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APPROACH

MODEL MATERIAL BEHAVIOR
MODEL BUCKLING DUE TO THERMAL STRESSES

CONTRACTOR
UNIVERSITY OF KEMTUCKY

GOALS

o PROVIDE GUIDAICE BASED Ol ANALYSIS
FOR THERMAL PROFILES FOR REDUCING
STRESSES AilD IiJPROVING FLATNESS IN
WIDE RIBBON.

e HAVE RESULTS BE APPLICABLE TO ALL
SHEET GROMTH SYSTE!S,

STATUS

ELAS{1C STRESS AH{D BUCKLIIG AMNALYSIS
COMPLETED FOR COWSTANT NMATERIAL PRO-
PERTIES.

CRITICAL SHEET THICKNESS VS. SHEET
WIDE COMPARED FOR FOUR THERMAL PRO-
FILES.

RESULTS ARE REASONABLY CONSISTERT
WITH EXPERTIIENT.

SURVEY OF THE ECHANICAL PROPERTIES
GF SILICON

PRE-BUCKLED -STRESSES 1id PLASTIC RANGE
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Stress vs Strain for Si (Strain Rate 1/sec)
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SILICON SHEET

Pre-Buckled Stresses

Elastic

APPENDIX A

The equations governing the st.ess in a ribbon consist of those which

reflect that the material fs in equilibrium, that the deformations are cor-

patadle and that there is a raterial constitutive relation

{a) one can neqglect the three stresses : _, (b} nat the matertal 1s elasi':
1z R
and that Youn7's moddlus and Potssons rat1o are constant™the qoverrin-ea_:s :- ¢

Equrlvhrium

30 A0
LS S VR
Ix dy Y
acx . Sovv o
ax 3y
Compatabylrty
azcxx azcvv 325x
+ — R -4
ay? e 3x3y

Constitutive relations

Equations {A-1) combine to yield

2 2
E] Oux . 3¢ v
axz ey

thile Eqs. (A-2) through (A-4) yield

2 2 2 2
3_:*_ L 30y, i 3°a i F] Ox i g_éi’
3)2 ~;:7_ 3y —;;7_ axi
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“ Second order central differences equivalents of these equations are:
]
? 9, (141:9) = 20,,(10) - o, (1-1,0)
B
3 + [a”(l.Jﬂ) - Za”(l.d)
: <o2,.2 s
; ‘-”(l.J-\)J _x"/y 3
' and
i
! { = - .3
4 oyy‘lﬂ.J) Zoxx(l.J) c”(l W)
! = 0, {1+1,0} ¢ 2 (1.J)
\ 2T 2
. - G’x(l'].\]) - —2— e 4
. I
- (892 [0, (1.941) - 20,,(1.0)
+ a“(I.J-l) + o”(l.J*l) - Za”(I.J)
- A-6a
+ ow(l.J 1l (A-62)
! on-O
ou-O )
¢
: “xy 0 %y 0
oy 0 Oy
X
. d t £ -
. Note o =0 o . 0
; xx xy
. Oyy?0
: MELT
i
Assumes t > t,
. (NO BUCKLING)
. 3
"
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We assume the Sumino model of viscoplastic behavior, i.e.
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g /3,

vy o/N,
OISLOCATION DENSITY CHANGES!!

By = Ky Ny (x - 0/ )T WK

MOBILE
NEN: SOME BASIS FOR A "SHAPE" FACTOR
1 Vs
K
\
ST 1]
A
b
B
To Y MATERIAL “CONSTANTS*
]
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Ky
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2+ 2.
) Ty . L)
ax 3y

The compatibility equation is

2- 2.
d€ 235y 3 Sy

—*t "‘5‘! Wy ay

€qs (2) and (3), to yield

2« PL 2+ PL 2.
. (_“fxx ' ? cxy -2 3¢
ay ax2 3xay
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PLASTIC

2 2
3o,k (o v ) 2

)
_7211_.___%7::_.,“%_

ax

3ZéPL EZEPL BZEPL

A
E XX o
G S R T

k\

PULL RATE
2 2
30 3o
xx . gz
3x! dy

C;i’g = function of stresses and N_

fig = KMo (v - MIM)M'Q-Q/RT

“+ SOLVE VIA INTERATION!!!!

“9“ = ELASTIC
:

.2'0.
OUTPUT  STRESSES (x.y)
STRAIN RATES (x,y)
VERY NEW —> DISLOCATION DENSITY (x,y)
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SILICON SHEET

W

L=1cm £ 21072 gec”!
C=2c¢m
T« Tw P 21077 gec”!
):l = .1147 x 108 pascals

nax

Typical

oi: = ,1086 x lo8 pascals

max

2

Ninit = 1.0/cm

Nfinal = lZ/cm2 at outer edge

6/cm2 at center

EVERY PROBLEM DIFFERENT

3

¢ 2107351072 sec”!

+ 1074 sec!

1073 sec”! once in awhile
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NUMERICAL
PROCE DURE

NOTE 1}

NOTE 2:

NOTE 3

.

.,
RN

CONVERGES RAPIOLY
change 1n o 1s & 107%

DOES NOT CONVERGE

ELASTIC REGION HO PROBLEM

DUES NOT CONVERGE

[

weans &% 5 107 sec”!

50, 2
N' = 107 /cm

L = .65 cm CONVRLRCES
MAJOR OBSERVATION
L= .70 cm CJES NOT

L = 0.5+ 10. CONVERGES WITH [, . TEM PROFIL=

FOR STRESSES JSE ELASTIC

FOR RESIDUAL STRESSES
FLASTICITY

CATER)

THI% iS PROBLEM.

PLASTICIT: IS SMALL BUT IS JUST AS BAD AS A LOT,

€ 45 HIGH oy APE HIGH
Ta75°x¢s .75 cm

MODEL INADEQUATE
Re: DEFORAATION MODE CHANGES (twins)
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. SILICON SHEET
Problems and Concerns
. 1. Ny ot MELT INTERFACE (x=0)
2. VALIDITY OF CONSTRANTS FOR SUMISO MODEL FOR RI“BON
3. SHOULD WE THINK “"TWINS"?
4, SHOULD WE WORK OTHER PROFILES?
5. ROLE OF CHANGING “L"
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