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de!li9'1':,.~~truction andManufacturingprocees

r8d~~nants ere deecribed in details.
M' "\ '

'.'

.

ABSTRACT

Simple transisto%bed redio receiver circuite have been

designed and sssembledwith the componentsavailable in the local

meltket. To reduce the cost someof' the componentesuch es the e1ltenne

coil',oscilleting coil. intemediat. frequency transformer, input-

output t:ransfot'llerlllend driver transformer are designed and con-

structed. It has been found that the price per set of redia using

such self madecomponentscan be brought downby ebout 2~. If the

componentssuch as ferrites, ,resistore,capeci tors Bndtrsnsistors

are msnufacturedthrough an electronic componentindustry, the prics

per set can further be reduced by enother 35~. The technique of
of the abovementioned

Thethesis elso describes tho feasibility study of an elec-

tronic componentmsnufacturingplant whichmaybe helpful for en

industrialist to establieh auch a plant in Bangladesh.
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tNTROOUCTIOIi

••

1.1. Importence of RadiDI Ameighty percent people of Bangladesh are

illiterate, the newepcperend other news.edie cannot servs tha meansof CO!lllllll-

nieetion between the Governmentend the PlOpl•• Television ie enothsr ••eene

of communicationbUt it is very costly end beyond the reech (If commonpeople.

Th. (lnly other meansof'collmunication that could Serve the purpoee 119the

redio. Wa","ve a 100 kwlllediumWeveRedio 8l'cadc8eting station in O"ccawhich

can b" received by a one bend M.W.Redio from any pert of our country. But ha••
• ceat be lietened by thh co1lllllOnpeople in rural

,""uld this broadt"rea& comprising roughly 9011. of the total population whenII

mediumweVeradio receiver costs not 1"lI5 then TIc.400 now-••••days ? The collt

per set should be brought mwn to the purchedng power of collllt,onpeople who

never, en,loy eny fruita of IlIOdernscience in thi. epece age. ThUlle need for

the mass production (If low cost radio receiver 1e felt.

1.2. Reviewof PP.l,,!:worl<I /io effort has ao far been madein this respect

for the production of low coet trans:l..torb ••dradios in Bl!lIlg1adash.However.

tIIOlIllllelectronic: c:omponentssuch eS rssistore, capl!lcitors. m••gnetic materiele,

rectifiere, trensfolllEr corell are reported to be developed in Bangladesh council
(1)

of etientific end industrial resaerch • It is elsa rl!lJXll'tedthat diodes and

transistora ere being febricated in the Departmentof Applied Physics, Deccs

University end in the Oepartmentof Electrical Engineering. Bangladesh Univer-

sity of Enginellring end Tschnology. I"sciUtiea of manufecturing non-lltandard

electronic componentssuch ell antenna coil. oecilleting coil, If trenefoxmer,

input ~utput trensfo~era, cabinet etc. ere available in MehiYindYstrias,

Dscca. Besides these components, $Omenon .tanderd mechanical componentssuch

es bendswitchP.lll,knob. dial etc. are b.ing manufectured by Phillips (Bang1edesh)

ltd. , Dacca, recto. YalnegenElectronica, Daccs, Rndio Electronics etorea,Chitt •

. sgong "nd UnivsrlIel Redi0 lll!rvice, Chittegong. The AtomicEnugy Centre, Dacca

hall the facility of manufacturing printed circuits.

Theproepect of etanderd radio componentsmanufaoturing plent in

Banglede.h is extremely high,becsuse there is no other faotory of its kind in

this country. Before liberation there Wileonly on•• compon"ntllIanufacturing plent



"

nllllely ElMAC(2) puhU.c limited compenyet \.ahore, which used to meet lIDllle

demAndsof erstwhile £est Pakistan. Thillfactory jOintly ownedby Philips, .

PleIe snd •• numberof privets investors weltestablished in 1!/6S at e coat
of lis. 5.S million end started production of' " limited r ••nge of getlllanium

transistors, diode, potentiometen, cepacitora end resiators from 1967. In

1969 •• Ill"rket survey was undertaken by the £PIOCto set up an elactronic

equipmentmanufacturing plant in the then East ••••!stan. The feasibility

study madeen important caneluaion on the manufacturing of e1ect:r:oniccom-

ponents."A SoundComponentindustry and e reliebl. source of supply of a wide

renge of component"is of fundBmentalimportenca to the developmentof elec-

tronic induetry. E.P.I.D.C. meywish to give consideretion to the setting up

of en orgenisation for electronic componentses e meansof eiding the deve-

lopment of electronic industry".

1.'3. Objective of this .tudy : In the pl'el!llnt day world redios are no 10n9sr

considered as lultury. Theyare- noweseentisl for msss education that lead to

rapid culturel development. In manycountries electronica industry haa contri-

buted tow••l:"d~national income to I!i great extent .from e aurvl!lYreault it h•••.

