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The Development of a Software simulator with Trainer
of Chemical Vapor Deposition Equipment for Cluster

Tool Manufacturing

Student : Chun-Te Tsai Advisor: Dr. An-Chen Lee

Institute of Automation and Precision Engineering

National Chiao Tung University

Abstract

This thesis is to design a.simulator 1ncerporated with trainer of a chemical
vapor deposition system for 300mm cluster tool in semiconductor manufacture.
The integration of simulator and trainer has many advantages that the commercial
trainers can not provide. In addition to providing the functions available in
the market, 1.e. Human-computer Interface and normal operation, the developed
trainer accepts any receipt by the operator then shows what the process is going
on in terms of animation and process data display. It also provides fault modes
to be adjusted on screen so that the operators can learn how to handle recovery
modes. The user can thus change all set-ups on the user interface to learn the
impact of each value on the production and become more familiar with the

relationship between the whole processing and equipments.
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Fr-oxf A 3B AFE D WRTTOENER - VbR RIS - BRIS
Flegsc® ( Indexer )% 4 A& LB § @ NIMEFE > @ @Fd AT 2% Dh Rl

gﬁ‘?lﬁ' jidjf%ﬁ%i*g > m ﬁf'] FFB ’&EBBB ]}ﬂ%{;j%ifg °
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Unload Conveyor

Injector

T Unload Station
11 II=

i Return Shuttle

Wafer

Load Conveyor

Robot

— — ——— — — —

Return Station

Cassette Indexer

Bl 2-8 WJ-1000 &WJ-1500 & [F] @iz @] -
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New Vents

Flat Wire Belt

Cooling Muffle
Process Muffle

/ Verticle
/ IR Dryer

/" shuttle
/. Table
v
Teflon Coated
Pinch Roller
Paolypro
- Ultrasonic Tank

Unload End

— - \ A | Load End
a TOOOOM ] :
A} \
N \Submsrsible Ultrasonics
B 2-9 WJ-1000 &WJ-1500 & = & s3p @) -
*Il"’-f'- J"--'?_"_ _£
2.2.1.3  APNext & | %ﬁ,
J EEUN
L 15 5
AR I I N S 2 "‘;T%_’iz-";t;%, 5 m#gﬁfai‘aﬁmﬂ?ﬁ* el AR e
W 5 1896 | ;ﬂ:l ‘
T b Ml friae = 82 Lk o BLE S AE EEA R IR (B LA
L, m—

PR B EER A% R ARR o &ﬁb%g"“?ﬁ; S HlAr 5N e d 23N (batch) sl o
# B 5 H - &F (single wafer) = i » B et R S A 1 HITURFFER %
M2 APRER  BFAAEE IR A FE P a7 E AR P ERR G A
SR e B RS A RIERE[19] B w £ Al RJEZR F ¢ Ao e X & (modular
equipment ) A4 %l 42 % # (cluster tools ) » %2 # A& B & 3 % #
(production-integrated processing equipment, PIPE) - # ¢ & &A@ % & 7 i
EFTREFBEZARACFER (B RBDEzRBREIZAL I ETERE) 7T 1
B-HBE-KEEEaF - ANFRRg (RS EREBE L PRRER -
BRAEBR A eI BV AL BIMA > A u i wEi e (Front End Module,
FEM) -~ ﬁg?lz #- 2 (Transfer Module, TM) ™ % ##2# % (Process Module, PM) » 4
Bl 2-10 #7770 » $ A3 X ER AR g -
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Cluster Tools

Static Load Lock & Static Load Lock B

...... £ <

@

Ahgner
Front End Module

FOUP Load Port
(Frant Operang U mwersal Pad)

JEM2 AT R 2EEBE S SG)
g 12 4 e 4 4] APCYD sk % - B
25 APNext  # & sek S 07 1 EF0. 0T Mok - #7— 5112 54 & 4.3] APCYD

Hoeb Ao R 2-11[020] 977 -
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Multichamber Modules

Minienvironment

) 2 11-% i. 3] APCVD

M%m?u%?é.ﬁi12%@Tmﬂ$wlfﬂ%iﬁﬁ@ﬁ@ﬁﬁifwﬁ
ﬁggg‘,’,/bg{;=m‘§tﬁ§_ E o E FEEER

( Mini-Environment ) ; p F = ‘ﬁ @ g‘gﬁ_mﬁ&}-\ii RE > fF g SR 1+ @ Bedia

B4 AN o BB %?u@%~ Q~@ﬂw@iéﬁa’ff?u¢WKﬂ
Flend 2 S HREFITR AT ReoA 2 LB 0 5 - BIREEDFF R
1*&'143_m$ A F BES N BFPRE ALY BE S EFATEA A LB E

TAFNERPI BRI LR L T BHF L BEURY € LARAER FE LB

m>

BB g NFEE D) o @ APNext 7 E -5 FIoc ) i 3ot BB T ip
BRI R T R

APNext ecni@:4p ¢ i 8 > H T 0% Fl+ @ ( 12 1 5 FOUP (Front Opening
Universal Pod ) )E @< AFBEF & By wnd AR e s 2 A e[ M
( Load Lock )i=F » 4+ FF-R FI2c ) ez as > £d - SRS FELF
TEIFREEN 0 FFER( Pre-leat )RR B EH ER Y BE L § BT 2> F b~ Afi

e f e R R Rkl - - 35 B F Bl Y e
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B 2-12 2 2 A% (Top View) - Bl 2-13 5 # F B % 3o

lﬂ[i““l

= =] =

4 o oL il

; sy —
ﬁ[ﬂiiﬂiiEBi

) 212 Eﬂi"‘] APCVD AR

PR

(Injector )

B 2-13 % &L 3] APCVD » &2 3% R

APNext e § B v 02 ot Spbeng s of 1 BB WA FH 50 - Bohf
%iﬁ»&} 1§ [ G gi{kﬁ- +F}’1’$ %ml%ﬁﬁf@’m{gﬁ;}%m{f@ [&:?

WELEIHFZG A A2 AFEEDF o B 2-14 5 Hef § Bl o B 2-15
Bep g B W B 2-16 B f Beg MEREZ 05> - R2-1T2 295 B

weng WA R ns o
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Linear Injector Technology

%] 2_15 V%ﬁ 75? ;%ﬁjég.%t)]‘%_;]j .
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Injector Head

—Chemical Inlet

Ozone Inlet

Separator Inlet
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Injector Gas Line

e e
. NITRCOGEN
® e

Injection Port Exhaust Port

walocity  vectors

Bl 217 of § B ocf WA A A5 -

2.2.2. APCVD 3k & /i iz

2.2.2.1. i+ H 5 pdEeky ( Chemical Refill System)

Chemical Refill System # # CRS 2 & % iv 2 * { i APCVD EuoAff =73 & b
iv# RmiAl > ¢ 7 TEOS - tetraethyl ortho-silicate, (C:H:0)sSi > TMPi - tri-methyl
phosphite, P(OCH:)s » TMB - tri-methyl borate, B(OCH3)s e ¢ = fa Ao w3 ¥ f
Z B enEa o & BRI RIS S oo ek SRk ( Bubbler Tank ) o &t
A g3 @m% a0 Fa- BEAps kb ¥ S@d i F5fehis (RS ¥
HEIFFNCESEEY kA E R A o B 2-18 S EF A FEAES
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R -

