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SILICON GENDRITIC WEB GROWTH

' THERMAL ANALYSIS TASK
§ JET PROPULSION LABORATORY
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' Objectives

i o ESTABLISH THE PERTINENT THERMAL ASPECTS OF SILICON DENDRITIC
WER GROWTH
EVALUATE THE PRESENT SILICON DENDRITIC WEB GROWTH SYSTEM
PROVIDE THERMAL DESIGN INPUTS FOR THE SILICON WEB GROWTH
STRESS MINIMIZATION TASK

0  GENERATE THERMAL DESIGN GUIDES FOR AN ADVANCED SILICON WEB
GROWTH SYSTEM
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Silicon Dendritic Web Growth

o BASIC CONCEPTS : DESIGN AND OPERATING PARAMETERS

o THERMAL MODELING OF SUSCEPTOR - CRUCIBLE - SILICON SYSTEM
o SOURCE OF THERMAL CONVECTION CURRENTS AND THEIR SUPPRESSION
o THERMAL ANALYSIS OF SILICOM DENDRITIC WEB GROWTH SYSTEM

o THERMAL STACK : ANALYSIS AND DESIGN

o COLD SHOE : ANALYSIS AND DESIGN
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SILICON MATERIAL AND JPL WEB TEAM

Basic Concepts:

Design and Operating Parameters
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SILICON MATERIAL AND JPL WEB TEAM

A a1 = e s x

Growth Pracedure
{(Westinalouse Concepts)

Suleids

Susceptor

lcmk

HOT ZUNE - SECTIONAL VIEW (REFERENCE))

o Dendrile Seed
Butlon

Bounding Dendrites

—Wed
Twin Planes

Dendrile H-Arm Reglon
Dendrite Tip and Transition Region

SILICON WEB GRONTH (REFERENCE!)
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SILICON MATERIAL AND JPL WEB TEAM

e e

Thermal Factcrs
{(Westinghouse Concepts)

i LUNNLINE LA R D B0 D D SN I BR BN B | @
; O
é ' . (::__d.________\:) Slot A
¥ - C D sioty A
i F( x 1693 L- i .
| e > Bound!ng Dendrites % 169) E i
& .
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] % ;/ // § 1689 L ]
| Heal Loss t J// //}// / 1687 [~ 8/ -
H ‘/ / ‘\_—_— d -J
! s 07, Naid LSy, 1685 ~ .
. / / 7/ / L/ EETN N B A J 2oLt
Position (cm)

TEMPERATURE PROFILE AS A FUNCTION OF SLOT GECMETRY (REFERENCE 1)
ON FOR GROWTH: FLAT TEMPERATURE PROFILE UNDER THE GROWTH

CONDITI
INTERFACE AND POSITIVE TEMPERATURE GRADIENT [N REGIONS AWAY FROM
THE GROWTH INTERFACE.

Growth Procedure

Tuin Plares

Lot Nucieaton —/

GROWTH FRONT [INTERFACE]
® STABILITY OF LIQUID-SOLID INTERFACE IS KEY TO STARLE GROWTH (REFERENCE 1)

*
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SILICON MATERIAL AND JPL WEB TEAM

Web Growth Initiation

(Westinghouse Concepts)

Dendrite

Bullon:

Bounding
D2 Srites

SEEDING AMD VIR PULLIMG {REFERENCE!)

oystem Configured for:

o GXOWTH OF A BUTTON

o GROWTH OF DENLRITIC WEB

o CONTROLLED COOLING OF DENDRITIC WEB
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SILICON MATERIAL AND JPL WEB TEAM

Web Growth Correlations
(Derived from Data of Reference 2)
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SILICON MATERIAL AND JPL WEB TEAM

Parameters Affecting Web Growth Rate

0  MeLT TEMPERATURE

View Factor (CooLinG Rate)
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SILICON MATERIAL AND JPL WEB TEAM

Tail of Silicon Web After Hot Pullout

L ORIGINAL P:72 15
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SILICON MATERIAL AND JPL WEB TEAM

. - ORIGINA. . =
Left Side of Silicon Web OF POOR QUALIi Y
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SILICON MATERIAL AND JPL WEB TEAM

Apparent Configuration During Growth

A SIDE VIEW END VIEW
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SILICON MATERIAL AND JPL WEB TEAM

Meniscus Height at Zero Degree

Height h, mm

3 4 S 6
Radius of Curvature r, mm

Melt-Solid Interface

MELT-SoLID INTERFACE —\
Meniscus
Mevr : > k_

" CONCEPT #1

MeLT-SoLip_InTeR
8 Hien a}u. Speep Face —\

/R
Men1scus
MeLr : >’
CONCEPT #2
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SILICON MATERIAL AND JPL WEB TEAM

Melt-Solid Interface

- g by,

4 MM

- 1
M -~ NﬂFiCE CM/MIN

L

Men1scus
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SILICON MATERIAL AND JPL WEB TEAM

Web Width and Dendritic Growth (Westinghouse Lid)

Nondritic Growth Thickness t, mils

Oendritic Growth Thickness t, mils
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SILICON MATERIAL AND JPL WEB TEAM

rZE 15
Web Growth Phenomena g;;l%gg\; z'UALITY

Web Growth Relationship

[(nx/m.)2 + Rz}”z v = [z F(x)ec'T,f, - K]AT/Hm]/[:gb(AH + CPAT):]

