
ADWHE L IFFEIZ LS NIET B, FH AL ST RBEMD 10 MeV B F#RIESH 12 X 2 52 X
T2 1TRTH, KA OEAMERE RS e (A), 1x10™ /em? IZ2ET 2N IZFEERME 252210k
TWBZ e nhd, ZhiE, XEEV pHR—2AEDHL (F+v ) 7THEGOWAE X OF vV THER)
FIES F v ) TIREORMA) CENLTWD ERTEWA 89, R—AFOX vV 7EEIX 1~2x10%°
JemP FRETHZ6, 7118284 (@:pHl, F+ VU 7EE 1x10'° /em3) O dhite X 7.2
DHAHFRE BB L Z BT 5, bRAZ, BFROTXIVF—AELEH, 17 MeV BH#I% 10 MeV
B 7-fk & LR T RIS R EDRREIZ 5,

BB, PEERITITPEREEZ B LU T UL OHMAMELTEL 7 7 AMEL DB LVEVWT LT
VATHENS Z L EFIAL T, T I TIRENEZ PEREFME L IERT L1279 208, PERER A& &
T EILT 7 AT RO CTRHASEE X UEEE A Y D & 5 AR RTHICDOWTIE, KTk Si o
EOBFERPERKIZBEVWTT O T VHFARSNTE ST, FEEIRER AR E AR D RS sh R & 2 DA
DI EZE T D LD BHRIZE > TIE, FEACTHFLELRVWE W DREFTH S, i, F
AELOR T SR R AR D SIS ST PR D U AR B R R 2 PR 2 L Cld 130 HRD & 2 Fl Tld v &
WO ZEBHEMCHETEH LM, AESAHERML TWD L S1C, MEIIERICHER Y — LD &\ 22
- IR 22 RE JE % i 2 T2 IR R S AT o 72 72002, GER TR IR D 5 5 D RKGER O A EH DR
F0. TNVIZ U AOBHNIES KR ZILIZOVWTH IV FRINT I AL > EDHEBDOVOE D
LULTETSND [90], EBL K71 EPRVEVWTIVI Y ABEBIZB W THASNT WA D, TN TH
TENT 7 AR E T 3 MU OB ENDH S, Wit IZHIEZITNDD 1x10' /em? BED 7L T
VAETHEET 572012, E—LEREDLUTOMKFIZH Do THP L TWBERH D, D
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(a) Dark Conductivity (b) Photoconductivity
1l AL 0 102 _10° 10" 10'(ion/om?
1
- N3E15 T = 200K
—~ 10°F o— . T 10 || 7=200k 3
§ ™ 1 8 :
D 102f o ! { 2 DOPED 1
: P2E16 5
. P1E15 ! o 10 d
s g . 1 ® 's
B -
1078 1 5
] 10® | A=095um :
1 N2E12 3 W P 2E16 cm® 1
107°F (~PURE ) 1 o N3E15 em® 1
. —a 1 ® P1E15cm™ i
10-1°F PROTON 17MeV | 10" | A N2E12 em™ (~PURE) ;
T’: “110-'3 M;n-f 107 10—'5'“"' o 10® 107 10° 10°
b (dpa) ¢ (dpa)

7.1 17 MeV B FHUIREHT & 2 556 Si OBAESEZ L, (a) BZEE, (b) JAZME, STk [88] & b #oke,

10l @ . |10 MeV Protons, c-Si Solar Cell
N ‘ ; ‘
N Tm ‘ ‘ ‘
i o N i
08 L \A\.\.: -~ o -
= é. :
IS A, . S
: | “ ey
= 0.6 e g
o) ] A :
= A,
= A
‘s 04+ ‘ DA
S :
54) i | —m—Isc :
—A— Pmax
) Sy I R
0 10" 10" 10"

10 MeV Proton Fluence [/cm’]

7.2 10 MeV B r-#R IS & 2 BAE S ST KEGElOFRERMEDO L. B HEER (Isc). @ : fif
BEE (Voc), A : AHJT (Pmax), #tdid#lfifEz 1 & U THERILL TH 5,
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B — AR EMDSBEIZ R BD, TNULED TV T AL 735 L EE BRMAERIZR>TUEW,
ZOMY A 278 ba VIESRD & S 2RI 2 & Uit 6 2 ik, BEMEE UTR#EETH S, 7
BV T 7 AMSFRREIENT NV Y AETOZEZFARS720I121F, 1FU S UEGHIRPREVE D,
THROLBLEZINT =GP ES AV E2HAVNIE L, Iheld, EEO 1 4 Vs z A9 5 &kt
TIARA OFta% B ARIEN T Z L IC k> TEHTE S [91], /-, BREEEHEOHETHNIE 10
HibA EOZAL 2 BT 2 BB D 5720, BIZEED S @nEE ETERERCHETE S X5 ICEBRR
EREL RITNIER S0,

HIE £ Tl MPEEARORPME] L WIS BURICERZEVWT W20, AL UT a-Si:H O 84K
MM E L2 VHIF CTORBIREZRRTEZ, LErLAENS, SSICHN2ENRSZ LT a-Si:H OfE
BEIZED &SRB EL B0 EIRE N, 2> T, a-SitH 2ED72 T €N 7 7 A DN G
RIBHHZ Lo TED XD AL 2 BRI E TV DR ZHBE I LN TE S5 5 L, @Mz BT
BAEREERARED LD RE DRI NI 0 Ly,

Bz, AEOBEMIE, FEHEIEVHEHETORNNRZIERE T THD, 1A VE, ZxAVF—, 7
VIV AZDWTRELS MG L, TN T RTCEM IR TE 2MAMBEOET IV EBET L2 %
H¥5d.

72 BEIZIIYRAEEICHITEEEFREEDOLTL
721 BEEE. HcEEZI

0.10 MeV BFHRIBSHZPE S IE K — 7 a-Si:H OB EERE, HEEEDOZE%E 1.0x10° /em? £ THllE
U2 X 7.3 1287, 5.0x101 /em? THNDZE =21, ZNETIXHHAL TEREEDORE F
FTHYH., RF—RBIRMOERIZEZF v ) 7TEED EFICERT 5, 5.0x101 /em? O¥—27 &z
5 LG EEE, BEHEFZEL5HTNVI VY ADRE L EHIZHA U7 (Regime (A)), UL, BHzE
JE1X1.0x10 /em? TRAMEZ I > 725 L ICH T EF 925 — 4T (Regime (B)). 1.0x10' /cm? LA
HHAREE XD Uit 2.0x10'° Jem? THARELE & BHREE D K/MEHHEZ L 72 (Regime (B)—(C)),
S5 ERITS ., BHEEE R ER2HIT. ZO7ILVI Y AMERTIRS ZPNEEE2 RS L o7
(Regime (C)), EWVHZ 5 &, HAZEE (PC) 13RI FOEEE (DCHPC) Offid & WHEEE (DC)
DiEZEZELFIK ZETROTWD 720, BHRETHIE L 728556 & IR FCHIE L7256 OEEE DD
FEFITNS K, BHEDOHPANIZH>TLE 722 WVWS 28 TH D,

7.4 1%, 0.10 MeV B F#t & 0 S,/Se lAAKEW 28 MeV Si A A v 2Lz EDI -7
a-SiH OEEEZELTH S, TOHE., BEEORE EFITBR I 0T, 2.0x10M /em? THYZEE X
B/MEZR U2 (Regime (B)), D%, B{EEILT > & EH 2 7205, HRERE LD % T,
2.0x10'2 /em? BABED 7 )V Y A TIHHIE EOIX S D ELTOfEL 7> 72 (Regime (C)),

X 7.5, ¥ 7.6 ZixFNFn L, p il a-Si:H D 2.8 MeV Si 1 4 v BENZ X B EEEDELERL 2,
EH 5 DHEBIREEIE 1.0x10'2 /em? £ THA LU (Regime (B)). ZD# ER U7 (Regime (C)).
FER—TOMBLELR LD, HMEEEVHETE R BRDIFENILKBEZ TNV Y AN, BEEED E
FAUBRDZINIT VAL IFIFEL W L TH D,
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0.10 MeV Protons, Undoped a-Si:H

10° : : .
Regime (A) B 1 (©
w0 A
5  o- 0800084,
Z 10-6 | \©\© : :
> —O—DC+PC @ N
z —m—DC i @\Q i ﬁ(O
S —A—PC : a_ !
2 10°t | &g
2 o i @
(@} [ \R : |
N 10"+ l”./ "m m i /:-
E— —N-E LN LI
" amm |
10'12 Ly 1 1 1 E 1 i ]
o 10° 10" 10® 10” 10" 10 10"

0.10 MeV Proton Fluence [/cm’]

7.3 0.10 MeV B T-EI8SIZ & 296 K — 7 a-SiH ORHEEE, JoREEZ (L, WIEEE (DO)
W, OHEEE (PC) : AL RIS FTOEEE (DCHPC) : O,

2.8 MeV Si, Undoped a-Si:H

1 .
Regime (B) © o

10” /

E) i :

o -4 I

2 10%F i e

nn ! Y

=100t %a, o

b5 _ Sy

5 [N

£ 10"+ ®s

O i :/ —O— DC+PC
10 L /'- —m—DC

Eala | MR g —A—PC
10'12 L/ 1 1 ] ] ] ] ]
o 100 10" 10" 10" 10" 10" 10" 10"

2.8 MeV Si Fluence [/cm’]

7.4 28 MeV Si A A VRBHIZ L BN —7 a-Si:H ORFZEE, MLGEL(, MPDiEIER
7.3 LEKRTH B,
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BTE HOSA A VIRENT X S a-Si:H OFE kRS2

100
100
100
10
100

Conductivity [S/cm]

100
100
10°

2.8 MeV Si, n-Type a-Si:H

Regime (B)

TR
-

—O—DC+PC -&
—m—DC
—A—PC

10 12 13 14 15

10" 10” 10" 10 10"

2.8 MeV Si Fluence [/cm’]

10

7.5 2.8 MeV Si A A4 VIANZ &S n il a-Si:H O EEE, HEEEZE(, iD= 7.3

LRkTH B,

Conductivity [S/cm]
=

107

2.8 MeV Si, p-Type a-Si:H

Regime (B)

\.\W s | O DC+PC
\ —m—DC

N A PC

o 100 10° 10" 10” 10" 10" 10" 10"
2.8 MeV Si Fluence [/cm’]

7.6 2.8 MeV Si A1 A VEHIZLZ p a-Si:H OBHZEE, StEEELL, MhoiEIEX 7.3

LFAMTH B,
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722 BRIINIVIABETOZOBREENNE

