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Outline

Introduction
Measurement of Minority Carrier Lifetimes in p* and n* Si

e photoluminescence decay technique

e data reduction

o fits of lifetime vs. doping data (p* and n*)
Measurement of Diffusion Lerngth and Mobility in p* and n* Si

e lateral transistor test structure

e typical diffusion length data

e diffusion length vs. doping in p* Si

e electron (minority carrier) mobility vs. doping

e hole (minority carrier) mobility vs. doping

PRECEDING PAGE BLANK NOT FILMED

357

provided by NASA Technical Reports Server

- v e


https://core.ac.uk/display/42838593?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

N 1,

RN

Sre

L T .
3 v . = ) ., N - N
R 2 T

% -
o ————

.XI L) 1’ .'

- v g

———— LR T - TN R St aae e

HIGH-EFFICIENCY SOLAR CELLS

Minority Carrier Lifetime inn+ and p+ Silicon
Recombination Paths

e Shockley-Read-Hall Recombination

7, = (Nwo) ™!
- lifetime independent of doping, dependent on N;

¢ Auger Recombination: Trap Assisted

7, = (TanNy) ™
— lifetime dependent on doping, N;

e Auger Recombinativn: Band to Band
2y—~1
7p = (Can®)
— lifetime dependent on doping only
Photoluminescence Lifetime Decay

o short (200 ps) laser pulse generates minority carriers

¢ monitor decay of luminescence radiation
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HIGH-EFFICIENCY SOLAR CELLS

Photoluminescence Decay Lifetime Measurement Apparatus
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Hole Lifetime in n-Type Silicon

10",,
o ® This Data
i e Dziewior/Schmid
}. [ B J

10-:’_—

1078

LS l(‘

)
Ww
P
¥ =
w -
W 10 E
: -~ C
: 2.8
i T
‘ L
i 9#
j 10 —
f -
; - \
: 16‘0 1 TS B 2 2l N | " 141\1 A1
1016 10‘7 1018 1019 1020
n-TYPE DOPING (¢m™3)
;
i
t
%
H
'
i
1
-1
4
1
| 361

102!



e T

i

%= - '1' T
4‘:'.‘ e L LS

~
-

HIGH-EFFICIENCY SOLAR CELLS

Measurement of Diffusion Length and Mobility

e Diffusion Length (electrons in p* Si) L, = /D,
e Mobility (electrons in p* Si) u, = q/kT D,

Lateral Transistor to Measure L

EMITTER CONTACT

COLLECTOR CONTACT

m——

p-Substrate

N i

wj/[l/[]7J/////f/]/[L[JTL[I[Lmllllff/JII/11.._[]7[///////J[/ V4

I = ]co(e(que/kT) -1)

I, = 34%Dn _w,/1,)

n

when W, >> L,

use similar structures v ‘th varying W, to obtain L,
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HIGH-EFFICIENCY SOLAR CELLS

Gummel Plot of Lateral Ripolar Transistors
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HIGH-EFFICIENCY SOLAR CELLS

A Extracted Electron Diffusion Lengths
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Lp and 7p in Heavily Doped Epitaxial Silicon
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HIGH-EFFICIENCY SOLAR CELLS

Conclusions

Lifetime in heavily doped Si
e first comprehezsive measurements of 7,, 7, in processed
heavily doped Si
e r measurements extended into 10?° cm™* doping range

e photoluminescence decay technique suitable and ac-
curate

e 7, in p* Si /

‘standard’ 7, dependence with N =2 accura‘te/in
very limited range

- lifetime modeled best bv sum of inverse p}ius in-
verse square depend=uce on N,

o 7, in n* Si

- previously observed 7, iependence verified

- vse of Np~? dependcuce inadequate for wide dop-
ing range

— data suggests better fit lifetime dependence of ap-
proximately N _-17

Diffusion Length and Mobility Measurement

e lateral transistor test structure used to measure L,,
L,
¢ measurement of lifetimes allows extraction 5t un, y,

e extraction of un, #p ir 10' range shows that minority
carrier mobilities exceed majority carrier mobilities
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