been found thst " lerge no. of families ehowede grtJl!ltinterest in buying low

cost radios. Twolow coat trensis.torised redio circuits, Of_ TRrand the other

$uperhetrodyns, have been designed end constructed (chap Ill. A study of th"

design end lIlanufacturing process of elect#) nic ernnponentshas been madeand •

discusaed in chapter I II. ror the production of low cost transistorilled nC8i-

ver an electronic componentmanufacturing pl<'Mtis necessary. A feasibility

etud,yfor such an electronic componantmanufacturing plant hes been madeand

discussed in chapter IV. 'fh" cost analyais of TIlf"and superhstrod,yne receiver

has been given in chapter V. Conclusions havs been given in chapter VI. A TRr

receival' aet hes heen assembledwith samacell' mas compenentsand somedirectly

imported componente,whers ~ cost reduction of s.mediumwevaradio receiver

hss been eehi.ved. Another superhetrodyna receiver set hes elae been asaemblad

with _Ii lie!f-madecomponentsand BOmSdirectll{ imported componentswhere 50,£

cost reduction hes beenechieved. It is elso concluded that the pries of redio

componentsif mQnufacturedlocally will be one third of the price for the aams

CDlI!ponent.avsilable in the local IIlBle.t.
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2.1 TUNED RADIO fREqUENCY RECEIVER

A,low,cost trensietorised radio frequency receiver using five transistora
and two tuned filter circuits is designed and assembled with some self msde
components and some components available in the local market. The nUmber of
components ere reduced ss fsr ss possible.

Single resistor constant base.biesing circuit has been used. This type of
biaeing does not provide the best interchangeability and atability but is uaed,
to provide the minimum no. of parts. for select1vi ty a minimum two tunad circuits
are necessary with tha antenna as the,first tuned circuit and a emaIl ferrite
core tuned circuits of 690 kc/s or 670 kc/s ss ths second tuned circuit. first
and 2nd transistors are resistance coupled to reduce complexity. The diode
detector has a forwerd bias applied through Rt to improve both detector sensiti-
vity and linearity. The detector output ie applied by the volume control to the
audio stages.

The TRf receiver circuit is shown in fig. 2.1.

2.11 DESIGN OF THE BIASING CIRCUIT

Transistor Af 115 (21).
Given, VCE • ~ V

IC •• 1 rnA
~ •• 150
f '!' 10.7 rne/s- ,••

.l!£L • 10
4

V = 8 \/01tilcc

Vce

Asseuming RE, ••1.5 k .0-
• VCE + Ie CRL+RE) •• 't' ...5 k..n..

• r:

:, Rf ••'225 k SL

V Cc--6-----_
1 + RL

Rf
SuHable cc and CE are .lo)lf Bnd .02~f .
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(20)

Transistor 25/\ 12 .

VeE • 6 volts

Ie •• 2 mil

(3 .50

Ie • 40! 11

\

Vee

V'ee .2

Suitable ee"end CEere

,
'\

Assuming

RB
RE •• 1 k ""-

" '-
, .Vee -'lEI); - VEe.--------------~-----~---

v .8 voltsce

8 -2.2• ----46------------- .150 kA

"',..o-ilSistoi28, B 5't (A"lI~

Given VeE" 6 volts
•

•• 1.3 mil

•• 15 fill
••86

It••

Assuming R
E

•• 1.5 k.n... end R2

V
....E£... •• 10 VeE 002
4

V • B lobl~1I
ce

••10 ki\-
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v - I R - VOE
R

cc c 2SK-4L• - ---- liE - • ::::::..
t ( lC RE + BE)/ R

z + Ie
(20)

T:rensietor 28 a 156
Lo••d 1Jnpedeneecollector .to collector •• 66JL

R • zSLr::
<i:erc eignal d.c. collector current per traneitor •• 2.5 ~

a 22 lL
4-•Rc

Colleetor load 1- Let V be reduced by .5Vcc
B6

• .666 watts

•• 24 J\..

. ----_ ...-Po max

Total loed on each transi tor fie + R[
V :z.
cc

Totel power

Useful power output • Po mal( lC

Rc

R + Re E
••• 630 watts

Vcc. ------- • 2.4 k JL

Let R
t

•• 2.2 kJ\-

.2.1.2 COIL pgSIGN

ANTENNACOrLI(22)

1. =.256

fl, •. 64

N? • 6

SWG 36
TUNED rlLTER CIRCUITS(l9) I

Q •• 265

B •• 2 l(C

R •• 3.22 ..fL

f ••.670 kc/s
tl, .80+40

NZ .20

L • 171 ;«11
B •• 30 kc

C •• 320 pf

SWG 3B



b

e

6

.'.690 kc/.

.38

, • 625 ke/.

!;WI> 38

ferrite c:oral- Length • 1 CIII

fllf'UT TRANSfORMER I

L- Uti//1
t. 320 p'

S. 3Dke

l.l30)'H

C.50op'

e. 35 KC

o •• 7 CIlI.

Core er•••• S till r:r

tip • 160tl SWli 4\2

N. • (SOD ••. SOD) SWli 4\0

•

OUTPUT TllANSfOllMER 1(3)

N • lBA + 184
p

N .122••
Cor•• r •••• 75 ClI. P

SWG 38

28



'"

1.5K .02 f.J

;\\08

100.0.1

20K

R6.8K
1

p2,u

lK

320P.

150K lOP.5K

100,u
+

,

:r' o

FIG. 2.1. TUNED RADIO FREQUENCY RECEIVER.

"

Battery 6 Volts
Tu ned Filter Frequ enc y 625 kC/5
Frequency Range 530KHZ - 1620KHZ

Out put .625 Watt

Loud Spea ker 8.n..
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~.2 5UPERHETROOYN£ RECEIVER
In thie twe of receiver the incoming eillnal is mixed with e locally generated

Signal to produce en intemediate frequency which 10 then amplified end demodulated.

