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CHAPTER III

DISCUSSION

The "Printout and System Control" is an interface between
the neutrdn detection system and the hard copy output from the line
printer or modified electric typwriter e.g. the IBM Selectric
typwriter with Auto Finger. Most of the electronic and mechanical
components used in the development are available locally except some
partsqu the line printer which are out of date and'procurment of iés
spare parts is highly;improbable. Therefore, it is mo:+ practical to
interface +the electric typewriter or the more versatile teletypewriter
to the neutron detection system.

During printing period the main and monitor scalers are inhibited
from acquiring data since the electrical noise incurred from the motion
of the printing mechanism, the RF and Motor controls may interfere the
data acquisition of ﬁ ¢se two counters. This tiﬁé delay depends on the

speed of the printer and in the case of the line printer under consideration

_ the time delay amounts to 360 ms. This is one of the disadvantage to be

overcome in future development.

The improvement may be done by using an optional BCD code
latching'for the data to be printed. These data are accessible at the output
of the scaler. Once the data are stored byvlatching option the scalers are
cleared for next data acquisition and at the same time the latched data
are forwarded to the printer to be processed for the hard copy output. The

latching option circuit requires another thirteen IC!s.
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CIRCUIT DESIGN
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Two cases are considered.

Case I) I
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0,
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24Vdc

(1)

= 0,,Vd§(sat)Q3 0.1 ~0.3%0



Vcl - le - VCE(sat)Q3 Vcl- le
Then I, = = s |
+
R, Ha By ¥ R,
Yoo 3y
and V, 3 12R2-(R1+R1)32 ool AE)
1 1 2

cut off and cutin voltage V X 0.5 volts

; g " 1 YQ,
v i\ =V, +0.5 R
C2 Bl + th Bl
: ~3 ﬂ = =
Case 2) Il 3% 1.66 mA, 12 0; Ql, Q2 conduct (sat),
vC - VBE(sat)Q2 - VBE(sat)Ql - VCE(sat)Q3
= 2
then 13 = R
o 2
ch_ VBE(sat)Q2 - VBE(sat)Ql‘
or «I. Z ' cessve ¥93
3 R2

- Substitute V from Eq. (5) and let VBE(sat) % 0.75 volts, we get

c, —
(vBl+ vYQl) - VBE(sat)Q2 - VBE(sat)Ql
13 = =
2
% VBl -1
: LPCSERRY
R,

or I3R2 = VBl -1 oo toste i O

The difference voltage between case (1) and case (2)

AVy (13 I I2)R2 - I3R2 - LR, = Eg.(T)- Eg.(3)

1

: (V, |- 1) =V, = -1 volts cosess (8)
+ 9 Bl Bl

I 15445852
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Eq. (7) - Eq.(8)

I3R2— AVB = VB

Substitute VB Eq. (3) into Eq. (9)

i
Vcl = VDl .
( JR. + AV
Rl + R2 2 Bi
I =
3 R2.
Yo v AV,
. k! %) s R
3 Rl + R2 R2
Differentiate w.r.t. R2
\Y -V AV
dI3 ) ( Cl Dl S Bl
dr 2
4 (R, +R,)"  (Ry)
ar, |
For optimum condition —= = 0
dR2 ;
v -V AV
RO T Y B
a5 5 WY e g
(Rl + R2) - (R2)
(Vg = Vp MR)Z + avy (R +R)Z = o
A4 1 i
' ['vc -V AVB‘] (R2)2 + 20V, thz + AV (R1)2
L L I ) 1 : 1

\

(9)
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! 3 2
R [- AV. (A% )" = (V. =V. + AV. ) AV ]
: & Bl : Bl c1 D1 By B1

R =
2 V. =% % '/
01 Dl B1
Substitute AVB = - 1 volts from Eq. (8) , Rl = 3K ,
: e
v = 5 volts and V = 0.6 volts
C D
it § : Al
A w 3K [l i&ll + (5-0.6-1)] = 3K (1+2.028) |
2 5"006-1 . 30)4
’ : 2.7 K ® e 0 000
Vi = N
e Dy 5-0.6
and VB _(R_ﬁ—) R2 = (3K-2.7K) 2.TK = 2.0842 volts »
p F ;i 2 ,
then V, =V, + 0.5 = 2,0842 + 0.5
2 I
: 2'6 volts ; ¢ ‘ ' L B B B N )
VBl -1
I, = _Neselliee—=
3 R2 = 2.7K ~ OohmA e s
Select R3’= 120  to decrease ICBO of Q2
_ Vpg(sat)q, o HATS
IR = __—_ﬁ_____ e = 6.25 mA
jmax 3 120

Select hFE ., Q. ® 25 for solenoid driver at 1 A

min 2
. ICmaxQQ :
Bmax%e - WFE . Q- - e_l? = Loma
min 2

I = P
Emale IR max * IB maxQ2 6.25 qA + 40 ma

% Hens wi

% (20)

(11)

(12)

(13)




E max Q1 E male IE maqu
hFEmian o @& T I
B max ‘1 B male : 3
From Eq. (13) 13 = 0.4 mA and IE maqu = U6.25 mA
‘SithFE QEEE_MSJ:. =&%§ﬁ =.11563
b g min™1 I 0.4 mA A
~ 120 “ X (14)

-

VCE(sat)Q1 z. 0.3 volts, ICmaQQl x IEmaxgl = }46.25 mA

VCE(sat)Q2 = 0.75 volts and VC2 = 2.6 volts

.V, - V. (sat)Q, o/ V. (sat)Q
S o5 = AN 8 2.6 = 0.75 & 0.3,

¢ S I Q \ 46.25 mA

"

Ccmax

144

33 Q | B (15)

The maximum collector current

vV, =V

Y D
= Dl R R o laeb
ICmaxQ3 = 9I2 + 13 =9 ( R, % R2 ) + 13 = 9(3K T K) + 0.4 mA
= T.35 mA
Select pull up resistor R5 = AT R " (16)
VC - VCE(sat)Q,3
Al D = 3523 = 1m
R5 R5 .TK
i Q. + I
s 0 max '3 R
BminQ3>‘ S. Lul:35mA + 1.-mA

hFEmin 'Q3 hFEmln Q3
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Select

-39~

hFEminQ‘3 =580
I8 min3 30 0.278 mA (17)
R6 = LUTK to reduce leakage current ICBOQ3 and ICEOQh .
At low current VBE(sat)Q3 % 0.55 volts
V__(sat)Q
. LBE 8 oodiamive
IR6 R6 ' _EK—- 0.017 mA
>‘ .
Iﬁah = IB minq3 - IR6 = 0.278 mA + 0,017 mA
5 ,
= 0.295 mA Ceeeesees (18)

Protection diode D1 (1A) reduces the spike caused by the back E.M.F.

energized by coil L

L
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>
IEQh = 0.295 mA. for Q3(sat) 2

123

Q

0.1 %or low current I

134

; and VCE(sat)Qh Cmm L -

124

0.3 for high current ICmath

V. = VCE(g,at)Qh - VBE(sat)Q3

c
i ol o, sl g 601 % 1 mA
el ;
2 WK
8 < [ Voy = Vpg(sat)ey- VBE(S“)Qj] q
9 ICQh min L
S 2-00 22-00 22
" 1mA ) WFE inY
<
o (3.9K) hFE i N AP saes o 89)
& = ' \
Se}ect R11 R5 T K
Bigl'® Ren= U7 K |
for symmetrical driver circuit.
Q5 1is identical with Q '
and Q6 is identical with Qh