DT, K 7.3~76 IZBWVWTHRONZBEEEDOAD ERVEN2HEEE THE 7 VT Y AHEK] &
KT 5, K7V YA COBEEED EHE, ME7 VT v AR TR I NI EEEDOH L5
X, HEBEOEALYEEL TWE I EIT2RTEL{ ARIZEDTHEI LR bn b,

EE, ZOGREENUEZIT &, @7V Y AFEUBETIEIEY -y 2R 2 RS e o7z,
X 7.712 0.10 MeV B iz A I NI N —T a-SiH O¥ —R v G2 2 RT, ZOERTIX
1.4x10%5 /em? £ CEGEE WL 21T 57205, ¥ =y 27 4H1E 3.0x1010 /em? B F, 1.0x10'% /em?
PLETCIBETE L oTz, ZHIEDED, BN TV RHBUETIE R F—HAIX T 71 7 R AL
BRLTEST, Fv VU TREVPAEENHE CTIIRETERVWREIEKLSR>TWVWE I L 2EKT 5,

723 HBEIZIIVAEEBICS T DZZEM/TX—F

TC, INTRIDBE 7NV T Y AR B I DR REE D EAIE, B e iU LG
ROELLHIZKEINTWVWETHA DN, 4 EEFME, 7IVT U A%IFL & LESE (dpa) IT#EL T
WHEEE D LA A7 —1) V7 U iR %2 M 7.8 ITRT,

X 7.8121% 2.8 MeV Si 1 A v 2B XN R—T, n B p#la-Si:H OBHEEZ L2, 0.10 MeV
B 1 IS S N2 K — 7 a-SiH OB EEEZ(AIR L TH S, 107 dpa A ETINS 4 DDORHE
MEAA U7z, Zhid, 107* dpa L ETIHERRIOWHI K — Y MBEIZ L 5T, —EORHREE

0.10 MeV Protons, Undoped a-Si:H

-1400 i 3 Seebeck Observable B
< -1200
> - | :
= 1000 | i |
g B (] } i
'S -800 | : |
= i : :
2 | -
S 600} 5 ;
g r : I ) |
8 i : :
A 200} ; ;

0.10 MeV Proton Fluence [/cm’]

B 7.7 0.10 MeV FFERHIZ & 29 K —7 a-Si:H ¥ — vy 7 R&8HZ1b, 3.0x10'° /ecm? AR,
1.0x10" Jem? BAETIRE =Ry ZHIEPBEE S Wi h > T,
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1 :
' Hopping Conduction /%
2 _ —
— 107 F 2.8 MeV Si, n-type |
% 10™ b \K i X?
& 2.8 MeV Si, p-type ‘\ i ‘737
E 10° kv _——VWV A\ i /‘?/
£ vy s A
8 10'8 - 0.10 MeV H, Undoped V i
E - ..\ ' I
-10 | LN o/
210 ——nn® oo "E, N ,
009 PP® 2.8 MeV Si, Undoped
10_12 1 //// 1 1 1 1 1 I L 1
0 10° 10° 10" 10° 1
dpa

7.8 HOAAVHEFIZXZIER—T, n B p M a-Si:H ORHRZEEZL(L, #ifli% dpa (8L T
A=)V U7=,

ERTILEZRERLTED, 2OV VY AFHEETIEF v ) THERIZE > THF v U TIREMZFEAY
THRICHESINTLEL>TWA I LERBLTWS, LT, ZOBEEED EAIFIIUEH LEBGET
SFLFLDONBZI NS, BUSHUBGHRICEZBECEMORFOZRIERN L TWBEEXT
LW,

L2, U a-Si:H #iEZ1 Thd 77 ARROMEEDME T L TWwWize 352, a-Si:H #EDE
SAEEEZIELSHNT W o AR H 5720, H I ARBRDHEBIIFARTELRETH S,
BARIT A R KR RICER T 2 & BRMEE (KD OKTF., $hbbBEBLRMLEED LANED
%, ZITHE IR E SRS L (Radiation Induced Electrical Degradation: RIED) & FE(EH T W
T [92-94], HUHREREE T CRIA S N AN & > TIIIEFICHEERBHL TH S, TI T, a-SiH %
JEHE L T\ AR\ A T AFM BT E A 3% 1. 0.10 MeV Ba 7% 1.0x10%0 /em? B L CTh o8
FEEEAZME L A, AL THALZHIERTIEMHRALL T TH 72, fit-> T, %m®%ﬁﬁ
IR ZNTE D, BE 7V Y AHETORWVESIZEE TN a-SiH HETH D Z L HRE
N,

RI2ICINETCHRTELBHEEDENAE LT L DD, S,/S: LOKRE ZIZIEU T, HEHILE S (5E
FC”W)%EJ#‘%%H’\J IEMMLTVEZeNEL<bnd, 10 MeV BGF#D & 572 5, /S D/NTWEDD

CART VY ZAESIC B W OER ICHE R EEEORY ERANASNDS —H T, &7V TV AL
EECHENEZREIITCE, BEEOBHBEFEIREISRVWEEZONS, ZNIF4ZETEHELAZLS1C, A
HHZ & 2B OHENL D R BAE L & B BRI O G ORRH D . T OMHE DT ¥ A & > TUREE D iy
%ﬁﬁ@%mﬁﬁi‘?ﬁiémgﬁb%f‘%éo ZHIZRLUT, 28 MeV SiA1AYDE D7 S, /S B RKEVWHDD

AR T VT Y AT OEEE O B ERIRBIN AR, TR R F—RIRFEDERIC X B EEED L
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K72 Sn/Se HATIG U ISEEEE (DC). WAZEE (PC) OZILOME,

10 MeV F5¥## 0.10 MeV zF## 2.8 MeV Si 1 # v
Su/Se H: A i X
DC PC DC PC DC PC
~ A ek
870 A i L5 PRWL | D
(<107° dpa)
BT VT > 2 4Bk ‘ WABS | WS |
A A I
(10-6~10—* dpa) ~ 5 ~ N -
7 b A WAL LR A kR oA
(>10~* dpa)

*EAIL TV RV D,

FAE0E BOVEMDORMOBRIMES BEEDOWDD VLN THENETH D, TDd, WG
JEHE TR 5 & & HITHREEREIZZITIEA U, RMEED Kb -G 7 )V T A5 C IR RS
DHAMREFT B, 0.10 MeV [EFFRTIX. Thoob x5 EChfloBEMEEZ5EXeE2XONEZLn
S5, K7 VTV AT OMREE O RE ER, BE 7V Y A T ORMEEE EROWABEL B,

73 BEEMELHSER SN ETFREEEDES
731 AV REEALKRY EY SREA

R E TIZ ﬁ7w1y1%ﬁ?iF%~Wk%®$mﬁ$DTFE§Wa%E§Fiiﬁ?éﬁ
TNV AR TR ZENSDHET B0, RO OERPEEEDET2B709 2 e 2o
&7, Mo T, MEIZ NI VA TR, P —RRBIXER2IIAEELT 202HEELLTED \%VEM
DRIGOEBEEDADE S IESLELTWBEEZ LN,

HWHERT DR BEAEBRIZER L. 7 2 )V IEAFHEDRBEEN EH T L, Ny REENILEIhTL
£ 572, BPARECREFNOBEN LN 2B 2 2B TOBITHEAD T 5, Z OV EER OB THE
CHER U T /NS I E, ROEMIEEF ¥ ) 7 OFEESTLPF ¥ U 7 HFED 25 SR §THRK
R A YN %*LU\J:G’(%L\/@U#@?K%L7‘6k\ VN2 HDLBEFORMNPEZHZ L1235, 2o
JRAATE U 7= M ERLIT RS FREEM 2RO BB o BRMEEICHFE T 5, Thiehky VIR
SR ﬁﬁ?@w&H#%%’Bmfi%%@h%%%?%%ogﬂi RIETIE 7 2 )L IR %
2 2B DEPDIRLIe0 . 7 o)V IWAAHEDRTERENIZ N Ty TINBETOAPMERIT 25 TL
EMH5TH D,

T, KFEEEETRVaSIIZBWVWTE, FILKAY VI RENBELREEEZH->TWS, a-Silk 1020
/mﬁﬁﬁ®DB@ﬁ%ﬁbeb 7 )V I R AR O JSEHERL S FIFRE DB IZ > TV B 720,

YNMEEI DD 7 oV IMENADEDREEMNZ N Uz y €V T RED AR LRI > TWAE D 5T
Hb,
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10
Undoped a-Si:H

= gL | 0.10 MeV Protons, 1.0x10" /cm”
A
'72 oL
=
z
ER
!
b=
)
@) 2L

N

A S R R SR
0 50 100 150 200 250 300
Elapsed Time [min]

X 7.9 0.10 MeV B#t% 1.0x10'¢ /em? £ TR S N7z K — 7 a-Si:H ORHEEE ORFFZ AL,

HME7 LTy A E T AV BA I NA a-StH IZBWTH, ZOESRRMAELTVWEEDEE
ZA6N5, ftoT, M7.8D 1074 dpaffiEr S 228D FFIZ, DB HEEOMIZL > TNV R
EENFE A RDN, Ky Y TEEPLEIIZHR > TV & WS, EEEEOERZEKTSEDT
HLHLEERTED, FB, KEEZETRV a-Si il MeV D Si 1A V2T ZE, 7Ly 2ADBK
HICHHREEDSRMNT 5 Z e HMEINTE D [96]. 107* dpa AETIZAKEZBRMATON TN D NG
PIZEDHL ST, a-SildFE UG EEEZLE RS WS T2tk b,

Eo. R L > TRENCEM U 72 DB A ESRD S B THET 5720, R RR{ZEE 3R~
AT B LB, B 7.91%0.10 MeV B ##% 1.0x10'0 /em? TSI NI N —T a-Si:H D
WHREEORZATH 50, KERE L & B I EEENHMD U TWRTPRTENS, KoT, #
B7IIVI Y AGHIKIZE S DB O&IKISIZ LS DB OEKE ZDOHEBDNT YV AIZE>THRES, T
ik, 5328 (67 =) THAL, K7V Y AFEIKTO K F—RIRGOER & MBI T 25 2
YREBETH D, oT, M 7.8D 107 dpa BAEIZB W TR EEEZLLRRIR A A Iz 53T —HL
=Dk, ZDHHE 21T o 72700 6 1ITMh72 5 700,

