w
¥

(=2
N

10.

1.

- 1II. STEADY STATE PHOTOCONDUCT IVITY

NON-L INEAR L IGHT DEPENDENCE OF P.C.

BIAS LIGHT ILLUMINATION

. COMPARISON OF P.C. WITH PHOTC-THERMAL DEFLECTION SPECTROSCOPY

INFRARED QUENCHING

PHOTOCONDUCTIVITY WITH BLOCKING CONTACTS {SOLAR CELL COLLECTION
EFFICIENCY C.E.) BASIC PRINCIPLES

SAMPLE GEOMETRY AND TYPICAL EXPRIMENTAL RESULTS
INTERNAL PHOTOEMISSION

COMPARISON OF o DETERMINED FROM P.C. AND C.E.
C.E. WITH STRONGLY ABSORBED L IGHT

DIFFUSION LENGTH OF MINORITY CARRIERS FROM C.E.

{ INTERNATIONAL ATOMIC ENERGY AGENOY H[Hu
UNITED NATIONS EDUCATIONAL, SBOIENTIFIC AND QULTURAL ORGANIZATION ERES R RN

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

- STIERA 1! - TELEPHONES: 224281/2/3/4/5'8
TESTE (1TALY) - P.O. B, 1838 - MIRAMARE - BSTRADA CO:
34100 TRIE ue CABLE: CENTRATOM - TRLEX 460392-1

SMR/94~ 31

SPRING COLLEGE ON AMORPHOUS BSOLIDS
AND M™E LIQID STATE

14 April - 18 June 1982

IMPURITIES, TRAPS AND RECOMBINATION CENTERS
IN 4 SiHx

(Part 1TI)

B. ABELES

Exxon Research and Engineering Co,
P.O. Box 45

Linden, N,J, 07036

U.S.4,

These are preliminary lecture notee, intended only for distribution to participants.
Miesing or extra copies are available from Room 230, .






? -.
N e e e A T e e e s e

1 e e T A A A P S A A A A
| DIRECT  Opr /IBSOEPT/O/\J:(/)
o extd
. =l e
;i 7 =T T T T ¥ T
~
Pk 7
; é“‘l X . : a ' ._ >
Y NE | 53[ 5 % _ _
Yoo & i g P 1o LT ' :
IR A S - | 7,
NS l “{,% S 1+ AL =/0"em
. n LK iR x> /00 e’
\.\ f K . | L\t‘\ ]
7 . A '_ . .
- BN i LR 13 _‘ PHOT O -~ THERMAL SPECTROSCORY
W R el -
=% “-\..J 4% ‘ e d < /
c_? 3 \ J - a7
N . 12 < LereCcTION !
| | t [ 1 1 ‘I 4 Sor UST/G‘@) /
= - ™ ~ =~ P | : —
T S e T S S _. OFPT- D:;AEC??oMf’-

4 Cody ETAL, Sorar Ceues 2 227 (19500
2. JACKSON ET AL, JovaNaL DE PRYSIQUE C¥ 293 (j3e1)
3. VANMASAK! ETAL ,TouRNAL De PIYSIQUE C¥, 267 (p#)



PHOTOCOND UCTIVITY

A. Seconvpary A£C.

:.- ~Z;,L=O K-Z/;,_
o) o /Q_,@,Q‘ﬁ
/ P e
EC, ___:TCC-" o~ .—-E - Ve
v ~ -~
e T 7 e
- / / e
Kot i ' Ex @
3o @ ¢ / ©,
= =z Z,.=0
chmic comtact to £y, ofmic contact to £,
For electrons : -z =G
;T FG—

= Lree /OAO¢O jenemz‘u@ aQarriers
N, = Free aqarrier Moéf'/"é}’

Tn= Free earrier /ifelime

%X = optical 4.650 rption

~ - pheton Hlux (/:)/méans/ em? sea )

= pAofOJCﬁé’fdl{/U/? Quantum e FF
(6:3/ /n Q—f&://;()
E= EFrecThRIc Frecd

o CONSEQUENCE OF EXP,

pRereA LAR RO LAVEUN SETHWEEN B

PHOTOCONDUCTIVITY AND LIGHT INTENSITY

- .-
* PHOTOCOND o (LIGHT INTENS.)?

y- Je 4.7
Te+T

DISTRIB. OF
RECOMBINATION CENTERS

Y AR ALY | T ¥ T TTTE]

olJIv .

.14 } THREE . . °

1% 1 DIFFERENT .

®1.45

+I.76.} SAMPLES
1.0 .