'ICQ6 % IC,Qh = 1mA for Q6(sat) |
. > vCl - VCE(sat)Q6 - VD - vBE(sau:)c,z5
10 T %
where VD = V. +.V &y =054 054 0.5 = 1.5 volts
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VBE(sat)Q5 = 0.55 volts, VCE('sat)Q6 = 0.1 yolts,

VCl = 5 volts
SRl 2.0 520, 55
RlO @ 1 mA 2.85 K
: 5 3K : : ‘
3 L i ] Vo, = Vpp(sat)ee - Vo - VBE(sat)Q5 i
8 ICQ6 min“6
X &
< 2-0.55-1.5-0.55
P 1mhA . ) hFEminQ6
< ' - E
o (20h K) hFEminQ6 . R REERERE RN (20)
AE &t < 0 Q7 is turhed_ ON (saf)
5270 QT is turned OFF {cut off)
. Thus initially at t < O s Qg are turned ON (sat),
Q3, Qh’ Q5 are turne@ OFF, the collector voltage ch3, VCQS

will be reset at high level state +5 voltse

J e il o QT’ Q6, QS are turned OFF, Qh’ Q, are turned ON(sat),

3

the collector voltage VCQ will fall to its low level state. e
; 3 ;

At t < 0 Q  and are turned ON (sat) ,
6

QS’ Qh and Q3 are cutoff

vC = VC1 -‘VBE(sat)Q6 - VCE(sat.)Q7
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‘ Pig. A 3

AL 6 » 0 QS’ Q6 and Q,7

. turned ON (sat) s

are turned OFF Qh’ Q3 are .

Vit)= Vug
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v(t) =
Vo = VCE(sat)Qh - VBE(sat)QB, t. > 0

Vlu(t)

\ U
-V u(t)+ Rsl(t) + Ei ¥ i(t)at =:0

/--g - RSI(S) + %- [ Iés) + Q(gﬁi] = 0
1

a(0+) = -Q1VC(0+)‘ == Lqv s -C.V,

Ccv
¥ ;&sl__c__]=
-5t RBI(S) + 01,[ 2 0

S
V+AN -
1(s) = (——) (—)
T S * 77
871 G
=
Vi+V Ra€
i(e) = (—He °F
8 . .k
RgCqy :
| W T Ral(t)- ExOan (V. + yc)e ........ (21)

Substitute V and VC we obtain

% "t {'[Vc1 i Hgpleat)qy < VBE(sat)Qs] i [%01 - Vpg(sat)Qg

= . b
R,C

< VCE(sat)Q{]} e 81

VCE(Sat)Qh = VCE(Sat)QT

Since VCE(sat)

and VBE(?at) VBE(sat)Q3 = VBE(sat)Q6
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R,C

i > 81
Then vB6 = vCl - elijl - VBE(sat) - VCE(sat)] e case - (22}
, V.. =~ V. (sat) -V (sat)]
i 2[01 BE ‘ CE :
t = 8C1 1n 7 s vens - VORY

c1 B6

This exponential rise will actually continue, however, . only .until VB6

rises to the cutin voltage \')

ti T
ime 1

'

+ VD + cutin voltage V. and at

YQ6 YQ5

a reverse transition will occur.

VYQ6 R nys =i+ Vo coess (DN
VCl = W4 (sat) = 0.55V , VCE(sat) = 0.1V,
giE= Wk +,vD5 WHE - 0%+ 0.5+ 0.5 = 1.5V

4 ol5-0.5-0.1]
= Ry - 5~1:5

RgCy 11| 375

= 1.25 RgCy ve o fioh
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Fig. A 5 The voltage waveform at the base of Q6 .

From Fig.AS5. , it is seen that ‘T = T, is greater than T3 =2,
This is due to the difference in voltage between the first and. the

second transitions.

Therefore V Vo - Vpp(sat)Qg - v, - VBE(sa.t)Q,S, at T, (+) < 't <T(=)

VCl - 2VBE(sat) = VD | vaesads s B BALERE )



Fig.A 6
Substitute V., from Eq. (27) into BEq. (21) we obtain’
- %
_ RgCq
e L P ay =2V -
Y56 " Yo [QCl Ve 39y VBE(sat)QBJ ; [Vc1 sy vé] 3
-t
Rgcl
Then Voo = vCl -[2VCl - 3VBE (sg,t) - VCE(sat) - VD] e s oo esvalior)
, 2V, - 3V__(sat) =V .(sat) =V
t ) Raclln[ Cl L sE v CE D R (28)
X
Solving Eq. (28) for t = T3 =~ T,, when V.. = 2wY Vo
we obtain @
[ 2V, = 3V dfet) = ¥ _(sat) = V¥ '
Y e T2 — RBCl 1n Cl v BE— >V = $E D 0..0.....(29).
L cl Y D \
- 1l 5 o 5 - 2(0.5). - 1.5
= 0.993 RgC. ' ceeseness(30)
and T~ T, = -0.993 ReC. B oo 5 (31)
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Now we investigate the effect of the time constant R902 on T1 and T2.
. |

First of all consider the moment at which Q6, Q, are turned OFF and

T
Q3’ Q, are turned ON (sat).

VC & VCl - VBE(Sat)Qh - VBE(sat)Q3

(sat) PR ST (32)

Wi e 2VB

Cl E

L

Fig. A T

Then consider the next moment at which QT"Qh and Q3 are turned OFF

and Q6, Q5 are turned ON(sat) and we obtain



-Lg8-

& !

B oo s ?
’, 6 \“,
rab

|
| _
Qs | AL/ Pa Q4 OFF
|
|

— i — o — - —

< <
Opp 2 % T

- VCE(sat)Q6 - vD - VBE(sat)QS,

o1 B ceees (33)

\

Then V =' V. - VCE(sat) -V E(sat) - VD

by V.

Substituting Eq. (32), Eq.(33) into Eq. (21) and replace V Bl

B6
yields

R
VBh = VCl - [&Cl - VCE(sat) - VBE(sat) - Vé] +[:VCl —2VBE(satﬂ e

9%2
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D i
R9C2
Therefore VBh = VC]_ - [2V01 - 3VBE(sat) - VCE(sa.t) - VD] e snne (34)

t = R9C21n T

[EVCl - 3Vpp(sat) - V o (sat) - VD] iev. (35)
Cl Bl

The voltage at the base of Qh now starts to rise exponentially towards

v with a time constant R_C, until vBh reaches the cutin voltage

Cl 92
of Q, (VYQh) plus. the cutin voltage of Q3 (VYQ3) at & = T.
Hence VBh 5 V’YQL[. + V‘YQh b ZVY . 3 Seevcerrssvrene " (36)

then Eq.(35) becomes

2V 4/3V. (sat)- V (sat) - V
1,- 1, = RCln 1 VBE P CE D ]
3 c1 Y
= R C ln r 2(5) o 3(0.55) o 0.1 it 1-5
> b~ gk 5 » 2(0.5)
= 0.523 Reee R L
and Th o T3 = 0-523 R902 d s e e (38)

B4

/
B L e e e - —-——/

3 25 !
Fig. A 9 The voltage waveform at the base of Q)
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Comparing the results from Eq. (&) with Eq. (30) and Eq. (31)
we get

Toom Tur = U - Tu. = 0,993 R801 R 21489 RBCl, = T -fT

And from Eq. (37) , Eq. (38) we obtain

T2 - Tl = Th - T3 = 0.523 R902
For Optiﬁum condition let
’ |
T3 - T2 = T5 - Tb = Tl - To =0.993 R8C1
- = Period  of print drive
' = 30 msec |
0 msec
R C = L B R R
g1 0.993 , (39}
and T2 - Tl = Th - T3 = 70.523 R902
= Period ' of print advance or
Release Time of Solenoid
= 25 mseg
R0, = ERdESC (40)

92 e 0.523 uloccvoooo

; <
From Eq..(l9) R9 (3.9K) hFE . Q)

A

~and  Eq. (20) R8 (2.hK)hFEminQ6

Led - &0, G ;
e Cl C2' 0.05 yF then the minimum current gain hFEmin orf Qh

and Q6 can be found as follows .

