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1. INERQIGCTIOM.

In neutron diffractometers and instruments like the triple axis

[ -
ol

neutron spectrometer installed at Pakistan Atomic Research Reacter at
‘ .

PINSTSCH, the neutrcn ene;gy is selected by diffracting a neutroa beam from

-

single crystal monochrometors. For accurate determination of the selected
»

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

accurately. In typical instruments an accuracy ef about 1' to 2' is reguired.

Tre triple axis spectrometer at PIN3TECH employs optical coded
disc digitizers to measure the angle of rctation 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-
digithl converter with p2rallel read outs. The optical digitizer is intended
for digital measurements of angular rotation of its shaft. In this applidé-
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,  PRINCIPEZ OF OPERATICN.

The schematic layout diagram ef the digitizer is shcwn 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 7 falls on the coded
discs (4, 5) through two optical prisms (6). The two coded discs are
coupled to each other with a 10:1 gear ratio. The plate with fine slete ie.

directly coupled with the central shaft (1). Light parssing through the coded
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discs is selected through read ext hair-line slits (2)*§1§§§§:%et;¢éi ;he
photo-diodes and the coded discs. Fhoto diodes (3) are placed behind each
slit. Tﬁe"number of phcto-diodes is egual to the numbér of coded rings on
the cire;i§r soded dises. The cqded rings in 2 coded disc are made in a

photochemiégl manners The concentris ‘code rings consist of transparent and

non transnarent divisions Fig.3. The rotatisn 9f *he coded discs modulates

the light flux which is cog#ertod by photo-diodes intec elcctronic pulses.

In this manner digital conversion for ~ach position of the input

shaft (1) with respect to converter casing (10), is achieved.

Electronic circuitry built usinpg integrated circuit operational

amplifiers and NAND gatee is housed on the orint-d boards (g}.

3. IECINICAL DATA.

- Angular nesplution,” 1:1000 on 10 turms of inout shaft
- Minimum, mezsure-nble angle : 1/5000 of full turn (2.16’)

- Code : ; © YAR?TZ reflccfedidccimal coééz)

- Counter~clock wisge rotation |

cerresponds to increase of
angle of the spactrometer.
- Fixing ¢ Flange
- Coupling > Elastic
- Supoly volteges for regulated + 6V + 5%
+12V + 5%
=12V + 5%

electronics circuits ¢

- Supnly'#oltages‘for lamps ¢ regulated 6V

- To enable exchange of lemps,
facidities are fore-scen at ’

the hcusing of optical
digitizer.
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The electronic circuitgyis buit in three stages described

below;f

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

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

disc).
3«  NAND gates for final out-puts.
Description ef Read Out Amplifiers.

i)  Single dnput amplifiers.

Schematic diagram of read out amplifier is shown in Fig-4

which also gives actual layout., The intezrated circuit (IC) 8K 72709
' 3)

is used in the voltage operational amplifier with one input mode” .

4)

Input to the amplifier is given by the photo-diode IN 2175 ° which

eonducts accerding to the position ef the coded disc..Mormally dark

current of the photo diode cruses Vout

=_6V. In the diode comnducting
condition Vout-“— 0.8V. The operational amnlifier gives 'ON' condition
when the input current is more than 10 u amp, which corresjond to an

input of 30~50 mv. At the out-put of rend-out amplifier diodes D1 and

3
D,y (Fig-ba) are used in regenerative mode, D1} and D, keep the minimum
and maximup out-put levels Z, and Z, at 0.8V and 5.8 " yolts respec-

»

tively. The single input nmplifier is used in disc-I.

A double input amplifiers is uscd with the course coded disc
(disc I1), in which the conduction of odd or cven diodcs determines
the code for warity or non-narity. The parity is important in gencration

of the final number using WRD codegp, 28 described in the mext section.

.

» ”,




i11) NAND gates.

Sixteen NAND gates are uscd at the out-put stage to drive the

coded information to the ccntrol pannel of the triple axes spectromzter.