TRf'receiver requb:lls en seriel end in the presGIlceof lOcal strong aignel weal<eignall!

cen not be tuned. Thealldiffieul Ues meybe overcomeby superhetrod;yne rIlceivIU:.

Thill superhetrodyne receiver using 5 trllnaietorll, 2 If' tran.tamers end. driver

trllnBf'ormerh••s bllsn designlld end 1l8li1l'11lbled.Trsneisto:tli AF.ilS, OC45 ere ueed for tftexi.

MUll gain. II driver trenllfomer hes been used!n pleced of inpu1;.ooutputtrenliforlllBJ:'to reduce

the coet.

The cireu:tt diegr8ll for the eUperhetrodyne rllceiver ts given in fig 2.2

•• 6 HJs VCE ••• 6 volta, Ie" 1 lilA.

n VE •• ,.B2 volte • For Vc ••• 6 V lind allowing for Ve; end

the tuned circuit V ••• TV. Thus making VB ••• 1 volt.,cc '

".suning RE •• B20

the voltage drop acrose

2.2.' OESIGN OF THE BIASING CIRCUIT.
Traneistor OC'45. )

11B 1'0(

T R2
--- •• 1 end 6 R2 •• R,
R, + R2

Aleo making R, R,
••.•••.••.••--- • 10 R

E
•• B. 2 k n...

R, + R2
Therefore, R, "2 •• B.2 R, + B.2 1'12

6 R2
'1 •• 49~2 R2 +6.2 R2

6 R2 •• 57. 4 K-C\-

Let R2be 10 k~nd hence R, should be 56 k ...0-

&

•

suiteble decoup1ing capacitances ere
C£ •• 25//

Cc ••• 1 /f

•

(21) 6Trensillltor AF115 I VCE" - V I • 1 mA.c
• 10.'7 Hcls .p •. 150

Assumingetebility fector Sot6 lInd emitter drop

R£ •• 1.2 k ..f)...

5'-' , Emitter IIOltags" 1.2 V

I • 1lilA.c

5 ~ .Jm.. •• Re •• 9.6 KR(
Ic

( £1 - Eo) £, ••1.65 V Eo •• 3V
•• - -

RB + R£ ( 1+ )

E, Eoe kSI.8o RB
R, R2 R2

••U.S kJLR, • 32 •• --
.'

~
•• R, R, + R2

Suiteble decoupling cepeci hnc;, are CE •• ,.25 If/
C, •• ".1 If
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2.2.2 COIL DESIGN,

OSCtllATING colL 1-

II
Typic"l ferrf.te cora 1/e" di$ end length 1- 1/4'

L •• aa ;til

S.W.G. 44

INTERMEDIATE f"REQUENCY TRAII!Sf'ORMEll (19) I

N •• 100 +50 La 500/#p

N •• 2a C •• 240
s

SWG 44 II ••6.3 [L

Q ••100 Typical ferri'e core is used•
Q

DRIVER TRANSroRMER I

Corearea ••• 5 em);:l • Core is !ltallay 4~ silicon

SWGin the primary 44

$\IG in the second JIll 4.2

Np •• 1835

N
sl •• 620

N
&;J! •• 620
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RECEIVER

~i}

HETRODYNE

Detector Audio driver Output
OA70 2S854 2x2S8178.

120n

«0
6V

Q,'"
oc
<;t ~
N -~

~ ~I
.. ) I b I ::.::~ O. I .

J
~I I I~ t~ I QIJ Speaker
oc~ ~ ~LL 8IL lw
9 ~. Tg

~

SUPER

Battery Voltage 6 Volts,
Intermediate Frequency 455 KC/S
Frequency Range 530KHZ - 1620KHZ

Out Put 1Watt
Loud Speaker sn

1F
OC45

FIG.2.2
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l!l
lO
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LL
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0
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LL
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Pl'a3topr8?h 2.3
Superhetmdyn. Ree.dv!'T Set.
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3.1 ..AHrENAmIl.

3.1.1 TheoryfThad/!aignof tha reclliving •• rial is c1on1.v eSlIOc1atadwith the

sub.equaM reclJiving equiplnllnt.It fl1.110dependsupan the w"vellNlgthof the sign..J..

Aerial tuning "irevUe will r:ontain indu"tencmend "epeeiten". but dnell, it i. ope-

hUng well balowits natural weve1.ength,additional inductan"e or capllcitsn". or

Ixlth will b. required to tune it. However,it i. l1lOreconvenient to c:ouplllthe enial

to It tuned secondary eireui \t all shownin fiO' 3.1.c-. ~ y...' .

} LI
Fig. 3.1 Receiving Asrial Cireuit.

Since the aeriel 19 not tuned, iii tight c:oupling18 perntiesible llndit is usual.

to provide " <l!llellet.p Up ratio whi"hnot only in"reesell the emf dev81op"dacroes the

e.condall''ybut ~ducel!lthe tdfe"tive sariel l:Onstlll1treflected into the lll1condllryend

110 pl!l%Wlits/I wider tuning range to i:1l. ba obtained with e given tuning capecitor.

