59

REFERENCES

Gardner R.P., and Ely R.L. Jr. : Radioisotope Measurement Application

in Engineering. Reinhold Publishing Corporation, 1967.

Lancaster D. : CMOS Cookboock. Indiana : Howard W. Sams & Co., 1977.

National Semiconductor : CMOS Databook, National Semiconductor
Corporation, Santa Clara, CA95051

Sonde B.S. : "Power Supplies. "Monographs on Solid State Electronic

Instrumentation. ~ TATA : McGraw. Hill Publishing Company Ltd.

1980. pp. 39-60.

Kneoll G.F. : Radiation Detection and Measurement. New York : John

Wiley & Sons Inc., 1979.

Hamilton T.D.S. : Handbook of Linear Integrated Electronics for

Research. London : McGraw-Hill Book Co., 1977.
Suthus Linhaphan : "Development of High Voltage Power Supply for
Nuclear Radiation Detectors." Thesis, Graduate School,

Chulalongkorn University, 1977.



APPENDIX A

CALCULATIONS

A.l. High Voltage Power Supply
A.l1.1. 1Inverter

: 3 —
w9 x0TI 200 xS0 6

Given P SV, x 1 = 2.5
out max
=<0 5~
V. = 6V
in
Vout =1 650\ %
P
Pin = out, = 0.5 = 0.625 W
1y 0.8
P,
Ic = in = 0.625 = 0.104 A
B 6
in
T okl = 0.5 = 7.69%d0 2 A
= v 650
out
Select TR MPSU06 for Qg' QG
Shdne s
I = T % = 0,100 =% 386 0107 A
B G
30
Since R+ = -
85 RB VCC VBE
Iy
-+ = — =
RC RB 5 0.6 3 1271.68 @

3.46 x 10

Choose R R 220 R

9+ 10



6l

Then RS' s = 1 k&
Select TR 2N3904 as Q3, Q4
hFE min = 50
v
e = ,§S - 2 5 -5 w1672 §
54 1 x 10
-3 -4
IB = IC = 5% 10O =1 x 10 A
= hFE 50
Since R_+ R/ = Vee ™ Veg
LB
I
B
- 2.~ 0.6 = 44000 R
Rx 1072
= 9 Q
Choose R?, R8 3 k
Then Rl, R2 - 10 k2
Select ferrite core TDK.P2616 1I5B. pot core, which is
characterized by A = 0.95 cmz, 80 % of B = 3500 gauss.
core sat
From N - vdc X 108
p VESDN
C
with given Vie T © V. and frequency 5 kiiz
N = 6 X lO8
P

4 x 5 x lO3 x 3500 x 0.9

9 turns

Therefore, the transformer primary turns is 18 turns center-tap.

and p -
N Vv
5 =
1
N = P
s
v % vs
P

= 9 x 650 = 975 turns
O
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The scondary turns is 975 turns
Select the wire size from the table

34 SWG

wire size of T

45 SWG

i

wire size of Ts

To keep the transistor QS' QG saturate during the entire

half cycle
i . i <
CA4TC% ® 30 ® 20% 200 x5 x 103 943Uy
~ 0,05 yuF
Given the power dissipation on clamp circuit = 0.05 Pout [7]
2 2
2V.
R = ( ) b\ (2 x 6) - 480 0
11 0.05 x 0.5
0.05 P
out
= 500 §2
Ea. 201 S 20 " 8 %
Rll 5% 10 x 500
A.l1.2 Oscillator circuit
Select TR2N3904 wi
c N3904 with hFE 50 as Ql' Q2
v
CC 5 -
IC = “LEE— = 5 x 10 A
C 10 x 10
I
Iy =‘—hc = 5x10" = 1x10° ,
FE 50
v =N
. EC TBRE <5< 046
% T R = [ Ad0 Nk
Choose R R = 390 kO

3* T4



For frequency 5kHz

I

Choose C C

' Ta

A,1,3

Given v
o

0
VL
From E
q
When R2
VR

Gi
iven VR

Voltage reference adjust in range

to 9N i, 1.2 V. = 9 ¥,

Choose VR1

and 50% duty cycle

2 x 0.693 RC

1

2 x 0.693 x 390 x 10° x 5 x 10

1

Regulator circuit

3

pr

3507 _pF

67 Vi.

Vv (05) = V__(0.)

