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1. CTWBWCTK*. 

In neutron diffractometers and instruments like the triple axis 

neutron spectrometer installed at Pakistan Atomic Research Reactvr at 

PINST3CH, the neutron energy is selected fcy diffracting a neutron beam from 

single crystal monochrometors. For accurate determination of the selected 

neutron energies, it is important to measure the diffraction angles very 

accurately. In typical instruments an accuracy »f about 1' to 2' is required. 

The triple axis spectrometer at PIN3TSCH employs optical coded 

disc digitizers to measure the angle of rotation of its various axes. The 

digitizers type PAC-4 are manufactured by the Institute for Research, 

Swierk, ''arsaw, Poland. 

The optical digitizer type PAC-4 is an optical analogue-to-

digit&l converter with parallel read outs. The optical digitizer is intended 

for digital measurements of anpular rotation of its shaft. In this applica

tion the central shaft of the digitizer is coupled to a wheel, which moves 

on the carriage of the respective spectrometer axes, and indicates its 

angular position. 

2* PRINCIPLE OF .QP^A^1,0;!^ 
r * 

The schematic layout diagram »f the digitizer is shewn in Fig-2. 

The optical digitizer with coded plates ensures required accuracy with 

relatively simple electronic circuits. 

As shown in Fig-2, light from optical lamp £ falls on the coded 

discs (_4, £) through two optical prisms (60. The two coded discs are 

coupled to each other with a 10:1 gear ratio. The plate with fine sl»ts is. 

directly coupled with the central shaft (_1#). Light parsing through the coded 
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discs is selected through read o«t hair-line slits (j?) "placed between the 

photo-diodes and the coded discs. Fhoto diodes (£) are placed behind each 

slit. The number of phcto-diodes is equal to the number of coded rings on 

the circular ?oded dists. The coded rings in ?. coded dine are made in a 

photochemical manner. The concentr^*'code rings consist of transparent and 

non transparent divisions Fig. 3. The rotation of the- coded discs modulates 

the light flux which is converted by photo-diodes into electronic pulses. 

In this manner digital conversion for r-ach position of the input 

shaft (2) with respect to converter casing- (10), is achieved. 

Electronic circuitry built usinp integrated circuit operational 

amplifiers and HAND gates is housed on the ̂ r̂ nt. d boards (2). 

D 
3. TECHNICAL DATA. 

Angular Resolution, 

- Minimum, me.isure-p.ble angle 

Code : 

Counter-clock wise r o t a t i o n 

corresponds to increase of 

angle of t he spectrometer . 

Fixing : 

Coupling : 

Supply voltages for 
electronics circuits : 

Supply voltages for lamps : 

To enable exchange of limps, 

f a c t t i t i e s are fore-seen at 
the hcusing.of optical 
digitizer. 

1:1000 on 10 turns of i m u t shaft 

1/5000 of fu l l turn (2.16 ) 

V.A3TZ re f l ec t ed decimal code 
2) 

Flange 

Elastic 

regulated + 6V +_ 5% 
+12V +_ % 
-.12 V HK 5# 

regulated 6V 

http://me.isure-p.ble


k. gffiHjgic DESIGN. 

The electronic circuitiyis bui"t in three stages described 

below:-

1. Single input road out amplifier (employed with the fine 
disc). 

2. Double input read out amplifier (employed with the course 
disc). 

3. NAJ!D gates for final out-puts. 

}!S£9T?J!%}£ELJ'JLJieIiA Q?1*- Amplifiers. 

Schematic diagram of read out amplifier is shown in Tig-1* 

which also gives actual layout* The integrated circuit (IC) SH 72709 
3) is used in the voltage operational amplifier with one input mode . 

k) Input to the amplifier is given by the photo-diode IN 2175 . which 

conducts according to the position «f the coded disc..Formally dark 

current of the ohoto diode causes V . <* 6V. In the diode conducting 
out —-

condition V . _̂ _ 0.8V. The operational amplifier gives 'ON* condition 

when tho input current is more than 10uamp, which correspond to an 

input of 30-50 mv. At the out-put of read-out amplifier diodes D..- and 

D... (Fig-^a) are used in regenerative mode. D., and D.. keep the minimum 

and maximum out-put levels Z. and Z ? at 0,8V and 5»S volts respec

tively. The sinple input amplifier is used in disc-I. 
ii) Double jLnput^JipjftJ-ti-QJ&s. 