In the equivelent circuit X2• 0 aince the eecondtlryis tunad, end til". equivlllllnt
primary ~si"tance is

-- .•.•- ••••- ••.----------- •..----- (3.1,)

1 to ~ aetiel~lr~stance.
~~el-~~ i Jt!~

'i LM

!quiv..J.entcircuit of' the Aerialng.a.:!
e-_ ..._------_._---

M2,i/R + j (WLa - 1/ we. ) •._-----.._-~---- (3.21

Wh••re La include,. the pri ••••ry indu"t"ncll of' the transformer. llllldE, the wltege

aeroee the slIcondarycoIl, is given by

E .11W (lW/R) 1,. ( HIRe) 1, -----_._------

Since w2 • l/~ I hence the affective etep up

..-..__ ..••_----_ •..-..•.-•..-
(3.4)

II

we.is £I. •
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WhereX, is the reectance of th~ eeriel

Mellimumoutput is obtained when

'1\2,,2 X R ( )" • 1 •••••••••. <i •••• t •••• 3.5

Thususuelly giv". '" step up of the order of 10 to 1 (6)

The USB of a EltepO:>WI'lin this msnno.rwill reduce the output volbge, but it

must b. rememberedthet the transistor is s current operated device, SO that the requi-

rElllantis for maximumsecondary current.

If Ferrite aligned approximately in the direction of the r.celvi~:jt~e magnetic

componentof the wavei. concentrated in the higher permeebility meterial of the rod,

end a.m.l' is induced in a coil woundround the rod. This coil is designed to have en

inductance which, with the appropriate verieble clilpecitor can be tuned over tha fre-

quencyb"nd required. Theoutput ia taken fX01llth" secondary ",inding,

eh:>eanto provide en effec~iv!! _Q equal ttl half the unloaded Q i. e•.........-~_. -----_.- .-- ----------- - -- .. _ .. - -- -- . -

the ratio baing

R •
L!cPn2 ••• ~,--- , - ----(3.6)

WhereR • Secondaryresistance
Q

end P • -----
2 11 fc

_______________. -- (3.1)

F'erri te rod a••riels ere directive, producing maximumeignelwh",.eligned ",ith the

direction of the weve.

3.1.2 DeSIGN OFTHEANTENNAOOIllIt ie required to find out the value of the

inductence end the turns of the prilllery and the eecondery woundon the ferri t. rod

for a ~ediumwaveentenne coil, frequency ran9se from,S3OKHzto 1620KHzI selecti-

vi ty 300-500 I' vIm •
The vslue of ths variabla capacitance is 360 p.f.

:!>ec.onQlClry f'( \M<;Iry
rig.3.3 ATypical retrite Rod.



-18-

•

We know, La •
25300"!"""':"--r--- ..•-...•Smi.. c...}to\c,.)t

.: "

Ls 25300

1
l!iI ---------

.;. c

256

~ typical ferrite would provi.de on inductance of

16,
where IIIis a numberof turns, so th"t for 256 /fit the ntmlberof turns,-
required is

---..
16

=256

•

N •• .li4 turns.

Q of th••coil is fIB
530

••
2

=2~

R••si.stsnce of the coil, R = co 3.22 J\..-

L.. 256/11

,

••

Q • 265

64---
10 •• 6.4

No of S.W.G. used is 3B~-
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Photograph lilac' 3.1
Antenna Coll •



,. 3.2 OSCIllATING COIL

3.2.1 Theory, The simplest fbEm of traneistor frequenoy changer

USGS a selfoscilleting mixer stage circuit as ehown in rig. 3.4 end

the signel ie applied to tha base, whUe the collector is coupled back

to the emitter through a secondary circuit tuned to the oscillator

frequency. The emitter thus carries currents at both signal and

Oscillator frequencies so that an additive mAKing is obtained. The

.0Gcillstor tuned circuit is deaigned to cover tha frequency band rsqui-

red 530 KHl _ 1620 KHZ endhaa a high Q. which permits the oscillation

to be m"intelnsdwHh only a loose coupling to the transistor. thereby
l.

minimizing circuit damping. The coupling windings themselves eTe so

proportioned ae to match the collectorl emithr impedence •

..

.",
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I'tg.3.4
O.cillBto~ Circuit

This circuit is IllOdifiedusing B tepp"i:!coil.

Fig. II 3.5 Modified Oscll1lltor Circuit.

Tappedcoils ere COllIrnonlyuBedwith DscUletor for he :ttIldUc:tionof the

.:I.lloped3l'lc,"1IiIv-.lfro•• collector to •• i ttsr (+). In this application, the unlollded

ilIIpedencelevel h selected end the tap 111edjuated to reduce th. iIIlpedenc/'lto ths

dastnd level. T"Ilpedeoils h"ve the advantage that the chsnge of currlll1t level ie

obte1ned mevnetic~ly rath"r then by weyof the circulating current. Coneequsntly,

relatively 10••••r Q.f"ctor coile 1l!eybe uesel eTfectivaly with large valu••a of imp•.•

denca step down.The step downin B tapped coil functioning 8. en auto-transformer

1e I!IPPftllCitftatlllypftlpo~tionel to the square of the turns retio

• •
This equation epplin only :I.f the coefficlllnt of collplill\l eftlongthe various

tumll 0' the coU. is high end 81la conOfllquence,the IIs_sgs flux 18 lI1lIell.

3.2.2 Choiceof Trmnsistor I .Thelllainconsi.d"ration is that of the cut-off

frequency of tha transistor. COmmonlyr.f. tranoistor ere used in fixed frequency



-22-

osr.111ator circuits upto 1.25 times the cut off frequency"hUe in ,,,,rieble frequency

oacilletor. the limit is usually about o.e tilll"'S fo(.