Cabinet Exhaust —=
BT ] L

/" Reservair 110 Purge Keyswitch
L B 1

i5

ooooooOod
oooooooas
oooooOoOon
L
5

-

L

CRS

1
Siatus Pane \

EMergency Off (EMO)

1]

[ a— N A— T S [ a— N A— " o
£ N I L] [ 4 i ]
R A— T o ] [ q £

[ N ML b ] [ b | L

VAl
7 77

Si
=
B

B 2-18

+m»

FAAPAER APCVD cnfEs eipd £ & > Fla B ik B4 TR
EREWAHE E Y LTGRO EFFRER S LT P § R AFP
Yo L AR nE FRIL LEY TRMT F AL BT RF RUELME
E s cR2-19 FLFAAPUAEB v e BT LB IFAE v
FUABRETEBRE BENLFREAR  RED BN P HENT &

- Sl
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i.% & 2 ¥ ( Ozone Generator )

[a]

Reservoir Pressure
Reagulator and Gauge

urce Flowmeter (Coax Purge)
urce Flowmeter (Coax Punge)

g
[ = Eln =
Source Flowmeter (Coax urge)



pEREeY | hontoR | | s | looween [ mew | [reoes | [rowes
[Li[H R W LK
N% C O | |rese OO
STOP A [IZIR oo
@ |[o_([B]| =" m
===} H% DESCHCM -
O
AR % -~
noo ]
=] O
[+] hu|
a [ISCHARGE PONER
o o
L] 1.5
ALARM \mw(
POMER THHE
oF o
v ]
o .
]
&) [n]
Q DASCHARGE PWER
] ]
. 1.3
\uw
POWER DANE T
o o
TEMP
[l
LEw
0 [
i
3] DNECHARGE PONER
o o
: 1.3
ALARM "_-.
FONER RIEHE [in}
o e
)
o | [
o o
L] o
2] DSCHARGE PAER
o o
- 13
ALARM \w:
POWER CFONE T
8 o
TENF
[u]
| | ™
o o

ey

ey

B 2-19 %% 22 f8°h M -
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2.3 Wik

APCVD 2 & & * ./ % & (dielectrics #]; STI (Shallow Trench Isolation)

PMD (Pre-Metal Dielectric) = spacer ¥ - ) % ki % Passivation - 2 & BE-E &

P& % E it 4 ( Step Coverage )% 3 44t 4 (Gap Fill Capability )ig»tH 5 end 3

WA R -

~

2.3.1. 2 & it F s £ D TEOS 2 Hydride # &

2.3.1.1. TEOS Base

A.

iC g Rty

TEOS - tetraethyl ortho-silicate, (CeHs0)sSi
TMP - tri-methyl phosphite, P(OCHs)s
TMB - tri=methyl borate, BCOCHs)s

F s # % 08 (ozone)

Alternate Dopant.-

TEB - tri-ethyl borate B(OC:Hs)s

TEP - tri-ethyl phosphate PO(OC:H5)s
g 42 - NSGC USG ), PSG, BSG, BPSG
¥R

STI - 500°C NSG

ILD/PMD - 500°C NSG/BPSG

Capacitor Core Oxide - 400°C NSG/PSG
Spacer - 500°C NSG

IMD Gap Fill - 400°C NSG

Passivation -400°C PSG

22



2.3.1.2. Hydrides (Silane) Base
A. i # R - Silane (SiH:), Phosphine (PHs), Diborane (B:Hs)
B. FlE#%:0
C. #Fw#l42 - NSG/USG (non-doped silicon glass), PSG, BSG, BPSG
D. B*EA
® [LD/PMD - 430°C BPSG
® Passivation - 430°C PSG

® Spacer Oxide - 430°C NSG

2.3.2.  “BF R

2.3.2. 1.  TEOS - £ &3\

® Deposition temperaturée - 380 ~:550°C

® TEOS + 8 0s = Si0: 4 8 CO:# 10 H:0 at 300 ~ 600°C
® TMB + 0s/0: = B:.0s + Other

® TMPi + 0s/0. = P:0s + Other

2.3.2.2. Hydrides * 8 ¥ Ji& 5\

® Deposition temperature - 380 ~ 430°C

® Sili + 2 0. = Si0: + 2 HO0

® 2PH+ 40 = PO + 3 HO

® BHs + 3 0: = B:0:s + 3 HO

2.3.3. APCVD @Az * :

® BPSG Pre-Metal [Inter-Layer] Dielectric

23



® Si0: Inter-metal Dielectric
® Spacer Oxide

® Trench Fill

® Passivation

® \Mask Oxide

2.3.4. B K g4 8 A (Bubbler Tank Temperature)

® TEOS - 65°C
® TMB - 24°C
® TMPi - 24°C

® [njector temperature - 60 ~ 75°C

2.3.5.  APCVD &% &8 j-

\\?gy

#

® ENI53 R
® particle =4
& BRILELBA

5‘5;:

\ N

o
na
[

([
&
A
43

2.3.6.  APCVD j&cir 4] S #cin® i
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3.1Simulink® 2

Simulink®

BepiEsE

% 3% MATLAB® 4 %

A

- Bk NS

el

LR A AR S E S B (4o] 3-1 95 ) d gt U

P kaEE K LA (4o @) 3-2 from )

R R E10 LU P

i1 =

[Fisimulink Library Browser i

File Edit View Help

A B R

TEF Rk SeD

R

=101 %]

[ = =& Find ||

Continuons: smulinkAontinwons
- W Sumulink =
|
..... # Continwovs
----- 2 Discontinvities An
..... m Dizcrete ‘\
----- 2 Look-Up Tables
----- #| Math Operations F‘k-
..... #3] Mods] Verification L
----- 2| Model-Wide Utilities y=f{u)
----- 2 Ports & Subsysterns
..... 2 Signal Athibutes - -
----- | Bignal Routing =%
..... ] Sinks ®
----- ] Sources @
: ;
----- 2] User-Defined Functions |
(- B Aerospace Blocksst i
- B8 CDMA Reference Blockset
(- N Comronications Blocksst '!1{9. &
----- BB Control Systern Toolbox ‘&e
- B DSP Blockset F
- N Diels & Gamges Elocksst ]
(- i Embedded Terget for Motorola MPCS
[ i Embedded Terget for TI CE000 DSP E E
S R
< | M s
Feadyr

Bl 3-1 Simulink® % =~
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Dvizcontinnities

Dimrete

Look-Tp Tables

Iath Operations

Iodel Verification

Model- Wide Thilites

Porte & Fubzstems

Signal Athibartes

Sigmnal Rooting:

Stnks

Wkl

A Freha B



Fault-Tolerant Fuel Control System

Choose Start fromm

throttle sensar

the Simuiation :
engine speadal_out
meny to nn thrittle

the model, throttle
command

: engine
Maominal g

Speed speed - —{ engine spead

E "
700 . = speed sensor fuel rate  RUE airffuel ratio —

High

mpeed u e engine
(rad.fSec) i » e
Use this switch EaLrsansor dynamics
to force the 4}#2\\0_.’
angine to hAP |:|

J |
owerspeed
hlAP sensor lietared Fuel airfuel
fuel rate

mixture ratio
o tagg.l‘e cantraller
a switch,
doubie-click Use these amitches to
on its fcon. simulate any combination
of sensor failures

throttle angle  hi®P

B 3-2, Simulink® % sv#-7)