From Eq. (39>, Eq. (4b0) we obtain

-
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- 30 msec _ _30 msec ;
& 0.993C, 0.993x0.05UF éok.23 K
® 560 K
' SRS mEes 25 msec o
agd: Ry ~ 0.523C, - 0.523x0.05HF 965.02 K
% 910 K
PR T L R 233.33
min™k 3.9K 3.9K i
WFE . Q i R g 533.33
min '3 2.hK 2:LK d
/ >
hFEminQ3 S hFEmith = 233
&1 250
TR el AN e ST Y- ¥
R10 R 3K A ,
10 . :
V.. - Vv (gdt)
. Vo1 T g = Ven 88514, 1 540.5-0.1 _
1R9 = 39 . g = 510K = 0.005 mA
bl oy V..(sat)Q, = V_ . (sat)Q
R e BE' 6 CE T°_ 5=0.55-0.1 _
Ire Rg = SEOK = 0.008 mA

TR1o * Tro * Igrg

Thus . I,(sat)Q, 1.6 mA + 0.005 mA + 0.008 mA

1.613 mA

Given hFEmin of QT = 30
i
¥ ¢S 4 13.613. 0k
IBQT e = 30 = 0.054 mA
min
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Select Rl3 = 100 K and C3 = 0,01 yF for minimum

noise dge to current IBQ7'

\ B V.. (sat)Q
. IDT = IBQ7 + _BE " 1
: : 13
o 0.5 V ,
0.05k mA + Thes
2 0.0595 mA ‘ sohdasesssad CAE)

Rig

' Fig. A 10
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Given pul; uplresistor th = 2K and hFEminQB = 3Q
V.. - V__ (sat)qQ
&y BE 8 5 - 0.1
I.9, = = = 0.082 mA
B. _8 R, \WFE . Qg 2K(30) _
S ; {
Thus IC,Qg x IE,Qg = ID,.{ + IBQ8 = 0.0595 + 0.082 = 0.142 mA

Let us choose Ing ¥ 5 (0.142 mA) = 0.7 mA for over drive saturation.

: ik (sat)Q =V 4 - V. (sat)Q
Therefore R, = —t——=Ch 9 DB BE 8 _ 5-0.1-0.5-0.55

15 I,Q 0.7 mA
. 9

Then R x 5.6 K

Choose hFE Q9 = 30 o taaE

min
Ic %
I_Q 0.7 mA
. hFEmian 30 _
V., =V -V_(sat)Q, - V., - V. _(sat)qQ
Tms R = _c:L( D9 BE 9 D8 BE 8

T,q

2 - 0.5 - 0.55 = 0.5 - 0.55 _
0.023 ¥ B

3

120 K : siossenies (42)

<
At t 8 RE

is turned OFF and Q9 is driven ON(sat),
so that V and V. drop by IR16R16 volts.

B9 D9

Therefore the voltage on capaciotr C5 charges with time

constant R, _C_.
AT°5
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vV, = V.=V . - VBE(sat)Q -V

c. c1~ D9 g Tige = Vyglmatiag var b < T ()

VCl -2 [VBE(sat) + VD:I

The triggerring signal occurs at t = To' Q goes ON and

10

; + b ¥y th
Q9 gogs OFF The voltage VClO and VB9 VD9 drqp abruptly by e

same amount I._ R

T 17

i =V 2 = =
Since V u(t) 117 RlT

Cl - V (sat)Qlo, = 7

Substituting V, Vo and replacing Vpg by Vpg + Vpg into Eq.(21) yields

Vao* Vg = Voro [Vc1 CE(sat)QlCJ [Vm N (VBE(sat) ! VD)]} i

- %
- R. .C

— - i 16 5 "o h

= vCl [ZVCl =2 (VBE(sa.t) + VD) - VCE(sat)] e (43)

The voltagé VB9 + V é now starts to rise exponentially with time constant
: ) i Vy all
16C5 towards Vi, . Until V. EQ9 : VBEQB reaches the cutin voltage 2Vy

voltages at the other electrodes remain unaltered. Thus at time T - To

‘we obtain

VB9 +.VD9 = VD9 + VYQ9 + VD8 + VyQB = 2(VY + VD.)
From Eq. (43) pecomes
4 N B 2( VBE(sat) + VD) VCE(sat)
ALt T Bygls 18 Vo eV o+ V.
c1 B9 = 'D9
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2vCl -2 (VBE(sat) + vD) - VCE(sat)

=1
' :
3 :

1]

R.,C_ 1n ceenes (LB)
o 169178 Vo, =2(v +Vv.)
Cl Y D
5 - 2(0.5 + 0.5) W
N Y
= 0.95.5 R16CS \Pp);'f::' ‘—/ > \\\’
5 \f}\(},’ 1360 N.w\// /
Then T - ;4 ’= Total period of time for data register
= (30 + 25) mgec x 6 character
% 330 msec
0.955 R16C5 330 msec
330 msec : 330 méec '
C = =2 IS =0 = 2.88 yF
5 0.955 R, " 0.955 x 120K 9 o
Choose 'CS | = 5SuF in order to ensure that the period of time

T - T Will be greater than 330 msec

1

R17 is made equal to R = 5:6, K in order to get

15
'symmeﬁiical~circuit configuration,

Sy - Veglsat)ayy

So that I, . Q = and
B min 10 R17 hFEminQ10 ‘
to QlO 'because of ' symmetry
Then hFEmiano x hFEmian B30

% B wna ‘
Y% * Sekxm~ 003 mh R

B min

Because of |Q9 is turned ON(sat) and QlO‘ is turned

IBQlO &0 .

Q9 is identical

vebones (U5)

OFF and
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Then V = V
tl YQlO
_ VC(sat)Q9 X Rl
where Vt = R T R‘~f*5 %
1 18 19

=
I

R_.R
_ Rghy
R18//R1g

¥ Ri8 * Byg

and VYQlov = cutin voltage of QlO =105 . voits:

: V (sat)Q. x R
Therefore g - +9R 2 t o5

18 19
[V (sat)qQ, + Vv, + V__(sat)Q ] R
L CE 9 - D8+ - BE 8 !2 0.5
18 19

i [0.1 + 0.5 + 0.55] Big

= 0.4 (by assumption)

T St 1
Y g
Let us choose R18 | ng > RlS 2 10 Rl5 to minimize the loading at
collector of Q9 we get
2 ng + ng‘ = 10R15 = 10(5.6K) = 56K
R i 2%& . WE
e = 2Rig = 2x iax . 36K

and R18 is chosen to be 33 K
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In the case of QlO being turned ON(sat), Q

9 turned OFF

A

vt = VBE(sat)Q

St & T B UTRR

t2 20

(46)