3.2.3 nesign St.ps I

1. Value. of C de! 'po .er Ct ._ end 1. are d"t•••..••ined.r•.•,"".r

2. Noo~ turn••• nd the 1\0 of wir"ued in the primary end .eeond"ry of the

oecilletor are celculat"d.

Theoeci1letor circuit is ell ehownin Ii;. 3.6

F10.3.6 Circuit. of Trimmerand Pedder Capacitance

Zero error can be obtein"d at three oBcillator freqUBnciesth,. th2 end fh3

corresponding to Gign,,1frequencies f
.1 '

&has veluee C1• &2and C3respectively.

f.2 end te3• thet for the.e frequencies

Then 1 • 1. [Ct +~-~J (3.12)

~nh,y- Cp + C1

• 1. ~t CpC J (3.13)1 +-~-)
( ~ 11 t- 1--t Cp + c2

1 • L [et + ~:~;';-_.J (3.14)

C~nh~r
'rotll theee equation" L. Cp, Ct cen b" found • H~er1'Or/fr"quency curve is eubie

" e

-----

k I~Xl >lft-- -r.-' .....--, '
•• I "

j / ! '"
•• • ••

•., / f&t
" .•- - --'- ---

e

" ••~~I

,---- -
of the fom illuetrated.

""Sf
rre'lJIlQIl c;y

;a.

'iO. 3.7 Error /Frequency curve.



Wh••".. X • 0 y • 0 and when x •• :!: 1 ,Y • + e

So 'theequation rAdue~a to y.. axJ + ex

23

The orner"l oqu&tion of the curvI> 101

3 2Y.ax+bx+et/.+d

(e +c ) • - 8

(3.15)

(3,16)
(3,17)

x, •

-~-
dx

•

•• 0

J- et311 (3.18)

Since )/ •• IS at x • "l From equation
c.. =:

'===e = ;Rd 23 ;q".Ilt:~3r':.t
2Agein,)/" aX (x- 3/4 )

(3.16, 3.:1.7,

- 2>~

3.16) (3.19)

"'or zero error x .0 or

••

:l:: Vii4
fe _ V3

W
(f -fa)e

• (fb - fe)

In this ea'". fa •• S30 kc/.
fb •• 1620 KC/••

fe •• 9135 KC/ II

•• !lBS - ( 98s.. S30 ) .In KC/e

Calculet~rl velu" of C1
C2
C3

•• 270 pf

• 163 pf

•• 25 p'



• 1440 KC/s

• 191113 1(0 /s

.66 turns.
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flslll.llling1[3p1is due to strllY capacitance 01 the oscillator tuning circuit.
413pf is ciliato strllY copeeitance ( wiring. self capacitence )

fh1 •• (1111 + 455) • 11350 I(c:I•

fh2 • ( f1l2 + 4~5 )

fh3 •• (f1l3 + 455)

Solving Equetions (3.12. 3.13, 3.14)

Cp •• 85 pf C
t

• 195 pf end L • 8B If h.

Trans10mer Design I

wire U$~d 44 5 'IIG.
With e typical care l/SII dia en inductance of 06/' lolOu1dbe obtained

IIPplyingtheory

N2 • 88!" ( (19)
50

WhereII is the no of turns

N •• ~50 !C8B

Applying EquetiO"3.11. ~
30The retia of windings" n •• -1-" 5.5

Allsuming, Zo • 313k J\.. and .zi •• 1 k....lL f'or en oscUletin\] transistor.
66The se.condarywindingturns • - • 12
5.5

• • 10 30"\]81n, --- • .n°
Primery windings will be tepped at

66 2 2 ~_ 230 •.
That ie (64 + 2 ) turns in the pr~arll'

•
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I 'I.

•
Photogrm>h 3.2

Oscillsting • ceil



3.3 tNTERMEOtATE FREqUENCY TRANSFORMER
3.3.1 Theory t Conm>unicationtransfoxmers, even iotheir simp1811tfom, consiat

of e networkof inductances and capacitences end therofore can function aa ~ave filters.

The transformer neboork. are in the formofe band-pees filter. Thecbuble tuned trenl-

foxmerserves aa a filtsr end is, therefore, a very ullaf'ul davies. It combinesflltering

ection end the llI,uel isolation end Sl'ltll up festuro. of a tranllTomer in a single unit

of limpla construction.

l:bub1atuned tren.rcrmers dlIvice their namefro•• the variable adjusting capaci-

tare originally used to tune the primary and secondary ~inding.. Suchtrensformare are

usuelly used to tranSlllit 8 narrowbandof frequencies f'or alCaRlplll450 to 460 Kcand to

ettenuete ell other frequencies as ,"uchsa poseib1a. Thayfind their principal llPPU-

eationa* in I.r. emplifiera. Thare the res~e of the windingBwith ths capacitances

provides high impedenceend high gain betweenstages in addition to attenuating the un-

~anted frequencies.

'The narrow-bendtransmission requires a large series impedancein ths equivalent

netwr!< that itl eesilyobt,.,1nellle by loosely coupled primary and secondary winding•••High

attanuation requS.reshigh Qis readily obtainable with either self supporting air cer.

ooil. or coils with ferrites cc~e inserted in them. Thecore maybe used for tuning

purposes. The reaulting construction consisting of' two self-supporting windings side by

side ill simple end ineKpensive. Selectivity is obtained by the Use of perallel L-c- cir-

cuit whichresonates et the desired frequency I

In the l.r.T. methodof coupling ia consldusd. tnductivllly coupled circuit can be

repneented by the,equivalent circuit of the fig £.\lin whiCh2, is the primary impedance,

Z2 is the aecondary impedanceendM. K J L, L2 is the mutuel inductence thet exi.t.

betwll1l!llth"".