GHEIl e TR RS R e - BRI AR R T P FER

NG A B et LR RAEE R R B w8 kAR

A g RS I =1 ) ®,, 2. s N gl 22— ¥ %
{ afde ¥ ¥ ke 7 upe & Stateflow %@ﬁ&i it BRd k (T L oo ptoth

"=

Simulink® RN LA ERM G R el AR R kA

SRR R R R L R R

# 2 41* C~Fortran ~ Ada k&

HhFERBEDLRAR o W ) e TR R4 -

S e PE 0 Simulink  BCAPR 2 R2 S KL R AP 2t

R AN R IR RS Tk P oy

o Simulink © # * % ¥ =

(solver) &k aJd® k iR PrficiE x5 a1 (F o Simulink” #F# * g & AN TN

v

s TR FE B (Fixed-Step Solver) &2 p# % 5 B

B FIW AR FTEF 0 A ) 5 AAEN 04 e R 153 e e Al

(Variable-Step Solver)
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R RPE I g h 2 Fldie s §F B EEY P IR ALKCA S R R 6 8 -

AEREE TR AEFEH LI FERFEROER AR INEER T E A
Py S ) A A BT B R R AT s B2 F R R R R
B2 amAant P RULEFEHE - RS BRI RSP RRRGE

Fla T EE BB O S O U et B RS A SR g
e RBE L E T RIFERY S RE FATROT I REFEH AL R 0 F
- BHRA A APERET AR EREFERY ¢V RFHFEZE > aTEd
ORTE TSN S

BER RPN T 335%1*:753 5% “fupxz/ﬁﬁa; v e B F) 5 H SR iy 0 E R B

BT L ARCEAPE R P E Ak AT G R R B

3.2 Stateflow” 2 f§ 4

Stateflow” #.-— B * %k B¥ 2 oRe Al R B oA BRI R

e G kB k s AN 2 G R RCR P 0 T AR R

i‘ﬂl

4

72!\ “\
o
P

IR R T Ll

Stateflow” & & 7 W seiyk fi % Bl frdlin /2@ (4o 3-3 77 )0 H ¢ & 42

P}

F'UR & (finite state machine) e ped ~ K B 755 » 2 JRfe @ enifze iz o

Stateflow” 12§ B4R Fe A (B 3-3¢ 7 g3l FOxygen_Sensor _Mode 5
¢ 2 T02_warmupg~T02_normal g~T02_failg i - st SFER M %) 2 £ (755 (W
3-3 ¢ m AR ATEET 2 AR AT SR TR ) RAEM R MR R B R BFFE

i Epde @ A A kAL R RAR o
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= = e e e cow

+" Oygen_Sensor_hode = fai "’ Pressure_Sensor_hods
entry: fail_state[02] = 1;

[pres= * mas_press | press < min_press)]
#5ens_Failure_Counter. |MC

02_warmup

Bgo < max_eqo] £

1 |

entry: fail_state[02] =11 |oo- Failure_Counter.DEC E E prezz_norm press_fail E

T T3 021 thwash] i antry: fail_stata[PRESS] =0 entry: fail_state[PRESS] = 1 y

i [Ego + max_sqo]f v = 1

i Sens_Failure_CounterINC/ 1 ! [press > min_press & press < mas_press] I

I ! Sens_Failure_Counter. DEC 1

« Throttle_Senszor_Mode e Speed_Senzor_hode "

hrot > max_throt | throt < min_throt 0
Sens_Failure_Counter. [MC

=peed==0 & pres= < zero_thresh]!
Sens_Failure_Counter. M

1
speed_m?rrn speed_fail E
antry: fail_state[$PEED] = 0 entry: fail_state[SPEED] = 1!

f
v
'
'
'
'
'
'
'

E throt_nom
' entry: fail_state[THROT] = 0;

throt_fail
entry: fail_state[THROT] =

[speed = 0] f
Sens_Failure_Courter. DEC

fthrot = min_throt & throt < max_throt]
Sens_Failure_Counter. OEC

DEC DEC t
" Fusling_Mode ¢ Fuel_Disabled =
: - [ speed » max_speed | antry: fuel_mode = DISABLED v
(//F.Tunning @ \\, [~ Overspeead
HJEDU.I_EI‘I‘liSSiDnS ™y Rich_hfxture ___———#__ﬂ_
entry: fuel_mode = LOWS @ entry: fusl_mode = RICH

finCF L1

[in(zpeed_nom) & ...

1
singizchailir speed < (mas_speed - hys)) E

Linchati Fail)]

irhbultiF ail]

fin(F Lirj] [inhobati F il ]

= Shutdown

axit(hdutiFail)

B 3-3 Stateflow®

)3’%3
0
It
*
i
4]
‘ ~
o
=
g

% Stateflow” 7 4] = { Swdf i cha 2 Poig

v 5 o %%’E* Stateflow Coder 1 £ » ¥ 1 RN R ALY A A 2 AP e C
ARNBCER 34 ht P ek R RER S SR 34 22 2 AN ) 0 T eI R
ERH N RE 25 G AT NS L EHENA T E LN AR i ¥ - HA

2 CARN AR & N ORI B ¢ R E L E SLaoETR -
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#include
#include "Chart.h"
void Chart(void);
void Chartivoid)
{

start();

do {

if(inputl) {
onei);

twoi);
} else {
three();
}
loopyi) .,
} while{looptest());
end();

}

"structuredflow_new.h"

} else ifi{input2) {

lﬁmnn&

v

[input1]{one();}

input2]{twol);
{thres(i} LF)[IHP oo

L{WDDYH&

looptest()
e

B 3-4 %ﬁr‘ Stateflow Coder Zi
w n
im#nhrz% ﬂ—r’elézﬁi%;&rT AR

Stateflow" B¢ 4

AR ;N 22 H Ok i B

l E_one[C_onel{A_onelA_ two
Al B/

[~ ;
entry.entA() entry.entB()
during:durAf) during: durB()
exit exitA() s exit exitB()

B 3-5 Stateflow® Bl (§&zz2 H.p)

bk B 3-5)% &

ok R TR Fendi 3 > Tduring

EFABABI G KEY Tentry:

Foom g - B

kR P ATEL 1T e st s Texit

2 t8 F o end - LA IR AT T a5 o

FE oney %7 eh& - BE 2

AR EOE R LT AT

AT

AL F AT URERIR E R G R £ LR

i3 4 pF > Stateflow” W ¢ AR > 215 € #

"4
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PBELN AT andif i > TConey 27 ehd - Bt ;T{} BEp &7 hE g Eitis
RAr¥ R FehiE 2 58 0 sz TAoney # 7 8 % 512 TC oney /% X_f6 &% 3 (7 enif
gt T/ PR A T F RABS? TREFES L ZF AL ABFIB
ﬁag MBS Ed > TA _twoge

T ORGP K R ds (TS AR o

Lo R A A G AR BEBCRI 2 Asdak s > oAyt - e fedpls P s i Ao

(L OO W S PR
2. #7335 entryAQ) ©

3. Stateflow” B % 5 RPUR A > % & & 5 4 %ok §2 Stateflow” B -

4. % £ E_one # 4 p¥ > Stateflow” B € 4wk A2 > & 1444 % durAQ) -

5. Rt AR AL R AP RIFRR e 4 ?]*u{li 2 C_one &% =2 o
6. #FiFi* Cone == » BlE 3 Fuf 258 > A one °

T. &7 ko {7 exitAQE# o

8. A#R L Z2HEH R

9. RNEBFFEDH A two-

10. B s md ki o

11. #7358 entryBQ) o

12. Stateflow” Blw I| kBGk i » % #F 2 3 4 K = v 2 Stateflow” B -

13. %% E_two % 2 P> Stateflow” Bl € ekl RSB AHBEOES LT o
AL -

14, HiFZES? FRFPROEE ) &8 H 7 exitBOBEH -

15. B# L 28 d Bk ik o

16. AR S Ed ki o

I7. 34/ &35 entryAQ) o
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18. Stateflow” Blw F| RF Ik fL » % # % 23 4 % %ok A2 Stateflow” B -