1, " VO BE ' *7

VoY, (0) + V

o ! Ypp!lg) * Vpp(9;)
6+ 1.24% 8.

R
= i 4
VR(l i )

R

oF VBE(QS)

10 kf

+
Ve (2

(0

)
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Choose

(R14 +

Choose

A.l.4

g e S
43 Vi = Vg
3
= J0'x 107 %13
9. = 1.2
R, = 15 %0
Vaer ¢ YR
v
o 3 HV 17
17 A+ +
. RgEAR y + Rig + Ryg
V. R
HV 17
R.. + RN o =R
15 * Be Vo 17
3
P 5, 108 x 100 % 10°
2 9
——.. — R
R, SR = 10 MO
R. = 6.8 MO

Positive 9 V. power supply

T = 1 +
R22 T

)

1.54 k@

100 % 10

Current IL consumed at + 9 V. terminal is 0.05 A

T i = 0.2 1I = 0.01
Z min L

0205 4+ 0.01. =

Tr22

A

0.06

i

3
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12 = 9

22 IR22 0.06
B = I ¥ N = 0254 W
z Z max Z

Select the zener 9 V.,1 W.

50 , 1w

22
A.2 Amplifier Discriminator
A.2.1 Amplifier {ICl, 1c_, IC3}

Bias the noninverting input so that the output of

operational amplifier operates at 2 V above ground level.

let IR? R8 = 100 paA
. [
R7+R8=Vcc= “‘_6=50k9
I 100 x 10
v = 2 volt
R8
V %
RS X (R? + R8)
Rg ~ v
(.04
3
= 2 x 50 x 100 = 20 kQ
5
R7 = 50k - 20 k2 = 30 kO
£
From Eg. 2,10 charge sensitive amplifier gain = - Ei-
T

=
o}




66 °

Choose C3 = 1 pF and C6 = 4.7 pF (NPO.)
R4 = 22 Ml
Rf
From Egq 2.13 voltage gain of inverting amplifier = -'E-
in
Choose RlO = R12 = 100 k&
and R6 Rll k&
A - -‘559 <310k = -10
6 10 kQ
R
A, = L ﬁ;z = =100 k@ = - 10
11 10 k@
cascade gain = Al ® A2 = 100

overall gain of Amplifier can be adjusted by a trimnot

or by a fixed resistor at Rf of IC2

A.2.2 Discriminator (ICQ}

Bias level adjustable level from 0-2 V

Choose VR2 = 50 kf

given VRl3 = VR14 = L.
Pia = By <

Choose R = R = 36 k@

13 14

5. Vs
VR, . V
2 RI13 50 .
% il ,Ji%%j;fi = 37.5 k0
R2



7 %

and pull up resistance Rl5 = 10 k&

Ratemeter and Low Voltage (LV) Power Supply
A.3.1 ratemeter

Time constant of meter circuit {11) = VR6 ClO

at 0 to 90 % of final reading

T =, 2 RC

-6
s 2ox=50 x 103 x 100 x 10 &~ = 10 s

Pulse width of monostable multivibrator Iclc' Icld = 12
12 =471.3 RC
T, << T (condition of ratemeter)
given T in minimum range { VR_ C_) ‘E;
2 5 9
10
T2 =2 10 ms
Choose Cg = 0.47 i
By e SRR T !
5 1.3C 1.3 % 1QLAT 2 TOTS
= 16,37 kQ
Choose VR5 = 22 k for calibrated scale.

In the other ranges time constant decreses in step of ten



then C8 = 0.047 uF
C7 = 0.0047 ur
CG = 470 pF
with VRS - VR4 = VR3 = VRz = 22 k{

A.3.2 LV. Supply

Select LM 340 T-5, To-220 package three terminal voltage
regulator which is characterized by

Io = 500 ma , unregulated input voltage maxinum 35 V.