Equivalent Netwc:r:l<of Inductively
Coupledelroui t.
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Thepe:d'o1'lllenceof the circuit maybe examinedas follows I-

tmpedanctlcoupled from aacondary into primary
•• (WM)21 Z2

Equivalent primary i!lltlllldanee...%, + (11M) 21 %2

V
Prllo'ry current l, • ----.-2--z, + (WM) 1 ~

Voltege induced in secondary. -jWM Z,

(3-211

(3-22)

(2.23)

~cond"r'y current. 12

• (3.25)

Whenthe Mutuel lloduetancei. small end the secondary impedance1e lerge. the

coupled impedance1e small. Undu thes8 conditions the primary current is almost

the e8ll8ee if no escandar!/'were present. If however%2iesmell and M i. not SIlI"H,

th~ the coupied impedance1e significant. WhenZ2 i. reactive with a given phase

en'die, the coupled impadancahas the sarnepheBe"ngle but with the 81gn revereed • When

%2ie purely ra"i.tiva the coupled impedanceis also resieUve.

(4)

1. lindeI'what d.c. condition the transistor is to be operetlid .I.e decided. The

values of emitter and bese reat.tors end bypass capacitor are calculated.

2. Ahybrid 11 squivelent circuit ill drownend the value of R tend Ai i.ou n
calculated end thue the turas ratio of the 1FTie determined.

3. Rend C for the neutralizing circuit i.e calculated.
11 n

•

4. Equivalent impedAcewhich represents the.• tending effect (If the neutrelizing

component.ecross the input end output is calculeted and the finl!ll equivalent circuit is

eonetruct"d.

5. With the knowledgeof b!lndwidthrequired for the eech etege the tuned circuit

effective Q is determined.
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6. "eeumiDOe value for ~he unloaded Q, tho tuned circuit capacitor C ie

8electl!d, L !a calculated to resonate with C at the eentl'afrllqu.ncy, and the values

Of I' .nd LICr .ra determ1nl!d.

T. The required sheeting r991.tane. aeroee the tuned circuit to provide tha

COrrect bandwidthh calculated and thus whet re.istence should be reflected from th.

tren.htor output to eehieve it ie e.tablhhed.

B. Knowingthb vlllua, lit what pt the tren.forlllar pr1."ry .hould be tspp.d 1.

calculated.

Transiator 00 OC45 (18)

t ·6 MCIs whanopented et Collector volt,ga of

VeE :t - 6 V .nd Ie • I _I..
l'b'b • 15 11-

rb'a .1.3 k.fL

rb,c .33 M..D.-

Setting up the D. C. Condition

LetRE • 62O.n.. so that VE

CblC • 10.5 pf

QIIl • 3ll wWV

(19)

•• 62 V

For Vc • 6 Vend allowing for VE and the volt ••ge drop scrollS the tuned circuit V • -TV.cc

Thus meking Va • -IV.

T "Ih, + ~ •

Also making ", "2
Rt + R2

Therefore, At "2 • 0.2 A2

• 10 RE • 0.2 K..{L

6 "2 • 57." k iL

Let A2b. 10 K-!Lend hence R, should be 56 k iL
Suitable decoupling clllpecitBnces8re CE •• 25 fit

lind C, • .1 jA+
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(1)

tnput end output i~edencaB 1
rbe ~.)f'~

;; C,
10\)0 V.f.

~b)
-'.tin

I
rlob

Ic l>'c. 10.? p{

.1000 pi
c.'Je
LC\) .

F'iq. 3.9 (a) Equivalent circuit of 0C45

2J R 1 X1--r--"-
"1 + X""1

• -----*-*-~--,- •

Fig. (b) is drewna8 the effective input ciruit of V2ia Bhort Ckt';d end ifc Ibe

end ril'c e:te i\lnorrod.

Sublltitutin\l values this becomeeit resistance of 18.J\... .in seriee with • cllP8ci-

t"",ca reactence of 310JL • AddingrbbI. 75 SL

It .153 n end X
" II

• 310..(L

•
R
tl

ThA. is _ nowconverted into a aquivalentparallel circuit of Rend Cp p

V
R" 'J)( >

Adnlttanee • G+ jB • ----- + -- ...-2----
R2 X2 Rs +l-

fl+ e 8
(3.27)

R2 + X 2
s ". --_ ..•_--

)l.~Therefore. R

~ ." . I c' 10
I I' I •....

10.S pf
~•• 1:, -'000 p' ••61t. S ( ) ~lI'IVI

" "l'.tl.

Fromwhieh Rp• Rin • 780 ..n.and lip • 386 .J'L

9:l Cp • Cin • 875 p.i'. By Bho~,f~~ng V. the output eircuit becomes
V ~

short circuited •

+•V1
Z1

Fig. 3.10 Equivalent Hetworl<of the output Circuit with V
1

••••king use of nodel anelysis et node i' .

"1 - Va______ .0
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1et node C

V' L 16> - +2.. 3

(3.30)

•

+ ~ VI .la

+ Z21.

+ l2
1 j (~-~~)ll-+ C,?

