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Objective 

Ultimate Goal 
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JPL Stress-Strain Effort 
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In-Process Growth 
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Failure Considerations 
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Temperature Profile 
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Finite Element Model of 4 x 2 in. Silicon Ribbon 
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Elastic Constant as a Function o ~f Temperature (Burenkov) 
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Stress Contours and Their Corresponding Stress Levels 
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L = 4in . ,c  = 1 in., t = 0.01 in.,D = 0.07in.  
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First Five Buckling Modes of EFG Ribbon (D = 0.0 in.) 

I& M& 2 4  Mode 
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3 r d  Mode 
A, = 0.51+2. 
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Buckling Mode (D = 0 . 0 3 5  in.) 

Buckling Mode Shapes at Melt Interface ( x  - 0) 
and Their Corresponding Eigenvalues 
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Influence of Young's Modulus (Sylwestrowica) 
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Buckling Mode Shapes at Melt interface (x = 0) 
and their Corresponding Eigenvalues 

Finite Element Model of 8 in. x 2 in. Silicon Ribbon 
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Temperat. rrs 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) 

Eigenvalues of EFG Ribbon (0 = 0.0 in. 
Subjected to Two Temperature Profiles 

Eigenvalues of EFG Ribbon With 
Ccnstant Material Properties 
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Temperature Profiles Along the Ribbon Length 
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Eigenvaiiies of a Dendritic Web (B = 0.07 in.) 
Subjected to Two 1 -D Temperature Profiles 



Eigenvalues of Ribbons Subjected 
to  Linear Temperature Profile 

Summary: Linear Buckling Analysis 

1. P L L l  AN IRY0WTA':T PANT I N  THE RIBBON BUCKLING P R O B L E I I  

2 9  I S  NOT AN ADEOUATE DESIGN PAHAHETEN. 

3.  W C K L l N G  RODE INCLUDES BOTH BEAR TYPE AND PLATE TYPE. 

4. DENDRITES AFFECT THE THERHAL STRESSES AS WELL AS THE BUCKLING ANALYSIS. 
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5. L - 4' MODEL PkOViDES S U F F l C l E N i L Y  GOOD RESULTS. 

6. NEED HORE RELIABLE DATA OF E ( T )  FOR 1000°C < T < 140O0C-  

7. EFFECT OF TEMPERATUREVARIATION ACROSS T h E R l B B O N  !4tbiH i' ROUE S I G N I F I C A N T  

I N  THE E F 6  RIBBON* 

8. LINEAR TEHPERATURE PROFILE PROVI DES A SLIGHTLY HIGHER CR i T I C A L  TEHPEHATURE 

M U L T I P L I E R *  A BETTER TEHPEWATURE PROFILE SHOULD BE INVESTIGATED TO ACHIEVE 

ZERO STRESS ( I F  PUSSIBLEI .  



Elastic-Plastic Stress-Strain Relationship 

Yield Stress vs Distance From Interface 
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Effective Stresses of a Dendritic Web at T(x) 
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Residual Stresses on a Dendritic Web at Room Temperature 
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Geometrical Nonlinearity and Imperfection (5.0 x 10-4 in.) 

Creep Analysis 

0 CHEEP LAP 

e c  = r b  c ( ~ / T - I )  , 

a HESULTS 
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What Is the Pull-up Process? 

1 SOLID SILICOM 
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f l A T E R l A L  PROPERTIES ARE: 

(1) HOMCGENEOUS AND i S O T H O P l C  (NO CRACKING, D I S L O C A T I O t l S ,  ETC. ) 

( 2 )  NECHANICAL PROPERTIES OF S I L I C O N  B E l h b  A F U N C l  I O N  OF i E f l P C H A T U H i  'uNLY (NOT 

n FUNCTION OF STRESS OR S T R A I N )  

( 3 )  HAVING A 0 1 - L I N E A H  STNESS-STRAIN CURVE (TUUE STRESS-STRAIN CAI1 icF. U S E U )  . 

Methods, Criteria and Model Used in the Analysis 

(1)  F I N I T E  ELEf lENT NETItOD 

( 7 )  ANSYS (GENERAL PURPOSE 3TRUCTURAL A I I A L Y S I S  PaOGRAR) 

2 -U IWEYSIONAL ISOPARARETRIC PLANE STRESS ELEf lENT 

3 - D I f l E N S I O N A L  ELEMENT 

C A P A B I L I T I E S :  P L A S T I C I T Y ,  CHEEP, LARGE DEFOHl lATION, S1"'SS 

ST I i F N E S S .  ETC. 

( 3 )  ROUEL: 

2' WIDE AND 4' LONG S T R I P  

2 9 4  D.O.F., 1 0 0  2-D YLPNE STRESS OUAURALTERAL ELEMENTS 

2 0  3 - D  BEAM E L E P E N I S  (FOR DENDRITE)  

( 4 )  C H I T E R I A :  

TEMPERATUHE I S  CONSTAET LATERALLY (ACROSS THE W I D T H  1 