The - gates arc h»ased on the integrated circuit 5¥ 7&265). This
ocutput information in the WRDC is convert-d in the control pannel
(Board-18,19 & 20) to the dccimnl system and is displayed.

Eloctronic Layout in Digitizer.

"

Fig 5 ~nd 6 show thé input connector and the power distributior
to the disc I and II. Fig. 7 gives the conponent and conniction layouts
of disés I and IIf Pig. 8 »nd 9 show the Flcctronic scﬁemaiics of disc I
and dise II. Fig 10 doscrihes the wiring diagr-m, out-put sfage of the
digitizer.jThe combin;d electronics schematic di~gram ¢f the digitizer
is given in Fig. 11, | |

- -

S. -ARTZ REFLTICTED DECIMAL CODE.

o v -

The WRD Code is developed from o tha reflected binary decimnl

{RBD) cole 6)

as shown in table I. The YRD code is shown in table 2. The
mnin difference be?weun the URD‘Code and 23D Code is thrt the RDBD Code
is formed from a sinple bi#éry code, in = manncr thrt the numbers »fter
'7' are obtained by renlacing '0' in the first colomn by ' and reflec-
ting back the remaining colomns of 6th and 5th rows as shown in Tablc 1.
WYhile, the WRD Cod; is formed by replrcing 'O’ After the bth row in
first colqmn by '1} and reflecting back‘tho dottzd box, to ohtain the
h;ghcr va;ues of the deceimanl numbers, a8 shown in Table 2. In RBD Code
the Ist column upto the 7th line ic all O0's and'the remaining'7th and
8th 11nbs are wan, While in WRD the top half in the Ist column upto 5th

rew are all 0's and the 2ower helf below 5th row are all 1's (Table-2)e

tl
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A YRDC using a parity digit has_been *sed in PAQ-“,«TVelve

2= 7 -

[

light sensitive diedes are used with disc 1, \Kich»represent three
a

.digits. Ten optiéal diodes are emrleyed with

sc_II. The diodcs give
inputs to five operation~1 amplifiors, two dio;¥s pairing together to
give input to onc amplificr. Thesc 5 outputs coébined with the outputs
of disc I foom the four output digits. Table 3 g&ves the WRD code as

H

used in PaC-4, ?

The method of conversion in PAC-4 is suchath:t the digit
indicated, is said to be “parity’ if the next highpr digit is an even
number, i.e. 0,2, 4,6 and 8. Similarly the digit i% said to be ‘‘non
parity”" if the ncxt higher d;git i~ an odd number {}e. 1,3,5,7 and 9.
The highest digit (4th digit) is alvay; pa;ity. A d%git is rend from

: 4

the respective parts of Table 3, depending on the perity or non-parity

H

1nbelling of the digit. ;

Example I. .
' k!

i) Let 3517 be the reading of thc four indiéators displayed

on the spcctrometer pannel. According to Table 3 URD_dode fer this

reading would be as follows:-

Pumber CRD) Code,

3 0010 . 2
5 0110 '
1 1001 2
7 0011 !

“ i
Note: The highest digit (4th digit) is always pprity. It can
be s.en that No 3 is the 4th digit and iséa parity digit

WRD for 3 = 0010(p) i

As l'o. 3 4s an odd Mo  WRD for 5 = 0110(np) %

%




this reading would be

6.  MAINTTUANCE,

display,

K.
Ap Ro. 5 is ar odd Mo, 'WRD for 1 = 1001 (np) -
As Yo. 1 is an ¢iid No. "“YRD for 7’5

0011 (np)‘

Example II. A
ii), Let 6009 Ye the reading of four indicators. WRD code for

fqllows:;
Nusber (D) Coils.
6 } 1010 :
0 | 0000
) | " o000
9 1000
A; the bth Rigit is always parity: .
' WRD for 6 = 1010 (p)
Ag,Nd. 6-i an even No. “WRD for ¢ = 00CO (p)
As No. O #s an even Ne. WR for O = 0000 (p)