7 Wi R
- L. 19
where V =, N
. + +
t2 Rl5 R18 R

and Rt = (Rl

+ R.,.)//R. .-
19 A s s R

(Rl + R18)Rl
Rig ¥ Rig *{o

. 5 x 18 K S i
Sot that V, s T 1.59 volts ,

2

_ (5.6K +33€)A8K) (1
Rt. ~ 5,6K + 33K +.18K 12.21.K

“ ' 46
Substituting Viaf th_ and Iy . Q0 0.03 mA into Eq. (40) yields

10 8 0.
12.2?K *: B

20

0.03 mA

R20 = USRI BAKUN GK(2RNK

To avoid noise interference at the base of Q

10° C6 is chosen to be
0.01 YyF for delay time constant R2OC6 in form of integrator circuit.
With R23 = 10K and C7 & 0.1 uF, D13 will d%scharge

the capacitor voltage with time constant 1 mgec

Therefore the collector current saturation of Qll is

Vo = Veglset)a ad 0.1

Rog > A

IC(sat)Qll = x 0.5 mA
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~ Because of high speed triggerring, cdbllector current should be greater

than Ic(sat)Qll

>

‘ : Thus IC(sat)Qll = 0.5 mA
Assume IC(sat)Q,ll = 10 mA
- i Ic(sat)Q11
2 }l hFEmianl
Let us choose hF%mianl =30
_ 10 mA :
L & WK 0.33 mA

To reduce noise interference and leakage current

ICBO choose C8 = L4700 pF amnd Ibs = 10 K

| ] VBE(sat)Qll -V

: = Cl D14

Thus R =

oL Iq vBE(sat)Qll
B¥1l -
- Ros
i 5085 s G Tas |
S e 0'52 00385
' §i03 W = 0%
Then th = 10 K
R21 and R22 are current limiting resistors of .diode gate

11° D10 and they are chosen to be 10 K e€ach .
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Choose Ch ‘= 0.022 yF for time delay of the Start Data

Transfer signal after Print Command signal.

fe

R33% Riss Ry Rog 932§ R30

R ER
PMF Q, . 0

O

OUTPUT
ANV—
Qts(} Raq R38§

(¢)
TMF

INPUT

/

When transistor Q12 is turned ON, the voltage V is quite low, being

CE

only 0.1 ~ 0.3 volts for silicon transistor and is driven well into
saturation. Therefore the initial inductor curren_t increases linearly
with time. This peak current is limited to 1 ampere by the winding
resistance of coil L?' At the moment the transistér le is turned OFF

a spike signal appears across the inductor L This voltage spike is

o*
limited by protection diode D15 by conducting the inductor current through

winding resistanée of coil L2. The spike will then decay exponential to
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-60-
zero with very small time constant. "‘f“
_ lerd
-vb3 ------- LD SR
TYCE

iR o AT |

'
0 ;T =
" t
0 Ty -
| |
Slple = == - oL SN == — — — _ (rd +RLp)(t =Ty)
. 4 Ly = )’f:_L(t-—To) i, = 1, ()
| 2
|
|
|
|
0
To T| t —» -
2
Fig. A 12

To simplify cdlculations we ordinarily neglect this time

constant.

Thus, the upper limit of collector current ICQ12 is 1A,

v 1( sa't)Qa ‘ I Q »
Since IC~Q = IR + IBQ ¥ BER 12 & 'hFE.CwéEh
A3 26 e 26 min 12
We use the minimum current gain hFEminQ12 = 25 and R26 = 100 Q
for leakage current I, and VBE(sat) = 0.75 volt at high current
conduction
Next the collector current of Q can be found

13



-61-

Iy85 = 00 25 7.5 mA
b, _ Vgp = Vpgsat)Q - Voglsat)a,
e T A
; o7 5
13

2.6 - 0.75 = 0.3

7.5 mh (at high current conduction
: VCE(sat) ~ 0.3V)
ohét; sin I8, & 380 F I e SR
it ; el 1L Em.lh BQ13 _hFEmian3

e

Let us choose hFEminQ =/ /30 and the collector current of th now

13
becomes
. pisma |
TeQu 30 - Gibai
Vo1 — Vept®etIqqy = Vpp(sat)Q, 4
ang Rg = F oy W 3
o
1 5 ey O-l.—" 0-7
1.58 mA
= 2.7 K
I.Q
g8 BOEL o SO mA
T T R, 4 T

During the period of PRINT DRIVE SIGNAL Q9 and Qé are latched to

saturation through R21 and Dll' At the same time le is turned

cutoff. So that
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BV RSO[VDll Vpg(sat)Qg* Vgt Vy (Sat)%]
Vc:Ls(le turns off) = gl + W
21" T30 21 " 30
a BoaVoq + Ry [VBE(Sat) 8 VD]
By * R
y 10K(5) + za30(o.55 + 0.5)
v ls(Thevgnin voltage source) = - ToR +’R30 .
R_. xR 10K x R
5 2% 30 30
and R (Thévenin resistance) = R__//R.. === =
t 217730 " Ry + Ry T T0K + Ry
By inspection R30 + R21 << Rl6 for- Q9 saturation
(R16 = 120 K ). We choose R30. = R2l = 10K
Then V015 10K(5) +[g 10K (0.55 + 0. Si] 3.55 volts
: 10K + 10K
_ 10Kk 10K
. Ay BT i i e
' v T
S C15°31
Vpg(sat)a )+ Vi (sat)q, 4 R Rl IBth[(Rt * R29)//R31:l
Lo 29 ¥
Py 3+55 R31 ;
0,55 +°0:7  =(uutAtons 55 - 0.053mA | (5K + R29)//R31~
31 29
.55 R + R
4085 = = i;s Elsx 0. 053mAR31_§_5: +2§11
31 29 31 29
. R,.(3.55 - 1.25) .
R s ko - 5K
29 0.053 mA R_. + 1.25
31
Iet R,, = 100 K
. 100K (3.55 - 1,25) -
Rog = 0.053 mA x 100K + 1,25 ~ °K w K
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hFEminQ'lS g hFEmianh 30
g g (YQL i VBE(Sat)le) nFE . Q..
32 Ichs min 15
V, =V, .(sat)Q
and Ic(sat)le g | gE 22
. 30
4 < [V01 . VBE(Sat)Ql5] B30 " Enints
32 Yoy = Vglsat)ay s
< 5= 0.5510K x 30
¥ 5-0.1 2_67’53 5
; L]
Thus R32 ’ 2000 K )
Th.e period of PRINT DRIVE SIGNAL = 30 msec = T
L2 o
Since. T = R SC=3r=
3R V01 =y
where V = vCl - VCE(sa.t)th - VBE(Asa.t)Ql3 = 5-0.1=0.T = 4.2 volts
vC = V01 - VBE(se.t)Q15 = 5-0.55 = k4,45 wvolts
. ‘VB = VYQ‘lB = 0.5 volts
and Yy = 30 msec
Then 30 msec = R Clﬁ w '
3279 5 - 0.5
30 msec = 0.642 R3209
- 30 msec 3 30 msec &
a5 0.642 R, . 0.6ie x 220 K ©. 02 W
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The capagitor voltage {6...) 'is the voltage divider. We obtain

10"
Ciq b1 '
V. (———==——) = V__(sat)Q., + V__(sat)Q
€L °Cy, +Cyy BE Wy B 13
= 2VBE(sat) &
2V__(sat) ]
> BE
Then C = C [
11 10 vCl 2VBE(sat)
Since vC:L = 5%, VBE(sat) 2 0.7V “cand  let c10 = 0.02 uF

~ to minimize the noise interference

> 24X O.I» =
Then C11 = 0.02uF [:S-ExO.T ] 0.008 uF

Choose C11 0.01 pF

In most practical buffer cirecuit for.logic signal, the output impedance"
in the case of logic 0 is very low and the input impedance is chosen to
be as high as possible, For high input impedance at the input of the
buffer R38 and R36 are chosen to be guffciently large.

To simplify calculations, we assume that R38 and R36 qdn
be considered 10K and L.7 K respectively.

