A DESIGH FOR A STABILIZED TRAMSISTOR ELECTRONIC

CIRCUIT FOR STAMDARD NEUTRON MONITORS
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ABETRACT

The study of gosmic rays in Thailard ia of special interest,
because of the high rigidity cut—off in this region. . standard type
neutron mﬁnitor was constructed at thd Physlcs Building of .Shulalong-
korn Undversity to inveatigate the cosmiec radiation intensity-time
variation. Most of the debtection systems consist of transistor -

clrocuits,

Skebility of the circuits is the most important aim of the
project. Blasing conditions must be maintained despite wvariations
in amblent temperature and variations of pain and leakage current
between transistors of the same type. Honstabilizing circuits
can cause the regorder to record undesired signals. The data

vbtained will be useless unlaess the circults are stable encugh.

The clrcuits consist of a pre-preamplifier, preamplifier;
amplifier, discriminator and amplificr shaper which were constructed
oin plastic sheets. All components used can bte found easily in
Thailand., It is not difficult to change any part when it is out

af order.

The amplifying part bas an almost constant gain of about
13 X 1Dh anﬁ a linearity factor of abount 2,1%. The zain is decreased
by 3.2% by the temperature effect in going from 25% to 40% and is
increased by 2.6% by the change to another set of the same type of
transistors. Its pain increases about 3% in the power supply range
of 19 to 23 volts, The slope of pawér supply voltare to input %cltage
gbiained iz aboutd 1v¥ﬂ4}%gto maintain the ocutput after the discriminnter

2 Orfs'fan t &



(idd)

;%t
P
=

Juf
= r"n}a =% !
M TRRYATIaRRann ez v Tue el 9 ofud e SERERRLINEL
4 =l g ¥ Y4 o v g
ﬁ?“Liﬁuﬁ1ﬂTﬂdhhﬂ¢¢1uﬂﬁ lainararaeiianrauuolll AaTHLINART SYUFURRD
| ] + ]
2

) ; . = = = hd
'ﬁaﬂﬂ "i?'hﬁ 1 T"-."UJ“.H'T] L"I'FJ"IT:*IE! VIR AN T LUBUULTBIAT I LBU YD IN T IR

FIARDELR o
| ]

E ]
|

t
el g =] T -
ruLaferansaaeaerdiaalusin ludedridsnluudings s ly

s v 1 [
=i
= ¥
LL'ﬂﬁG LLﬂJﬁ“"ﬂﬁﬂ‘H?ﬁlﬂuE gain }aiﬂ:f‘ﬂtfﬁ'ﬁ:LFm’l( leakage current )

1 1
o4 L1
T“H?Wdﬂ?ﬁumﬂLﬂJTﬂu¥LaJ i :Lﬂxnuuu”qlﬂﬁﬂﬂu 4R i luLaan Ty

Y L Ly

ﬂﬁuﬂsnuﬁiuﬂawu*ﬁ JUﬂwﬂﬁnHWFW'ﬂaqﬂﬁﬁl? ﬂﬁmﬂv1??:17ﬂfﬁiﬂﬁu DY

1a?rﬂqnﬁ11LﬁﬁqTﬂqy1ﬂwa
LT |_.- . ,
P S - -
1aﬁrma?ﬁ¢ﬂ4J3 ol T ol ear  sTwamSlvinas
Ly

L3 [ 3
uﬂuwﬂiﬂLaar APTUIIULEES { disericinator ) umzupuwAlvians  Loditet

oy e , :
ﬁuuﬂfzﬂauwaauﬂlﬁLﬁﬁﬁ:ﬂﬁﬁuﬁiﬂﬁﬁlﬂﬂﬁﬂ?Uhi:LmﬁTEH VamANEERanl AT

4 ! F I LI |

vilauugdaul s onny 1uﬂiwﬁnﬂju1ﬂﬂUUHu¢L§Ha

! t;,. ol 8, e ] am ol eel ' i
N B 1TE 11 R T E R R e SR ST IV 13 x_1ghtﬂ LAZBLULEY  UYRLABT

4

o =
( linearity factor ) ﬂ?rﬂﬂ[lg:1% TBIIUNLAREY 3,2%  \UDDURIY

LRUAN 25 ¢ L1y 40°% weritn 2,64 LﬂaLﬂﬁuumrﬁuEatﬂnsqﬂ1uu
Iﬂﬂqé;rﬁu¥ﬂLﬂﬂ;éﬁﬂLﬁu AT IE L LﬂT =10 3% Tuﬁ1¢tuﬂiﬁaf Fre
19-23 Toaw  dlawngirtasy  Fheas 1;%ﬁlM1ﬂﬂauﬁu 125W109
ﬁéﬁﬂ?ﬁuﬁm'1T£EQZE1Q1LiH?T;%£' i 1£1£;wﬂ?1ﬂﬂﬁﬂiuﬂLuEﬂﬂ;ﬂdﬂ



Jiw
ACEHONLEDCEN ENT

Ihe author wishes to express his ainerre appreclation
to Mo, Somchai Thayarnyong amd Mr. Likit Shutrasakul for their

advlce and guidance glvem throughout the course of nemearch.