3.3 Real-Time Workshop® 2 f§ 4

Real-Time Workshop® ¥ 12 4% Simulink 3 4 %% b enfl 738 A 4 C 425575
MERERHOL L 0 AL ERET FEDRY F 6 REKF RERT B IR TE
TR i iR AR R AR kA B R E Y e
7SR E b (2 e CARN S A LT H A o 0 Simulink T BEA] ¢ ek i F 4 € p
# 3 4% Stateflow Coder” % & # $fis #2545 o

TR > T O H AL ﬁgﬁ‘: |k Fee il RiS3% k Suenk ,b‘,lb’é{g fz:%%jﬁ
Boehie 0 TP BT O & - Real-TimeWorkshop * # £ 4% 1 3F § fEATPRCERIRRE 0 ¢
* 7 WindRiver © Systems’ Tornado -~ Real=Time Windows Target® » &2 xPC

3

Target” » & % 4% 7 3 % jiy T R RS RIER AR 3

Real-Time Workshop® & # #23% #5 &1% FheT

1. #pirfpan A F A4 A2 - B sadg %k o Tortwy 46 -

2. BH#FS %FE (Target Language Compiler) 453K 3" 73k 2L F tley
Wik (F42 R ERET 2RO T tley 3 ) #32 Tortwy 3%
FE 5 C RS -

3. A2 Tmky #h%k > % RnF2 88 C R -

4, RERNHRFEARDTIT F2FTREH -

3.4 xPC Target”2 § 4

xPC Target - B RFEREER AR FRRE DL L2 - o # % xPC Target®?
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vl fe- B e 5 ¥ xPC Target” TP BB R > FI R kB - BB AP
Pais T - xPC Target TR e LB T AR AT R TS
HCHE 4 2 H04] - 1% Real-Time Workshop ~ 12 % Stateflow Coder * @ 7 41 *
Simulink” 2 Stateflow” “i& fenfoq) 7 12 & 2 & xPC Target” W@ r.c b 347 sl 7

o R EFRT % E TCP/IP & RS232 @%l L 7% xPC Target®§~"°ﬂfﬁ S P b

ﬂd\

DA 2 R = S XPCTarget@)liéﬁ z2F- k7 mﬁa]%/%l fim ~iE= B
O A A SRR e 2 TR TR @@J A H FLF M R EAR

g i % @ Real-Time Workshop® # + DFEX RV ERE AR 3 R

(&

AP AR R T T N H M A A RS S T B 6 A
. , o g s ® O T ) R , . .
Mg uwaud i st Ei @ xPC Target 1 27 103 {{ b FRE# R 34 B

2R R E (4o 3-62477 ) e

AAAA ARAAA AAAA A/ AAAA
[aYaYaYaYaYaYaYaYaYaYaYaYaYamaYaYaRaYalala)
a.
[ /ﬂ

Cﬁﬁﬁgﬁﬁﬁﬂﬂ@ﬂﬂﬂ Bgﬁ gggﬂ
Bl 3-6 F fiw Ak 8T & B

Pa=YaYaVaVaVaVaVaVaVaVaVaVal
f%%éﬂﬂﬂ@ﬂﬂﬂﬂﬂﬂﬁﬂ aps £&a

X 7

xPC Target”#% #7 # BEABEE RS N kR S HCTI R Ak ARCRI A

T %o A W A RS232 & TCP/IP & 48 » &= ¢ g * TCP/IP & 5% » F] 5 rupt 3 ¢ f@ﬁ%ﬁ?ﬂ‘iﬂ
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&L RS232 -2 5 o
® % 2 X’ . . o o . .,
xPC Target &% SuHCZ) 3 B 500 2 % SUHCRRAR 3 U 17 3 4048 0 B AT ROk R e
e F AR FTEFRRASNF T NEEZ 0 RESER ARDTR > 5 7R

MATLAB® & £ HCsb T 2 & £ BHEAES R FAN A T PR A S EGA R E o A

Simulink * #°73) cheb 205 5 BN ko3 RO S8 o
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FAR WECES R

3 RCE SRR A 9 LB R AIAPCVD L ek 2 A o & B TR e ]
¢ FRGRTR G W R TR h BT AT R h AR M B ke
FHRGE RS b WHEEE AL ERNARRFHRENS 22 H5F 0 S uR

4.1 B F et GEHE KT

J Simulation Parameters: CYD0708 W=1.3

Salver Wu:urkspau:el.n’lzl| Diagnu:ustiu:s| ﬁ.dvanced| Heal-TimeWDrkshnp|

Simulation time
Start time: | 0.0 Stop time; | 10000

Solver optionz

Type: | Fised-ztep ﬂ | oded [Funge-Futta) ﬂ

Fized step size: | .01 Maode: |Auto vl

COutput ophions

[

aF. | Cancel

Help |

B 4-1 Solver

AR E 2 AAE Y USR] B G HCE ) SR K FAESSimulink kS e
Simulink 234 7 5P 2 L ¥ 2% %8 ( Simulink Parameters )@ @ ##t %#e 3
3 #E( Solver ) Wl 4-15 AL ENEFHfef B 2 BN F 2 BT 5 ( The

Workspace 1/0 Pane ) ~ 3% @ Simulink4 +7Diagnostics1 & ~ i&f# 3k %( Advance ) %

34



FpF 1 7% 78 ( Real-Time Workshop )% o &A=t erf ¥ > % £SimulinkA 47

Diagnostics® & ~ B @5 d 023 @ * F|pt 2 5084 5 ii-;,] ~ & iie,,] dra e T
oL T2 B G R EHERE O TR ST Bt R T A Rl e r v s d g
Beif o fed AR BT AL R 2B BSinul inkic e B3 2 Byep|Javar o FP A
¢ F FliEBEA o TP o @ffjﬁﬁi%{ﬁ T E SR TR P - Real-Time Workshop#!

frisat L * Real-Time#7i8l 3§ crf® §L 2 fi# /-7 30 o

FREFLET AL HERPFRR L RREFENR O HNEARTE = R
FeRF R R ¥ 00 hStart timefrStop timedy » F & cHpER 2 ¢ Start time
F 0 Wk P 0 Stop timeZ 1 WY o T c HIRE R B ER S A Ak
BoEw o - B AR0-20f i > B AR T K 7 2204 o R
e B 3 5 TR RS bl LA R o B RER ( A F A A rE A

) JefF R B 2 E R A R ek R e o T T AR S AL AP

o fgt B &Lk . Start time=05 Stop time=10000 ( T3 - Biex EFF > LA

BRERAT ) REREM X TART AN, vRH -G FHRTRER
( Variable-step continuous solvers ) 2. ¥ % # F¢-3p57pF fF 242 % ( Variable-step

discrete solvers ) » 3. B & FF— F pF A 1248 B ( Fixed-step continuous
solvers ) » 4. B & H 4 -dpicpF i 238 B (Fixed -step discrete solvers ) o #izif
BHFHTHF-RFPFREIEE > T L AT F 2SinulinkE BB 2Bk pER > 24