Vo - VI'

Z2

Vo I (2
1

.V
o +-23

(3.31)

1----~-----~------------------------
( 2~ l( \2' + [21 . (21 + 22~M~~. ----- .zo

Therefore output impedance
Vo

Calculating component parts of this expression seperately yields,

• (6109 -3• j 14.28) I (14 + j 2.96) 10

322 • (.31 - J 31.6) 10

•

..L • (.3 + j 31) 10-6
; 22

-6• 16 l< 10IL
23
.6(16.3 + j 31) 101__ a

2l 21 + 22 • (.474 + j 2.126 ) 10-3

1 (36000 j 31 10-6gm- •• - l<

1/
22

Substuting there values in Equation (3.31)
(34.4 _j 111.9) 106

2 0 e ---------.--------~-------13105

\

Resistance R • 2.51 k...(L in series with rsactance
s
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x •• 9.16 k J1-
II
Ilecol ving into equivalent parallel components

Rout

•• -.-.._---- ••

,l + i. --,--,--
R

9.16 k ..n.

•• 29 kJL

•• 6n

taut •• 38 pf.

29000. ---
7110

Trans1'o%1'llerratio

'or optimumoutput R2 •• re1'lected impedance01' the input impedence
2nRin •

Neutrali2ing circuit I

R
n

, "

•• Ar bb (_1 +_~ )

eh'c •• 15/6 (1+1000 •• )
10.5

•• 1.180 j<. .JL

Cb'c.---"
•• 6 X 10.5 •• 63 pt• ,

Preferred values of Rn •• 1.2 k..!\.. and en •• 60 p.f.

ShuntinG effaet on input~t45SKcle . the reactance of ~Bpf •• 5 KSL
II 2 + X Cl.44 + 2S) X 10n n .1LR

pi
•• •• -'-------:-:i- ..22 K

R
n

1.2 ,x 10, .

•• X
•• S.2B k--"'-

•

,
thUll Cpi •• 64 p.f'.

, Shunting effect on output

II 2 II •• 792 k 1"\po" npi ~L-.

2Cpo •• Cpll n •• 1.B p."

A~suming the stego is fbllowed by e similar stage having the eem. input impedance,
the 'final, equivl!!1entcircuit is that of' fig. ~.11.In this the conductance of the repro-

eentetive current generator has been given e value of 3S insteed of 38 rn A/V. This is
necesmarybecause the current is nowshowQas e function of Vin .t the beee connection
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and not of rb,c' The difference in gm takes account of voltage lost in rbb, •

tig. 3.11 Equivalent circuit of transistorised If Transformer.

The capacitance reflected from the secondary.into the primary is 940/n2
.26 pf, .giving.s total primery cepacitenceof 66.p.f.

5ii-milarlythe resistance reflected from the sacondary into. primary is
2 .6BO n ..•. 2/l.5k JL giving.1lltotal ehunt resistance of about 13.k-O.. To reduce

the l~ading effect of this resistance on the tuned circuit e tapped primary winding
is used.

It is necessary to essume e value for equivalent resistance RO • l/CR'

There. is no optimum here, since the. higher the value of equivalent resistance,
the 11llsswill be the coil loss,' In prectice it is

•-L Rout which makes Q working to t QJ and Zw ••
2

1/4 R t ••7.2S kSl.. If weau
assume e bandwidth of 9 KC/s at a frequency of 4SS Kc/s

f 2
Qw • rB to 50.5 ••hil" the inductanca of tha tuned circuit. BZw/2 11 f •

b"domes L to 9 x 103 x 7.25 x 103 I I 2 "IT x 20.7 x 10'0) =:: 52,1l H

Th~ capacitance C 'oo -!--- • 2410 pf which is too high, a figure of 240 pf
.' - I' L.l

baing more practicable. The.outputcapacitancs of 1st oscillating. transistor would ba. . I

about .40pfwhile the reflected capecitance ~f. It.trensistor input would be.about 25
pf. These two stages 'will thus .contribute 65 pf. to tha total leaving 2345 pf to be supp-
lied as the reflected capacitance of 240 pf across the full primary. Hence the tap ratio

r234S
'\j 240 • 3.1 and the total inductanca is 52 x 3.1"-::::SOD rfH.
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Thesewindings will be housed in II ferrite core 8sSl!Illbly.II t,ypicel core liS"
1" cdie 1. ~ __length whule provide an inductance of

- "(19) where N is.. no of turns (wir.e used is 44 5WG).eo

th"t for SOO
.50

the no of turns required ie 158. The.. wire used ~ust be such that

the r ••ebtance of the coil at 455 kc/s is 6.3 to provid", Qo • 101 • The coil would

be teplled et !~ ..50 turns ••hile the secondary winding lIIOuldb. _1;.:5",,6_ •• 2S
3.1 5-5

So primary winding •• 150 turns, 100 end SO

St:'conderywinding •• 28 turns.
itr- -- - - - - _.•..,

I I

t • -, ~ t
fffective Gain I R1.I~1., I tt P

~II I
I
1t.. ____ - _oJ

i
R,

• •
R, +'\.

l#n e- Rl Ri +'\.••

Current generated in the transietor ilL deviee. between the inlernal end external

load",.A, end '\. sho"n in fig.