The author 1s also indebted for the finaneial suppors

given by the Graduate School, Chulalongkorm Thiversity.

Lt sHould also be mentioned that the author is indebted
to Frofessor Dr. Peng Sommnabhandha, head of the Physies Department

fop his interest in the subject.

Plsistha Ratomvararaksa



CONTENTS

ﬂkhshxactnnﬂﬂ:&sn acppQg#o0n oo aacany 'E.{JDX‘:?(\T:\‘""" -ea
: =] a o '@‘ L] LA
: = ﬂ"—h‘\‘ﬁe‘_?\{lﬁ.

v Y A

AGknOWledEemﬂntnooannn-ouuuccnncanuiﬁ}
LiEt Qf Ehbleﬁ-ulJaacoannnnnddaonnun&ﬁ;li;; ﬂf\ CIE B IE I B I B I
R
e - » ': a2l
List of DlustraticonBoocccoossdecrcovonssessncasanassssanan
Ghapter I Introducticnucccccoosnnossrstnvcoccosrsansnsnsns
1QT Cosmic radiationececascossesscsannassnananrsssa

1m1n$ The me S Qrl CGmPDnentqqncqbqnﬁto-nl-n---ni-

1a1.2 The s0ft componentecsessscacoovasronseene

1:1a3 The nucleon componehtossssasrcsostasianass

Tel Neutroﬁ mﬂnitﬂratuuuoavcués--¢--+qt-tai-|-lﬂa-

1.3 The necessity of stabilized circuib.ssesssans
Chapter II General Comsiderations on Electronics
for Neutron Monitor and Theory of Stabilized
Transistor circuitcescoceacesassssrnnscsssnnrraen
a1 Nature ol the pulse input signal and
requirements for pulsé shapingacasssasssswres
Zee Pulse-amplilier roguirementsacoocaas. Pemaun e
2:3 Bias stabilityoococscosonencsasusccssasnnsnnanaass

Enu The leakage current ICBUnuuucuan-ntbilo-owfvd
295 Stability factﬂrsuu;iu-nootv!=v=nauiiiii!iﬂﬂ&

2.6 Drectocoupled amplifier circuitS.vessscsscea

236a1 Prablem Of driftcﬁoaﬂEQOGQUUOPGQtiilﬁﬂoiﬂ

2,602 Multistage stability consideration@eccoos

Page
iil

iv
vidi

ix

5-21

1o
11

12



2.%7 Feedback amplifiersccscncanceecconceaonsecocos
2.8 Comparison of stability facters involving
feedhackugoaaaan;unac¢¢aooqnuau.ocucno,u,u.,fq
20851 Fixed biasingocoonocoeccacanassscstansssoa
2o8.2 Current=feedback biﬂSiﬂEncﬁclin-ne-;;¢b¢o
2,8:3 voltage=féedback biasingeceoeesroorsecesc
2,844 Combination currentevoltage -feedback
hiasiﬂgoaguu+;n-uooooaaon|o;;r;-v-nuun-un
2+9 Bias compensaticn..c;oqqn.ououu...?.n...,;.a.b.
210 Temperature competisation of d=c¢ amplifiers
by suitable arrangenentascescssssnsscosscconcaw
2411 Half power sﬁpply voltage principlecdowerodods
Chapter Iii Thexﬁpparatus and Corstructed Circuitecesaides
31 General view of the apparatuSevrescsescasnszan
342 Heutron pllesansccenrascsrscicnsasssssarannos
3.3 Electronic circullsiveciccnaanesssersrnscracs
3:3:1 Pre=preamplificracccscasrncvasaarsasases
3:2.2 Broamplifiercosccccnocaacknsnanorssnnans
3.3:% AmMplificrcoccccacccocacaocennasasionncnne
3035k DLseriminatorcssccococsansonsscacssoannce

