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For a

long life photovoltaic cell the degradation of the device characteristics with 1 MeV

electron radiation must be known so as to be able to predict the life of the cell.

Hence, a study was made of radiation damage effects on the bulk properties of the silicon

crystal. From the results of the data, it is concluded that there appeared to be a steady state

damage level reached in P type material.
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Fig. 2.1 Model of the potential energy of the
vacancy-interstitial pair as a function
of its spacing. (Ref. 3)
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Fig. 2.2 Model of the potential energy of one
neutral vacancy in the vincinity of
another., (Ref. 9)
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Fig. 2.3 Model of the potential energy of an
interstial atom in the vicinity of a
vacancy (Ref. 4)
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Fig. 2.4 Resistivity annealing as a function of
temperature, (Ref, 8)
3. g2 EM &F
3-1. A g% ¢ Hall A9 54
dukd ez FAY Ar)H HAL zalehe v R
g} 2] g8, mobility ¥ carrier¥5-& &% 3= 7}k
o wyl.S Van der Pauw &y o]}, 2sjmz B
ATl Az o] W& AFEF v o] WA A =
ol

2% ATE(@) FHL okl ol Aol A Qelaet



Radiation £4ke] 7]algt 482 Sgu3

d [R +R J,./R
P=_T2  'Xasicp+Kpe,pa) ABiCD .
12 2 f( RBC:DA) @D

714 fi RABCD o] hagial o] 2 ohel A&
=

EC: A

R —R ! 1,2
cosh| RaBico—Racips  lne ) _ %2 (q,
[ Ragieo+Rec,pa  f ] 12exp f 32

223 Rapicn$t Rpcipals thSal zbo] -z o
=X

ek & 4,8,C,D% 499 2ol oAz 39
E A2 el 9 AEE A2 318

fy

). Rapeoe T5-V0 2 RS Voot Vor #

A 8

>4 C
38 3.1 #3440 HFA
CEEIE

Fig. 3.1 an Arbitrary sample with four cont-
act points A, B,C, D on the periphery,
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Fig. 5.1 Resistivity vs total fluence of 1 MeV
electrons for » type 6002-cm float-zone
silicon.
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Fig. 5.3 Resistivity and hall mobility vs total
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L
L4 L
oy
¢
-
'
Mo
Ea ’
.?/a'
.
« . [N 2
N,’,, LI R P ¥oer
/ - . -ty
0 AlBdet apyp W Fluence s ) €

.
[0
a3 5.7 »¥ 60Q-cm, 6.7x10%cm™3, Float-Zone
el [MeV fluenced] i3 A=FE
w3}
Fig. 5.7 Electron concentration vs total flue-
nce of IMeV for =n-type 60Q-cm, 6.7X
10%3cm™3, float-zone silicon.

o]
dop
w
~ ]
w wJ
Mo
-
L " e
o
T
2 — b
. z 6 2/ Z < 6 2
o * a* « om2y!

M Mol 7h3p I Fliene (F13>

g8l 5.8 3 1,000Q-cm, 1.8X10%cm™, float-
zoned 2] &4 1MeV fluenced] =gt A-F
T3t

Fig. 5.8 Hole concentration wvs total fluence
of IMeV fluence for p type 1,000Q2-cm,
1.8x10%cm™3 float-zone silion.

——— e
~
= 3
I
5 wp
hd
vl
Mo
7%
nr
~¥
)
o
" k'S A - A, - A 2
' Z 4 b 8! 2 + & §
10'% 0’6 )

AUTY ol of ¥b g Flueme 21%)
a8l 5.9 P¥ 0.49-cm, 7.6x10%cm™3, Czochral-
ski 42129 IMeV fluenceo| g+ HE
FE¥ 3
Fig. 5.9 Hole concentration wvs total fluence
of IMeV fluence for P type 0.4 @-cm,
7.6 10%m™3, Czochralski silicon.

-

-~
)
W

A Y (om)
3"

I

' * ;;o * 4a0 b0
Annealing 23 (%O

S8 5.10 n3 602-cm  Float-Zone 4 2] &(IMeV
Fluence £41)el] o] & Annealing2xol =}
E Agg w3

Fig. 5.10 Room-temperature resistivity of n-ty-
pe Float-Zone silion(IMeV fluence da-
mage) as a function of annealing
temperature.




Radiation

A =Rl Al 1 MeV electron radiatione]] ¢35} 432]
24 SAwEE 2494k 2 Ak, of 3x10% A
Fluences] ok p3 42l 2ol gelAS 3
o) &3 < 104em™3d] oz Hglrl, = 2y A E
o] gloj A= ¢k 105 A =}/cm? Fluenceo] wisl 10'°
om™ AR 3o T5E JEbl ek oF 10 A
/cm? o] 2] Fluencel] wld A= A9 =4 (intrinsic)
of Azl el SRk = AR mobility: 50%
HE 2 gobAeli} FET mobilityl ¥2 Wk
okl a3 Il p3 8] - carrier$ & ofzk WS
2eAFa glon, p3dl A= A A &
apol olZele AL MelFm Yok
e A4¥& %o}c’i e R L R R e T2 |
n+Z0] radiation:4}el] 7] igk 449 FoE o] ¢

B4 A 10%em™ o] ol Hefok L 45T 4

2 £ x &

1. Van der Pauw, L.J., “A Method of Measuring
Specific Resistivity and Hall Effect of Discs of
Arbitrary Shape,” Philips Research Reports
Eindhoven, Netherlands, vol.13, No.1, (1958).

2. Van der Pauw, L.J., “A Method Measuring
the Resistivity and Hall Coefficient on Lamellae
of Arbitrary shape,” Philips Technical Review,
vol. 20, No.8, (1958/59).

3. Brown, W.L., Augustyniak, W .M., and Waite,
T.R., F. Applied Physics, vol. 30, pp. 1258,

T 7lalat

4 S495

(1959).

4. Wertheim, G.K., Physical Review, vol. 115,
No.3, p.568, (1959).

5. Corbett, J.W., and Bourgoin J.C., “Defect
creation in semiconductors”, Point Defects in .
Solids, edited by Crawford, J.H., and Slifkin,
L.M.vol.2, Semiconductor and Molecular Cry-
stals, Plenum Press, New York, (1975).

Dvurechenskii, A.Z..
Panov, V.1, and Smirnov, L.S., Soviet Physics
Semiconductor, vol.5, p. 1439 (1972)

7. Corbett, J.W., and Watkins, C.D.,
Review, vol. 138, p. A555 (1965).

8. Tauke, R.V,, and Faraday, B.]., “Reverse

annealing of conductivity in electron irradia-

. Gerasimenko, N.N.,

3]

Physical

ted n-type silicon,” Lattice Defects in Semicon-
ductors, edited by Hasiguti, R.R., University
of Tokyo Press, The Pennsylvania State Uni-
versity Press (1968).

9. Watkins, C.D., and Corbett, J.W., Physical
Review, vol. 138, No. 2, p. A543 (1965).

10. Corbett, J.W., Watkins, C.D., and Mcdonand,
R.S., Physical Review, vol. 138, No. 2,p. A543
(1965).

11. Werthein, G.K., Physical Review,
No. 3, p. 1272 (1958).

12. Hill, D.E, Physical Review, vol, 115, No. 3.,
p. 568 (1959).

13. Smith, R.A., Semiconductor, Cambridge, Uni

vol. 110,

versity Press(1961).




