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Abstra
tA hardware devi
e for alerting operators to a �rmware-lo
kup 
ondition inCzo
hralski 
rystal growth furna
e. By diagnosing lo
kup in a simple hard-ware add-on, the operator is able to reset the 
rystal growth algorithm andprevent disruption to the growth pro
ess.



0.1 Need for lo
kup dete
tionA Czo
hralski 
rystal growth furna
e 
ontrol system may lo
kup for variousreasons. Several 
ommon 
onditions have been identi�ed and 
orre
ted or im-proved. These in
lude 1) ground loops, 2) unstable power supply voltages, 3)heat buildup in key 
ommuni
ation ICs, 4) timeout 
onditions in printer sub-system, and 5) stati
 sensitivity.Several other fa
tors are di�
ult to address due to the age and 
ondition of the
ontrol system. These in
lude 1) intermittent 
onne
tion due to wear of plat-ing in 
onne
tors, 2) oxidation and polarization of IC so
ket plating, 3) poorlythought-out grounding systems in a lega
y system 
reating overvoltage 
ondi-tions at sensitive nodes, and 4) possible bugs in the 
ontrol system hardware andsoftware (eg: asyn
hronous sampling of ADCs produ
ing unpredi
table 
ontrolinput).Be
ause it is not pra
ti
al or possible to solve all the lo
k-up issues given thenature of a lega
y 
ontrol system, it is desirable to alert the operators to lo
kupwhen it o

urs. In most 
ases, the system 
an simply be reset and the growthpro
ess will 
ontinue without in
ident. If, however, the operators do not identifyand 
orre
t lo
kup within a 
riti
al period of time, the growth parameters willlikely have drifted far enough to have 
reated a defe
t in the 
rystal. This willrequire either remelting the 
rystal, or simply tailing o� the growth to salvagea partial initial portion of the growth. In either 
ase, an un
aught lo
kup eventis 
ostly.0.2 Theory of operationThe basi
 idea for dete
ting lo
kup is to look for a "heartbeat" that is 
ontinuousunder normal operation. A good 
andidate for this is the normal update pro
essfor the 
ontrol CRT. Under normal run 
onditions, the 
ontrol CRT is 
onstantlyupdated with the pro
ess time, temperature, line 
urrents, diameter, and soforth.The wat
hdog sits in series between the CPU and the CRT emulator board. Itis designed to simply snoop on any RS-232 transmission to the system monitor.The data rate is 9600 baud with no parity.Everytime a 
hara
ter is sensed, a timer is reset. If the timer rea
hes 30 se
ondswithout any 
hara
ter re
eived, an audible alarm is sounded.The alarm will 
ontinue to sound until a 
hara
ter is again sensed on the CRTinput line. Re
eption of a 
hara
ter will immediately silen
e the wat
hdog. Un-der normal 
onditions, the wat
hdog will automati
ally dete
t lo
kup, send analarm, and then reset ba
k to idle 
ondition with no expli
it operator interven-tion beyond that required to address the lo
kup itself.1