S AR Java ke o FIL P R nEF LA E Y 0 RFS LT REP

PR B 5L 2 #20c 2 §.38 % xPC Target® «UDP( User Datagram Protocol )

e kA Javard " R E 2 Matlabe B % o

Simulink#rit 8 (7T 2 & 4 * Reai-Time Workshop#r A 2 eCAZ 5 7§ 11 %
WA £ S i i i A pirRfe ik A4 R B

PR Rt P RJRE R T2 G B N AT R AR, &L 3ExPC Target o 2 £xPC

35



Target® e UDPHicie » A i8:F 7 =t aup|:# % Matlab# B & F = # The MathWorks, inc. #»
phEs 2 g HplsE > 2 8 R > 7 F A Real-Time Windows Targetz £ 71* xPC Target«
T P s 3E T A EUDPer i g fleraig * o #rgF 4 P % @ 155 5 UDP#F T pren
Flolw g2 PpEOBE TR Javad ! RE Y o & F W @ * aNormal Mode( - 4k ikt
AR o Ao * dBxternal Mode( #F 3% s 7 T 8 T pEHCEE R AL ) o FI¥ 0 5 R
B R AE At e ava 0 T d Javadk BReal -TimeenpF B o #110 » A AR B 2 2R E
pFo 2 RSimulinke W B A TX P R ERAITOFFAE( 27 A0 )0 B en
R R d Javak4g i o ¥ ¢ o Simulinke g B - senT R A KB 3 B o T £

BEROA L o FP o, T2 FEPFF L G T o

4.2 B Behd if

o

Real-Time Generator

Gas and Chemical System

Facility Heating System Data Transfer
System

B 4-2 CVD Simulator(1)



CVD Simulator

Real-Time

(Generator

Facility

Gas and Heating Data
Chemical System Transter
System SSR1 System
CRS
Mutfle FromJava
BubblerSys
SSR2
GasCabinet ToJava
Injector HT
Ozone
Generator
Bubbler HT

B 4-3 CVD Simulator(2)

37




Process Flow

g TEOS
Facility CRS  |——»| BubblerSys
4
o (Heater) SSR2
¥
Ozone Injector HT Bubbler HT
Generator
SSR2 (Heater)
Oz
¥
GasCabinet Injector ).
eposition
Wafer ‘
f 3
sSR1  |(Control)
Muffle
(Heater)

Matlab f=4H

Bl 4-4 o e WAepe R

AMEE 2 i & A APCVD - i3 % 2 i %2 ( Process Module ) o i 97 & 32
% # 3 1. Real-Time Generator ° 2. Facility - 3. Gas Chemical System - 4. Heating

System ° 5. Data Transfer Systeme ™ & §_% 5 p :

38
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B 4-7 Real-Time FFRF & A 2 7+ & B

4.2.2  Facility ( B g X 2 )
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4.2.3 Gas and Chemical System
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4.2. 3.4 Gas Cabinet
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L
12N

5“5 F 11008 @ 5007 - E % “B36” FH 5007 @ 367 o A s

L ow| @i Fldg Wi ( port ) 0 £ g Javay R Pt S - B Rl Aedgy 5367 o
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o
A

2 3R eiE (F R 1D

AR HAR A SRR E T SRl AT R WA R 2§ R F A T
BRI ¥ RBRF TR EORM S 250 F PR BB E T o I

[ 1 B R e e U S Rl B E S S

5.1 #lAeerE § M

Liquid Sources
and Dil N5

05/04 and

Separator D1N,

Bl 5-1 Injector Head Gas Line

Bl 5-18%f §F Benf MR B > d F BV g BUOAHTE DA F U ¢ 457
Liquid Sources and Dil Ne ( &%k jiord cnit 44 > Az @ * enZ TEOSY ¢F:B
FAFEF M AT F F VTEOS? KA1 FE R AL FF FHAEY ISR O
% Inner port ~ Separator ( A Mpf # > 1 & &% KA EHHE L5 > FLKD &

B BrEE v Rt § F A3 F )* 5 Separator port ~ 0:/0s and

DIN: ( % 7 % &5 23 #F4 M ¥ § )~ 45 Outer port -
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Flt o woaeg fArerf ahf W5 0 1% TEOSsLiquid Sources No 2. #f#f# * o
Dil Ne 3. »~ Ig * 1§ % Separator No/0: 4. ¥ & * 1% % 5% 02/0s 5. ﬁrﬁéﬁ 3 5. % g

FDIN:e 4 eI B4 M3 ERIE 40k R WP R E i kW il g o

v

3§ W

ek

2L 5 = _\ . ' N 225w B 20 2 =2 _\ w2l B2 01
fz—)E-r’}\‘,'I}“gtilmﬁo.ﬂ\;}tiv}\ﬁ":p?"E‘T’/Zo

=k

Injector Forts Inner port 5.0 slm
Separator port 13.0 sim
Outer port 10.0 slm
O, toreactant ratio (O, :R) 160:1
O5 toreactantratio  (O4:R) 8:1

Flow rate of all input reactants combined 50 sccm

R=TEOS=x & ( sccm )

0= 0:40s= 0: MFCe73% 2_ie. ( scem™)

O=%% =8 ( sccm )

Inner port=( Liquid Sources+R ) + Dil N

Separator port=Sep No

Outer port= 0:/0s + DI Ne

2+ 5 0. MFCeiE 2 03 B ( Concentration )

0= (R)(0:«:R)[scem ]= 02 MFC setpoint

0s= (R)(0s:R)[sccm ]

0s: 0=(0s:R)/ (0::R)
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r2STPC B & 20°C > &4 5760mm Hg ek 5 pFend % B R 52143 mg/sl > k3-8 4

BEFORE P -

0s concentration setpoint = (2143 )(0s:0.)[mg/sl ]

Fp o 0 bleniE k RO MFCeniE 2 Ossni &

O« : R=160 : 1

0s : R=8 : 1

0« = (50 sccm chemical )(160)= 8000 sccm (0: +0s +N. )= 0: MFC setpoint
0s = (50 sccm chemical )(8)= 400 sccm 0s

0s concentration setpoint =<(21431)(0s:0:)[mg/sl 1= ( 400 sccm 0s)/( 8000 sccm

(0: +0s +N: ))=( 2143 mg/sl )*0.05=107 mg/sl =107 g/sm’

i R0 MFCenE 2 Oserniy & 1 > 7 ORI HHR F R ek LB

Outer port= 0:/0s + DI N:;

D1 Ne= Outer port- 0: MFC setpoint=10 slm - 8000 sccm=2 slm
Liquid Sources Negint & = ;U4 7 & 3P > F|P A B o)+ @ 7108 5
Liquid Sources N:=50 sccm TEOS*( 760-17.65 ) torr/17.65 torr =2103 sccm

Inner port=( Liquid Sources+R ) + Dil Nz

Dil Ne= Inner port - ( Liquid Sources+R )=5 slm-( 2103 sccmt+b0 scem )=2847 sccm
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5.2 - FpgiE

A HORODAEHALY  de i & SRR LTHOS © @ TEOS= 18 3 § & .46 4

v

h

S
M 7
—

o
&

EEF 0 EAEF BAoW 525 30 BenBiE o AT L BEARD

N 5 VAPOR + N, MIXTURE

Thermal
Control

Bl 5-2 Bubbler Configuration

JESE % 4~ B 2 =( Dalton’ s law of partial pressures )[21]