\

B . : i ;
y inspection with R37 20 K. ‘leakage current ICBO

be considerably reduced. It is easily shown that for the case of

, can

transistor Ql being turned ON.

T

The input impedance at the base of Ql (1et hFEmi Q.. = 30)

T o

287 = (1L+1FE, Q.

141 K

) Q = 30 x L.TK

R35 z hFEmin 17R35

124
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vV R
S T
R VBE(Sat)Q17

R__+ 8
Slnce 13 Ql"{ = 37 R 3
R+ 38 * 2,9,
g IR
5 x 20K
e .~ 0.5
_. 20K + 10K =
SRR 20K ik = 9'0188 -
20K +10K
Then I Q17 = (hFEminQlT + 1)IBQ17 = (30 + 1)0.0188 mA
= 0.58 mA
and V Q 17 = VCl- VCE(sat)Q17— Q17 36 = = 5-0.1-0. 58 mA x 4.7K
= 2.1T7/volts
Let us choose pull down resistor R35 = 10K ,- we obtain
& ome e waelteURET 047 4 0, 1
3k V.Q : 2.17
Ty - §9i£1 ~ o3 58 BA = ToK
2 L8K
Slnce hFE. i 16 = 30 we obtain
4 ‘ . c 17
Sink currentf I8y (158, = R ) BFE; Q
- _2.17
(0.58 mA ToK )30
* 10 mA
Let us choose IR» IR R ICQ16 = 10 mA
33
V.. -V, (sat)Q
e e CE F RS [T T LR ‘
Then R33 =  — 5 mA_ 2 1K

f33
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It can be concluded that the buffer output of le can still

'carry load curremt up to ,ICQ16 - IR = 10mA~-5mA = 5mA to
33

drive gate input

R.B RF:ON;OFF and Motér Control Circuit .

iy
;;Cu

o 3
CLR
D 2\ Dig Ve,
MANUAL Ls _
o —J0—
MODE  AUTO
o—o o o
PC SWj il
INPUT RF ON-OFF

Re1
%"eo ¢ LED RF ON
o o Ve, (+sv)
Ve, (+5v)

Since the Relay' L3 is driven by the transistor driver g

and the winding resistance of the Relay L. is about 75 Q@ the collector

4 : 3
current of Qg is given by

Ifg = 5~
w
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Supply voltage =. 24 volts

Where V =
: C
3
'Rw = Winding resistance = T5 Q
Then ICQle - 320 mA
The value of R39 is given by
' < vc2 - Vpp(sat)Q g - Vop(sat)q g
R =
39 o9
¢ Vc2 = Vyp(52t)Q1g = Voplsat)a,g
R. = '
39 I Q5 / VBE(sat)glg ,
hFEminQ18 RhO
Choose RhO = 220 Q fér ¥eakageicurrent ICBO' and hFEmin of
. QiB = ,25. We obtain
S 2.6- 007 o 0.1. & 108 -
R39 LT R R YT Y W 112.6 @
25 220 ‘
; R39. is approximated to be 100 Q
Let us choose ha = 1K for leakage current Iopo 2nd
hFEminv for Q19 = 30. We get

", < Q(FFl)output voltage(logical 1) - VBE(sat)QlQ

1 ICQ19 S VBE(sat)
hFEminQ‘l9 Rh2
< 5 - 0.55 %
y 15.982mh , 0.1 3.61 K

30 X -
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684

Then Rhl w3, 3K

When the iLED is turned ON. We obtain

v, - E(FF ) output voltage(logical 0) - V
c d D
B e 1 ‘ 2L
51 - ID
2L
Where \'/ = 5V
C
1
Q(FF) output voltage(logical_ gy -z O
VD = Forward LED voltage drop = 2 volts,
2k :
I = 10 mA" for light emitting,
D
2k
= /2 HELERLY. |\
Then R51 T | 300 Q

.

The FF, and FF, are dual flip-flops with single D inputs and

.

separate preset and clear inputs. The devices are D positive edge-

triggered. The TRUTH TABLE is shown below

TRUTH TABLE
INPUTS OUTPUT

PR CLR CLK D Q Q
L H X X H L
H 5 X L H
L L ) ¢ X H” H
H j: 3 t H H I
H H t L L H
H H k. X Q 5@
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. PR = PRESET INPUT X = Don't care
CLR = CLEAR  INPUT . § = Positive edge-triggered
CIK = CLOCK INPUT L = Logical 0 =z 0 volts
D =D INPUT H = Iogical 1 = 5 volts

From the truth table one can modify this type of Flip~Flop into

T (toggling) type by simply connecting the Q output to the D input.
When a clock pulse is applied, the output changes state once every input
cycle, thus completing one cyele for every two input cycles. This is the

action required in the case of latching the states of RF ON and RF OFF,

When the +5 volts is applied to the system the Q output goes
to low (logical 0) and Q /output goes to high (logical 1) and the RF
is in the OFF state. The level at, the CLEAR input is delayed by

Ry,C,, time constant incomparison with the level at the PRESET input.
Let us choose RhT = RhB = 19 K and 012 = 1 uF. for
CLEAR delay input level

R53, the pull up resistor for high speed CLOCK input, is chosen

to be 10 K@ . Owing to the similarity of the RF and Motor Control

cireuits, L, = Lj, Q5 = Qg Qy = Qg Dy = Dyg Ry =R,
Rigg: ® ‘Bags: Big Rup> Ruys = Byps Bgy = Rgs Ry = Ryg,
Rh9 = Rh?’ RSh' = R53‘ and 013 = 012

The conduction of the diode D22 is used to discharge the

capacitor voltage at 013 by the current feed through the microswitch.

When the monochromator is in the desired position the contactor of the

microswitch is grounded and the ground potential (0 V) is coupled by

%
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. .

C13 to the CLEAR input to reset Q - output to low state (logical 0) and

the motor is turned . OFF.

D21 and D20 Eonstitutes OR gate providing SW5 or Q output

signal to turn ON the motor which drives the spectrometer arm to the

desired position. ; . iy ?VC1
|
MANUAL — Dyps °E]sw
° LED P22 $Rap ¢ 5
AUTO ’ L MICROYSWITCH
0—0—0 MOTOR ON . . I
PC s“% |
R
5
‘ 1C3 1
v, Sk BV Aq
L0 | Ret
$ Cis
Reo ;L
Vc{*“’ MOTOR ON-OFF

| INTERNAL
IC4
A RESET
4 |

. _ : EXTERNAL |
PMF INPUT [: ICq -1l RESET |
+5V--ﬂ-—- v Cia
0 ‘ INPUT FROM
N e : +5V
PRINT DRIVEI | 5
Fig. A 14 SIGNAL

at the input of Gate A

In case the output of Gate A is logical O the input of Gate A

3 3
must be logical 1 which is at least +2.4 volts. The voltage divider

R55 and R56 mist divide the +5 volts supply voltage to get +2.5 volts

3

For convenience, we choose R = R56 = 10 K and coupling

55
capacitor Clh = 0.1 yF
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Switching diode D23 provides negative going edge triggering

reset signal at the output of Gate A3

The transistor Q,y is to inhibit Gate A3 to hold ' reset

signal as long as the PRINT DRIVE signal is stopped.

vC * VBE(sat)th- VBE(sat)Q

13 .
1
5 Tt T, Rog * Vpp(set)Q,) + VBE(sat)Ql3
fel " P g3
e . S Vprlsat)ae,,
BFE 4 nSo0 Bog
(Ryg/Ryy)
Vci- VCE(Bat)Qazl Vcl- VBE(sat)Gate - VCE(sat)Q22
o + -
P Rss . Reate

Where VBE(sat)Gate ¥ 0.7 volts

gt LS
'= _L- Ool 5 - 007 n 0.1 EN
T i T = 5.95 mA
o R < 4K




T

| VC1 3
|
|
' ™
'| : IC3
D23 : n Ag b °
Rss
Ic
Ic 3 MW ——
3 1 A:)C)—
s T I 3 Moy
Cia _?\Qn
AW e
§R5° <& Rgy
Rsg
an. - un
Fig. A 16

Let hFE f of Q22 = 30 and' R

i g 5.6 K. for leakage current Iog

5 0

2 = 0.55 ~ 0.7

(Tox + 3067 230K +0.55 + 0.7 _ 30K x 10K

ot 2.90 mh~ . 0.7 ° 30K + 10K
30 5.6K

A

Then R

A

© 5,06 K

L7 K

124

To delay the PC(PRINT COMMAND) signal at the input of Gate Al

with R6lC15 time constant, R61 is chosen to be 220 Q2 and C15 equals
0.3 UF,
In case the switch SW3 is at manual position the pull up resistor

" Req (10 K') provides a logical 1 at the input of the PRESET COUNTER.

