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GOALS
@ TO DEFINE MINIMUM STRESS CONFIGURA-
TION FOR SILICON SHEET GROWTH.

@ TO QUANTIFY DISLOCATION ELECTRICAL
ACTIVITY AND LIMITS ON CELL
EFFICIENCY,

® TO STUDY BULK LIFETIME DEGRADATION
DUE TO INCREASE IN DOPING LEVELS,

STATUS

® DEVELOPMENT OF INTEGRATED STRESS AND
THEFMAL MODELS FOR EFG GROWTH PRO-
CE5S IS COMPLETED

- EFG TEST SYSTEM OPERATIVE.

= NEW CREEP DATA FOR STRESS
ANALYSIS AVAILABLE.

o EBIC ANALYSIS 1S UNDERWAY TO
OUANTIFY RELATIONSHIPS BETWEEN
ELECTRICAL ACTIVITY AT DISLOCATIONS
AND BULK LN.

¢ LOW RESISTIVITY SHEET DEFECTS
CHARACTERIZATION HAS BEEN STAPRTED.
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SILICON SHEET

Work in Progress

@ DEFINITION OF MINIMUM STRESS SHEET GROWTH CONF IGURATIONS:

- MODELING OF NEW EFG TEST SYSTEM GROWTH AND STRESS/DEFECT
CHARACTERIZATION OF RIBBON.

- EVALUATION OF NEW CREEP DATA FOR PRED|CTING STRESS
REL IEF,

® EBIC CHARACTERIZATION OF DEFECTS:

- DEVELOPMENT OF HIGH RESOLUTION QUANTITATIVE MEASUREMENTS
OF LOCAL '-n VARIATIONS,

- ROOM AND LOW TEMPERATURE COMPARISON OF DISLOCATIONS.

¢ OPTICAL AND HREM STUDY OF DEFECTS IN HIGHLY DOPED (< 1
€2-CM) SHEET:

- EFG RIBEON COMPARISON OF B, B GA DOPING EFFECTS.

Combined Thermal-Stress Analysis

o THERMAL ANALYSIS DEFINES OPERATING SPACE FOR GIVEN
SYSTEM BOUNDARY CONDITIONS.

® SHEET TEMPERATURE PROFIL.ES ARE GENERATED FOR GROWTH
CONDITIONS.

o SHEET STRESS STATE IS RELATED TO OPERATING POINT:
FING:

- STRESS LEVEL CHANGE WITH T, VS DEPENDENT ON
OPERATING POINT LOCATION.
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(A) Effect of dimensions of the capillary spacing ang die flats
and length of the viewing slot on the sheet thickness for new

- system at capillary spacing (27) of: (a) 0.0254 om and (b)
0.0662 cm. (B) Asyrmetric env]romnt temperature distridution.
(C) Dependence of the sheet thickness on the static head for
(a) symmetric and (b) asymmetric heat transfer surroundings.
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ORIGINAL PAGE &
OF POOR QUAUW S|L|CON SHEET

(a)

EFG ribbon grown at 0.8-0.9 cm/min: (a) high
magnification dislocated region of Liiders
bands (thickness 0.23 mm); (b) low magnifica-
tion dislocation-free regions of thin (0.36
mm) and thick {0.75 mm) ribbon,
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SILICON SHEET

New Creep Law Formulation

® SILICON SHEET RESPONDS AS A PLASTIC SOLID DURING
STRESS TRANS!ENTS TYPICAL OF EFG SHEET GROWTH ABOVE
1200°¢.

» LIMITATIONS AT LOW STRESS (¢ 5 MPA) ARE IMPOSED BY
DISLOCATION/DEFECT DENSITIES:

~ CREEP RATE 1S REDUCED ESSENTIALLY TO ZERO WITH ND
APPROACHING 1 X 107/CM2.

- TWIN BOUNDARIES., IMPURITIES PROVIDE ADDITIONAL
CONSTRAINTS,

® AT HIGH STRESS LEVELS (2 10 MPA) STRESS RELIEF IN EFQ
SHEET OCCURS BY LUDERS OR SHEAR BANO FORMATION.

T ¢ 1000%

1. Primary Creep - Present Work

0¢ £« 10°? L0 cE <103 s7)

Ny < 5 x 107/cm?

D

2. Luders Bands (Mahajan et al,, Acta Met. 27{(1979) 1165.)

Otserved for T < 1000°C

3. Secondary Creep - Steady-State
Ex 1-10% , N> 10%em
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i Comparison of Secondary and Primary
Creep Laws for Silicon Above 1200°C
” Sassadary (Bteair-ispte) by = Clnamim ™ sy
Y Bafersace C OL/Gh-)) P (D) . iG-1)e
N Ja L
. "gigh Cresy” Conditien 1,08 1 10% 9,760 8 12107
Sletheff ssd Shster (1983) 5.8 3 10% a,800 3.6 41z107t
Primscy (Tzanaisat) by =c to 0™t 5,
» Refesence ¢ (ore-0)"" a i(e-2)0e
,3; Proseat Vesk 7.45 3 10"} 10 41110
_, (111) mz
g sCaleslated strala rate for v/p = 1070 asd T = 1300°L,
:\ *Calenlated streia rate for o /p = 10’,
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Stress Analysis

® INCORPORATION OF YERY HIGH CREEP RELAXATION ABOVE
1200%C:

-0 = ODONNTOSMETO(TM.