ED)(/W)2 +(\m)2}1/2 =

oT=T-T,
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SILICON MATERIAL AND JPL WEB TEAM

Predicted Silicon Web Growth (\Westinghouse Lid Configuration)
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Growth Parameters

o PULL SPEED

o VIEW FACTOR
A, MeLt LEveL
B. Wes Pusition

¢ MELT TEMPERATURE
A, MeLv StasiLity
B, TEMPERATURE CONTROL
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SILICON MATERIAL AND JPL WEB TEAM

Thermal Moueling
of
Susceptor/Crucible/Silicon System
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SILICON MATERIAL AND JPL WEB TEAM

Silicon Web Growth System
(As Delivered by Westinghouse)
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SILICON MATERIAL AND JPL WEB TEAM

Material Properties

SILICON

@ Melting Temperature

Heat of Fusion
Melting Temperature

ot Solid
Density

Specific Heat
Thermal Conductivity

2288 kg/m3 (1)
1036 J/kg-K (1)
23.0 W/m-K (1)

Kinematic Viscosity
Surface Tension
Volume Expansivity

Emissivity 0.46 (2,12)

MOLYBDENUM
@ 1700K

Density (@ 20°¢)

Specific Heat

Thermal Conductivity

Coefficient of Expansion (linear)
(& 20°c)

1.80x10% J/kg (11)
1685 +2K (1)

Liquig

2540 Kg/m3 (1)

1008 J/kg-K (1)

67 W/m~K (1)

14 W/m-K (estimated)
36.36X10"8m2/s (1)
0.736 N/m (1)
1.49X1074 1/K (1)
0.64 (3)

10300 kg/m3  (13)
335 J/kg-K (8)

97 W/m=-K (5)
5.4X1076 1/K (13)

Emissivity (polished surfaces, 0.2 (9)
non-oxidized)
Emissivity(machined surfaces, 0.8 (9)
oxidized)
ARGON
Thermal Conductivity 1700K 0.0615 W/m-K (7)

1200K
700K

0.0481 W/m-K
0.0336 W/m-K

k = 3.87259%x10"4% T0.68129 y/p_x

FUSED QUARTZ

@ 1700K
Density 2.2 grams/cm3 (4)
| Specific Heat 0.7535 J/gram=~K (4)
4 Thermal Conductivity 2.0 W/m=K (6)
Coefficient of Expansion (linear) 5.6X10~7 1/K (4)
Total Transmission (2 mm thickness) 0-A8 (10)
Softening Point (approximately) 1938 K (4)
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SILICON MATERIAL AND JPL WEB TEAM

Source of Thermal Convection Currents and
Suppression of Thermal Instabilities
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SILICON MATERIAL AND JPL WEB TEAM

Thermal Convection in Silicon Melt

BenarD CELL STRUCTURE

der-(Co/(q g HAarY]

Suggested Crucible Design
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SILICON MATERIAL AND JPL WEB TEAM

Thermal Analysis of Silicon Dendritic Web
Growth System: Present and Future
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SILICON MATERIAL AND JPL WEB TEAM

Temperature Distribution in Silicon Web Growth System
(Hold Condition)
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SILICON MATERIAL ANC JPL WEB TEAM

Melt Center Temperature Versus Crucible-Susceptor Gap

Temperature ot Center of Melt Tc, deg.C
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SILICON MATERIAL AND JPL WEB TEAM ORIGINAL Py .2 .5
OF POOR QUALITY

x Proposed Crucible Modification
(Spacer Protrusions Added to Crucible)
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SILICON MATERIAL AND JPL WEB TEAM

Centerline Temperature Distribution
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SILICON MATERIAL AND JPL WEB TEAM

Present Westinghouse Configuration (Case A)

00000000
556000000

Configuration for Minimum Power Consumption (Case B)
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SILICON MATERIAL AND JPL WEB TEAM

Effect of Power Distribution on Temperature in Meit

Temperature of Melt T, deg.l

—— e s+ soran o
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SILICON MATERIAL AND JPL WEB TEAM

Thermal Stack: Analysis and Design
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SILICON MATERIAL AND JPL WEB TEAM

LT

A Thermal Web Profile
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Proposed Silicon Dendritic Web Growth System
(Single Cold Shoe Design)
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SILICON MATERIAL AND JPL WEB TEAM

Proposed Single Cold Shoe Design

77 7 710N

Therml Plate

Heat Shield P

Reater

=

014 Shoe ) Coolant Passage
Cover Flate Heat Shiela
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SILICON MATERIAL AND JPL WEB TEAM

Thermal Stack Design (General Layout)

Thermal Plate Thickness

Heat Shiela W

N
i }=—=—— Heat shie1a Assembly Thickness

_"l' b+ Heat Shield Assembly Thickness

81licon Web
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SILICON MATERIAL AND JPL WEB TEAM

Coid Shoe: Analysis and Design
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SILICON MATERIAL AND JPL WEB TEAIA

Ideal Cold Shoe Design
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SILICON MATERIAL AND JPL WEB TEAM

Melt-Solia Interface
{Single Cold Shoe Design)
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SILICON MATERIAL AND JPL WEB TEAM
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