0.3 Implementation DetailsTo simplify operation, the wat
hdog has been designed to plug into two exist-ing 
onne
tors. This method of installation requires no wiring or me
hani
almodi�
ations. The 
onne
tors themselves provide all the mounting integrityrequired.The wat
hdog board is installed on the BOS panel and snaps into both theexisting CRT 
onne
tor and the 
urrently unused printer 
onne
tor.To save money and simplify the 
ir
uit design, a mi
ro
hip P16F88 pro
essoris used. This pro
essor is approximately $5 and in
ludes the required RS232interfa
e, a 
ounter-timer subsystem, and is able to run o� an internal 8MHzring-os
illator to save parts 
ount.The RS232 signal is level-shifted to 5V TTL levels using an NPN transistor.The Sonalert alarm module is run o� 12V power for maximum volume. AnNPN logi
 transistor is used to interfa
e 12V driver to the 5V mi
ropro
essoroutput.0.4 PCB layoutThe 
ir
uit board was designed and layed out in Ki
ad .11www.ki
ad.sour
eforge.net
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0.5 Bill of MaterialsQty part des
ription Digikey unit pri
e2 C1-2 0.1uf 
ap 399-4151-ND $0.161 D1 LED P605-ND $0.381 P1 Buzzer 688-1029-ND $4.511 P3 CONN 10x2M MHB20K-ND $2.001 P4 CONN 10x2F MSPV20-ND $3.372 Q1-2 NPN 2N3904FS-ND $0.111 R1 510 ohm CF1/4510JRCT-ND $0.036 R2-8 10k ohm CF1/410KJRCT-ND $0.031 U1 PIC16F88 PIC16F88-I/P-ND $5.001 S1 18DIP so
ket AE9995-ND $0.54
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0.6 FirmwareThe wat
hdog is programmed dire
tly in Mi
ro
hip assembly language. Theresulting �le is assembled into a HEX �le using the GNU pi
 programming toolgpasm.2. The programming is done using the pi
p programming software3 andthe Olimex MPASM programmer PG-00003 4.;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗; PIC16F874; 1 . Have the pro
e s so r generate an i n t e r r up t every 1 ms .; 2 . Toggle Port A <4> every 500 ms .; 3 . Keep a 
ount o f i n t e r r up t s in timer0−3 f o r r ea l−time;; Notes :; This program genera t e s an i n t e r r up t every 1 ms .Upon in t e r r up t; i t updates a 
ounter .; PORTA<4> i s an output pin . I t i s t ogg l ed every 500 ms .;; The pro
e s so r runs o f f i t s i n t e r n a l 8MHz r ing o s 
 i l l a t o r;; RS−232 input i s RB2/SDO ( pin 8); RS−232 output i s RB5 ( pin 11); Pushbutton i s RB7;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗l i s t p=16 f88 ; l i s t d i r e 
 t i v e to d e f i n e pro
e s so r#in
 lude <p16f88 . in
> ; pro
e s so r s p e 
 i f i 
 v a r i ab l e d e f i n i t i o n se r r o r l e v e l 1 ,−(305); __CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _HS_OSC & _LVP_OFF & _CPD_OFF__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _INTRC_IO & _LVP_OFF & _CPD_OFF; The p a r t i 
 u l a r 
ho i 
 e g iven above turns 
ode p r o t e 
 t i on o f f , wat
h dog; t imer o f f , brown−out r e s e t d i sab led , power−up timer enabled , I n t e rna l RC; o s 
 i l l a t o r with i /o p ins s e l e 
 t ed , f l a s h program memory wr i t e d i sab led ,; low−vo l tage in−
 i r 
 u i t s e r i a l programming disab led , and data EE; memory 
ode p ro t e 
 t i on o f f .;∗∗∗∗∗ VARIABLE DEFINITIONS
blo
k 0x20 ; d e f i n e a s e r i e s o f v a r i a b l e s .w_temp ; i s r 
ontext s to ragestatus_temp ; i s r 
ontext s to rage2http://gputils.sour
eforge.net/3http://home.pa
bell.net/theposts/pi
mi
ro/4http://www.sparkfun.
om 4