In ac power supply full wave rectifier

Select D., D_ AN 4001 with 1_1 A and PIV 400 V.
1 2 £ max

b (4 = V. +V
De (5 D

v — YQC % ]£_+..0 - rl . 9 v
rms V2 /2 ¥

Secondary winding of transformer is 18 V. center-tap

with I = 500 mA.
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APPENDIX B

B.l CMOS logic gates applications
In the circuits under digital control, a train of digital pulses

may be wanted to turn on or off for some purposes. In one place this
might occur at the input to a counting circuit, where we would like to

count the number of pulses that happen in a period of time.

Fig. B.l shows several ways to use CMOS as a simple switch.

SIGNAL e E | B
15
outPur f ]
il j (A) AND gate
L LA TN S

CONTROL
ich

5 (g P
£ (B) NAMD gate

‘DFD—” iy ORRSTT 5 (C) OR cate
: x—‘ r—] r—l [—.—..

: DFD_M Sanes SR (D) NOR gate
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All of the two-input gates can be converted to buffer or inverter.

Fig. B.2 shows how to use the two-input direct logic functions ;

L

e.g. AND, NAND, OR, NOR, as inverter or buffer.

A

x "x (A) AID gate (noninverting)
XA
o e—ox (D) 1AND gate (i t)
= . i (24 D) LAND g inver
A
E’—O '
1 XeA

AD—
"“f (C) OR gate (noninverting)

Xah

A D he AN (d) ""OR gate (invert)

Fig. B.2 Converting multiple-input gates to inverters or buffers

In Fig. B.3 shows several ways to build an AND, OR, NOR and NAND

gate by use of the remainder gate in circuit designed.

1]

o o |»
o =~ O | m
o o o |x

@
|
|
-3
1l
-3l
)
o]

(A) The AND gate



o i S B i TIE, %

X = AB

A B | X
o0 1
0 1 1
1 o 1
1 I 0

X = A+B
A B | X
o 0
[+] 1 1
1 0 1
1 1 1

X = A+8
AL B %
o| o]l
1 0
1 0 0
1 1|0
Fig

]

(B) The NAND gate

S

X= A+B = A+8

%

X

(D) The NOR gate

B.3 Combination gates to other gate

T
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B.2.2 Monostable multivibrators or One-shot circuits are built by
cross-coupling feedback between two gates to hold the unstable state of Q
in the interval of RC time constant, after being triggered by the set switch.
This circuit is used for debouncing contact and time delay trigger.

+v

c

Fig. B.6 Monostable multivibrator built with NAND gates

B.2.3 Astable multivibrator circuils are built by conventional
resistor-capacitor charging c¢ircuits. The cross-coupling feedback network
between two inverter gates produces the automatic changing state in free

running. The oscillator sourxce is formed as shown in Fig. B.7

OUYPUI—_—__.IIIltlllll

o

Fig. B.7 Astable multivibrator built with inverter gates
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B.2 CMOS Multivibrators

The multivibrators are two states circuits. These circuits become

two-stated by cross—coupled feedback between a pair of inverting gates or

a pair of inverters. The circuit has monostable state, bistable state and

nonstable state or astatble state, depending on the feedback component.

B.2.1 Bistable multivibrators or Flip-Flop circuits are built by

symmetry eross-coupling at the input of the two gates. Fig. B.4 and B.5
show the simplest flip-flop which is uselful for latch-condilion of O and 8]

in the circuit design.

|
I

(o]
o}

o]
-
o]
o

(1) circuil () symbol (e} Lrulh Labde

Fig. B.4 Set-reset flip=flop built with NOR gates

G siRlale
e

= o| C 1 1

-5 Q disallowed

(o] 1 1 (o]

—i% Q
LI I O < T 1
N = 1 11ae|@
I
- 1
(a) circuit (b) symhol (c) truth tahle

Fig. B.5 Set reset flip-flop built with NAND gates



APPENDIX C

PRINTED CIRCUIT LAYOUTS
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