@ NEw THERMAL EXPANSION COEFFICIENT (Y, OKADA AND Y.
TOKUMARA., J. APPL. PHYS.., 86, 314 (1984)):

Q= 3.725 x 107 {1 - exp[-5.88 x 1073 (1 - 1201} +
5,548 x 10710 1 k"N,
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SILICON SHEET

S8 New Creep Presentation

€~ Oy Oy =0 Ty>T>T,

& = (C/T) Lexp(-8/T)) 0° T, > T > 300%K
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ORIGINAL PAQL S  SILICON SHEET
OF POOR QUALITY

- o -
80 T, = 1612°C, 2W = 8 cm
60
T, = 16412°C, 24 » &4 em
°yy 40
(MPa)
T, = 1000°C, 2w « 8 cm
20
10009C, 20 » 4 em
\761? - T — 20
-20
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oy (MPa)
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0.75)=
b 1. Elastic solution, 2W = 8 em
2. T, - 1200%, 2V = 8 em
T, - 1200%C, 2W = 4 om
0.50 4. T, = 1700%, W = & cm
T 5. T, = 1097%, 70 = & em
0,25
0 I U IOV S | [ U |
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SILICON SHEET

Dislocation-Efficiency Studies

@ DEVELOP METHODS TO QUANTIFY INFLUENCE OF DISLOCATION
ELECTRICAL ACTIVITY ON BULK LIFETIME WITH ROUM AND LOW
TEMPERATURE EBIC.

o STUDY EFFECTS OF DISLGCATION DENSITY, STRESS LEVEL AND
TEMPERATURE OF GENERATION OF DISLOCATIONS ON BULK
LIFETIME,

WoBRK. {N PROGRESS - COMPARISON OF STRESSED FZ. CZ anD
EFG RIBBON.

ELECTRON

COLLECTING
JUNCTION

CARRIER GENERATIOF |
SPRERE

BASE REGIOR 07
SEMICONDUCTOR

554

- AN e AT L



. i ;.m&i‘. N‘.“"f .'.L....'

N - AW )
NI o U e e . "- §
_ I’ :
e i
OMIGINAL PAQE /S ]
OF POOR QUALITY SILICON SHEET .
I 1 b ] -a/L B
* lag, (L/a)" ¢ {a/L cosh a/L - atnh a/L) :
€. Donalato, Ontik, 352 19 (19M) ‘
® EXPERIM T (f: I
2.9 ~ THECRY d :
\“ ! ,
ERENCE |
CELL i
-~ { H
o ?
E 0.7p 4 ¥
c ;
g 05 b 4 '
[
o N
& oul L = DIFFSION LENGTH J ’
E & = RALIUS OF THE GENERATION S™HERE i 1 ¥
0.1 ! :
. o
1
100 0 - .
L (wm) -
i
e
B
¥
W,
4
!

L]

¢
¥
B j >3




TR e
Spibuiisl @ LG ET

ONGINAL PAGK &
SILICON SHEET OF POOR QUALITY

Fig. 12. (a) Room temperature, and (b) low temperature EBIC
of same region for stressed carbon-rich CZ.
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(b)

Fig. 11. Low temperature EBIC micrographs of (.} center and
(b) edge of stre sed carbon-doped CZ wafer.
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SILICON SHEET !
Low Resistivity Studies

0 POWER OUTPUT OF SILICON SOLAR CELLS MAXIMIZED BELOW 1
£)-CM, BUT SEVERE OEGRADATION OF ISC’ Voc OCCURS IN
MORE DEFECTED SILICON BELOW 1 £J-CM,

© BORON-IMPUR! TY-DEFECT INTERACTIONS LEADING TO DEFECTS
RESPONSIBLE FOR OEGRADATION HAVE NOT BEEN STUDIED.

® PURPOSE 1S TO CHARACTERIZE LOW RESISTIVITY MATERIAL
DEFECT STRUCTURE AND ATTEMPT TO RELATE IT TN
DEGRADATION,
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ResisTivITY, f)-CM

EFFICIENCY AS A FUNCTION OF RESISTIVITY IN EFG MATERIAL, B-DOPING, GROWTH ~ROM
FUSED SILICA AND GRAPHITE CRUCIBLES, AMBIENT EFFECTS WITH GRAPHITF CRUCIB'E
GROWTH ARE NOTED IN THE FIGURE,
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SILICON SHEET

Problems and Concerns v

@ RESIDUAL STRESS MEASUREMENTS NEED TO BE RELATED TO
GROWTH VARIABLES,

¢ DISLOCATION ELECTRICAL ACTIVITY DEPENDENCE ON:
~ TEMPERATURE AT WHICH THEY WERE FORMED.
~ CARBON, OXYGEN IMPURITY AVAILABILITY,

~ CELL PROCESSING VARIABLES.

o LOW RESISTIVITY DEGRADATION MECHANISMS |IN MORE HIGHLY
DEFECTED SILICON MUST BE AVOIDED.

Future Work

@ ANALYSIS TO DEF INE MINIMUM STRESS CONFIGURATIONS: :
boos
~ STUDY EFFECTS OF NEW CREEP LAW AND PREDICTIONS FOR EFG TEST o
&7
SYSTEM, ks
~ TEMPERATURE FIELD CHARACTEKIZATION, .
3 e
- RESIDUAL STRESS-DEFECT EVALUATION OF RIBBON (U. OF ILLINOIS). P
® ROOM AND LOW TEMPERATURE EBIC CORRELATION OF DISLOCATION e
)
STRUCTURE ANO ELECTRICAL ACTIVITY WITH BULK L. A

o CHARACTERIZE LOW RESISTIVITY SILICON MATERIAL:
- DISLOCATION STRUCTURE WITH VARYING LEVELS OF DOPING. (B, B-GA),

- HREM (CORNELL) STUDY OF MICRODEFECTS.
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