ount2 ; The MSB of a 3−byte 
ounter
ount1 ; 
ounting the number o f Timer 2 i n t e r r up t s
ount0 ; The LSB o f the same 2−byte r e g i s t e r .f l a g ; s e t to one a f t e r timeoutsportb ; keep tra
k o f portb s t a t et imer0 ; 
 l o 
k t imert imer1t imer2t imer3end
; Bi t s with in PORTAToggleBit equ 4 ; An output b i t , t ogg l ed every 500 ms .PortAMask equ B'00000000 ' ; We' l l make a l l o f PORT A an output .;∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗r e s e t : ORG 0x000 ; p ro
e s so r r e s e t ve
 to r
 l r f PCLATH ; ensure page 0 i s usedgoto i n i t ; go to beg inn ing o f programi s r : ORG 0x004 ; i n t e r r up t ve
 to r l o 
 a t i o nmovwf w_temp ; save 
ur r en t W r e g i s t e r 
ontentsswapf STATUS,W ; move s t a tu s r e g i s t e r in to W r e g i s t e r
 l r f STATUS ; s e l e 
 t Bank 0movwf status_temp ; save o f f 
ontents o f STATUS r e g i s t e r; There ' s no need to save PCLATH s in 
 e; we ' l l s t i 
 k to Bank 0 o f program memory .; i s r 
ode 
an go here or; be l o 
a t ed as a 
 a l l subrout ine e l s ewhereb t f s s PIR1 ,TMR2IF ; I f Timer 2 
aused the in t e r rupt , handle i t .goto endint
 a l l Timer2endint : swapf status_temp ,w ; r e t r i e v e 
opy o f STATUS r e g i s t e rmovwf STATUS ; r e s t o r e pre− i s r STATUS r e g i s t e r 
ontentsswapf w_temp, fswapf w_temp,w ; r e s t o r e pre− i s r W r e g i s t e r 
ontentsr e t f i e ; re turn from in t e r rup t; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗; Timer 2 In t e r rupt handler .5



;; de
rements 
ounter every ms un t i l zero; then s e t s beeper b i t and 
ount " f l a g "; w i l l then s t a l l i n d e f i n i t e l y un t i l f l a g i s 
 l e a r ed .;Timer2 b t f s 
 f l ag , 0 ; 
ount down i f beeper i s o f fgoto end
ntde
 f 
ount0 ,F ; De
rement the LSB o f the 1−ms 
ounter .skpzgoto end
ntde
 f 
ount1 ,F ; . . .skpzgoto end
ntbs f PORTA,2 ; turn on beepermovlw H'FF'movwf f l a g
 l r f 
ount0 ; R e i n i t i a l i z e 
ountersmovlw d '100 ' ; d '16 '=4 se
ondsmovwf 
ount1
 l r f 
ount2 ; not usedend
nt BCF PIR1 ,TMR2IF ; Clear i n t f l a g and 
ont inue .re turn; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗; START OF CODE to i n i t i a l i z e the pro
e s so r; The i n i t i a l i z a t i o n 
ode goes here s i n 
 e we ' l l end up here sho r t l y a f t e r a r e s e t .; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗i n i t 
 l r f sportb ; 
 l e a r v a r i a b l e s
 l r f t imer0
 l r f t imer1
 l r f t imer2
 l r f t imer3bankse l OSCCONmovlw B'01110000 ' ; s e t 8MHz i n t e r n a l o s 
 i l l a t o rmovwf OSCCONb
f STATUS,RP0 ; S e l e 
 t Bank 06



b
 f STATUS,RP1
 l r f PORTA ; I n i t i a l i z e Port A by 
 l e a r i n g the output l a t 
h e s .
 l r f 
ount0 ; I n i t i a l i z e 
ountersmovlw d '100 'movwf 
ount1
 l r f 
ount2
 l r f f l a g ; Turn o f f beeper f l a gbankse l TRISAmovlw PortAMask ; I n i t i a l i z e d i r e 
 t i o n p ins f o r Port A us ing TRISA .movwf TRISAbankse l ADCON0movlw B'00000000 ' ; ADC o f fmovwf ADCON0bankse l ANSELmovlw B'00000000 ' ; Al l b i t s are d i g i t a lmovwf ANSEL; RB2/SDO ( pin 8) RX input; RB5 ( pin 11) TX output; RB7 pushbutton; RB7, 6 , 4 are i n t e r r up t sour
e sbankse l TRISBmovlw b '11110101 ' ; RB0 INT input , RB2 inputmovwf TRISB;; BAUD RATE SETTINGS; bankse l SPBRG;movlw d '129 ' ; 9600 baud � 20 MHz +0.16 e r rmovlw d ' 51 ' ; 9600 baud � 8 MHz in t RC os
movwf SPBRGbankse l TXSTAmovlw b '00100100 ' ; brgh = 1 , SYNC=0movwf TXSTA ; enable asyn
 xmit , s e t brghbankse l RCSTA ; bank 0movlw b '10010000 ' ; enab le asyn r
vr , SPEN=1, CREN=1movwf RCSTA 7