A double input amplifiers is U3cd with the^course coded disc 

(disc II), in which the conduction of odd or even diodes determines 

the code for parity or non-r>arity. The parity is important in generation 

• f the final number using WRD codef, as described in the next section. 
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iii) WAND sates. 
i 

Sixteen NAITD gates are used nt the out-put et.ige to drive the 

coded information to the control pannel of the triple ixos spectrometer. 

5) The gates arc based on the integrated circuit 3N 7^26 . This 

output information in the URDC is convert-d in the control pannel 

(Bonrd-18,19 & 20) to the decimal system and is displayed. 

Electronic Layout JL_n_ Digitizer. 

Fig 5 and 6 show the input connector and the power distribution 

to the disc I and II. Fig, 7 gives the conponent and connection layouts 

of discs I and II, Fig. 8 ---md 9 show the electronic schematics of disc I 

and disc II. Fig 10 describes the wiring dinprr-\tn, out-put stage of the 

digitizer. The combined electronics schematic diagram cf the digitizer 

is given in Fig. 11. 

The WRD Code is developed from o the reflected binary decimnl 

(RBD) co -e as shown in table I. The WRD cods is shown in table 2. The 

main difference between the '/KD Code and iBD Code is th^t the RBD Corle 

is formed from a sinplo binary code, in ?. manner th~t the numbers ?fter 

'7' are obtained by replacing '•» in the first colomn by '1' nnd reflec

ting back the remaining colomns of 6th and 5th rows as shown in Table 1. 

While, the WRD Cc'e is formed by replacing • 0' rift or the kth row in 

first column by '1' and reflecting back the dottod box, to obtain the 

higher values of the decimal numbers, as shown in Table 2. In RBD Code 

the 1st column upto the 7th line ic all O's and the remaining 7th and 

8th lines are "1". While, in WRD the top half in the 1st column upto 5th 

r©w are all O's and the lower hnlf below 5th row are all 1's (Tablc-2). 
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A h'RDC using a parity digit has-been k~ed in PA£-J», Twelve 

light sensitive diodes are used with disc ti Which represent throe 

digits. Ten optical diodes are employed with disc II. The diodes give 

inputs to five operation"1 araplifiors, two diodls pairing together to 
I 

give input to one amplifier. These 5 outputs combined with the outputs 

of disc I foam the four output digits. Table 3 gives the WRD code as 

used in PAC-4. 

The method of conversion in VkC-k is suchJthrt the digit 

indicated, is said to be parity" if thfc next higher digit is an even 
\ number, i.e. 0 f2, ^,6 and 8. Similarly the digit isis said to be 'non 

parity" if the noxt higher digit i^ an odd number i'ye. 1,3»5»7 and 9» 

The highest digit Ctth digit) is al* ays parity. A d^git is rer;<* from 

the respective parts of Table 3» depending on the ps'rity or non-parity 
Is 

labelling of the digit. 

Example I. 
• . . ^ 

i) Let 3517 be the reading of the four indicators displayed 
j on the spectrometer pannel. According to .!?ablc 3 WRD (jode f»r this 

reading would be as follows:-
Ijumbor (WRD) Code 

3 0010 

5 0110 
1 1001 

7 0011 
1 

Note: The highest digit (*fth digit) is always parity. It can 

be s en that No 3 is the *fth digit and is la parity digit 

WRD for 3 = 0010(p) j 

As No. 3 is an odd f'o WRD for 5 = 0110(np) I 
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Aft RO. 5 is an oid No. VRD for 1 = 1001 (np) 

As No. 1 is an cfld No. WRD for 7 = 0011 (nfr) 

Example II. I " ««•»* 

ii).. Let 6009 ifo the reading of four indicators. WRD code for 

this reading would be a£ follows:-

Number I /iL^Si-^S^S. 
6 I 1010 
0 I 0000 
n I oooo 
9 I 1000 

As the 'tth Jiigit is always parity: 

WRD for 6 = 101O (p) 

As No. 6 ii an even No. WRD for 0 = 0000 (p) 

As No. 0 Ss an even N«». WR for 0 = 0000 (p) 

As No. 0 \s an even No. WSD for 9 = 100O (p) 