ST o PN (1)

Puix = Pressure of N, and liquid source vapor mixture

Pv.= Pressure of N, only

Py = Pressure of liquid source vapor only
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d I F ek F[22]

PN:/ Pmix = nN:o/ nmix = Mole Fraction of Np ceeceeececeeceenceiecnne. (2)

nv = Number of moles of N:

mwix = Number of moles of N. and liquid source vapor mixture

By Amagat’ s law or the additive volume law[23]

Vmix — VNz‘I‘VV .............................................................................. (3)
Vuix = Volume of N: and liquid source vapor mixture
Vi.= Volume of N: only

Vv = Volume of liquid source vapor only

dba (1), (2),()HEF

VN: / Vmix= nN:/ nmix= Mole Fraction of Ny ceeeceeeeceeeceiiecincanns (4)
fFI12 e {7
Quis = QuiQr and Qu / Quix= M/ Maix  eeeevrerermmmsermnmermmnerieiins (5)

Quix = Volumetric flow rate of N: and liquid source vapor mixture

Qv =Volumetric flow rate of N: only

Qv = Volumetric flow rate of liquid source vapor only

i Fa (1), (2), (3), (4), ()b st » 7 F1T 43
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Viv/Vie= QV/QNZZ Pv/P xo= P\/( Puix— Py ) .......................................... ( 6 )

BEx Pmix= 760mm Hg > Z X A& fc&R+ > 975 ahf PR ZZEF M - 4o

P T ERIT NG

Qv=CC Qu )*C Pv ))/(C 760- Pv) [sccm]

2P Pyengice ™ ud 2T B (B 5-3) k kF

1000
i
ra
yd
00 J’f
&
rd
.
i
Vi
)4
Vapor /
Pressure, /
torr -
7
/ TEOS
1 ;
F - Angressian Fit
f" in P =18.3197 - {5562.3 / T [*K)}
¥
0.1
o 20 40 &0 Bl 100 120 140 160 180

Temperature, °C

B 5-3 Vapor pressure vs. temperature for TEOS [24]
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d BV B FRAR 65 CRPy=17.65 mm Hg -

INEA F M RB > T LB T G ] 5-44 B@

TEQOS Flow vs. N2 Carrier Flow

3c

J—

———r—

120

'E' 100°C

3 100+

A

C!> 804

]

&

z 80t

o

o

5 401

Q ;

S

g 20+

=

0= +
0 1000

2000 3000 4000 5000 6000

Np Carrier Flow (sccm)

Bl 5-4 TEOS #i i vs. No #4 # Mynz a5 %1 TEOS 46 7 E A& .

TEOS 2 3&%:8 & £.65°C.

T R LR

Chemical = TEOS

Bubbler temperature T = 65 °C

Carrier No flow:’ Qv = 2.5 slm
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From the TEOS vapor pressure chart ;

Pv=17.65 mm Hg (at 65 C )

Quos = Qv = (C Qu )*C Pv ))/(C 760~ Pv)

Quos = 2.5C 17.65 / ( 760 - 17.65 )) = 0.0594 slm = 59.4 sccm

A2 e B 53 ¥ 02 19 3159, 4 sceme TEOS 7 i%

5.3 PIHEB i ¥ ch AR A2 50

WA o AR E TR B 2o WIA999 s S kg7 o @ d At B & 4] hAPNext
AR U R ER AR RS EWI-099E - e eI 2 BF&RSE R Pz

SHTIRE L o 1T R R h BRI ARE S A 4k

5.3.1 TRIFEANE

e s I 18Y B - AT ER Rent TR Likde

% 5-1:
% b-1 Eﬂi-’? ‘54';3: T8
Temp TEOS 0, + 05 Ozone N,
400°C 13 scem 6.5 slm 110 mg/sl 6.5 sIm
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5.3.1.1 &5 & &Pl

AieBR R R Y e ENE R ERREL “ Prometrix SM300

BLECHAIRE B F R nf F L o

5.3.1.2 Uniformity

Uniformitye* % » 2 EJ%* 0 Rl % 4o 108 5 Rt

max - min

0/ [_T .f B ! = +
% Uniformity = +
2(mean)

5.3.1. 3 Deposition Rate

Deposition Ratesi* & » Tk 1 * BV 2Pl NS S 4 WL £ o v n

o ;\:_&r"r .

“’—‘l’i/‘:’

21l B
oot

AR AF BRamERt 8o AL EEE e Ar BTl f 0 .

_ Thickness (A) - belt speed (in/min)

Deposition Rate = —— :
P # mjectors - 1.8 1n

tizi¥belt speed=2.4 ( in/min ) - # injectors = 3 -
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5.3.1.4 Deposited Stress

Deposited Stress® ipl#r# * ek BE_ “ Flexus 2-300 “» ® B ;

EN
F"_L
b
&
Pz
#

AR TR [5A 4B -

AR SE R B ( densification )i shE Pl ’F’K AT * -3 % eplzd # > 2

1000°C eh% B4 4 i v § § 13 V304 s f it R ipl o

bt

Bt - AR E P B2 ( Rapid Thermal Processing @ RTP ) @Az # >

T 9800C 162w B 304 KA g B fo- L BR M o R FILA R G R

5.3.1.5 Etch Ratio

BAY F R RSS2 gk A G (DR YAz ETREes & 2

B BRR DD RRE AETARG S T A T A G TR 1R

d
%
P
b
\8
do
&
2
Ly

Fot g o v A% Thermal Oxidef? Aff o chiE > — Ao e R ehde
Rk el ke T T 832 R E R o R M Thermal Oxides 4 % iF R §
PR EAFER DB IFR T RA - B BN L # e fL2 5 Wet Etch Rate
Ratio( WERR ) o & & it & B & %] F I A 1000°ChB B g i 1§ 31304

(s wiv g P o

Thermal Oxide ; #-& F1%ch &% 3 ¢ » 48P 9900°CH » A 1 F §a2 25 1§

% f-2. % Thermal Oxide e
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5. 3. 1.6 Shrinkage

P]’J:%fﬁi? R RIEZEEEWE R > 1000C B B E 2 V304 481 i %ﬁp AR
=
5.3. 1.7 #H-F flanitFH# (£ 5-2)
N .
% b-2 Statistical Data for Standard Process
As Dep Shrink As Dep e o As Dep Anneal Anneal
Thick | PePRa® | 4000°c Etch Unif% | stress | stress Etch
MEAN
) 64834 | 28815 6.3 82 485 347E9 | -2.2E9 1.13
STDEV
- 159 5 708 0 0.08 050 4 11E8 9.8E7 0.03
]
% VAR.
o 2 5% 2 5% 0% 1% 10.3% 11.8% 4.5% 2. 7%
(2)
UcL
6 69620 | 30940 6.3 846 635 471E9 | -19E9 123
LCL
. 60048 | 26689 6.3 793 3.34 224E9 | -25E9 1.03
# wafers 18 18 B B 18 18 B B

r;r K\E'ﬂ:b

5.3.2 & A2l

€

S el i J s RN
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® Af " ( Thickness ) ( in A )=

3868. 69-6. 274%[ Temp |+341. 562%[ TEOS ]-38. 556%[ 0:+0s ]-6. 29%[ Ozone ]+221. 84*[
Nz]