7.3.2 JRUERTR & DLEE

Z 2T, M N =TT o DO E BN T B, X 7.10 1k Coffa 5037 ->7z, 2.0 MeV Si 1 4~
HIZ & B N —7 a-SiH #EOELQEZEEZ( T, MEHTIZZDOGHEL TROZHEDTH S 95,
20MeV SiAAYDINITVANPR I/ > T, BEEENEMHEMTIe2WELTWS, Z
NIERIC &V KD IERHREEIEALZEDTH S & Coffa LIS L TWVWD, —H, BEASIE, 17
MeV GRS & o> TR EEER 2 HIRE LRI Z e 2®ELTWS (KM 7.11) [57],
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\Jbecm on beam off
/

rlfh\ 10—4/ 300 K |
E
T o)
c 107° 1 ~
= | | | | 11
b ..-....-Illual-.. -
2 1074 ]
S f’ 77 K
=) -6 :
s 1077 = —
O a
1078 L il
102 b) -
| | | | Ji )i
0 1 2 3 4 0 2 4

Dose Time
(x10"*/cm?) (x10%sec)

®7.10 2.0 MeV Si 1 4> &3k F—7 a-SitHl (2l U7z & & ORHZEEZ L, Sk [95] 7 5 Hokk,

FJERN—7 a-Si:H ORGREEN 1 A VIBFHZ E > T ER L2 WS BHEDRERIX, 17 MeV Bz & 2.0
MeV Si 1 A4 Y OBEHRDENEZZZ R ITNX, ZIE SR VLS ICE R 50, EFHTZ R
F—MEEMUTAINT—MNEEFE LK BRI LIBREMETRAUHEDLEZ >TVWEEEZLDIEA
UMD D 5, F72, R 3~6 ETHOMIZ L TELMER, 940bb, K7 VTV A TORE E
AL 7 IVT Y AEBTORAD LIIH 0 BV D8N,

UL, AETHONZHRIZESITIE, Zho —EHOMEEZM IO E<HHT I MR TEZ S,
2.8 MeV Si & 2.0 MeV Si iZIEHEMHEE L TENIZEERR LRV EEZSND I L5, K 7.3 OFf
R T7.10 2HEARTHS L, Coffa 51EX 7.3 12815 1x101 /em? UBEOZ(L, T72bbRy ¥V
TIEEDPE R o EBOAZBE LTV WS 22BN h 5, 20, BHREER PPN T S
1x1012 Jem? £ TOMHRIEX 7.10 TRHELBHETET, BHEEIZL o ES ER T2 21Tk5, Th
IX. Coffa 5DFEETIZ 1x10M! /(em?8) LEHWE—LT Ty 7 AZRAVWTE Y, TSI FEEED LF
FHBANEB>TLE S TRTI VI Y AEBRTOWDPBETE RN o726 TH 5,

MUT, BASOFERIE, FxDREL UK 10 MeV B RIS & 2 B8 E, SEEELL (X 3.6
ZI) IZEELLLTWD, EEEDOZLIIAMEDRER L RS L ZNIZERINTII AW 2, @7 LTy
AR T ORI IZRHE I N T VARV E W &N EH 55N, iREHERSA: RIS M D& N e &
EZEZNIIRERROKERZRLUTVWEEERBES S,
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¢ (dpa)
0, 10% 107 10°% 10°
- E T=200K |g=20nA/cm?

L2

AGC, (S/cm)

1076}

O,

< 10-8}

O

o 102 10" 10" 10'
¢ (ion/em?)

7.11 17 MeV B F#RHNZ & 23 K —7 a-Si:H OWZEE (@), HALEEZ (O), Sk [57] 75 ke,

PoT, MT1L B EHEEED EFRIE R F—RRFIIERNT 25D TH D, Coffa 5AHL L7
Ry YU EBIZ X ABEEED LR LR BRIEARXTH D, BT 5L, MeV OB FHi T3 IEE
12 & B RMGEREIMEN D12, B TORRERRIZH B Z A TET, Ky ¥y 78N KR
IRPUZ 72 5 FTRIBEE ZENSE oA nb D L lbn s,

B, 7V — 7 OWFERE R % RS TR S Wz AE R D S HET U 7223, Coffa & 23R H U 72 B {REfE
DEFE, FASOREUZZNIZ R RLIMAMRTHLE I LZHONITITEHI LN TE T,

7B, Coffa &5 DERTIXBHFA I EZEERE 2TV, TNEREEE L ARLTWEA, ZhiEhk
DFESWVRETH D, 5 ETHMIZBARZZE B0, BIFIIIEEF YV 72 Si 4 A Y EHGDOEMRMDR
ANZEBNY 77500 NERPAEL Z7-0, BHREEIZN U TRHETE 20 E 5 2E»2m 0 3L <HEt
LRI IZR S0, 5 DA 51X D &5 B iz o g7z,

5z, Coffa SDHWZIE R — 7 a-Si:H DEE TORMREE X 1x107¢ S/ecm, A S Dk Tl
1x107% S/em &, ¥BE5H R0 EV, ZHIERHOBFEORMETH D, A O Kz ksd NI —
AL EENTVERSTHDLEEbNED (97 R—=Y, 6.5.1 {HiZl). 20 X 5 BRIz EE
DEVEHRIDEE, RT3 DX RETI NV AEETOLELEED LHREBHET LI LIETE b o727
%9,
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7.4 WEHRBRHEICKDIER—T a-Si:H OKFEEE
7 — ) THEADIEICE BKEEEIREDREN

ARETIE 1074 dpa (1 CTREEHERNY RMEENS Ry EV I REABB T LI 2H LML
ﬁ\¥§¢Zbf@ﬂyFﬁﬁﬁﬁﬁbfhétb5:tﬁ\7%»77X$vb7—7ﬂﬁwf%@6
DELPEL TWAHREMED D 5, HIZIX, MR P uEMROLMRENEZ oD, T I Tl
Eﬁwfmkomf% ¢35, a-Si:H > H I3 BEARRE %2 FBLS 5 72 DI A AT RIS T dH
D, FESREOEEREIEIC S KRB L2 RIFT I ERHIONT WS, £, KEE2EGTHV a-SiILH
2ELAMBEBEII R Y VI EETHL I 0o, BHNIZ K > T a-SiH HOKELBIHEL T a-Si A&
Eﬂ:bf:ﬁ%%\ NY RMEER KON THY EVTEENMERII R o7 WSV F IV AEEZOND,
ZZ T, a-Si:H D H {1 DGRV HUPHFIEHIZ K> TED X S IEbT 20 % 7 — ) T4
Jti% (Fourier Transform Infrared Spectroscopy: FTIR) (2 & » TRz, #RHEH A& Si FM FIZ AL
U723 R —7 a-Si:H TH O, BRIESMIE 3.2 8 (23 =) TR ULZLDLHEKTH B,

RREZE1L

7.4.1

742 FHARINZARY MILHASD HEEDEH

a-SiH D H 71X Si HES L2 DL WEH L 726 D2H 503,
FHIZDOWTIH I ZCIREST 5, Si & HOREGREBIZIZ, 022D STyl HAVEDHAELTWS
Si-H &, EHMEFEA L TW5 Si-Hy ® Si-Hz, 77 AKX —{b U7z (Si-Hp), R ERH O, TS 11
E— ROFRMRINARZ ML SKHILTHRINT I ENTE S, /2, ART MVOEENPS ZNEN
DEEEZRET LI LHHEETH D (98], K 7.3 10, EHEAREBOIRET — N EIRINT 2RO B E %
R,

B 7.12 1%, HERN—7 a-Si:H (Si &) O FTIR A7 MLV TH 5, 630 /em (FED ¥ — 7 AfHhEN
E— I (Rocking Mode) (Z & 2IKX. 2000 /cm 135D ¥ — 2 HiMififii€ — K (Stretching Mode) 12 & 5%
BN T H %, MFFHE—FDOE—21% 2000 /em ZHb e $ 5 SI-HFESICEDBD L, 2090 /em k%
FhE T2 Si-Hy #iAREICEIDLDIZNEET DI ENTE, AT NVOSEIZIE A Y AR ZE W
%, 7B, 1350~1850 /cm B & 2350 /em (PEIZASND LD — 21k, WRIEREICIEE L9 T

ELACEHETH B0 [97]. %

OKXRRALKZER ) ITERTABARZ MLTH Y., a-SEHIZEKET B DTIERN,

TRAMBINA R T N IVOREDERED SFEE HIRE Oy [/om3] 2 @& T 572010%, W& EBIBEFRIC
#7.3 FEHEAREOIRBE — FIZH T 2RINRAKDWE [/em], Si-Ha IEMOREEREE LART T
DI N2 DEIE L 7=,

RE)E— R R py=:! ETAHEIZEH BEN MmN
Si-H 2000 630 - - -
Si-H, 2090 - 880 630 -

(Si-Hy),, 2090~2100 - 890 630 845
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Undoped a-Si:H, No Irradiation

1.00 -
5}
o]
g
£ 095
é Stretching Mode
2
=
0.90 |-
- Raw Spectrum
Rocking Mode Baseline Fit
Corrected Spectrum
0.85

PR I TR T TR TN (N TR SN ST TR AN TR SN SR TR NN TR SN S S N R SR S
500 1000 1500 2000 2500 3000
Wavenumber [/cm]

712 JER—TF a-Si:H OFIMFIULA <2 L, MEhidEeRs kbd, B BT —&. #
e R—ZATA Y, B R—A5 4 VHRITEHBT— X,

HHLNWESTRENDD, T5&, UTFDOAMBRFOND,

CH =Ax /a((j))dw (74)

T, w i [/em]. o (FBRIDREL [/em] TH D, ATHFIFRETH D ZIdKFE DM & & 7RIMK
IR % iR L Ckd 5 b, AKEOMSEHEIE X, PN 1 4 > v — L% HW 2 LB KIS (Nuclear
Resonance Analysis: NRA) 25 Z &A%<, TH + PN — 12C + 4He + y I2 &k > THEU 3 4.43
MeV D v &2 Z 2 TRZEDOMNEZRD D Z 2N TE S, SEllE., ERDA HIEDRER? S H
U7 HIBED S IBIRE A 2 Kkd7z, TOFHE, Si-H OMfEE— N (2000 /cm) 12K U 6.79x 10
Jem?, Si-Hy O#EE—F (2090 /em) 12 LT 1.95x10% /em? TH o7z, THIFBRIZHE TN T
W3 IR E & B a—E L 72 [99].