* e

"

w0

b o

RELATIVE PHOTOCONDUCTIVITY,

* RELATIVE LIGHT INTENSITY, F



Now LinEAR LIGHT DEPENDENCE g

£y __{T_”l”f’fﬂ_‘ ——
P it i recomb centers
7777 g LTI
£ //// / // g A2 Ereps
VI S s s 7 o

G = D(/E?/m?'

7 7

G, = o A x T(HF)
P

G = Const (x /)

az'-'-o.g- /

DC  Gukite light) BIAS TLLUNNATION /5 (3 =/)

F=FAraF
Tz 7Cm, + #4F)

Ag = ‘a(AF?, j’" 7(n,)

Constant

- G._
4
/N ,
/
- /
B a-Si /7{1 2P
/0
I N
_ . —
.fx/La \, -
R
d /0
2 -~ f
/0 — S — g
d ~R )
- < 7 Razxs
/ - )
7 7 p
e Vs . .
4 d /0
/ L { —
s - i
-5
/CJI—-/ ~ //’ R3.x00
/ /s
’ Pc Pacsent L/oRK)
PTD (fackson AND Am:@_. —_
N . _
£,
, tADe b _D\I
o ' . I
Ce \/)

Ay



INFRARED QUENCHING, > 27

THER /I L CLUEN CHIN Gy
SCFRA A NVE/R, 7Y

Bas [
s . d
Ap — VI-AT
SroBE A8 ! =
.I

/o D FER Ay AND . TR T 2555t

VHRNA L DE PRI C - 5T oEs)
L. PENANIER NS DELASOY AvD Lo &Ry JFs it
S APPL ¥S _{é)_:’.:-in_(/%r’y

. //.,09!4.:/ CONCEP TS st //OHOTOC&/V_/)(/CJ'///;)/

SEA/S)T/2/M G c&wrgﬂ_s y d
S ’” S
A D /(,,b o DK,

»> - >
+ 9 -+

- > - *e
M ‘lﬁv; 4 Epp
v
PATH oB HOLG HOLE CAPTURE

Al OPENS RECOIIBINATION
CHANNEL  FOR ELECTROMNS



- "I/ T

B. Fammsry PHOTOCONDUCTIVITY | -
(sovar CELL CoLleECTION EFFiciEney) — FOR A< Yoy ONLY FREF HOUE Gtt-
L | - - EwAToN CONTRIDBUTES TO ?’
ar

0 0°

RATE L1MITINGy
PROCESS

. (IfrfIP)
7
7

Blocking contacl lo £,

@@ | |
Olocking eontacl : ! "
TP eE, ey | E. SHOTOY R TAIE GAR
Ein—F ‘ ope T e "~D/a
L = Fim thickness ;D”' Y
P
2 </ colleation effieiency Ev;"" )
A =1 with no recombination

K L VABLONOY) TN, T TIEDIE AND A bt 7
7e BF ﬂagws&c&;@)




- 4L -

‘ 14
WYVQ SLTI0A SI- 4«5 -

MYY¥O SIT0A 8- -——uas
HYVQ S170A B ——~—-
L1HOIT SL0A B

MYvYO S170A A1-,—
s ~ g,

B8 22L 2aa 225 &EW
¥ T T 1 T T T T T T J T
AN -
AW i
I SYia Oﬂm \\\..\ 1ge
SYE 1704 Qi~_  ,

e f/v -~
// \\ oy
W\ AN

\ _ /v -
e C—— I-.ﬂ./.l.ﬂ .:I.lw\‘w\\l | &@
N7
| N <A il 28

A ]
o e 5

s i

{\ a1

2/ PHES TTT

— OS
= .L,

Ly e =1

]
—
-

[ ]

(Y)¥]

1S 1S

8-tc-01 Pd

vV {1-V22P118 ¥

. Y\\\Q rpes (YS

s G4) -

/

(972
(9rl

P8

—L

LNTIYOD LI1ADYID L YHS

/70111

JIVINGD 210 \

WLLLLLL

- (94

(W& - 5°0)

Xj1g-v

(V0£=0) HOLYInSN]

e

SHNLINYLS 113D WvIos SIW

(VOOT) +d ¥0 a4

A7 Y00

F AONFTIO AT KOILDFT VD



A -

~Noctd Y osy ThaiLdo (X
AL TIM NOLITIPOD K

Y 20 @\\A\%%N.