In case iff a fault in the number indicated in the spectrometer 

display, the following nrocedure is recommended to correct the fault: 

i) T f ; ,o numbers are displayed, check the power supplies 

(bo h fer lamp*? and electronic circuit), 

ii) Che :k the bulb, if fused, replace it. 

iii) If ;he di3play shows irregular sequence of numbers, first 

chCKk the bulb. Its giant* (face side) should not have 

daiBc traces en it. If so, replace it. 

iv) If Ithe fault is net removod, tr.ke out the bulb holder and 

cL an the prisms in the digitizer with a clenn soft cloth* 
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v) If the fault still persists, the decimal numbers sj&ould be 

converted into WI?D code According to Table 1 and Table 3 

as shown in examples given earlier. Chrck the input 

voltage levels on board number 18, which receives inputs 

fron digitizers. There is one board for each digit. If the 

levels are according to the conversions made above, then 

the fault is in the digitizer. 

vi) Unecrmr the digitizer from the axis body. Open W e casing 

on the input shaft-side. Hookup the power supply and 

measure the voltages on photo-diodes with a multimeter and 

see if they provide ON-OFi? signals. ON condition is 30 to 

50 mV. Replace the faulty diodes if any. 

vii) if diodes are OK, then check the operational amplifiers 

outputs. Ch-ck them for ON-OFF conditions (5»8 volts and 

about 0.5 volts respectively). Peplace the I C's if found 

faulty. 

viii)In the last, check the output NAKD gate IC and Q 1 and Q 2 

transisters for parity and non parity (Fig.9). 
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7» FIGORS CAPTIOUS. 

Tig* 1* The Digitizer (New version PAC-Jf) Main Assembly. 

Pig. 2. Convertor Layout. • 

Pig. 3* the digitizer coding DISC. 

Pig. *t. Operational Amplifier used in Disc I and II using SN72709. 

Fig. 5- The main connector. 

Fig. 6. Fowor nnd signals diagram of DISCS 1,11. 

Fig. 7. Digitizer Electronic circuit DISCS I, II. 

Fig. 8. Schematic diagram of digitizer BISC-I, (RD-4) 

Fig. 9. Schematic diagram of digitizer disc-II (RD-1) 

Fig.10. Input and output diagram of output I/C DISC-II. 
- ICs 18-21 are SK71*26 

. . - : . : : - * : . * - " • ' • • • • - • • • • » • -

- ICs 19-22 have the same pin numbers as IC 18. 
- Numbers on Line ends indicate IC PIN Numbers. 
- Numbers 6,7*8,9»10 on lines indicate circuit pint lines 

on electronic Disc-II. 
. - Box 18-21 Numbers 3»6,8,11 on each represent output PIN 

Numbers of IC 18-21 going to -the Digital counter. 
- ICs 18-22 PUT 7 is groun* »»"* PTN 1k (dark PINs) are 

VCC + Ve 
Fig. 11 Schematic electronic diagram of digitizer PAC-1*, 
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< * • LIST OF cotitWiHas 

US2D WITH 
DIGITIZER PAC-4. DISC I,11 

• 
sTF©. 1 Component I Volue 3 Location 

I. Besistance R1 through B 2k 10K 5% Disc-I 
2. Resistance R25 " B 36 3.3M 5# Disc-I 
3. Resistance R37 " B W 6.8K 5# Disc-I 
if. Resistance R**9 " R. 53 ^.97K5# Disc-II 
5. Resistance R51* R 58 i*97K Disc-Il 
6. •lasi6tance R59 " R 63 Disc-II 
7- Resistance K6k R 68 Disc-II 
8. Resistance R69 Disc-II 
9. Resistance R70 *» Disc-II 
10. Resistance R71 Disc-II 
11. Resistance R72 Disc-II 
12. Resistance R73 J : R7^ 8K Disc-II 
13. Resistance R75 20K Disc-II Far Ref voltage to 

SN72709 
H*. Resistance R76 1O0ohms Disc-Tl Across thfi ct-p on 

the other side print 
15- Resistance R77 51ohms Disc-II 
16. Diodes D1 1 through D12 1*175 Disc-I Ihotodiodes at the 

•t input of each SN72709 
(FIG.8). 