RAARE o DRI IE BCC & W7z [100], 3. FMRE & BRI DL ERF2FE L. a-Si:H I
& SiHEMGE O S & R L T, MHEDOHITENFEL VW EET 5, §T5&. BINRE o 13,

a(w) = % {ln(XR) —In(v/1+ X2 — 1)} (7.5)
9R
X =0T (7.6)

LB, ZIZT, R:SiORHEE, d: HEFE, T:aSiH#EOFEKROERET, T=T/(T, xTp) &
DkdSNB, T, : iRl DOBEE, T, : HIKSI DB BRE, T, : R— A 574 VHETH B, N—AF
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1 UMIEI X 4 R SABEROMEAVA, R =030 (SiERTOLERNEZEL 72 ERRK
Ty=054=(1-R)/(1+R) »5kdS5NB) 2AVS L,

a(w) = 2 {1n(0.196T) ~In(v/1 +0.4372 — 1)} (7.7)

5, LU, ZORTIHERDOIEBER/NS W TALVPRELS LD, UFOLSICMiEEITS & &
W—BEOENDEZ o T WD [101], ERED a(w) % apoc L EHEHZ T,

alw) = {aBCC/ (1.72 — 12wd) wd < 0.06 (7.8)

aBCC wd > 0.06

C‘:j—éo

N

743 0.20 MeV Hy 1 # VEREICK 2 KFRHEESREDEL

2000~2100 /em (2B B {HHEE — R ARD MIVOBFHRED 5 KD 7z, 0.20 MeV Hy 1 A » HUGHHIZ
B F—7 a-Si:H O Si-H #& HIRE & Si-Hy #6 HIREOZ(LZM 7.13 12779, 0.20 MeV Hy 1
Fid, FEEMIZ 0.10 MeV B 2 2 ICHY L, WEOBAMBRIZIZEALERUEDEEZ NS,
fE-T, X 7.13 OffETIEF I N HEFH TR =L LTH 5,

20

L Undoped a-Si:H, 0.20 MeV H,"
- Streching Mode Analysis

| —m—Si-H —e— Si-H,

A
15[ —A—TotalH /
r —O— Implanted H
I /I/Z /I
[ A > = - =
| t___ _/k’I/I

H Concentration [at%]
5

\\

_—‘\‘\‘74
O A Sl D ﬁ/Q L]

0 10" 10" 10"
Fluence [H/cm’]

7.13 0.20 MeV Hy 1 4 VIRHNZ L BIER— 7 a-Si:H @ Si-H A HiEE (M) & Si-Hp #4 H
B (@), 2 HiEE (A) OZ1k, 2000~2100 /cm IZHN S HifFE — KORIN Y —27 25K 7z,
T5—N—IFMA bufﬁﬂ’ﬁ:éﬁ(lﬁl{miﬂ‘é L OB, BB S Hy 1 A > O TIda<, HE
FHTAT—VENTWS Z LIZTERE, a-Si:H o Si 8K 4.9x10%2 /em® 2 AW T H &
% at% TRUZOVHENITH 5, nb, MAINZ HEEZBEMIIEETL L LTHELZEZ0T
HILTH 3B,
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0.20 MeV Hy 1 & V1% Si HEFITIEAINE 2D, INVIVAREL BB LEAIN-HETHS
2k B Si-HAEA, Si-Hy ADARZ MVHREL D, EAIN HEFOIEE A LI a-Si:H A IX
FAELRWD, ZNBTART a-StHEFIZEENZED L LTHEAINZ HIEEZHEEMIIRDZED
BEFOELR (O) THO, 2HIEE (A) OEIERVW—HEZRLTWEZ &5, 1.0x10' H/cm?
PO HIRENMEZZDIF, BFAINZHETHEHIERNT25D0THEI i nhd, HHTREA
iE. Si-HAEA HIBEX 7 VT Y ADH AL L HICHIFITHA 2 DICx U, Si-Hy #546 H IRE X 3.0x10%°
Jem? 225 3.0x1016 /em? FTRRWAHA L (1.8 - 1.4 %) OHIZ 1.0x1017 Jem? THMUL 72, L\
LIZATHD, ZhiE, MEIC L2 IF PV IR IZE->T, FILZ IAX—({LLT W (Si-Hy), &
DNAL L T Si-H fEANEZ(LTWEA NS ThI e HER N5,

(713 OFFERER 7.3 LT DL, Ry ¥V IREIZ X B EEED EFIE 1x10M /em? 252
B0, T OHIPATIZARIMEIN AR FIVIZHER DA U 2 I1F ERBOFESREBIZE(IFEL TRV B
DhB, HED LD DS 1x10 Jem? UBET X 5 %< Si-Hy 4 HIBENBA LBD 5, £z,
HOMWG Z2@ LT, KEFREP SR INT HEENRADT 2 &5 RBRREIBEI LI o7z, Th
X ERDA JIZEIZ &> THHERDSLNT VD

UEDZEehs, NV REENS Ky EV TEEANLERT I, Si-Hy #5E6 HIRE (WL
F AR =t U7z (Si-Ha),) OHETOWMADZIRITIE, a-SiH NTHA HIREDOZMITIFLACEI > TH
53, DBABHIELE ML TWAEZ LIZENL CTEFIEESBOBRRNELTWEEEFRAONE, 7272
L. 25 AR —{bLTWEEANIFY VI HRIZE > TKERZES &, KA RIZIEW DB A%EL
XD BREEBER I NE AL H V. ThiE 458 (57 X—) TRUZ LD RBULHEIZ X > TRIE
TERNA & VISR DL E R REpE Cldhnwh L I h b,

75 F&oH

ARETIE, a-StH OHSA & VIREIZES BZEEZIZOWT, A AV, TX V¥ — TV VA
ZDWTHEIR SR, fE—HNICHEECE 2 ETVOMEEIT -7, 0.10 MeV B 1-fE4, 2.8 MeV Si
1A VIBHORERD? S, 1074 dpa UL EOBE 7 VT v Z4IH TR, WEEIENEE L., BEEEDA LS
THIENPHS MR o7z, THIE DB OBEILREFRIC L > TETHEEHEL NNV FEENS Ry Y
TIREANBBLTVWSZLE2EKRL TV, 72, KEE2AETHV a-Si ORZEEZ(L LML TE D,
tﬁ7»:/zﬁﬁ@im$ﬁM®ﬁﬁc%bbﬁﬂb%%@%%fﬁamﬁ:t%a@bfwéoi

MRSV — T K BHEBOMTEERN L, AROFEREEE A NE, Th SR TOMFEREREHE—

@v%ﬁt<%ﬁ?%é ST LT,

B 7.14 12, BAHRIEEHIZ X 298 R — 7 a-Si:H OBHRERE, SAREELALE BAMIZR L 72, 10 MeV
e E T 2 VX —BIRRO L 572 S, /Se O/NS WHEHRTIZ, (A) OFEIKD LD AN BRI X
T (B) BABEIEBIN T, KR OMIFRD & 5 %@ %2R37, 2.8 MeV SiA A YD X570 5, /S, DK E WK
HRTIEB LA (A) FBEI NS, (B)—(C) 2D ADEND, WHDHFMIZH 5 & 5 IR,
B2 0.10 MeV BT Tlk. (A)—(B)—(C) 25 —#HDEARE I N5,

ZD&S1Z, a-SiH OEEE TS 2 MAMROLRGELIEETE 2L, FIZK 7.3 D& 57, 0.10
MeV B F AN B W TR 7 VT ¥ AT O T ORHEEE DO B2 5 @ 7 )V T AT O,
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(A) Band Conduction

PC

Donor Generation

DC

Conductivity (Logarithmic Scale)

Fluence [dpa] (Logarithmic Scale)

7.14 RIS X 29k N — 7 a-Si:H ORISR, SR8,

ZUTCTHE I NVT V AHBTOH LR WO EMLEL2BIR TS0, TOGHEEZBEL-Z 21z
MZ T, 44— LDENLEM & HIFEMEZ FZ 2 IESRIZ X > TIEWT IV v A QP T I R
BEHARDLZENTELENSTH S,
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8.1 AMIRTERLLZDIFAER

AKFETIE, 3 ODZFDHHERZREE L, a-Si:H ORHRZER, S EERE, RHRARE KB,
Y=y ZFHRF v ) TIERED SRR L > TED XS I8 T 200 %, HUKE (4>, &
F). TRIVF—, TNI VALV T2kbkA R8T A =R R DS GBS U, 8RR B9
2 R IE ST S B D 2R % B S Iz Uz,

MEL-ZDGAERE ZORBIILTOE B TH 5,

o TODGWHRERE, S B HIERE
— BRa kTR (FETRR BrR. BAAY) 2R X 072 ER DR RGP R E A HE W]
BTHH, ARHREZ2 2B THREREZFARNL Z L LA TH 5,
o JRURRRAAE A S I 22
— BEARARE R EEEORFHE (L2 BR TS, RN L GDLED Z L THARBOF v U T
BERMEEEETDIENTES, £k, HDOAZRPTIUL, LRHEHZ2BHETLILHT
&, WA CTOYNMN B8 2 LI d 5 Z e AT E 5,
o T DGR RELRE
— BRa ki rak (ETRR Bl HAAY) 2R L REROEEES (E—Xy 7H%50) 2
HETRETH D, MELMLEELLEBAEDHEN S, TNHREIZE -y ZHRITER U
TWBLONESPEHRTEIeNTE, £z, AHOBLUZEEMES TH, /1 A& #
BEHEBHILTXSZ & TIEROBEE ) % Hlid 5,

8.2 AMATHALHMICH /I L
821 HEEEE. NEEEICHT 2 RERBHMR

10 MeV [BFARD L S @ T 2 N X =G 2 BHN 325 &, JEN—7 a-Si:H ORREE & YR8 E 1
TNVIZTVADHEMELIZZBIZ ERUTHhr s Z0RBAT 2 W IERFALRLELEZRUZ, ERTHEIC
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RS 2G5 &, BHEE, N EEEORAIMT 2 EME R Uz, K7V v A (1078~107
dpa ffiF) THIZEIND MAREORE LF ] XRAERRRE & LIhc ITE=EL Tnw< Z e, 300 K
M ETEBUZENT 2 &5 RBNIIALERDLDTHEILHPLN IR -7z, 2D LD tm’ii%%}#@ﬁ:
B EAIEn B a-StH IZBWTHHEKICHE SN ZH, p M a-SiH IZBWTIFBRI NS, BIikd s
DATH -7,

B ffo T 2 L¥F —% 10 MeV &£ W {&< L, 3.0 MeV, 1.0 MeV. 0.10 MeV & [AkkDOFEEREZITo72 &
A MERT NI Y A TIERIX D B EEE, MeEEORE EAVBIRI N, @7V Yy A (1076
dpa PAFE) TlRA U7z, BEEORE LA, BrO T2 VX —PEWEEHEEICHN, ¥—2 20
ZBINTEVAEELBRDIENDD o7z, AOEENET AV —E B ICE->THENEZZ
. F, W ODRDOXETE TR v IS K DHUDHEDNBRINT VWL Z 6, ZOREED

B ERIIARIIZE CHEM L 2 KBRS B W TR I N AR ABR TIE e, BMEENZBH{LTH S
DD oz, TUTIOREEEDRY ERIE, TOHEEEHIEDORER? S, —Rlk N —Hx
MRDAERIZL > THERIINTWR I EDHS NI o7z, T N F—BIRAOAERIZIX, BEHRROE
FRESIELPEE LT Wb e EZ5N5,