The resistor R59(100 Q) at the EXTERNAL RESET prevents the

Gate A3 from short circuiting to the +5 volts supply.
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A.4 Preset Counter anL Display Circuit

IVC' } TVC1

A A
S P - J o NIXIE Ve
PC INPUT ICq il ICg H—ww—o 4
Reset | ] | | e TUBE | R
D € D
in m
0Vc,l &Mﬂﬁﬁi
AW\ RE6
P67
< ——AW——] '
SRea | —AWAESEL A A
z ZF ZF* Z#D26027D2BD29
%Q [ BBEE| :
Dot o : { ( PRESET THUMBWHEEL
BUFFER =
OUTPUT | Rg2 =g SWITCH
l ‘t
Z Res
/7T7 Fig. A 17
s S 'Euin °F %3 | a
To assure proper operation R62 LY R
; : . < &
Where VEmin of Q23 is a logical O input voltage = 2VY 2 x 0.5
= 1 volt

L'et VEmin of Q,23

24

0.7 volts

" and I = Reset current(ICh) + Input current of Gate A
Fioh 4 [Vc1 ~ VEnin%3 ~ VBE(Gate)-]
R(Gate)
V,
IOC] :'0
| |
4K<R 1 {
A !
i :
/ \*J
77

Fig. A 18
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: s VchV)

+5V T

0

s [ |
PC INPUT 4B

T
|

VinindpsR0ate)
5[V01' Vimin%s3” VB'(Gate)]

Then 362

A

0.7 x LK 2
2 (5-0.7-0.6)

3718 @

Choos R6 330

2

s e Vo1 = VEmax °F Sp3.7 Vs
6k oy OF Q53 Vimax °F 9o3* Vpplog

+
Rgp(HFE ; Gyt 1Y Res3

23

Where V i of Q is logical 1 input voltage 2 VBE(sat)Gaté + V__Gate

Ema, o CB
= (2 x0.7)+ 1
= 2.4 volts
Let VEmax of Q23 = 2.8 volts
and WFE , Q.. = 30, Ry, = 100
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_ ; §52.8-05 i
U Pl 0N 2.6%0.6 = TEK
330(30+1) 100 K

~ Choose R6h = L4, TK

. Diodes D26’ DZT’ D28’ D29 pull up resistors RGS’ R66’ R6T’
R68’ (10 K ) and Thumbwheel switch form a BCD AND gate circuit.
Nixie'tube (GR 110) 4is used to display the number of counting'presgt.

It can be lighted by a current of 2 mA.

V.=V :
Then Reg "CSi SIS » Where V.o..o 150 volts
- GR110
_ A7 L/Ase
2 mA
= 10K /

The power supply requirement may be calculated from the load in several

circuits as follows :=

Maximum current in Print Drive circuit (+ 5.V supply)

/

g . ’
: I1 = 3& 1.67 mA
912 + I3 = 7,35 mA
Max c&rrent - iy (0 . 220V = 11 mA
1 5V :
ICQI = IEmaqu = L6.25 mA
Subtotal Itl = 66.27 mA
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Maximum Current in Printout Control Circuit (+ 5V *supply)

ICQ)-& = 1 mA
IRS = 1mA
S ‘Z’K Sy ket o
ICQ9 = 0.7 mA
IBQ9 = 0.023'm.A
Ty = qRs " 0.5 A
Ipp, = 0.385 ma
i 168555 mh
ICth = / /1,58 mA
IBthi =/ /0.053 ‘mA
Tr33 = m
ICQ,l7 % IEQl7 o 0.58 mA
IR38 % IOLK = 0.5 mA
Subtotal I | = 58.821 mA

t2

Maximum current in RF-Motor Control circuit (+ 5V supply)

2.6 &, 0.7 - Oul

19 = Igzg = it = 18 mA

I8 = Inpyg = TR39 3 ;8 e
= ——225 - 0. =

IRhl 3.3K py: mih

By =1 = 1.35 mA
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IDEh = 10 mA

Lps ® I, =10 mA :

IR55 ] I%K = 0.5 mA

Max. current inv IC2 = 15mA+ 15 mA = 30 mA:

Max. current in IC3 = EQ%VEK = 8 mA
Subtotal I = 97«2 mA'

t3

Maximum current in Preset Counter and Display (Circuit . (+5V supply)

~ -L LA :
ez ®* T%0 ok
I a5 5 o= Ool — 0-6; < 0 92 hA
-“Rel ~ L.TK . .
Max. current in I, ts W5 mA
Max. current in I = 22,09 = 11 mA
F Cc5 5
Subtotal Ith = T2.072 mA

I,. +*I, _ +1

Total maximym current £1 £2 43 + Ith

= 66.27 + 58.821 + 97.2 + 72.072 mA *

= 294,363 mA
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This is the current supplied by the +5V supply. The load current delivered

“by the +2.6V supply may be calculated from ICQ19’ ICQ21’ and ICQ13

giving 83.5 mA. The current drained from the +24V supply for solenoid, -

relays L, and L, amounts to 1.6LA and the +170V supply for the NIXIE
h N

3
tube delivers 2 mA.

A.5 Power Supply Circuit

220V
ac

Starting from the + 2.6 volts,supply

v
T £ LN
o R
IBQ P 78
L B 0 Y300 By 8y
Wher I = I + I = =
A Q Qi S ag 83.5 mA , v02 5V

€19 c2a1 C'13
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Let hFEm;nQ30 = hFEminQ31 = 30, RTB = ;K we obtain
} ‘ 83.5 mA + %E
I = 5% = 0.0983 mA

and VBQ31 BNy VBEQ31 = 2.6 + 0.6 = 3.2 volts

Y iR R__R
Then VR, = i R - 1591 R 6+ R

e “r1 16" B11

5R ; ‘R R

Qr 3.2 = = 0 09 3 mA/
e “17 Rr6* B17
R 6R
For convenience let the error voltage 0.0983 A wdOdl = 2 % of V
R+ R c2
4 6 7
‘ SR 2
then 0.0983 mA =ie=rix) 2.6
R76+ R77 100
R_ R —

76 T8

Then 3.2 = 2—%—222 - 0.0983 mA x 529
76

R T iz
g " FEvoos ° 81k @

Now 3.2 = 820 + R~ 0.0983 mA x 529

T

then R77 = 1.518 K
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Choose R77 #1095 K