Ty 20 .,\.é.w\N\
a.\f\.u&%u»\N.t W.WR.N.\N = . N

o P

d A Gl LWL 1w VD v Q\Ww
TQN AINVTID AL T NOLLDFTTOD

{ «\Q\ ‘ A ODANTIDALLY NOILDITTCD

o_ T T _ﬂ | W. [~
R
N
8 e . T
/ NSy
g gg 3 Ko
8§ §8 QL IA -
= S 2 & AW_ -
o. a. lhu/r
R
T 143
_ Y Y L
- 7MM by P
Mm,_k
)\/(.. «
L NA.\.BM\ -
"~
? ? T % A S

E {ev)




ov1ELC)/2 (ARB. UNITS)

T T ¢(€V) T ] T
®Cr  (200K) -85
WP (296K) .
3L o Pd (200K)!1/o * .
APt (296K} -2 /
o]
]
® 0/
yay.
L C/
2 .
/o/ /
/‘ q/_ a
. . /
1L / 9/ /‘ 4
Ve /7
../. 5/5 A/A
. -~
0.8 0.I9 1.0 1 .’I 1:2 1 l3 1 11.5 1.6

- 15-

OPTICAL ABSORPTION EDGE

|()5 T T T 1 = T [=}
[w]
ge®
SLOPE e
4 @]
10°L - o -
(o-0Sev) »
103 i
O 2
£ 10°} .
-]
IO— ] -
: 0 OPTICAL
L . PHOTOCONDUCTIVITY | QUARTZ <
Qlopuci ' O PHOTOCONDUCTIVITY | SCHOTTKY
_ ® SHORT CIRCUIT CURRENTS BARRIER
L a 1 1 2 1 1 1
| DY R O T.% T8 2.0 7.7
E (ev)

Rbeles Weonski, Tiedio cody $SC (1926)



C —

(2050 469 “67 y19y 32\ Tddy \wtéﬁq& 14

.«..\m\\\s\ow 255 K(S> To

IS T 109 L \x?\ow}.wv Cearpow 74

CSHAODLIPIT AP SPSSOF NosoLLId

&‘ FP ASAv228 (90T 3Y S/
- .
]

2L 170D

SNO¥123T3 40 SIN3W¥NI L41¥a NV NOISnd41q 40
SHLINIYLS 3AILVI3Y ¥0 30¥4UNS LV 131 21819373 0L JAILISNIS 'Z

zSEzE}_Sux NG 0L JAILISNISNT ‘T

\_ 441d
1414a -

\\\\%\

.E._.m_z

NODIW3S

AL mw sm e e em e w e -

‘4414
%/.0
NYOYPLO22 LoM

LH9IT QIQYOSEY AT9NOYLS Y04 AINIIDIAd3 NOILJ3TI00

17




~— =

. COLLECTION: EFFICIENCY- FOR WEAntY ABSORBED LIGHT

A ~2o -
_xq. N Direusion LenerH L OF Fioro-CaRRick
s ConbuCT/0M
Q GAND
D
Y
X\ bole trepped . RECOMB.
\ | & CENTER
>° — —_— ———
k\\\\\\\ -4 AN A/
' 8 3 Coaa el
! £y D) /[ Maience /
! | A 5 3. BAND
" | — W R
& E L L -
h‘ P E - | [=] & . _
AEv | I 23l 28N L, =JEh
-0 =smoaau® Eégl\ e
1 . =g = D, =/2%!
I E&5 /':\ P ?, '
D 2= - -y
: = : E < . = Y/ fe Eim
ol ® §§E§&l 7;—):}“_ carrier life time
- L T E g §_ :g§ _ /(.5,--' Free Cacrier mobilit y
E ':::'. 2 '2\‘3 L /s DErERM/NE/) o)v SOLAR CLLL  FROM
225
R 5'& coLLeeTION EFF.C ) o SURFACE PHOTO VOLTAGEéJ

1
2,
3

(1) BAGEES E7. AL SoLid STATE Cay. 4l , 257 (1992)
(2) AR MOORE , APPL PHYS LETT. 40 , 40% (1992)



-39 -

94 -

]

1§:§

led | —~ ¥
ol o -1
.._.W_.“

= o]

1 @ J
=1 & ,

| 9

t
.lh ] M\ - \m.

]
"o _.m § a
V7 £ 38 »
=} W. o o
no

“.l—_’L ~ <

] , Y]

) ' .

t ]

.— -

- ] -l

1

!

! \

“— 1 i 1 00
<

& ADNIIDI43 NOILDITIOD QLVINDTYD

AU ) = 2217 Q&Raﬁ A

@\\ ,\«\»\\Q - 77

% 7 .«o\.\ Cox C(r)w
¢ ST LI VS

ALLNY) AINF12(AdT WALNVNED %

YA =Y F

(/)Xo A = A 2

O=H+9 + o\q.\\.w.\t @)% 7
C=y- v (v~ 3 5o c&.\

SNOYLIITI 04 AYGNNOH
—

ONILOTI4Y 4O ONIFOSEY """

= mm d w e Ema o o w m

360N TWIILFI0THL






