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ABSTRACT

This thesis presents the development of temperature control in crystal growth furnace
using mathematic model. According to melting material with crystal growth furnace is one of
method to synthesis single crystal material. The compositions of this furnace can be divided into
two parts: temperature control system and movement control system. The qualities of furnace must
be capable of creating efficient gradient temperature by control the movement slowly of furnace
through sample which will operate level of temperature and can control stabilities of temperature.

This experiment firstly designs the crystal growth furnace model using MCS51
microcontroller as movement controller and stepping motor as power generator. PID system is used
as temperature control system. The measurement and analysis of gradient temperature are tested at
speeds of 1, 5 and 10 mm/hr. The experiments are tested with open loop system by using unit step
function. The results analyzes are used to control parameter for create mathematical model of heat
system, it is then compared the results between model and real system. The final comparison and
analysis is used in closed loop control.

The results show that the heat system is the first order system. Using the gain averaged
on simulation model provides yield similar real system at 58%. The gain derives from the linear
regression that provides similar real system at 81%. By using PID controller, the model provides an

error 2.4%

Keywords: Math model, Transfer function, Crystal grown furnace, Temperature control
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3.4.1 gUnsal Step

a [

] [24 1 o A [ o a
ﬂgiuﬁﬂ@ﬂ‘u’ﬂilﬂfiﬁiﬂ1&1!ﬂﬁmyﬂﬁmi%ﬂimﬂﬁﬂ]ﬂﬂmGUWQ Tumsnageuseuy

g9 q

9 o J v = 1 o 1 4 o w 9 A @ 1 o Y
aodynalsnsunilaning sgimuaauanlessudmas liihnszauang Tasmvualn

I~

. 3 & . A& s . A ' P sq Y
Step time AU UA Initial value NﬂTLﬂuﬂuﬂ 11a2 Final value dmauandossuan lonagou

1 {a o w 4 o U 1w
szuugunounamas luih 20 woediaud 1da1 Final value 110 20

EJ Source Block Parameters: Step [ X |

Step
Output a step.
Parameters

Step time:
1

Initial value:
0

Final value:
20

A Sample time:
Step =
[¥] Interpret vector parameters as 1-D
[¥] Enable zero crossing detection

l OK H Cancel H Help

\

MMNN 3.12 MIANUAAT STEP

3.4.2 gunsal Scope

Scope !E.:_@!i‘

Scope

MW 3.13 g1ln3al Scope
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343 Q‘]Jﬂiiﬁ Transfer Fcn

1 [ 1 4 o ] H
pglundonvesszuuasiiios MuuasiaNszuUndeInsnadeululamwuan

1 @ @ a A
o Hvessudyanaudazoonninizuy TaelinstimesnlHaufe Numerator coefficient

= o a QJ =) . . =< % a ¢Q°‘
wmﬂmﬁuﬂizﬁmmawii (Zero) Gluiz‘ummz Denominator coefficient HN18D9dNTEEANT

vodIna (Pole) 1u52U1

_1
630S+1

Transfer Fcn

W Function Block Parameters: Transfer Fcn [ =

P

Transfer Fon

The numerator coefficient can be a vector or matrix expression. The denominator
coefficient must be a vector. The output width equals the number of rows in the
numerator coefficient. You should specify the coefficients in descending order of
powers of s.

Parameters

Numerator coeffident:

&Y a0
Denominator coeffident:
[630.1] ) L )
Absolute tolerance:

andy L LY

J Apply

Help

4 .
MNN 3.14 91/n5al Transfer Fen

o
3.4.4 91n3al Constant

Constant

a ¢
WA 3.15 91nJal Constant

N\
WA Source Block Parameters: Constant ‘il

Constant

Output the constant specified by the ‘Constant value' parameter, If 'Constant value' is
a vector and 'Interpret vector parameters as 1-D'is on, treat the constant value as a
1-D array. Otherwise, output a matrix with the same dimensions as the constant
value.

Main | Sgnal Attrbutes

Constant value:
1

[¥] Interpret vector parameters as 1-D
Sampling mode: |Sample based

Sample time:
inf

[ ok J[ cancel [ Hep |
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N
gj Function Block Parameters: Gain li]

Gain
Element-wise gain (y = K. *u) or matrix gain (y =K*u or y = u™).

Main | Signal Attributes | Parameter Attributes |

f Gain:

[[1

| Multiplication: Eeméﬁt;&ise(K.*u) El
| Sample time (-1 for inherited):

. [[-1

Gain

[ OK ][ Cancel ][ Help Apply
Y o
MW 3.16 91Jn3al Gain
o .
3.4.6 91n3al To File
l [ v 2o o o o 9 9 J
pgluudenvosnvasiedye dmsuhdeyasenuildlugdunuveslg

o 4 P . % { >
AMnua¥o 18N Filename 4az@aua)N Variable name

Ej Sink Block Parameters: To File [ = ]
To File

Write time and input to specified MAT file in row format. Time is in row 1.