Vis¥ial 8
Since I o Ll L t8 LSRR . 5. -.2.6. 0.6

RT6 R76 820

I

Then I.Q,) L,

8 + Max current in + 5V supply

RT6 7

2.2 mA + %ﬁé + 294.363 mA = 299.163 mA

300 mA

124

To assure proper operation of regulator let

I Qi > IEth(300_mA) ~ 1A

Emax 24
Let WFE , Q) 25 and hEEminQas = 30
. I Q
: ' Emax 24
Then I Q R o R,
Emax 26 Cmax 26 {1+ hFEmianh)hFEminQas
lA t— 1
~ _53_;—36. = 1.333 A
Further let IEQ28 ~ ;CQ28 = IEnaxQ26 + IEmaxQ27 & 2IEmaxQ26
= 2x 1.333 mA
= 2,67 mA
Nov VerQog < Vz = VegYo ~ Vpros

: : e 3 ] :
A reasonable value for VCEQ25 kol VCEQQB 2 E(vz -_VBEQ29_ VBEQ26)

v' ‘ 2 l v ‘ ;
Vg = 3 (5.6 + 0.6~ 0.6) \[vz 5.6 vOn—,s}

2.2 volts
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: Vo=V G =V 08 -¥.09
Whar B i oL BE20 " BE36 " JCEB

13 Tp808
. 5'6 it 0.6 - 0.6 . 2-2
= 2.67 mA = 82 a
~ 820 9
IQ
; 2o SRR 2.67 mA [' : E j]
R RN, &g xSl WFE . Qo = 30
B¥28 WFE . Qg 30 min~28
= 0.09 mA :
Now V. Q_., = (VZ e VBEQ2 ) R ’— I.Q fl}EIE—
B'28 373 + RYh Th B28 373+ RTh
T q R
L Yeou.  BE"29 & e
then Rpslplog * Verdog ~(R73 +R,, Ry, = Tp%p Rog® Roy

’

- = R__R
820x2.67 mA + 0.6 = (245—:—94§0R7u - 0.09 AL

, Rrs™ Sy il
e UHA G
219 = L 0.9 m (LG
g e ¢ e

To minimize voltage érop in RTB//R7h’ R73//R7h should be 100

B R

4
Then _Z;_L = 100
- R7 3+ R7 L

“Ron 100

or

FERe 'R
g e T
~Then from the foregoing equation we get

5% 100

2.79 = _ﬁ-{__— - 0.09 mA x 100
3




AR D e

X 300

o om 2E SN 2 179,79 Q
s 2.79-0.009 L wied
~ 180 Q
o g Fpn Xi40H _ 180 x 100 285 0
e s * R, =100 180 - 100
T3
¥ 220 Q
g
e oo Yca* Vommin®2h ~ Vomin
L IZmin \ IBmaxQ29 ‘
where VZmin = 5.6 volts
Let I - 10%(%3‘3‘4) = 01(1‘00““’) 7.143 mA
€t Lomin Morrst 4\ 5.6 V :
ICmaxQ'26 1.333 mA
1.8 . = = =222 T = 0.0015 mA
Bmax 29 hFEminQ26hFEmin29 30 x 30
o Vopnin®oy > Viggm—vor
Then VCEminQ2h > 5u614-5N Folts
a0 1 o volts
Choose. VCEminQ2h 2 volts
Then R 222 3.6 = 190 Q
Rze 7.143 mA + 0.0015 mA

~ 180 Q

Since 10 percent of the maximum load current is used as. the
minimum Zener diode c¢urrent, then the maximum Zener diode current should

be 90 percent of the maximum load current .,
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\

P
Zmax, _ 400 mw, _
90 %(——V;—) = 0-9(—§Tg—v) = 64.29 mA

® i'e.‘, IZ ‘

At normal operation I, isjlimited to 20 % of I, max ,i.e.,

Z 7
IZ = 20 % IZmax at light load
= 20 ;6429 mA = 12.858 mA
100 . g .
% 13 mA
_ Yoy * Vepgas®oy 7 )s
Fonnddii e
: 9 Bmin 29
witp Rop = 180Q V> Nogtn = 5.6 volts
and IBminQ29 0, I,/= /13 mA
: 5v+ V Q L 506 V‘u
L ot OFmee YOl
Then 1809 = KR
vCEmaxQ2h = 2.94 wvolts

Now the rectifier circuit can be calculated as follows :-

8 R N~ Vpaadwex " Vol *Temaagll, T 5t 290
" = T7.94 volts
At full-load (V’m1 - V'D33)min = VCl + VCEminQQh = 54 2

T volts

.
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( vm‘- VDaa)n?ax

Vde
(Vg Vp3g)min -t 1“ e
/ / | it / CEminQ24
v, | " 1 ! X
G [T | \ oy . oy \ ! t
) \
/ | \ = | \ 1 \
I l 1 7. | 18 \
/ | \ \ \
| TR ! \ /
: | g1 1 4y \ \
| ! i | )
| | | \ \
. [ \ | | '
Y : t2 \ \
0 1 i3 LSRNV TR 4
4 m ¢ 3T 2m
- t
‘-—-——— T — ] B .
FigiA 21
Ripple voltage = VY = (le - vb33)max - (le - VD33)min
= T.9% -7
= 0,94 volts

To the first place the output - Voltage waveform of a full-wave rectifier
circuit with a capacitor filter may be approximated by the piecewise

linear curve shown in Fig. p 21. Also, with very large 019, the

\

exporiential decay curve can be replaced by a linear fall. If the total

capacitor discharge voltage (the ripple voltage) is denoted by VY’ then

t

1 2
v = J/P i(t) at
) 8 C19

o

It is necessary, however, to express VY as function of the load current
and the capacitance. If t2 - tl or T represents the total nonconducting

time, the capacitor, when discharging at the constant rate IEmaxth + Iz(t),
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will lose an amount of charge Q given by

t2
Q = cl9vY = / i(t)at
tl
and i(t) = Loyl * Iz(t) ~ constant rate of discharge
t2

v = +

Cl9Y / T imaxo Iz(t) at
tl

(et - Iz> ( N tl)
Since I, << I

7 EmaxQQh

Q Where G

Then 019VY X IEmax ol T, = T2 - tl
L IEmaxQ2hT
and VY = -—?r———-
3 19

The AC voltage at the input of the rectifier can be determined as

)

follows :-
- = lr. /
At t t, (urtl 2)
V. +V Q (V. -V )sinwt, = (V.= V. )sin=<
Cl CEmax 2L ml D33 1 ml D33 2
or‘ o) (TR le - VD33
Now le = 2 Yfmsl > W 2 volts
T 2 = e
hen T 9k 2 Ypmsl
'7.9h+2
i : e, = . ~N
& V?mwl. 7.028 volts T volts
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At 8 = t2
Vor * Vemmin®oy = (Vpp = Vpgs)sinm wt,
or 7 = 7.94 sin wt2
él' f t . = sin it = "108816=§-1;8ﬁ+1r
olving for t,,wt, = sin 7ok sin z >
‘ 180
- 11 a6a8P) . T __j;_< )
ThenT—tz-tl—w ( 1r+1r)-2 = = 0.343T + 0.5
180 I
_ 0.843
or i oF
Where f is the fundamental power-line frequency = 50 Hz
¢ e DeB83
Then T = = i 8.43 msec
: I -
e vy o bl - Emgx 24 _ 300 mA é 8.43 msec
19 x 19
i O - 300 mA x 8.43 msec _ 2690 VF

19 0.9k

Hence, to keep the ripple low and to ensure good regulation, very large
capacitances must be used
For safety margin choose 019 = 3000 \uF, Cl6 = 200 WF

and ClT = C18 =. 0.1 yF .