As Yo. O §s an even No. WRD for 9 = 1000 (p)

In case a fault in the number indicated in the spectrometer
the follkwing nrocedure is recommended to correct the fault:
i) Tf 3o numbers are disnlayed, check tﬁe pouer supvlies

h fer lamps and electronic circuit),

k the bulb, if fused, revlace it.

he diaplay shows irregul~r seguence of numbers, first
>k the bulb. Its pglass (face side) should not have
trace? on it. If so, replace it.

iv) IfjJthe fault is net rémOVcd, trke out the bulb holder and

an the prisms in the digitizer with a clean soft cloth.




t= 9 -2

v). If the fault still persists, the decimal numbers should be
converted into WRD code according to Table 1 and Table 3
as shown in examples given earlier. Check the input
voltage 1levecls on board number 18, which receives inputs
from digitizers. There is one board for each digit. If the
levels are accerding to the oconyersions made above, then
the fault is in the digitizer.

vi) Unscrew the digitizer from the axis body. Open e casing
on the input shaft-side. Hookup the powsr supply and
measure the voltages on photo-diodcs with a multimeter and
see if they provide OMN-OFF signils. ON condition is 30 to
50 mV. Replace the faulty diodes if any. -

vii) If diodes are OK, then check the opérationzl smplifiers
outputs. Ch:ck them for ON-OFF conditions (5.8 volts 2nd
about 0.5 volts respectively). Replece the I C's if found
faulty.

viii)In the last, check the output NAND gate IC and Q, and Q,

transisters for parity and non parity (Fig.9).
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7.  FIGURE CAPTIONS,

Fige 1o
Mg, 2.
Fig. 3.
Fig. k.

Fg. 6.

¥ig. 7.
Fiso 80

.-
Fig.' 9.

Fig.10.

Fig.11

The Digitizer (New version PAC-4) Main Assembly.
Convertor Layout.
The digitizer coding DISC.

Operation~l Amplifier used in Disc I and II using SN72709.

‘ .
The main connector.

Fower and signals diagram of DISCS I iI.
Digitizer Elrcti¥dhic circuit DISCS I, II.l
Schematic diagram of digitizer DISC-I, (RD-4)
Schematic diagram of digitizer disc-II (RD-1)

Input and output dingram of output I/C DISC-11.
ICs 18-21 are SN?#ZG
. . "."—‘.' ’ s . -
ICs 19-22 have the same pin numbers as Iv 18
Numbers on Line ends indicate IC PIN Numbers,
Numbers 6,7,8,9,10 on lines indicate circuit pint lines
on electronic Disc~I1I.
Box 18-21 Numbers 3,6,8,11 on each represent output PIN
Mumbers of IC 18-21 going to the Digital counter.
ICs 18-22 FIN 7 is ground and rIN 14 (dark PINs) are
VCC + Ve

Schematic electronic diagram of digitizer PAC-h.
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8. | LIST OF CONEOQILNTS
USED WITH
DIGITIZER PAC-h, DISC I,II