UL, 2.8 MeV Si 1 7 VIR CIMMZEE O B FRIIBRINT, BEEE, MEEE L b I2ED
Uz, Z Dk, HIZHEE 26 2 & BEEEE O ADPEINTER U, S EEE IXHE TR A Z TRl > 72, £
7z, 0.10 MeV BB HREEOEATH, BEZ2 T 2L CEHEEZIEL TV &, 1x10* /em?
DB TIEFRRICHRE R EED LR, HEEOHEERB N, Thid, RHXETHS DB OEREIZL->T
7 )b I HERLATE O IRAEES Fhﬁ%LﬁMth%A/bh%#%bm ZDRDHYIZT )b IR
DRAFMER Z N Uk y ¥y T EER LRI R 6 ThBeEZOND, ZD &SR IE, KE
EEERWV a-Si DA A VIS L DR EEEZLEELILTE D, KERMOERIZED ST U RN
HERTIEDBHSNZR 572, 1074 dpa 2B R % 7 )V ¥ A CTIEKERINT & B KRG E DK
FHIEPHEEL THE 5T, LEARREIXIELAEEDNTLE-oTVWE L E XS,

/2. 2O DB OERICEL T, BFRESHERICE>THELTWED, ETXU S UBESER
Lo THIERIINTVWEEEZOND, U EHUBENRVPRMEERIES 20D fidk, —HBW
IRAEEREEAR I B BRI L [HRETH B,

AKX TIEMDIZE T N — T2 LB WL D DHLLL 25l E 2 M8 0 L7zdy R TR oz —H
ORI, — R AMERL TV &S 345 OSSR %2 QAR U7 BT, G172 IS5 o HLig
EHZBZEITHILTWS, Zhid, ORI T R MOMBEC T AL F -2 2R,
Z U THiD TIAW 7 IV v ZADO#HiFH TR Z2 @ N2 o TH O . RIFROREAEN I N2
WHRTH S,

PAEIZINZ ., ORI 2 O G0R D BULER I & 2 RS L SUREE OB b2 AN, R L0 Y
L 5BHERITIFAE LW L ZHSPIT Uz, ZHud, SWRIERIC & - TEU B W K72 R IG & 13872
BREED RIEA BB IZ L > THELTWA Z 2 RBLTE D, BESHEE SWRHERIIE ERS
LEOTHDILEHSNIT LT,
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822 MHEMFEEXEE

10 MeV B FfodE K — 7, n B, p B a-Si:H I8 2 EHGEHEELZEE (RIC) 2Lt
ZEALZ DWW TEHNIZFAANR, RIC OFEREZIH S 22 U7z,

R =7 a-Si:H 12 10 MeV 5 7#i % 3 2 & MRS OREEITIZ U ORI EA S50, ZD%
WA U7z, WARIFRLITERPITR D, BERIT B %E 7z, RN hCOLREEDRE LAldn R
a-SEH IZB W T HFABRIZEBIER I N, p B a-SiH IZH I 2 BT OMEEEITH UAKEEE LD HK
K golz, Thold, BENZ X > TR F—RIRMAERT B Z L ITKEKL TWS,

ELRNF =GRS TICH 5 a-SiH OELBEE X, FF—RIRIC K 5 BEEE E —Kil L
RIC Ofliz &> TSN 5, Hi&IHME7 LTy A (1078~1077 dpa fiE) THEMTHZH, 7
IVADMREEBHITHALTVWE, PORTEREVPLEMRIZRS, LU, RIC EF vV 7 HaOHEA
CHHEAD B B 7=, BT RRIESTIC & 5 T RIC R4 IR T 5, B AR REHIfE S N —BIR GO 4 Ak
EETRNVF =GO EE R T RVF — (58 TH 2 ELENRICERNT 5720, K7 VTV A
WTRF—BRBFOEREITHMT 2, —H, ZUEHUBEHHRICERT S DB OERKD K-
DL UIdmiERh R, £ U T RIC QAL T 225, 2 I 72 3L ¥ —fF 5l fe 12 i
IND7H, K7V VA TIEZIOREBIIREK RV, JVZ UV ADHARE LHIZR%IZDB OF
BB HEA, @7V AEBTHENRE LSR5,

W-T, @7 Ny AGE (1076 dpa DARE) Tld— M2 EERIZR S NS RIC L [H UBHAMIEZ -
THED, WKOPDREIANF—A A VIZEDBE TN ANF —NEEE Gy v ) 7TEKER) LE
Hg (RIC) OMBZFARS Z 2 TZOHEFEEP S Uz, RIC IFIEPHF v ) 7 AR LT Hpl
LTHH, VXYY 7 OHEMEEEEIERGENZ N U MERESD XA TH S 2 & H S 0T
oz,

7. GFRBEBOIE RN — T 721k n B a-Si:H OYEIRSIEE) 2 FR, BT & 2 6REZFE 0 24t
ZEMERIZHE S 2T U 7z,

823 E—Rvy IFREICHT ZMAHRRARR

FER—7, nfla-Si:H ORI IZMES ¥ — Ry ZBBOE 2R, (ZEEDRYE AR 5
FEIE (1078~1077 dpa i) THF—7 a-SitH BADY —Ry ZHEEZRLEZI S, n BIZZEAL
LTWBIZENHSMI R o7z, T, FF—BIREA—RFICTER L TWE Z L 2 EKRL TWBH D,
RS X R E DA T B 7V T 2 A5 (1076 dpa f13E) TIHEC R F—RIRIEAHET S Z
CEHS PR o7, T UT, MREBRELNTRYZEE D ER$ 288 7 )V v A4 (1074 dpa B
B) THREOVE =Ry ZHRIIRE T, ZNERYy CU I EEIZ L > TREEENEIMLTWSZ D
LDV Do T,

REERD 7z DITHEL L 72 7 OGEGEE N HIEREE X, a-Si:H BRI ST, H 50D 5 LR
k. BEMHRORKNEEZTMRE N TES, a-SiH X R EAR L D SRR L W &
o, REEIZMOMBOBKE] (X—_y 7H80) 2HELSHUET LI EVARETH L EEA LN
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%, Rz, BETEZOEIEN 2L E RET 2N TE 5720, BEHRERE N CHHA I N2 BEME 0|
PRNRAGEXR, 1 A VIS 2 W BVEM R OUE (BVEMERED M LR 572 L) 2 Hig L 725
NNHTESZ t%gﬁéﬁbfiﬁ%ﬁ:b‘o
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Seebeck coefficient variations of undoped hydrogenated amorphous silicon (a-Si:H) semiconductors due to swift proton irradiation were
investigated using an in-situ thermoelectric power measurement system. Undoped a-Si:H irradiated with 3.0 MeV protons at a fluence regime
of 3.1 x 10''-5.0 x 10'?/cm? showed a negative Seebeck coefficient although the Seebeck effect was not observed at fluences above
5.3 x 10"3 fcm?, These results suggest that donor like centers are generated by low fluence proton irradiation, whereas the donor centers are
compensated by radiation-induced defects or themselves disappear after high fluence proton irradiation. These effects decay with time, giving the
donor centers a temporal nature. © 2011 The Japan Society of Applied Physics

rogress in high energy physics'” and space technol-
P ogies™" requires the development of semiconductor
devices with a high resistance to radiation and
extreme environmental conditions. Since semiconductor
devices are affected by radiation-induced defects, the
environment in which they can be used has been limited.
However, hydrogenated amorphous silicon (a-Si:H) has
been reported to have a high radiation tolerance and a-Si:H
devices are expected to be utilized in space solar cells,”
particle sensors,” and photodetectors in nuclear reactors
or accelerator facilities.”) Despite this, a fundamental
knowledge of the radiation effects on a-Si:H semiconductor
properties (electric conductivity, carrier concentration, etc.),
which is necessary to understand the high radiation tolerance
of a-Si:H devices, remains to be elucidated. In this context,
we have investigated the electric conductivity variations
of a-Si:H irradiated with protons and have observed the
nonmonotonic variations of dark conductivity and photo-
conductivity with proton fluence; the conductivities drasti-
cally increased with proton irradiation at first, but decreased
with further proton irradiation.”’ These variations could not
be explained by a general interpretation of radiation-induced
degradation based on the accumulation of displacement
damage. In addition to this, we have also observed that
the conductivity, which increased due to proton irradiation,
decayed with time and thermally relaxed at over 300K.
Amekura et al. have also reported similar results.”” How-
ever, the mechanism of these phenomena is not clarified.
One of the difficulties is the instability and thus in-situ
observation is necessary to elucidate the mechanism. In this
letter, we report the Seebeck coefficient variations of a-Si:H
thin films due to high energy proton irradiation, which were
investigated using an in-situ thermoelectric power measure-
ment system.
The Seebeck coefficient of a semiconductor material is
described by the following equation

AV Kk N
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constant, the effective density of state, the carrier concen-
tration, and a constant value related to energy transport,
respectively. The Seebeck coefficient of an n-type semi-
conductor is negative and a p-type is positive.