® iffi# 5 ( Deposition Rate ) ( in A /min )=

2776. 82-5. 301*[ Temp ] +133. 537*[ TEOS ]+92. 4593*[N:]

® L H# B ( Deposited Stress )( in Dyne/cm’ )=

3. 48E9+6. 4THET*[ 02+0s ] +4. 925E6% [ Ozone ]

® o5 ( Shrinkage )( % )=0.28*%[TEOS]+0. 5T8*[N:]
® B&73% % ( Etch Rate ) (% )=
28.916-0. 05%[ Temp ]+0. 25%[ TEOS]=0. 179*[0:1+0s]-0. 034*[ 0zone ]+0. 122%[N: ]
wt gt 3¢ [Temp] en¥ 2 & CH[TEOS] 38 =& scem > [No]4p e Separator N

H = Eslm > [0:40s] 455780, MFCeimk &igo [Ozone] ¥ = Emg / sl -

fin iR AR SR RS AR A B A T B e T A (

4% 5-3):
% 53PN FEEVSFHRE

As Dep Deb Rate Shrink As Dep Unif % As Dep Anneal Anneal

Thick P 1000=C Etch Range Stress Stress Etch
PRED 6298.8 29933 73 8.05 485 4 44E9 -2.17E9 1.14
MEAN 6483.4 2881.5 6.3 8.2 4.85 347E9 -2.2E9 1.13
EEET ANV EEL TR EAF LG BAE B FPRPER T T
FARFRE A0 > FL G A RB R E LAY o 78 T LA

67



ML FUATAEF 7 b o T B 5 SRR S S e WL S

e

—';;E?EIBHE L_);}»%S\?m%ﬁ&lf)i g-?—[%-m’% \‘°mBBI—Jﬁ L.—F)E%S\’%F’&mp ﬂﬁgﬁﬁj}i

v
~=h

B> T2 R Ee B F BT R RE o B D R AEROTH i 52993.3 A
/min > 1204 end fl st ande 5+ Bd A F BT T TARKE R BRBEE R T
12 in/min» kw - X E - BHFHRmF RO AL EI.6 AR FF & B2 40
F R vt 0 BB OB B ERE 24 6rd ot kv - B FRE-E49. 2+ 0 A

F R T e o #-819.2v4 o #7020 > v BT F ehE T pER A 964 0 Ewenk R -2

4789.28 A -

5.3.3 B Fc BT

fipif MlAE Sleen t BB P BB & 5 TEoaRE

8000 T T T T T T 8000 T T T T T T
2 2
v G 7000
()
z 2
S S sooo
E =
5000 -
- 5000 ———+—+—+— = ]
E =500 - - = 3800 i
s s
5 Z 3000
< 3000 | ] - - s .
[} {"’ E -
w L I - S St dalien
g 2500 LT - el 1
& 2000 H———— 2008 [—————+
7.5 -
" N +
& 4] JO0F =
Z g
§ z 6.2 7
= [ ©
= T 6.0 - b
n %3]
55 -
| | | | | |
. T T T T T T
Oo 1z} . 8 "E ]
o
B E Ho _‘-\_\_
SE fop = 0
W T e § e« g - — a
oo 8..-—-——":$- _ L
wh [ .. X 585 sp. 8T~
< 6 T R 1 L
4 | | | | | | & | | | | | |_
4567889 4567849
N, FLOW (SLM) 0,/D, FLOW {SLM)

Bl b-5 Effect of Sep N Bl b-6 Effect of 02/ 0s
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DEP RATE (A/MIN) THICKNESS

SHRINKAGE

A3 DEPOSITED

B 5-7 Effectof"TEOS

8030
8000
7000
G000
5000

J500

S000

2500

ETCH RATIQ

o =] 0O

10 13 16
TEOS FLOW (scem)

BT flce or B el am it mp

5.3.3.1 # s FHER

( throughput )
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THICKNESS (A)

DEP RATE (A/MIN

SHRINKAGE

AS DEPOSITED

8000 e

7000

60040

2000 -

3500 =

JO00

2500 | -

2000 |
7.9

7.0 F =
B.5 |- —
6.0 |- -
5.5 -

1 k -

[

ETCH RATIO

o o~ o
T
f
J
I
’
1 A

85 110 125
OZONE {MG/SL)

B b-8 Effect of Ozone



5.3.3.2 3 4 TEOS chin £

A R e
i r;g:%ﬁ & H 4o
A %) iﬁ:i‘éﬁ'%\:
Yo g 4
g R
2AFRG
5.3.3.3 3 4 00 £
NS R R R
B F s Rt
e S AR B 4
5.3.3.4 H# 4 Sep Noint £
AR R B 4

70



5.3.3.5 3 4 Ozone i+ &

5.3.3.6 3 4 & W4 ¥ 2

fops ® L ELAAR Rp o R R R

BB SRR T i o WA R RAE D B T Y S e b

F Azt Rl blde D B S

Hihe g B R LRI R e R G ) R W PR F B et i

SRS o
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$63% IHREGI 4 &

6.1 3" EH (W 6-1)

SR AL R A G APCVDE AR B i

CVD 24 5

A e

p

cE O PREEE PR

LENIRE S PRE nf (T 2 AR R 0 BT A R -

Monitor Edit Miscel laneous Animation
Process
G Reci
as ecipe Bfent
e Profile Status
Panel
Chemical
emica TeTen
Deposition
Wafer Hour Reset
Alarm Chemical
Flow

 6-1 CVD 3" 50 % 1)
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BTk 4 g e fe bt e

% 6-1:

el A B iewm
Start Simulation ® 431z Matlab #5388 #7 & 3% 5|2 R B enF L
Moni tor ERE R RE uE (T
Edit Hl e S hiE
Miscellaneous 7% z @R FEFTH
Animation LB & TSR B
Alarm L3R ¥R

Recipe to Matlab #-flfefe= @2 5| Matlab 3 B

6.1.1 Monitor

Monitor4r® 6-2; 1 & &% KT PIEBIRBFTH R o iU m';‘qliir;rs{
BB ERR D Ko TRIGIE P ¢ 5 © Gas ~ Temp ~ Chemical ~ Wafer ~ Alarm

7 BREP - izBA A ENonitor? B ek P drd 6-2 ¢

# 6-2 Monitor 2 & # =/ &
B wp
1 Monitor *» # 4 4=

2 FoF B R( R < R P f R 5 2 Eeh- R -
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Ay iE 50-60 - pF > K- FEH ER)

3 flms o

4 TRk R

& =B x]
CVD Simulator

Date 10/4/ 2004

Recipe to Matlab

Misc. | Animation Alarm i
Time 14:509: 26
Status Summary \
Deposition |0|=r Table Speed : |0

System : [Disable obot : [Ready
Bubbler Fill: |Standby fer in Process : |No

Status Hours

00:00:00

[00:00:00
[0T:00:00

Gas Control Status

Actual Setpt Dew  Wolt Status Actual Setpt Dev ol Status Actual Setpt  Dev  Wolt
Cidizer (LPM) [Off  Separator N2/O2 (LEM) N2 LigDilSrer2 (LPM)
i1 [  [f45 [0o oo 1 [12 [745 [oo oo i1 [f4s [F45 [00 oo
W2 [86 [745 [00  [00 2 [18  [745 o0 [o0 W2 [745 [t45 [00  [o0
nja [ [f45 00 oo na [1a  [f45 [oo oo nja [f4s [745 00 oo
Inj4 [s6 |[745 | oo | oo Inj4 18 [F45 [oo oo nj4 [f45 [745 00 oo