bankse l RCREGmovf RCREG,Wmovf RCREG,wmovf RCREG,w ; f l u s h r e 
 e i v e bu f f e rbankse l PORTAmovlw d ' 33 ' ; send ' ! '
 a l l put
harmovlw d ' 10 ' ; send '\n '
 a l l put
har; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;b
 f STATUS,RP0 ; Revert to Bank 0; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗; I n i t i a l i z e Timer 2; Set up Timer 2 to generate i n t e r r up t s every 1 ms . S in
e we ' re assuming an i n s t r u 
 t i o n; 
 y 
 l e 
onsumes 0 .2 us (20MHz 
 lo
k ) , we need an i n t e r r up t every 5000 i n s t r u 
 t i o n 
 y 
 l e s .; We' l l s e t the p r e s 
 a l e r to 4 , the PR2 r e g i s t e r to 125 , and the p o s t s 
 a l e r to 10 .This; w i l l generate i n t e r r up t s every 4 x 125 x 10 = 5000 i n s t r u 
 t i o n 
 y 
 l e s .; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗CLRF TMR2 ; Clear Timer2 r e g i s t e rbankse l INTCON ; bank 0bs f INTCON,PEIE ; Enable p e r i ph e r a l i n t e r r up t sbankse l PIE1
 l r f PIE1 ;b s f PIE1 ,TMR2IE ; enable t imer 2 i n t e r r up t s .bankse l PIR1 ; bank 0CLRF PIR1 ; Clear p e r i ph e r a l i n t e r r up t s Flagsmovlw B'01001001 ' ; Set Pos t s 
a l e = 10 , Pre s 
a l e = 4 , Timer 2 = o f f .movwf T2CONbankse l PR2 ; bank1;movlw D'125 '−1 ; Timer 2 to d iv ide by125 (20MHz)movlw D'50 '−1 ; Timer 2 to d iv ide by50 (8MHz)movwf PR2bankse l INTCON ; bank0bs f INTCON,GIE ; Global i n t e r r up t enable .8



BSF T2CON,TMR2ON ; Timer2 s t a r t s to in
rement; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗; main ( ) This i s the main program loop .loop 
 a l l get
har ; s t a l l wa i t ing f o r a 
hara
 t e r
 l r f f l a g ; input 
 l e a r s the beeperb
 f PORTA,2 ; turn o f f beeper
 l r f 
ount0 ; R e i n i t i a l i z e 
ountersmovlw d '100 ' ; d '16 '=4 se
ondsmovwf 
ount1
 l r f 
ount2 ; not usedbankse l PORTAmovlw d ' 1 'xorwf PORTA, fgoto loop; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗; RS−232 output rout ine; put
har − l oops un t i l 
har a

epted;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−put
har bankse l PIR1b t f s s PIR1 ,TXIF ; xmit bu f f e r empty?goto put
harmovwf TXREGbankse l PORTAreturn;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−; RS−232 input rout ine; get
har − l oops un t i l 
har r e 
 e i v ed; r e tu rns va lue in w;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−get
har bankse l PIR1b t f s s PIR1 ,RCIF ; got data?goto get
harmovf RCREG,w ; read datab
 f RCSTA,CREN ; d i s ab l e ( 
 l e a r any e r r o r s )b s f RCSTA,CREN ; re−enablereturn 9



END ; d i r e 
 t i v e ' end o f program ' '
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