Figures 1(a) and 1(b) show a schematic illustration of the
experimental setup and the sample structure, respectively.
The sample used in this study was device-grade intrinsic
(undoped) a-Si:H thin films, fabricated on glass substrates
at 453K by plasma-enhanced chemical vapor deposition
(PECVD). The sample size was approximately 8 x 8 mm?
with a film thickness of 0.30 um. Coplanar-type Al ohmic
electrodes were deposited on the sample. The in-situ
thermoelectric power measurement system was installed in
a proton irradiation chamber. Temperatures above room
temperature (RT) are unfavorable for proton-irradiated
a-Si:H thin films since relaxation of radiation effects occurs
at higher temperatures.”’ For this reason, the lower part of
the sample was cooled with a Peltier device and the upper
part was kept at RT. The maximum temperature difference
was approximately 25 K. The electric potential difference

© 2011 The Japan Society of Applied Physics
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Photoconductivity (PC) variations of device-grade a-Si:H thin films due to proton irradiation are investigated
in this paper. We performed in-situ measurements of the PC variations induced by 0.10, 1.0 and 10 MeV
proton irradiations. The irradiation initially caused an increase in PC in all sample. However, continued
irradiation resulted in a dramatic decrease as the irradiation fluence increased. The results obtained in this
study suggest that the PC increment is caused not by accumulation of displacement damage. We also found
that the dark conductivity (DC) was drastically increased in the same manner as the PC increment, whereas
the photosensitivity had a minimum value at the peak of the PC increment. The results of the temperature

Keywords:
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Photoconductivity: dependence of PC for a-Si:H before and after 10 MeV proton irradiation showed that such a proton-induced
Dark conductivity; PC increment consisted of two components: one thermally stable and one metastable. The thermally
Radiation effects; metastable component disappeared in the temperature region of 300 to 340 K. On the contrary, radiation-

Proton irradiation

induced defects were annealed above 340 K.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Hydrogenated amorphous silicon (a-Si:H) semiconductors are
utilized in many applications such as thin film transistors, solar
cells, and photo sensors. In particular, a-Si:H thin film solar cells
have many industrial and technical advantages, such as being light
weight, low cost, and having a large deposition area. Also, a-Si:H
solar cells are formed from abundant resources. Since the high
radiation hardness of a-Si:H devices has been demonstrated in
previous papers [1-3], it is expected that a-Si:H devices can be used
in severe radiation fields. In addition, the quality of a-Si:H related
solar cells have been greatly improved with recent conversion
efficiencies exceeding 15% [4]. Accordingly, a-Si:H is one of the
candidates for ‘flexible’ solar cells for use in space. However, the
effects of energetic particle irradiation on electrical properties of a-Si:H
are less well understood in comparison to the light-induced
degradation, called the Staebler-Wronski (SW) effect [5]. The SW
effect, which gives rise to the photo- and dark conductivity
degradation due to light illumination, is a critical issue and has been
extensively studied for decades [6-9]. The mechanism has been
ascribed to dangling bond (DB) formation via electronic excitation, but
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fax: +81 27 346 9687.
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debates as to the detailed aspects continue. Several studies about
radiation effects on the photoconductivity (PC) of a-Si:H thin films
have been reported [10-13]. These reports, however, have predom-
inantly focused on electron irradiation, while the effects of ion
irradiation have not been fully studied despite space radiation mainly
consisting of both electrons and protons.

In this context, Kishimoto et al. reported that photo- and dark
conductivities of a-Si:H thin films drastically increased during 17 MeV
proton irradiation, and that the dark conductivity (DC) remained at a
higher value than the initial value even after the proton irradiation
was turned off [14,15]. They referred to the former one as Radiation
Induced Conductivity (RIC) and the latter as Persistent Excited
Conductivity (PEC). They proposed that these phenomena were due
to strong electronic excitation of high energy protons, though the
mechanism has not yet been revealed.

Since PC measurements are one of the effective methods to evaluate
a-Si:H thin film quality, the PC variation of a-Si:H due to particle
irradiation is of interest. In this paper, we report the PC variations of a-Si:
H thin films irradiated with various energy protons. Research about the
PC variation dependence of incident proton energy is important, since it
is expected that various energy protons, which have various ratios of
nuclear to electronic stopping power, give rise to different radiation
effects on a-Si:H. In the case of 10 MeV proton irradiation, which
showed the most distinctive result, we specifically study the comparison
of PC with the DC variations. In addition, PC temperature dependence of
proton-irradiated a-Si:H was analyzed.
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Abstract

In this paper, we present in-situ measurement results of the conductivity variations of hydrogenated
amorphous silicon thin films during and after 10 MeV proton irradiations. The results showed that the
conductivities drastically increased at first and turned into decrease with further irradiation. On the other hand,
the photosensitivity had a minimum value at around a maximum value of the conductivity. This fact indicates
that the conductive carriers generated by light illumination are not dominant to the electric conduction in this
regime, and thus the extremely high conductivity cannot be explained by a general interpretation of radiation
induced conductivity.

1. Introduction

Hydrogenated amorphous silicon (a-Si:H) thin films are one of major candidates for flexible space solar cell
materials because of its high radiation tolerance [1]. Also, a-Si:H solar cells have potential for satellite
applications since they have advantages such as the reduction of costs and stowage volume. Thus, radiation
degradation mechanisms of a-Si:H solar cells should be clarified in order to predict the lifetime in space and put
into practical use. However, degradation mechanism of a-Si:H solar cells due to ionizing radiations are lesser
known at present when compared to that of crystalline silicon (c-Si) solar cells. In this context, we have studied
conductivity variations of a-Si:H thin films due to radiation exposure and have found the anomalous behaviors of
both the dark conductivity (DC) and the photoconductivity (PC) due to high energy proton irradiation [2]. The
PC values initially increased with proton fluence and then decreased. These results indicate that a conventional
radiation degradation mechanism based on the displacement damage effects [3, 4] cannot be simply applied to
a-Si:H materials.

The degradation behaviors of electric outputs of solar cells (short-circuit current, open-circuit voltage, and
maximum power) are the primary concern in developing space solar cells. However, the mechanisms of radiation
effects on solar cells cannot be elucidated by performing only radiation irradiation experiments of solar cells,
since degradation of the electric output present as integrated effects on all of the p-, i-, n-layers and the interfaces.
Therefore, we have focused on the radiation effects on intrinsic a-Si:H thin films which is the thickest and the
most important component in a-Si:H solar cells.

In this paper, we will present in-situ conductivity variations during and after proton irradiations, and changes
in the light-induced degradation behaviors due to proton irradiation and thermal annealing, We will also discuss
the mechanism of the conductivity variations due to proton irradiation.

2. Experiment

The samples used in this study were device grade a-Si:H thin films fabricated on glass substrates by Plasma
Enhanced Chemical Vapor Deposition (PECVD) at the National Institute of Advanced Industrial Science and
Technology (AIST). The substrate temperature during the deposition was 180 °C. The thickness was 0.30 pm.
Interdigitated Aluminum electrodes of ohmic contact were formed on the samples. The active area was 8.0
mm=8.0 mm and the distance between electrode fingers was 0.20 mm.

The experimental setup is illustrated in Fig. 1. Proton irradiations were performed at the Takasaki Ton
Accelerators of Advanced Radiation Application (TIARA), Japan Atomic Energy Agency (JAEA). The
experimental procedure is as follows. First of all, the samples were illuminated with AMO, 1 sun light for 40 or
45 minutes and the light-induced PC degradation characteristics was investigated. Generally, both DC and PC of
a-Si:H thin film gradually decrease with light illumination. This phenomenon is called Staebler-Wronski (SW)
effect [5] and the mechanism for SW effect has been ascribed to dangling-bond formation via electronic
excitation. Secondly, the samples were irradiated with 10 MeV protons at room temperature (RT) at the fluences
of 2.0x10" or 6.0x10™ /em®. As the chamber is equipped with an in-situ conductivity measurement system, the
samples were applied a bias voltage and the conductivity was measured during the proton irradiations. The
conductivity measurement was continued for certain duration after the proton irradiation stopped. After stopping
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ABSTRACT

We investigated conductivity variations of hydrogenated
amorphous silicon thin films during 10 MeV proton
iradiations at fluences of 2.0x10" or 4.0x10™ /cm?® and
for certain duration after stopping the irradiations. During
the irradiation the conductivity initially increases and after
the certain period of irradiation, it decreases. We also
investigated behaviors of light-induced degradations
before and after the irradiations. The light-induced
degradation results indicate that the radiation-induced
changes in the electrical properties do not completely
return to their initial values after thermal annealing.
Furthermore, our study indicates that the conventional
mechanism  governing  electrical conduction of
semiconductor materials under proton irradiation could be
applied to high fluence regime. On the other hand, this
model could not be extended to lower fluence regime, and
thus another conduction mechanism does exist.

INTRODUCTION

Hydrogenated amorphous silicon (a-Si:H) thin film solar
cells are one of major candidates for flexible space solar
cell, since it is known that a-Si:H devices have good
radiation tolerance [1]. In addition, thin film a-Si:H solar
cells have potential for satellite applications because of
their reduction of costs and stowage volume. Thus,
radiation degradation mechanisms of a-Si:H solar cells
should be clarified for the space applications. However,
mechanisms of the electrical property degradation due to
ionizing radiations are lesser known when compared to
the light-induced degradation, which is called Staebler-
Wronski (SW) effect [2]. The SW effect, which generates
the photo- and dark conductivity degradation by light
irradiation, is a critical issue for a-Si:H devices, and many
researchers has studied this effect intensively [3, 4]. The
mechanism for SW effect has been ascribed to dangling-
bond formation via electronic excitation. In contrast to this,
the radiation degradation mechanism of a-Si:H is in the
infant stage of investigation. It is unclear even which
nuclear or electronic energy depositions of ionizing
radiations induce the electrical degradation predominantly.
Some researchers have reported contradictory results for
this issue [5, 6].

Considering radiation effects on solar cells, the primary

investigation is to study the degradation of electric output
of solar cells (short-circuit current, open-circuit voltage,

978-1-4244-5892-9/10/526.00 ©2010 IEEE

and maximum power). However, the mechanisms of
radiation effects on solar cells cannot be elucidated by
performing only radiation irradiation experiments of solar
cells, since degradation of the electric output present as
integrated effects on all of the p-, i n-layers and the
interfaces. In this study, we have focused on the radiation
effects on intrinsic a-Si:H thin films which is the thickest
and therefore the most important component in a-SitH
solar cells.

In our previous study [7], we reported that a—Si:H thin films
have high radiation tolerance. However, the
photoconductivity (PC) showed anomalous variations due
to proton irradiation. The PC values initially increased with
proton fluence and then decreased. These results indicate
that a conventional radiation degradation mechanism
based on the displacement damage effects [8, 9] cannot
be simply applied to a-Si:H.

In this paper, we will present conductivity variations
during and after proton irradiations, and changes in the
light-induced degradation behaviors due to proton
irradiation and thermal annealing. We will also discuss the
mechanism of the conductivity variations due to proton
irradiation.

EXPERIMENTS

The samples used in this study were solar cell grade a-
Si:H thin films fabricated on glass substrates by Plasma
Enhanced Chemical Vapor Deposition (PECVD) at the
National Institute of Advanced Industrial Science and
Technology (AIST). The substrate temperature during the
deposition was 180 °C. The thickness was 0.30 pm.
Ohmic contact was achieved with interdigitated Aluminum
electrodes deposited on the samples. The active area was
8.0 mmx=8.0 mm and the distance between electrode
fingers was 0.20 mm.