S.¥e. I~ Component 1" Volue ) ____ _ Tocotion
1. Resistance R1 through R 24 10K 5% Disc-I
2. Resistance R25 R 36 3.3M 5% Disc-I
3. Resistance R37 " R 48 6.8K 5% Disc-I
4, Resistance R49 @ R 53 b,97K5% Disc-11
Se Resistance RS54 R 58 - b9 Disc-11
6. Rosistance R59 " R 63 Disc-I1
2. Resistance R64  © R 68 Disc-IJ
8. Resistance R69 Dise-II
9. Resistonce R70 ” Disc-1II
10. Resistance R71 Disc-II
1. Resist .nce R72 Disc-I1
12. Tesistance R73 & R74 \ 8K . Disc-1I
13. Resistance R75 20K Disc-II Fer Ref volt-ge to
SN72709
14, Resistance R76 ‘ 100chms Disc-YI Across the cecp on
the other side print.
15. Resistance R77 51ohms Dise-11
16. Diodes D1 through D12 1M175 Disc~1 thotodiodes at the
- input of each SN72709
' (F1G.8).
17. Dimdes D13 " D2k 04202 Disc~I
18. Diodes D25 r D36 OA202 Disc~I
19, Diodes D37 & D41 IN2175 Disc~I1 Opto Electronic
Photodlodes (71G.9).
20. Diodes D2 DL6 IN2175 Disc~II
21. Diodes D47 D51 0A202 Disc~-11
22. Diodes Lb2 D56 0A202 Disc-I1
2% Diodes D57 v D61 0A202 Lisc~-I1
24, Diodes D62 b D66 OA202 Dige~I1
25. Capacitor C14 0.1 uf/6év Disc-I
26. Copmcitor C2 0.1 uf/250v Disc~I
27. Capacitor C3 0.1 uf/250v Disc-I
28, Capacitor Ch 0.1 uf/fv Disc-I
29. Caprcitor C5 T DABRHT: Q1/Collector
30. Capacitor C6 . Dhec-IY Q2/Collector
31. Capacitor C7 2.1 uf Disc-11
32. Cnapacitor C8 0.1 uf/6év Disc~IT
13, Capacitor CO 5.MF/15v  Disc~1I
3h, Capacitor C10 0.1MF/6v  Disec-1I
5. Tekts. 1I1-112 SN72709 Disc=I Operational 2Zmp
36. Ickts. I13-1I17 : 8N72709 Disc=11 rperational Amp
37. Ickts 118-21 SN7L26 Digsc~11 V and Gotes
38. Ickts I22 SN?#OO Disc-11 ¥ and Catip system
39, Transistor 2~1 { : Disc~I1 PNP
40, Tran+igter Q-2 ;”‘ Disc~IT INP
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TABLE-1. &%:FLLCT®D BINARY CODE.
Eecimel COLUMNS
igits T 71 { 2 3 4
—==0 ===
) c T =
1 c 'o © 14
2 © G 1 1
3 c 'C 1 0!
L o 1 1 c,
5 CEN 1 T T
3 G 11 0 1'%
7 6 12 _.0___0,
8 7 1 C 0
9 1 1 0 1

TABLE.2., WAPTZ RUFLICT.LD CQODL,.
Decimel COLUMNS
Digits T 1 213 V& i
= - ~Tr=g?a=gqr=—==ef
1 e 10 ¢ _1_,4'%
2 ¢c. 0 1 1 1
3 o o 1 Q
L €  —d--3 ooy
S 1 1 1 0
6 1 0) 1 c
7 1 0] 1 1
8 1 Q 9] 1
o 1 O O 0

Table 1,2 Develonment ef liartz Reflectrd code from Reflected 3inary
Decimel code.

1

Table: 3. The artz Reflected Decimel code used in Digitizer FAC-4.

m ()

pecimel A‘EFLLMKZ

Y 0Se 1 T 2 ’ g l T
¢ 0 T 0 o)

) 5 - - -
2 0 0 1 1
4 0 11 0
> 1 1 1 o
& 1 c__1 0
2 1 c 1 1
8 1 c_ 0O 3
9 ;A o o) C

TON PARITY (M.P)

COLUMN Decimel
14 2 |3 | & Nos.
1 6 c 0 0
1 C 0 1 1
1__ 0 1 ] 2
1 0 1 0 b
T 1 1 0 &
c 11 0 5
) ) 1 C 6
0 0 1 1 7
O 0 0 1 8
Q 0 0 0 9

|
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a) Power input 1o Discs 1211

Cisc!

0.0

i

g Disc -1}
Power pr=————t Output

iICs

| Quiput to spectromeser
pannel

1

Disec <11

%.-..q.,

b) Block diagram of Disc 181} imerconnections

Fi#-6 Power&signal inputs & outputs ot Disc lait
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