3@3@5 Ampl‘ifier Eh.ﬂrrﬁraog IR R R EEE AL #IQ 2neh0d

*

vi

page

16
16
18
18

18

19

20
a

2228
22
21
25
26
30
30
34
37

Chapter IV Regults and GDﬂClUSiﬂﬂpflﬁeeutuoqaeaotnllaunafl 39”56

El

ho1 Intrﬂductiﬂﬂacu&ccun--]+c¢sasa-naasnn--uunlkn 39



vii
Pape
hqa ExperiMEnt.onao¢o¢--aeaa-.n......4.......4..... ko

#G3 CDHClUEiGnoonunnnno-:-pltr-idctllisbtccacouup-u 5#

Eererencesrbﬂiﬂﬂuﬂll¢09¢-nnﬂnﬂﬂ¢u¢uiiﬂquiliillvciiclilnncip 58‘



'/

t

:

/ﬂ
2
e

r

'i r T om
- rx,h ﬁjlg:j/'fr\ viii
_ LIST OF T4FLES R N
Tables \“:fiu* Page

21 Comparisor of stability factorSis.cisecossvensnacona 17
b1 Prevpreamplifier,preamplifier and amplifier outputs

for given inpubScccceveosvoosasesrvosssssannesconsss 40
b~2  Amplification of complete URitasccoooessoanoranssecs 41
4=3  Temperature effectovucsecnsaavioonoosaatnsensasseean
4-4  Comparison of two sets of thre same type transistors.. 42
4=5  Dependence on power supply voltage of amplifying part &2
4~6  Dependence on power supply voltage of anplifying part

and Discriminator combineds.ascncsaorasunccrssnsnsncns U3

4=7  Digcriminator characteristitSeroescecsavesssosssscss il



Figure

21

Zud

2=
2=10(a
2=10({H

2a1

22

213

214

31

LIST OF ILLTSTRATION

Equivalent circuit of a puls: input gircuit and

Input cirenit for use with BFEucounter,...........4.
Input circuit for use in the analysis of pulse

input Eignals.ooa..,=........................,......
Shift of operating point........a,..chn.............
5imple dec trapsistor amplifier with two

COMMON -8Rl tEar Stage.vssrcossooncrerenn, ... bomaunaans
Pleck diagram of voltage=foedback networKe.sseoeensos,.,
Block diagram of current=feedback Networke.esoeeee...
Shunt feedback...oan...,u.qa...,..............,.f.q.
Series feedhack............‘..............,...,...u.
Jultistage series feetbackes s satvisurnsses avnnnnnns
JMultistage shunt TeedbacKkaesevaonesssnncanrsonnnenss
Graphical depiction of cperating point control.....,..
due to ?CEvariation..a....-........pﬁ--a.-a-p-a-..-..
Diode compensationa.,.......uu.ﬂoun,ng............¢..
Thermistor COMPenSatloNe e seasurccsonnoaannsorosnesns o
Circuit arrangement for temperature stahilization

of a dfc amplifiérnoa........nno:ua,o,o,u...,.....naa

B:lI:JCk dlagrﬂm af the apparﬁl.tusnoncannzqoo-auaanoooaa

11

13
14
15
16
16
16

19

20

21
24



Mlgure Page
I=2 A simplifying drawingsifinaa front view of the

frame construction of the stendard neutron monitor.. 24
3=3 Pre=preamplifier Circuitoccosncoaausascuescsassanaaca 27
3% Amplifier circWitouoocsssseoscuosaassosoeassennsoeonss 31
3=5  Discriminator Circuitcoocosoacassenocecsonsesasosnss s 15
w6 Amplifier ENaperocaccccosvacwovsurcoacazonccnascooscs I8
4=1  Pre~preamplifier ¢haracteristicssveoascvrvosnsareonnn 45
beg  Preamplifier characterialicS ocvurcsecnsoncanscansoon 46
4=3  Amplifier characheristicsocs suacosoonnoocassananncans U7
b=t  Characteristics of the pre-preamplifier,preampldficer

and anplifier combinedaowececcsoconccssssvoccercanss U8
4.5  Temperature cffeCtosnenosoooanuvoaencenscacsannenans U9
=6  Comparisom of two sets of th: same type transistor... 50
4.7 Cutput & Voltage BUPDlYoovascourconsancunnonnsasnnans 51
4%=8  Characteristics of the amplifying part and

discriminator combinedecusoooaaassssscossronsssssesse he

II+="9 DiECriMinatOr chaTaCteriEtiCSQ N Y R R E T T T ‘n 53‘



	COVER

	APPROVAL
	ABSTRACT IN ENGLISH
	ABSTRACT IN THAI
	ACKNOWLEDGEMENT
	CONTENTS
	LIST OF TABLES
	LIST OF ILLUSTRATION