The experimental procedure is listed in Table 1. Proton
irradiations were performed at the Takasaki lon
Accelerators of Advanced Radiation Application (TIARA),
Japan Atomic Energy Agency (JAEA). The samples were
irradiated with 10 MeV protons at room temperature (RT).
As the chamber is equipped with an in-situ conductivity
measurement system, the samples were applied a bias
voltage and the conductivity was measured during the
proton irradiations. The conductivity measurement was
continued for certain duration after the proton irradiation
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ABSTRACT

We investigated photoconductivity (PC) variations of
hydrogenated amorphous silicon (a-Si:H) thin films
irradiated with 0.10, 1.0 or 10 MeV protons. As a result,
the PC values for all samples once increased and then
decreased dramatically. Light-soaking treatment doesn’t
affect the anomalous PC increment. In order to obtain the
knowledge about the anomalous PC increment, dark
current was monitored during and after 10 MeV proton
irradiation. Radiation induced conductivity (RIC) and
persistent excited conductivity (PEC) were clearly
observed during and after the irradiation, respectively.
Subsequently, the PC variations with time after 10 MeV
proton irradiation at the fluence of 3.0x10" /em” were also
investigated. The results showed that the PC value even
after 270 hours was over twice higher than that before the
irradiation, though the PC values decreased with time.
However, the PC value became almost equivalent to the
value before the proton irradiation by applying light-
soaking. These results indicate that the anomalous PC
increment is metastable.

INTRODUCTION

Today's mainstream of space solar cell is multi junction
(MJ) type of lll-V compound semiconductor [1, 2]. lI-V MJ
solar cell has both high conversion efficiency [3] and
radiation hardness. However, including scarce resource of
indium and very high cost are disadvantages. Nowadays
space missions vary a great deal, for instance,
interplanetary exploration [4-7], space observation, Space
Solar Power System (SSPS), and so on. Therefore, we
have to develop many kinds of space solar cells and
adequately apply these cells for the purpose of meeting
various environments (extremely variable temperature
environment, high radiation field, light intensity, and so on)
and various needs. Reflecting such a situation, radiation
effects of large variety of solar cell materials have been
investigated in many laboratories.

Hydrogenated amorphous silicon (a-Si:H)
semiconductor, which is applied to thin film transistor,
solar cell, photo censor, and so on, has also high radiation
hardness. a-Si:H solar cell has many industrial and
technical advantages, such as resource saving (thin film
type), abundant resources, light weight, easy to be large-
area size, and low cost. In addition, conversion efficiency

978-1-4244-2950-8/09/$25.00 ©2009 IEEE

of a-Si:H related solar cell has been improved and recently
became over 15 % at AM-1.5 condition [8]. Accordingly, it
is expected to utilize a-Si:H as space solar cell.

In a previous study [9], radiation degradation of a-Si:H
solar cells and these thermal annealing effects have been
reported. However, the detailed understanding has not
obtained yet. Furthermore, Sasaki et al. reported that the
electrical performance was improved by proton irradiation
[10]. In this paper, we report the photoconductivity (PC)
variations of a-Si:H thin films irradiated with protons. We
also mention in-situ measurement of the dark-current
variations with proton irradiation and time dependence of
PC for a-Si:H thin films after proton irradiation.

ANOMALOUS PHOTOCONDUCTIVITY VARIATIONS
OF a-Si:H DUE TO PROTON IRRADIATION

Experiments

The samples used in this study were solar cell quality
a-Si:H thin films fabricated on glass substrates by Plasma
Enhanced Chemical Vapor Deposition (PECVD) at
National Institute of Advanced Industrial Science and
Technology (AIST). The substrate temperature during
deposition was 180 °C. The thickness of the a-Si:H thin
film was 300 nm and comb-like Al electrodes were
deposited on the samples. Initial PC values of the samples
are listed in Table 1. All of the samples showed good
ohmic-characteristics at both dark and light conditions.

Comb-Like Al Electrode

Sample Holder
Sample: a—8i:H thin film
(300 nmt, Glass Substrate)

o adl

Proton Beams Current-Voltage

Source/Monitor

AM-0 Light

Mobile Type Solar Simulator
Fig. 1. A schematic drawing of experimental setup.
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Degradation modeling of InGaP/GaAs/Ge triple-junction (3J) space solar cells, which are exposed
to charged particles (protons and electrons), is introduced using a one-dimensional optical device
simulator: PC1D. The proposed method can reproduce the electrical degradation of 3] solar cells
from fitting the external quantum efficiencies for subcells. In this modeling, carrier removal rate of
base layer (R¢) and damage coefficient of minority carrier diffusion length (K;) in each subcell are
considered as radiation degradation parameters. Nonionizing energy loss (NIEL) analysis for both
radiation degradation parameters is discussed. The radiation degradation of a 3] solar cell can be
predicted from the results of degradation level in the each subcell estimated from correlativity
between NIEL and both radiation degradation parameters. © 2009 American Institute of Physics.

[DOLI: 10.1063/1.3079522]

I. INTRODUCTION

Electrical performance of space solar cell gradually de-
grades by the presence of space radiation (mostly electrons
and protons). Therefore, contrary to terrestrial use, radiation
hardness is required for a space solar cell and it is also im-
portant to predict the lifetime in the space environment from
results obtained by ground tests as accurately as possible.
Presently, there are two representative lifetime prediction
methods for space solar cells: the equivalent fluence method'
and the displacement damage dose method.”™ These meth-
ods have been developed for conventional single crystalline
silicon solar cells and GaAs cells.

Recently, multijunction solar cells have become the most
prospective space solar technology. Nowadays, InGaP/
GaAs/Ge triple-junction (3]) solar cells are the mainstream
of space solar cell Iechnoiogiesr’_q because a 3J solar cell has
both very high conversion efficiency (average conversion ef-
ficiency of 29% for AM-0, 1-Sun'") and high radiation hard-
ness. However, the radiation degradation behavior of 3J solar
cells has not yet been fully understood like single junction
solar cells'' because of their complicated structure and deg-
radation phenomena. Particularly, degradation of the GaAs
middle cell in 3] solar cell is the most serious' ' and results
in a transition of the current limiting cell from the top to the
middle cell, and induces rapid degradation of the short-
circuit current. Though several studies have reported about
radiation response of 3 solar cell,'””™"” the modeling of 3
solar cell radiation performance has not been performed.

In addition to this, planetary exploration missions to
Mars, Jupiter, and so on are considering using such 3] solar
cell,'®"” However, it is a serious matter that when the oper-
ating temperature and light intensity changes, the optimized
structure of 3J solar cell will also change because of the

“Author to whom correspondence should be addressed. Tel.: +81-27-
346-9323. FAX: +81-27-346-9687. Electronic mail: sato.shinichiro@
jaea.go.jp.
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difference in the temperature characteristics of each subcell.
Considering this point, it is necessary to predict the radiation
degradation of optimized structure under each temperature
and light condition. Thus, in this study, we aim to establish a
universal degradation modeling of 37 solar cell that can be
used even if the structure changes.

We report the degradation modeling of proton and elec-
tron irradiated 3J solar cell. We also discuss the degradation
behavior of each subcell on the basis of carrier removal rate
and damage coefficient scaled by nonionizing energy loss
(NIEL).™

Il. EXPERIMENTS

The structure of the 37 solar cells used in this study is as
follows. The top, middle, and bottom cells consist of 0.5 um
thick p-type InGaP cell, 5 um thick p-type GaAs cell, and
140 pm thick p-type Ge cell formed in the sell substrate,
respectively. Each subcell is connected by a tunnel junction.
The surface is covered with antireflection coating. The cell
size is 2X2 cm? Representative initial properties of the 3J
solar cells are shown in Table I.

The 3] solar cells were irradiated with proton or electron
beams as also shown in Table 1. Proton irradiation was per-
formed at Takasaki Ion Accelerators of Advanced Radiation
Application, Japan Atomic Energy Agency (JAEA). The 3J
solar cells were irradiated with proton beams at energies of
30 keV, 150 keV, 3 MeV, or 10 MeV in fluence ranges up to
10'2, 10'2, 10", or 10" ions/cm?, respectively. Proton irra-
diations at these different energies create damage in a spe-
cific region of the device or uniformly through the whole
region of the 3] solar cell depending on the range of the
protons. Thus, 30 keV protons stop in the InGaP top cell and
create damage in the InGaP top cell only. Similarly, 150 keV
protons damage both the InGaP top and the GaAs middle
cells. On the other hand, 3 and 10 MeV protons create dam-
age throughout all three subcells where the former protons
stop in the Ge bottom substrate and the latter ones pass

© 2009 American Institute of Physics



143

Solar Energy Materials & Solar Cells 93 (2009) 768-773

Contents lists available at ScienceDirect

Solar Energy Materials & Solar Cells

journal homepage: www.elsevier.com/locate/solmat Ty

Degradation modeling of InGaP/GaAs/Ge triple-junction solar cells irradiated

with various-energy protons

Shin-ichiro Sato ®*, Haruki Miyamoto *°, Mitsuru Imaizumi ¢, Kazunori Shimazaki ¢, Chiharu Morioka®¢,

Katsuyasu Kawano ®, Takeshi Ohshima ?

 Japan Atomic Energy Agency, 1233 Watanuki, Takasaki, Gunma 370-1292, fapan
b The University of Electro-C ications, 1-5-1 Chofug
¢ Japan Aerospace Exploration Agency, 2-1-1 Sengen, Tsukuba, Ibaraki 305-8505, Japan

Chofu, Tokyo 182-8585, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 17 December 2007
Received in revised form

24 September 2008
Accepted 27 September 2008
Available online 14 Ni

Keywaords:
Triple-junction solar cell
Proton irradiation
Degradation modeling
Carrier removal rate
Damage coefficient

2008

Degradation modeling of InGaP{GaAs/Ge triple-junction (3]) solar cells subjected to proton irradiation is
performed with the use of a one-dimensional optical device simulator, PC1D. By fitting the external
quantum efficiencies of 3] solar cells degraded by 30keV, 150 keV, 3 MeV, or 10 MeV protons, the short-
circuit currents (lsc) and open-circuit voltages (Voc) are simulated. The damage coefficients of minority
carrier diffusion length (K;) and the carrier removal rate of base carrier concentration (Rc) of each sub-
cell are also estimated. The values of Isc and Vgc obtained from the calculations show good agreement
with experimental values at an accuracy of 5%. These results confirm that the degradation modeling
method developed in this study is effective for the lifetime prediction of 3] solar cells.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Solar cells in actual space are exposed to large amounts of
radiations (mainly protons and electrons), and as a result, their
electrical performance degrades seriously. Solar cells for space use
are required to have radiation hardness. The size of solar cells
mounted on a satellite is determined on the basis of performance
not only at the beginning but also at the completion of mission.
Therefore, appropriate lifetime prediction of solar cells is useful to
optimize the solar panel size, weight, and cost. So, it is important
to predict the lifetime of solar cells in space from results obtained
by ground tests as accurately as possible. Presently, there are two
representative lifetime prediction methods for space solar cells,
the equivalent fluence method and the displacement damage dose
method [1]. In the equivalent fluence method, the relative damage
coefficients for solar cells based on 1 MeV electron irradiations are
estimated from values obtained experimentally for various
incidences. This method is the most popular prediction method
at present, and reasonable results are obtained. However, a large
number of ground tests are required to obtain highly reliable data.
The other method is a way to derive the displacement damage
dose calculated from the non-ionizing energy loss (NIEL) for

* Corresponding author. Tel.: +8127 3469324; fax: +8127 346 9687
E-mail address: sato.shinichiro@jaea.go.jp (S. Sato).