17. Diodes D13 H D2k OA202 Disc-I 
18. Diodes D25 *. D36 OA202 Disc-I 
19. Diodes D37 D*f1 IE 2175 Disc-II Opto Electronic 

Photodiodes (FIG.9). 
20. Diodes D*f2 Dk6 IK2175 Disc-II 
21. Diodes DV? D51 OA202 Disc-II 
22. Diodes I>52 D56 OA202 Disc-II 
23. Diodes D57 if D61 OA202 Diec-II 
2k. Diodes D62 < i D66 OA202 Disc-II 
25. Capacitor ( 31 0.1 uf/6v Disc-I 
26. Cp.-jvcitor ( 32 0.1 uf/250 v Disc-I 
27- Capacitor < 33 0.1 uf/250 v Dinc-I 
28. Capacitor < Zk 0.1 uf/6v Disc-I 
29. Capacitor ( 35 D*W**J;$1 /Collector 
30. Capacitor ( 36 ' M&f-li' Q2/Collector 
31. Capacitor C7 2.1 uf Disc-II 
32. Capacitor 38 0.1 uf/6v Disc-II 
33. Capacitor ' 39 5.MF/15v Disc-II 
3k. Capacitor :io 0.1MF/6v Disc-II 
35. Tckts. 11-n? SN72709 Disc-I Operational Amp 
36. Ickts. 113 -117 SN72709 Disc-II operational Amp 
37. Ickts 118-21 SN7^26 Disc-II V and Gntes 
38. Ickts 122 8V?k00 Disc-II N and Catip system 
39. 
ko. 

Transistor 
Transistor 

2-1 
q-2 Xy-%* Di^c-II PKP 

Disc-II 1'NP 
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TABLE-1. SLFLl.CTSD BINARY CODE. TABLE.2. WAPTZ RUFLIJCT^D CODh. 

D e c i m e l 
D i g i t s 

COLUMNS D e c i m e l 
D i g i t s 1 I 2 | 3 ! * 

0 "6" r o — o . . -, < 
1 0 ' C 0 1 1 

2 0 • 0 1 1 : 
3 c • 0 1 

1 : 

^ 0 ! 1 1 c ! 
5 0 . -I -t _. UL 
6 • 0 1 1 0 1 I 
7 0 Li o __.oJ 
a 1 1 C 0 
9 1 1 0 1 

'Table 1,2 Development ef '.iartz Reflected code from 'Reflected Binary 
Decimel code. 

1 

Table: 3. The 'Jartz Reflected Decimel code used in Digitizer FAC-'t. 

PARITY (p'> 
D e c i m e l 
: O 3 . 

cr.L '•»?•! y D e c i m e l 
: O 3 . 1 I 2 I * | ' k 

0 0 'o" 0 0 
1 0 0 0 1 
"5 0 0 1 1 
3 0 0 1 0 
k 0 1 1 0 
5 1 1 1 0 
6 1 c 1 0 
7 1 0 1 1 
8 1 0 0 1 

9 1 0 0 c 

von PARITY ( r . P ) 
COLU H-T.7C D e c i m e l 

N O B . 1 ! 2 I 3 I k 
D e c i m e l 
N O B . 

1- 0 c 0 0 
1 c 0 1 1 
t 0 1 1 2 
1 0 1 0 3 
1 1 1 0 it 

c 1 1 0 5 
0 0 1 c 6 
0 0 1 1 7 
0 0 0 1 8 
0 0 0 0 9 

Decknel 
D i g i t s 

COLU MIS Decknel 
D i g i t s 1 I 2 i 3 | if 

C 0 r c c ^ " ! 
1 C i 0 C - i , . . : 

1 I 2 c : o 1 
i , . . : 
1 I 

3 0 > 0 1 o ; 
i+ c • - , 1 . - 1 . . . - £ / - . . 
5 1 1 1 0 
6 1 0 1 Q 
7 1 0 1 1 
8 1 0 0 1 
o 1 0 0 0 
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a)Circuitdiagram of single stage operational 

FIG-* Operational amplifier used in Oisc-l&U(SN72709) 

2r Z 2 V — 
b) Digitized pulse ouipu\ from op. Amp. 
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ToDfscll 0 
1&sL 
*33tiL 

22 21 s 
aiilL 0 to Disc 1 

a) Power input to Discs l i f t 

• * * 
Disc-41 

.2yl£USJtBLiPectromct<r 
panne! 

») Block di agram of Disc 1 & 11 w\\ er connection* 

F l f -6 Power & signal inputs & outputs ot Disc 14.11 
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