For the + 24 volts supply the ac voltage is given by

T, = - - i
Now Vdc(average) Voo VD3H ripple voltage (average)
\Y
= e Vrms2 3 VD3h oy
Id o
With VY = ripple voltage = —EE—

20
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NG &
NG
o Y =

Similarly the dimension of the components of the + 24 volts
supply can be determined. Let the error voltage due to discharging of

the capacitor C during solenoid energizing * 20 % of the Vdc (24 v),

20
'
ie., % = 20%(2h v) = 0.2x24 = 4.8 volts
or VY = 4. 8x2 = 9,6 volts
and with Vdc = 24 volts, VDSh 2 volts
Then ol =2 Y e o BT 4.8
_ /308 [Pes
s = ——-—2 =) 21,718 '~ 22 volts
2.V %) - ¥
Since T = %- sin_l ﬁr_ ArmsZ - D3k X '+'g
~f§ Vrms2‘ vD3’4
l § o o = b - - o
. gk sin-l]V2le2) 2 - 9.6 | | o
./-2-(22) -2
1 42,1°
180
| _ 0.7339 _ 0.7339 _
Then N or 2 x 50 T.339 msec
and with V.. = 24V, I = Selbnoid driver 1A + Relay 1. ariver &2V
DC * “dc I vy e 15
= 0.32 A
Lag?T $.32 &
fhen v, = 0.6 = & . L32AXT.3% meo
¥ 20 20
- 1.32A x T7.339 msec §
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In practice with C20

for printer driving is tolerable

g 1?00 HMF the fluctuation of the VDC

The ac voltage at the input of the rectifier for NIXIE supply

is calculated ad follows

v
= ,] = & 5
Vdc 2 Vrms3 VD35 2

where Vdc =170 volts, VD35 ] 1.2 volts
LT
Vf = gc and T ~ %E
21
I
Then 170 =ﬁ V. /YD ek BN
rms3 BEC .\
21
Since f = 50 Hz and Idc e e mA,
}et 021 = 10 W we get “
= —_ + -
. < R e e T

8 120" volts
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A.6 Transformer

e : . I |
X ‘“*'é B
T ‘v B G R
: N$1 31 ! \-»,?‘ T
NN
3x §>\
—_— 3 NAw] 3 X
1 N
Ns VSZ ,
o Ac Y
} T
< 3X |
--I?r
2
Ns, Vs S -
33 /
X

Fig. A 22

With the dimensions of ‘the core stack as shown, the transformer windings

‘can be calculated as follows :-

: . 3 . 3 2 -
Window area A.W INGKBRBUR X sq. inches

Let the cross-section area of insulated wire = ¢ sq. inches

with K = No. of layers (interlayer insulation) + Bobbin insulation

>
Then A = N i
w P¢P

o8

+ . i
Nsn¢n K ‘ sq. inches

n 1

where Nsn is the number of turns in the nth secondary

winding

Since N = £ y
sn Vp sn
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® NV
Then A = N ¢ + r 25 ¢ + K sq. inches
W PP o 1 Vp n
> N g
i VR vV o+ 2 V.9 1+ 1k sq. inches
PP n=71 SBN
P

Since a current density of 600-7T00 circular mils per ampere

is allowable and 1 circular mils = 7T.854 x 10-7 sq. inches
Then ¢ = 700 I (ampere) x T7.854 x 1077 sq. inches

/ -4 : i
=" 54978 x 10 ' I sq. inches

- '
® 5.5 /3A00~1 Sg. inches

As a result :-

y A -
Aﬁ = 5.5 x10 VR Vols 2 L snIsn il <
. D PP AL
o0
Since total power W = VI =~ ¥ VvV I
P P ‘n =1 Snsn
e I_\IR
Then A = 5.5x 10 xig (W)+x
A b {
8
10
Where £ =
\') 8} "mfEA
b RN
Now Ac = cross-sectional area of the core

T (YR = ETEB " s8q. inches



A

D

=01%

108

) (W )+ x
0.92 B g

5.5 x 1074 x 2

Substituting Aw

i3 11.0:1+ X lO8 % 5.58»[W_

nv

- +
0.9/5 1B %
with £ = 50 Hz, B L= flux density = 75 x 103 lines/sq. inches
and A = %-x we obtain
w
g > 11XthX558le I
i > 3 + K sq. inches
L x 50 x75 % /10
>
or %-xe = 0.04k1W + K sq. inches
Since K = %x (former thickness and inter layer insulation)
Then the maximum value of = K = éx 0.06 inches + 0.01L4 inches(————éL—————ﬂ
2 -4
2:9%10 I
Sq. inches for the transformer under consideration.
And %xg Z 0.0k14/W + %x 0,06 . Aottt sq. inches

,/ 5 -HI
5.5x10 3

As mentioned earlier the total power is given by

(o]
W = VI ~ z nI L
PP o =g sn s
Where V = & 220V T = I
P prms o prms




Then W
Then %xe
185 x2

39 XK 9 x.~ 24,6

Since the

or X

wGD e

vV = Vv HeT. = = 111

sn sn rms sn sn rms sn d.c.

Volos = 180
PP

\
i

o8

n

sn rmsIsn die Gl watts

=onlsd (}Vx300 mA + 22Vx1.32 A + 120 Vx10 mA) watts

-

- = 35.57T watt

36 watt

N

36

With vV ==B207%/// 1.\ <Ngao

= 0.16364 A

"0.0h1,,/36 + %x 0.06 + 0.007

.J 5. leo"*xo .16 _]

2

0.246 + 0.09 % + 1.11 x

<0

9 t~[81 + 4 x 39 x 24.6
2 x 39

uv

»
[}

0.919 inches

standard size of the core available is
4 o
= 2 N & inches, where n =1, 2, 3, 4 ...
|
1 :
= %-, %-, 1 IE s l% “ew inches

144

164 mA

Sq. inches

Then choose the core size with x = 1 inch to obtain a square core

transformer ..
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The cross-sectional area is given by :-
SR BB e———— = N36 = 1.0753 sq. inches
& * 5.58

With stacking factor of 0.9 we obtain

iy A .
i L RIS
Y T 0.9x 0.9x1 1.1947

1.2 inches

xQ

Then the turns in each wihding is calchlated as follows :-
]

o

Bl XL}iTﬁ— = 220 x 10° \ = 1363.95
P 0.9 42 TEHA Nx50xT5x10°%1.0753
~ 136h‘ turns .
N ey f}_)_ v g\'; i__é—?) h X 7 = h3 l.l. -~ hh turns
8l ¥ V. e TR i
N = E'Q-V - 36k x 22 = 136.4 = 137 turns
s2 v, os2 220 . ,
N = EIE-v = 1364 x 120 = Thh ¢
s3 Uk - 220 VERR

The cross-section area of the wire in the secondary winding

- 300 x 1.1 mA x T0OO . | ool
NSl . 1000 = 231 circular mils

For the sake of safety insulated wire with cross-section area of 269

circular mils corresponding to SWG. No 27 is chosen
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Similarly the cross-section area of the wire in the secondary winding

Ny, = 1.32 x'1.1 A x T00 = 1016.l circular mils.. ' . :

Insulated wire with cross-section area of 1024 circular mils
corresponding to ' SWG. No. 21 is chosen o

For secondary winding NS3 , the cross-section area of the wire

10 x 1.1 mA x 700 _ ; :
=000 = T.7T circular mils

Insulated wire with cross<section area of 7.8h circular mils
corresponding to SWG. No. L5 is chosen ..

The cross—sectioh area of the primary winding wire

164 mA x 700
1000

= 11L,8 circular mils »

Insulated wire with cross-section area of 116.6 circular

il

mils corresponding to SWG. No. 32 is chosen .
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