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SILICON SHEET

* USE EXISTING FINITE ELEMENT CODES
© RUEXIBILITY IN GEOMETRY

* TWO APPROACHES

* TOTAL PROBLEM

* STRESS, BUCKLING, MATERIAL NON-LINEARITY, CREEP, IMPERFECTION ----- > WHT'S QRITICAL?

® PARAMETRIC STUDY -----; > VARY ENGINEERING PARAMETERS
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Failure Considerations

* HIGH FINAL RESIDUAL STRESS ---=---2»
HADLING PROBLEMS

* HIGH IN-PROCESS RESIDUAL STRESS -=~-—-e--2n
DISLOCATIONS --—->  LOW EFFICIENCIES
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INSTALLATION -—-—— >  BREANE
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SILICON SHEET

Temperature Profile
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SILICON SHEET
ORIGINAL PAGL 'S

OF POOR QUALITY
Finite Element Model of 4 x 2 in. Silicon Ribbon
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SILICON SHEET

Elastic Constant as a Function of Temperature (Burenkov)
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Stress Contours and Their Corresponding Stress Levels
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First Five Buckling Modes of EFG Ribben (D = 0.0 in.)
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SILICON SHEET

Buckling Mode (D = 0.035 in.)

Buckling Mode Shapes at Melt Interface (x = O)
and Their Corresponding Eigenvalues

:} < o /—D: 00" (EF& R.bbon)
ST TE g AR
p T [ "_--' Do osS'—/"\l 7
' | X D-—o.."’“—‘f'--.‘
1
:. Defermed, Shlf'-

l undeformed. pos.tion
I |

y=-1* o =1

A A= 02126 (st mede
b. Ain 03239 (It wmede)
€. Arw 03786 (274 made)

Deoois” _/::;'Hn
SR Ca
e '
" 5 []
3! ,{; pe & :
-I- ; = A Crar s
- e ~
O o OF PGt .
L ¥ P
A :.1'33':;

500

L em e m eae - & -

Hsd



’
¥
4

. f;,-

[

Nooeaskd el Nyt

IRICTIAL Fooda o
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OF POOR QUALITY,
Dendrites Effect
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Buckling Mode Shapes at Melt interface (x = 0)
and Their Corresponding Eigenvalues
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Finite Element Model of 8 in. x 2 in. Silicon Ribbon
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SILICON SHEET

Temperat:i*< Profile
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Temperature Profiles Across the Ribbon Width

Eigenvalues for Corresponding Temperature
Profile Acting on a Dendritic Web (D = 0.07 in)

SILICON SHEET

“:J':‘ T %) Y | Tix.g) | Teinyg)
ist 0.2126 0.2150 0.2114
2nd, 0.228 1\ 0.2644 0.24695 0.2708
3, 0.2487 0.4645 0.4151 0.4751
4t 0.7289 07685 | 07853

Eigenvalues of EFG Ribbon (D = 0.0 in.)
Subjected to Two Temperature Profiles

Mrde

No. T Ta(x y)
ist 0.3632 0.4116
2nd, 03786

3d 0.5142 0.5868

Eigenvalues of EFG Ribbon With

Constant Material Properties
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[ No,

T\(‘X) LY

Ts (%%)

st

0.632 0.7(4 0821

2nd

0.664 0.759 .12
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Temperature Profiles Along the Ribbon Length
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ORIGINAL Pis. - = SILICON T
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Eigenvalues of Ribbons Subjected
to Linear Temperature Profile

(o]
Mode unf' FiWeb | Dewdiitic Web | EF6& Ribben
No. - D-o.o}l @ oLE are un:c‘:ﬂ.:’ D=0.0; okl1), E(1)

{ 0.1295% 0.406 0.566
2 0.46b 0.153 0.5¢8)
0.929 1.087 -

Summary: Linear Buckling Analysis

05, PLAY AN IMPORTAT PART IN THE RIBBON BUCKLING PROBLEM.

AGX IS NOT AN ADEQUATE DESIGN PARAMETER.

BUCKLING MODE INCLUDES BOTH BEAM TYPE AND PLATE TYPE.

DENDRITES AFFECT THE THERMAL STRESSES AS WELL AS THE BUCKLING ANALYSIS.
L = 4° MODEL PROViDES SUFFICIENTLY GOOD RESULTS.

NEED MORE RELIABLE DATA OF £(T) FOR 1000°C < T < 1400°C.

EFFECT OF TEMPERATURE VARIATION ACROSS THE RIBBON WIDIH iS MORE SIGNIFICANT
IN THE EF6 RIBBON.

LINEAR TEHPERATURE PROFILE PROVIDES A SLIGHTLY WIGHER CRiTICAL TEMPERATURE
MULTIPLIER. A BETTER TEMPERATURE PROFILE SHOULD BE INVESTIGATED TO ACHIEVE
IERO STRESS (IF PUSSIBLE).
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SILICON SHEET

Elastic-Plastic Stress-Strain Relationship
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Yield Stress vs Distance From Interface
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Residual Stresses on a Dendritic Web at Room Temperature (20°C)
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Geometrical Nonlinearity and Imperfection (5.0 x 10— 4 in.)

TABLE 1. Thermal Steesses (P®') ot Each Increment
(€= 5.0 xi0%* in. )

Case I Cose IL Case I
)\ AN=0.05 AN = 9.025 AN = 0.025
SEMGN Mehod | SEMISY'Methed | ITER”Mehad
-515.5 -515.8 -515.0
c.10
—-4%3.7 -483. -484.2
-644.5 —6a4.2
°-128 -604.5 -604.9
6. 15 - 7136 Numercal -172.2
-1725.0 Unstable -17255
o~,']5 D.‘veya;ha
o« v
r'(/%:ﬁ 2 A -
0.20 thumarical u!\dAB\Ll
0.22%

Creep Analysis

0 CREEP LAY
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SILICON SHEET

MATERIAL PROPERTIES ARE:

(1)

(2)

3

4)

HOMCGENEQUS AND iSOTROPIC (NO CRACKING, DISLOCATIONS, ETC.)

MECHANICAL PROPERTIES OF SILICON BEInu A FUNCTION UF TEMPERATURE UNLY (NOT
n FUNCTION OF 3TRESS OR STRAIN)

HAVING A BI-LINEAR STXESS-STRAIN CURVE (TRUE STRESS-STRAIN CAN E USED)

HAVING A FRIMARY AND A SECUNBARY CREFP FUNCTIGN

C.\O

_Ce c. -S
iex" _C'GCZCC"C? +Cr GAGT

€1, €2, €3, Cy, €7, (g, Cpg = CONSTANTS .
£ = EGGIVALENT STRA(N

6 = EQUIVALENT STRESS

T = TEMPERATURE (ARSOLUTE)

Methods, Criteria and Model Used in the Analysis

(3

(4)

FINITE ELEMENT METHOND

ANSYS (GENERAL PURPOSE STRUCTURAL ANALYSIS PROGRAM)
2-DIRENSTONAL TSOPARAMETRIC PLANE STRESS ELEMENT

3-DIMENSIONAL ELEMENT
CAPABILITIES: PLASTICITY, CREEP, LARGE DEFORMATION, ST"r$S

STIFFNESS, ETC.

MODEL :
2° WIDE AND 4" LONG STRIP
294 D.0.F., 100 2-D PLANE STRESS QUADRALTERAL ELEMENTS

20 3-D BEAM ELEMENTS (FOR DENDRITE)

CRITERIA:
TEMPERATURE {S CONSTANT LATERALLY (ACROSS THE WiDTH)
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