Actual Setpt Dev Vot Status Actual Setpt  Dev Vot Status
Dilution N2/02 (LPM) [rz Deposition Off Sisrc N2 (LPM)
1 [F45 [fas o0 [o0 i1 [5  [ras 00 oo Joff
2 [F45 [f45 | [oo | oo ¢ Depo On Injt iz [rs |[ra5 J00 oo [of
i3 [F45 [745 [oo  [oo p—— 2 [18 [fa5 [00 oo [of
4 [745 [745 [oo  [oo il ni4 [1s | [7a5 [00  [oo [of

" Depa On Inj3
= Depo Off

" Depo On Ind

B 6-2 Monitor-Gas Control Status

6.1.1.1 Gas

rGasE B> & £ 37 I 48 Oxidizer ~ Dilution ~ Separator ~ LigDilSrc ~ SiSrc
F oo Mg Arpe > @ Pk E( Setpt : Set Point ) v I AR =B @ﬁ%@] i
9 %Hcdg(Actual ) T8 Eot il o L R e L B B =( Dev:deviation ) >

f AR et ¥ g fok aWarning(¥ 4 ) ~ Alarm(E4R) (£t fo blde D 3K 2 5 8.5
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SIM> %% Ei#58. 2 SIMEF L8 & 50.3 SLM > # % Z_aWarning@® 0.2 SLM > Alarm

#Monitor-Alarm-Warnings g i+ o & 2 % 8 B4
FEREIL S 3 o

B 50.4SIM> Flt g L A4

0.4 SLM > #-¢ 5 3 4 & 2 &Monitor-Alarm-Alarmsiff i > 1

g % @] MFC (( Mass Flow Controller DA £ ~ it B34 B)ehE @%}

(0~15V ) &k E RIMFCeropk i - MFC3E ® 32 » 2 & ik BB & BMFC#7ic 43241 <hd &l ( Range )

E -2 sF il i i = s @ﬁ?} Ao Blde @ #2420 SIM ( Standard Liter

Per-Minute ) ; 2 /i & 73412 8> 2022 Z 40410100 %8 > kAL G0N A pFh

e

@%JulaO’IO\J%m BRLTOHV 2022 @mahga BRL15 Ve

» T35 - B “Deposition Control Status ” > 7 MiEH & fed— Lvf §

F_*
b
=

ShKE 1
e 3Z ]\:'

K}éﬁ:gﬁ ’ T‘ \f' P@If"’,g%q S\ﬁ-g ;‘ZJ——F'/I?&@ ’ T' n}é{fﬁ":}?l’;% E@rﬂ“‘"ﬁlfﬂg

(e
nd
4

£

LR R B bl fa vk ﬁ%m?‘hlt‘ °

75



6.1.1.2 Temp

i = o] x|
° CVD Simulator

. . o 10/ 4/ 2004
i _ Edit Misc. Animation Alarm
. 15:26:26
] Gas Status  Hours Recipe  [GTBODD Status Summary
Crxidizer Off
VT Deposition: | Table Speed : o
4| Inj 1 Off | [00°00:00 Brofil [Frofesng E et PR
Chernical rofile rofile S : Im B Ready |
Inj 2 OfF | [000000 ystem : obot: eady
Wafer . 3
4| Inj 3 00:00:.00 EfeTes e Temg | Bubbler Fill : |Star‘|dby Wafar in Process | |No
- Inj 4 [OF [ioooog
Temperature Control Status
Heating Zone Injector Temp Bubbler Temp
Znng Temp Setpt Dev Injectar  Temp Setpt Dey Injector  Temp Setpt Dey
1 400 500 500 1 [500 [70 [500 1 3 3 [o
£ 00 [J 510 (500 2 [ [®© [600 2 [ 65 [0
3 Al =AU =0l 3 500 |?2 500 3 |65 |85 |D
4 400 500 400
4 a00 IFE 400 4 |65 IBE IEI
f5 500 500 500
5 500 500 500
7 500 500 400
g 500 500 500
9 500 4.4 400
i

B 6-3 Monitor—Temperature Control Status

Temp4-B® 6-3:7% Bl% 3 = 4 ; Heating Zone ~ Injector Temp ~ Bubbler Temp -
}F-’}’{ I ﬁlﬁ}_)ﬁo‘% BT T‘l ’r‘}: "‘i ’ T' ;lz—-v/{ {l@ L@ﬁ;ﬁﬂ' ’}'3—%% |§ ' .'za wlﬁ:(#;z ’ T' EEAE IE'
i A R E R e A LB A 2] Eehs o] B¢ ok Lehlarning ~ AlarmiF

Foo Bk P RAGR G F AR AR
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6.1.1.3 Chemical

Status Hours Recipe STIB000 1 Status summary

0]
Deposition |0ff Table Speed
[oo:00:00

[ : -

Profile [Profile&00 -
[00:00:00 System [Disable Robot
I

[00:00:00 LineTernp [Dine Temp Bubbler Fill: |Standb_y Wafer in Process:
[00:00:00

[=]
o
=
m

B 6-4 Monitor-Chemical Status

Chemical Status+4r®l 6-4: & ER-PIR BN BRE iR o ik 2 1 & Rkl adic

BIEBER 0 P tRoor L5 EWarningst Alarm#-§ § & L A4 o ¥ b B L F

5

& B ( Ozone Concentration )% i °
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6.1.1.4 Wafer

~=loj x|
CVD Simulator
| . . L Date 10/ 4/ 2004
- Edit Misc. Animation Alarm )
| Time 15:44:58
Gas Status Hours Recipe STT8000 Status Summary
Oxidizer |Oﬁ

lemp Deposition: | Table Speed [o

—l Inj 1 |Off |DD:DD:DD =] P o P ’
Cherical rofile [NSG 500 ] W ]

it Inj 2 [OF [ooooan Systerm isable Robot : [Ready

W
_water | 3 [OF [0000T | | re. [EGEAT— | BubblerFil: [Standby”  wiferin Process: [No
- Inj 4 [Of [00:00:00

Injector Head Assembly

Robot Status

Ready

Linear Table o
Wafer Status

Actual Setpoint

Pre-Heat Table Speed= 0 |36.D infmin
Table Pass = 2

B 6-5 Monitor-Wafer Status

Wafer Status4c® 6-57 LS R &M - W BLAFZ Facnpii % o LB R
ek fE #-0 2 F et 0 Bl4e @ Load Wafer ~ UnLoad Wafer -~ Ready % - @ & % i P &
e1¢ 7 Pre-Heat ~ Processing ~ Cooling¥ o I *M 35 & arjfk i % W 3 & w0 ff WAz ok

o Ftr g R A RFEE e BRI ARE % o igifTable Passeiicia it & i

BWEBEOFEHRTHE kv - 5 L - BPasse
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6.1.1.5 Alarm

Status  Hours Recipe STIS000 Status Summary

[00.00.00 Deposition:  [Off | Table Speed: O
Praofile

00 yo b s | System |—Disable . B |7_Read_y__

| [0mOo:o0 BubblerFil:  [Standby = Waferin Process: [No
i 00:00:00

-

155100
B] 6-6 Monitor-Alarm Status

Alarm Status#r® 6-62 & F -84 2 4 P L85 F A LF = - - Lol
Ao FAAZBFALBEREITAFRL c A eFE A HFALAL TG 23R
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