Parameters
Filﬁer@nje:i N = A /A°0 /
B titled. mat
> Untitled.mat ke 3 B2 B D>

Variablejamei __—
ans
Decimation:

To File 1

Sample time (-1 for inherited):
-1

[ ok [ cancel ][ Hep ][ aeoy

MW 3.17 91lnsal To File
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Abstract
13 one of the mam

Moving-soperature  gadieat
cucil fctors for mowth ungk oyl of marsriak.
The ofScient of temperanze madicat zmst be contral
the moving of famace. The main aim of this paper is
to dewslop the comtrolbble temperatore madieat
single aystal gowth fumace. The motor comtrollar is
coaolied by MCS5] microcontoller. The firnace 3
moved by dme force of stopping motor. The result
shown 2t the speed of 10 xllzmsters per howr cxa be
pacform gadient tenparature cootrol i equaton
Temperature = 59087 — (2.28 x distance). Tos
can be maintaingd to a precision of * or -
4 degree C and parcent arror of distamce at 1%
Keywords: Cradisat soperaturs

1. Introduction

The qualites of sngle crystal owtd muut have
process to melt and gradual cooling zoternl The
famace nyast has two zonss. The differeat teaperatze
15 controlled by deterzumaticn speed of moving a
famace that iz proper with sach matenal wach as Jead
molybdats cyval [2].

The coopoitom of ungh-ayinl mowth
famace conmoler mmh&wﬂdmm
systezns: ecoperatare commrol syitem and moovemsat
ccamol systam. The woperaturs cozoolier will
transder sagnal to @nmissee for supply elsctnc power ©
heater. The systens will meacues and
then Tansfer feedback wgmal 10 temperanze conzoller

by thermocowple. Tenparanws control systams moast
have two w6ts for control hot zons and Jower zoos.

=gk Tponas

low Txpoanss

Figure 1. Two zone: of fumace

The movemant comtrol systex: will commrol the
movement of matsrials through both zomes as show in
Figure 1.

The ofSciency of ungle crystal mowth fumace

y %

Two zomes of single-arystal gowth furmace oo
m=slt and freezing matnials were desizned to commol
dforsnce tenpenatme of two zoos furmce. This
syetem wall ook gradicnt temperaturs. Single-crysnal
Towth famace has two types. The &rse type will be
wed B¢ movemant of matenials though furmace from
hizh mopentme » low tmpeanze. The msterials
will b6 melt and madual cooling. The second type
will be used moving a frmace along the growing arsa.

The tlock diagrams of comtoller system ave
twe puts sxh a3 Nopentws controlier and
movement coazoliar

@C“_.

B

Fageye 2. Dngram of temperanme coagel part

The coopowticns of openanws coatroller are PID
controller, tirynister, beatse and tharmocouple (showa
= Fipme 2). PID comweller is foedback commrol It
uses Roddack Som the comtrol senser to calculate and
adjust the comtrol (heater) output The comtyol
algonthm wked is called PID. The PID commrol
oquation 2as threo vanable tems: proporticmal (P),
=% (7). and derivative (D). Tae PID equation is:

Uig) = P+I+D
Whars:
Propertion tearm
F= K,f(t)
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Iztogral tarm
= Kif e (t)dr
Deanivatve tarm
D= K il(t)
The aror {¢) s defmed as:
¢ = Setpoint — Feedback Reading

Thymstor has &oes types such as On-off control,
Cycle coxtvol and phae ccawol Heater has meamy
kinds wiich dfferext maxioyem teopenate sach 23
molybdezem, maphite, sulicon carbide and ware
respectinly. Two types of tharmocoupk are type K
wmdnype K

The compositioms of movement coamolle e
oahason conmoller, dnver, motor and emcoder as
showa = Figure 3.

The craluation coomoller ovakan signal fom
progam and then compars with signal enceder, after
that camafer sigmal o dner. The dmwer i power
supply to moving motor.

===
| —1

Figure 3. Diagram of moving firnace conmrol part

3. Experiments and Results
This experimare iz fo dewvelop sixgis-arystal
goath fumace that can move zoaterials. Part

of temparatare comtrol sys%es: wirs Seaer (f lmm )
was wied 2 hoatar that can operats the temperate
to maximmm of 135) "C. Thew wire heaters wars
tube which ha: diamster 50 m:limster and ez 200
millimetar. After St thermocoupls (Type K) was et
inzide caramic tube and cover with insulater layer that
by thidmess 150 miffimeter and staunioss plate,
respectiely 2 shown in Figure 4.This experiment is
o dewlep single-avital mowth fumace that can
move through nawerials.