0927-0248/5 - see front matter & 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.50lmar.2008.09.044

protons and electrons traversing cell material [2-6]. From the
point of view of cost and time for irradiation experiments, this
approach is more efficient than the equivalent fluence method.
Thus, it requires fewer experimental measurements to specify the
relative damage coefficients.

Since the beginning of space development, Si single-crystalline
solar cells have been used though they do not have good radiation
hardness. Solar cells of IlI-V compound semiconductors such as
GaAs or InP have been applied as the second generation. At
present multi-junction solar cells are expected to be the most
prevailing solar cells for space use. Particularly, InGaP{GaAs/Ge
triple-junction (3]) solar cells have become the mainstream at
present [7-10], having very high conversion efficiency (29.2% for
AMO, 1 Sun [11]) and also high radiation hardness. Focusing on
degradation behavior due to proton or electron irradiation, single-
junction solar cells, such as Si and GaAs, have been investigated
strenuously [12]. On the other hand, the degradation behavior of
3] solar cells has not fully understood yet even though a few
studies are reported [13-15]. There is no report about degradation
modeling of 3] solar cells as far as we investigated at least. One of
the reasons is that degradation phenomenon of 3] solar cells is
highly complicated since they have layer-by-layer structure.
Particularly, as the degradation of GaAs middle cell is the most
serious, proton irradiation changes the current-limiting cell from
the InGaP top cell to the GaAs middle cell. Furthermore, a certain
energy of protons which just damages the GaAs cell induces the
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Abstract

Degradation modeling of InGaP/GaAs/Ge triple—junction (3J) solar cell due to proton and electron
irradiation is performed with the use of a one-dimensional optical device simulator; PCID. By fitting
external quantum efficiencies of the 3J solar cells degraded by proton or electron irradiation, the
short—circuit current (/s¢) and open—circuit voltage (Vo) are simulated. These simulated values are in
good accordance with the experimental data. In this modeling, carrier removal rate of base layer (R¢) and
the damage coefficient of minority carrier diffusion length (K;) in each sub—cell are considered as
radiation degradation parameters. NIEL (Non-lonizing Energy Loss) analysis for both radiation
degradation parameters is discussed. The radiation degradation of a 3J solar cell can be predicted from
correlativity between NIEL and both radiation degradation parameters.

1. Introduction

Lifetime prediction of space solar cell is important in order to optimize the solar panel size, weight,
and cost of satellites. Therefore, ground tests of electron and proton irradiation are necessary to accurately
predict the lifetime of solar cells in actual space. Recently, InGaP/GaAs/Ge triple—junction (3J) solar cells
are the mainstream of space solar cell technologies [1]. A 3J solar cell has both very high conversion
efficiency (average conversion efficiency: 29% for AM-0, 1-Sun [2]) and high radiation hardness.
However, the radiation degradation behavior of 3J solar cells hasn’t yet been fully understood because
they have complicated structure and degradation phenomena. Though several studies have reported about
radiation response of 3J solar cell [3], the degradation modeling of irradiated 3J solar cell has not been
performed.

In this study, we carry out degradation modeling of 3J solar cell using a one—dimensional optical
device simulator: PC1D [4]. We simulate the quantum efficiencies of 3J solar cells degraded by proton
and electron irradiation, and evaluate their electrical properties by comparing to the experimental results.
We also discuss the degradation behavior of each sub—cell on the basis of carrier removal rate (Rc) and
damage coefficient (K}), and both values are analyzed by using universal scaling of NIEL (Non-lonizing
Energy Loss).

2. Experiments

The structure of the 3J solar cells used in this study is as follows. The top, middle, and bottom cells
consist of 0.5 pm thick p—type InGaP cell, 5 um thick p—type GaAs cell, and 140 um thick p—type Ge cell
formed in the sell substrate, respectively. Each sub—cell is connected by a tunnel-junction. The surface is
covered with ARC (Anti-Reflection Coating). The cell size is 2 cm=2 cm.

The 31 solar cells were irradiated with proton or electron beams. Proton irradiation was performed at
Takasaki lon Accelerators of Advanced Radiation Application (TIARA), Japan Atomic Energy Agency
(JAEA). The 31 solar cells were irradiated with proton beams at energies of 30 keV, 150 keV, 3 MeV, or
10 MeV. Proton irradiations at these different energies create damage in a specific region of the 3J solar
cell or uniformly through the whole region of the 3J solar cell depending on the protons range.

Electron irradiation was performed by a Cockcroft—Walton type accelerator at JAEA. The electron
energies are 1| MeV or 2 MeV. Current—voltage (/-F) characteristics under AM-0, 1-Sun conditions and
spectral response were measured before and after the irradiations for the evaluation of electrical
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Degradation modeling of InGaP/GaAs/Ge triple—junction (3J) solar cell due
to proton and electron irradiation is performed with the use of a one-
dimensional optical device simulator: PC1D. By fitting external quantum
efficiencies of the 3J solar cells degraded by proton or electron irradiation,
the short—circuit current (/sc) and open—circuit voltage (Voc) are simulated.
These simulated values are in good accordance with the experimental data.
In this modeling, carrier removal rate of base layer (R¢) and the damage
coefficient of minority carrier diffusion length (K;) in each sub—cell are
considered as radiation degradation parameters. NIEL (Non-lonizing
Energy Loss) analysis for both radiation degradation parameters is discussed.
The radiation degradation of a 3J solar cell can be predicted from
correlativity between NIEL and radiation degradation parameters.

L. Introduction

Electrical performance of space solar cell gradually degrades by the presence of
space radiation (mostly electrons and protons). Therefore, contrary to terrestrial use,
radiation hardness is required for a space solar cell, and it is also important to predict the
lifetime in the space environment from results obtained by ground tests as accurately as
possible. Presently, there are two representative lifetime prediction methods for space
solar cell, the equivalent fluence method" and the displacement damage dose method* ™.,
These methods have been developed for conventional single crystalline silicon solar cell
and GaAs cell.

Recently, multi—junction (MJ) solar cells have become the most prospective space
solar technology. Nowadays, InGaP/GaAs/Ge triple—junction (3J) solar cells are the
mainstream of space solar cell technologies®, because a 3] solar cell has both very high
conversion efficiency (average conversion efficiency: 29% for AM—0, 1-Sun'”) and high
radiation hardness. However, the radiation degradation behavior of 3J solar cells hasn’t yet
been fully understood like single junction solar cells'”, because of their complicated
structure and degradation phenomena. Particularly, degradation of the GaAs middle cell in
3J solar cell is the most serious'> '* and results in a transition of the current limiting cell
from the top to the middle cell, and induces rapid degradation of the short—circuit current.
Though several studies have reported about radiation response of 3J solar cell'> '¥, the
modeling of 3J solar cell radiation performance has not been performed.

We report the degradation modeling of 3J solar cell irradiated with protons and
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ABSTRACT

Degradation modeling of InGaP/GaAs/Ge
triple—junction (3J) solar cells due to proton/electron
irradiation is performed with the use of a one—dimensional
optical device simulator; PC1D. By fitting external quantum
efficiencies of the 3J solar cells degraded by
proton/electron irradiation, the short—circuit currents (fsc)
and open—circuit voltages (Voc) are simulated. The validity
of this model is confirmed by comparing the results of both
Isc and Vpc to the experimental data. Then, the
degradation level in each sub—cell is evaluated. The carrier
removal rate of base layer (Rc) and the damage coefficient
of minority carrier diffusion length (K.) in each sub—cell are
also estimated. In addition, NIEL (Non-lonizing Energy
Loss) analysis for both radiation degradation parameters
Rc and K, is discussed.

INTRODUCTION

Appropriate lifetime prediction of solar cells is important
s0 as to optimize the solar panel size, weight, and cost of
satellites. Therefore, it is necessary to accurately predict
the lifetime of solar cells in actual space from results
obtained by ground tests. Recently, InGaP/GaAs/Ge
triple—junction (3J) solar cells are prevailing as space solar
cell because they have very high conversion efficiency
(29.2% for AMO, 1 Sun [1]) and high radiation hardness [2].
However, the degradation behavior of 3J solar cells hasn't
fully understood yet since this structure and their
degradation phenomena are very complicated.
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Fig. 1. (a) Schematic drawing of 3J solar cell and (b)
Range distribution of protons in the 3J solar cell calculated
from SRIM [4].
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In this study, we carry out degradation modeling of 3J
solar cell using a one-dimensional optical device
simulator: PC1D [3]. We simulate the quantum efficiencies
of 3J solar cells degraded by proton/electron irradiation,
and evaluate their electrical properties by comparing to the
experimental results. We also discuss the degradation
behavior of each sub—cell on the basis of carrier removal
rate and damage coefficient, and both values are analyzed
by using universal scaling of NIEL (Non-lonizing Energy
Loss).

EXPERIMENTS

Figure 1 shows a schematic drawing of 3J solar cell
used in this study. The 3J solar cells were irradiated with
proton/electron beams. The proton energies are 30 keV,
150 keV, 3 MeV, or 10 MeV and Irradiation fluences are
respectively up to 10'%, 10'%, 10" or 10" /em®. The proton
irradiation was performed at Takasaki lon Accelerators of
Advanced Radiation Application (TIARA), Japan Atomic
Energy Agency (JAEA). The electron irradiation was

performed by a Cockeroft-Walton type accelerator at JAEA.

The electron energies are 1 MeV or 2 MeV and the
irradiation flueneces are up to 3x10" /ecm® for both
energies. The size of 3J solar cells was 2 cm x 2 cm.
Current—voltage characteristics under AMO, 1 sun
conditions (0.1367 Wafcmz) and spectral response for these
cells were measured before and after proton/electron
irradiation.

MODELING PROCEDURES

The outline of radiation degradation modeling using
PC1D is as follows. To avoid ‘Convergence Failure' of
PC1D, we divided a 3J solar cell into three parts: the
InGaP cell, the GaAs cell under a p—type InGaP filtering
layer, and the Ge cell under a p—type GaAs filtering layer.
In order to adjust quantum efficiencies less than 350 nm, a
filtering layer on the InGaP cell was also considered in this
study. These cells were series—connected. The p-type
InGaP layer on GaAs cell was set to be the same structure
and physical properties to the InGaP cell base layer. The
same concept was applied to the p-type GaAs layer on the
Ge cell. The value of the short—circuit current (/sc) for the
3J solar cell is equal to the minimum /sc among three