Figire 5. Two hot zonss connacted

Two et of wire beatr were ordared ke 2:
showm in Figwre 6 for design sadient temparaturs [1).

The temperanms coatroller was comtrolied by
DB30%0 which dstect uzmal tamsfsr o PID
controller. PID cootroller will tamsfer sizmal to
tnyristor SPC-35 for supply clectnic pomss o wire
bexar The Sodback uzal was detected by
tharmocoupis and Tamfar to controllar for measures

The spesd controller of firmace was controlled
by ATSSCS2 micecontroller which will svaluxe and
camfer palse signal to stepping motor KR-FIMC.
The coamol system of this experiment was full step.
The seppiaz motor ASK-MI64 was used as moting
drivar, Ome step or coe pulse can move 0.72 degros.
The desizn of spesd control program at 360 dezee
caz move 2 muilimeear. So it mumt be wed palie

Olnlhmﬂ' Bonz, ooe peniod waill be wide 144
SbeagmwilhnbldnﬂMBMuc

at short feor as bowa In Figuws 6.
04 zomlix
L,
[ 142999 %22 ol 2
_J L =S
j— - - —-
0ol
I I .
- H '
(PR —
=G
— j———

Figure 6. Peried of ugzmal at speed 0.1 2nd 10
pallimsgtor

The results of distnce measuramment and percent
errer when determing the movement of single-crywtal
furmace 300 mullimoter with speed at 10 pxllimeter
per boex that shown @ Sxe 7and table L.

26
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Toe mesults of temperahos mxasuremant by
wop thermocouple fyps K at mrowing ama (Fame §)
whan et value = the furmace upper zome at 00 °C
and lower zooe a 250°C a3 sbowm in Fizare 9 and
vary speed zach a: 1, 5 and 10 xmlitmcter per bour
that shoun = able 2 and Sgurs 10.

Tabie 1 Exror of moving at 300 millimster
No. e sureaneat Exron e
1 302.75 0.92
2 302.43 0.82
3 268.10 0.63
B 300.63 032
3 297.70 077
& 301.80 0.60
Tabls 2 Taxpararare at speed 1, 5 2nd 10 milkmess
bour
disance lmmbr | Smoebr | 102mbr
0 p73] 333 310 .
10 519 530 573
20 N2 323 208
30 06 513 554
T 101 308 b E
50 59 501 533
0 3% <58 I
70 470 <75 513
80 54 251 502
S0 451 7 2]
00 +39 <=0 360
10 430 =26 262
20 415 <1< <59
30 7 399 =7
140 398 330 <35
150 385 382 425
160 374 37 214
170 362 352 203
80 350 338 391
336 E77] 37
200 321 315 366
210 306 309 354
220 293 301 341
230 287 285 323
230 261 0 315
250 252 257 303

distance ixmbr | Smmbr | 10 pesBr
260 240 242 288
270 27 21 274
250 220 Ly 203
290 213 209 258
00 207 P4 231

Figure §. Show the install thermocouple at
mesursment position

Figurs 8. Vale of saperarare control

L sl SR LY

—

e oo

e —

Figure 10. The resalt of madicat smperature

4. Conclusions
Tamperatze control syt and  movemext
conrel sysmm = theis expenzaant ware conmolled

wero wod a5 Sodback wensor. Part of gadiex
temperature enaraton system was coxtrolied in opem
loop syt The cootrolbble sopenanme madiant
gk oyl gowth fizmace was desigmed axd
constracted. At the speed of 10 millmsters per bow
cax parform gradisat texoperaturs control in eqmation
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y=5%047-(228x)
Where: x = distance
¥y = temperature

The temperamure can be mamtwmod to a
precuion of + or -4 degres C and parcent aor of
distance at 1%.

The medal of o zone uzgk aystal gowth
famace was shown m Egme 11

Fi;wtll.fbmodel;'twm:hgha)wl
Towd fumace
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The study of transfer function of heating system in crystal growth furnace
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Abstract

The transfer function of heating system in crystal growth
funace. Crystal growth furnace is used to melt material for synthesis
single crystal. The system is composed of generator and temperature
controller. Wire heating element was used as heating generator. The
experiments were carried out 'with unit step function as input. It was
found that at 50% of power, the temperature output was the first order
system. Time constant was equal to 635 second. When used these
values in model system, the final values were close to valuable from
real system. It can be maintained to a precision of 3.99%. Transfer
function of testing system will be easy to develop control system and
can be tested by using Simulink program. Using PID as controller, it

was found that the output was close to input.

Keyword : Transfer function, Linear regression, Gradient temperature
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