The proportion in the '\. is .11. ••

end the external power ie thus

•• Gm2e.2 ilL
2 ( 3.33)

The load R
L
n:.weveris eampolledor Rz in perallel wi th the tunad eire •.•i t

impedenc••p. ell that the current wUl divide f9rthnr, and ptoportion of the edItal

e"t"rnal powerwhich is tlctuBlly d<lvalopsdin RZ :I.s PI ( P + Il)

Hencethe power 2 R~ill
Ii • GIn e. IlL

2
( p

( P + R

2The input power ill c lAin 80 thet power gain
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Ap (
)

p
(-

p + n )

11' P •• q( end RI. •• R, whS.ch b til. condition for 1Il""iIllUllloutput. thlll rllducu tel

("I' )"111< •• 1/4 filr? It "in 13.a6)

At)'Pillal valli. f'or till ita aSra A/V. 110th"t if' '\. •• 29 ICiknd
Rin .78 IeS\...

:I
II 29xlO .780

•• 100il •• 20 lOll 1OQO db •• a8.db.

If' Now p •• 14.5 k..fL 22 x 14.5 ••9.7 kJ\-
43.5

and thll power qeinbeeollles
AI) •• 3S2 It 1O-C; Ie 9.7IC 103 lC 780 ( ~__ )2 M 14:.!...

36.4 O.S

•• 1760 •• 20 leg 1760 db . •• i!2.2 db

It' .etual/•.•
•• \!lltX

2
~~ - .50.5) ••t

101<:
Coil lo~e ill 110 long ( \' ~ _ Qw) db •• 2Dlog 2 •• 6 db.

!
Voltllg" Cd" I The vol t9\lll gain 01' the lltelle ill th" lIqu"rll l'OOt 0 f the PO"'IlZ' gain.

ClCPreslll>d In db IIv •• t- Ap.

Th. \/Ott",,), d••""loplld "Croll!> the tap portion of th!ll prilllllry .ia Glll Z ",h"re Z .b

the effectS-vII eolllictoru,plldancll 7.25 Kfl. Th. volt.lI11 et th. Ileeono...ryie-!..of' ttli••
n

l/
..•33

ll:l tl'><&t "'Ii •• linl . n •• 35 " 10 ic 7. 2S x 10':5
•• 42.0 •• 16. 10 db•
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3.4 INPUT OUTPUT TRANSFORMER

3.4.1 Theory01 PUBll>ullstege' I Pushpu1loperation 18 obbin ••d froma peir 01

tren'htors by applying to the belleof ana transistor II \101teOBin phase oppasition to

that epp15.edto the other. Th. collectore of these transistors ere JoinBd to 0ppclllite

ends of the priJReryof s trenefo1'lllar, the cllntre tap' of which1. connact&dto th•..•••

tlImin81 of the bsttllriee. The D.C.collector current. produce oppaaing 1101t.lies in
(I hthe trsnsfo11llerprinl"ry, but the s.c. output currents, owingto the 180 p 8Gs.hift

between,the ba.e voltages, are additive.

Pushpull opereticn has three importent edventagss 1-

1. tven harmonicdiatonicn produced in esch output trenahtor .l.ap"rtielly (com-

p1etnllfl if meicheduans1.etore are tIlIllployedlcancelled.

2. The d.c. current eompon.ntin the output tranefomer i. reduced considerably or

cancelled. This meansle8" ettenuation (frequency) end non-linsar (haxmonic)diatorsion,

andmoreefficient operetion of tha output transformer. ,. lIluch$l1lallerair gap is required

so th"t primary inductance, for a given numberof turne, is greet.rthen for tha aingle

transistor output trenafoJ:1ller.

3. Humvoltagee in ths emitter or base biss circuits, if commonto both trend •••

tore or.cencelled.

:J II

O1aedventege:C1assa pUll!'l-pullsnpli fier should h~veits two transistors bieslId

to cut off, but in prectice, this CtaUllelS emu over distorllion if the changeover in

current fromone transistor to the other iB not SIIooth.This type of di.tora1on maybe

largely overcomeby supplying the ,drive for the stage frame high reaistance source and

by applying a amell forward bisa to each transistor. ThebiaBW'Juldtypicelly be 100.

200 fft~ giving riS8 to ~ quiescent currant of a fewmilli amp.. • In thlBbedc c1rcuit

the bias 1$ provided byR1 and R • - "e.

T', ~ H"'---""'N
~

-t ve
F'ig. 3.12 Pushpull etege "ith ,jnptJt output Transfo1tllllr.

•
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The velua of VlJE ~ired at Ii tralltlJ..tor far "'W given collector currant

I••lhes thtt tl!lllPl'lrllturerise •• Ii dllCree•• Of' 2.5 IIIVIae bll1no t~lce1. The tlMPer••ture

range over wMch the ateg. 1e to be used .t¥>u1d tm.rlllfOre b. ccnddBred Dince. with an

i!lCZ'l"e •• in temper"tur.. To de.. and toay rBech such a lIlsgnitude that inepitl of thtt

fbed bill. provided, crae. oVllr d1Dtoralon 10 "gaUl prellMt. 51Milarly. Ii large redue-

Uan in _biltnt tll!OPeratureIlleylIDreduce th. quteacMt CUl'hlllt that it b_1I1 1n

lI~ftcl."t to r.duca theb: di.tIlraiOn.

Such effecte of tl!lllP"l'lIIturachIlgea lAayb. lfl1niDtbadby shunting liZ ••1th a

negative temperaturacoe"icient thltllliutor. Thus. aJI tlllllperatura rielll. thtt raei.tonce

Ilf the pDralle! combination 1'011. end the beDewUag. VaE~in dllCr••• ed. 0" •• t\$.ng

t1'leri.e in coll~tor current. A_i.tor in the flIIlittar c1r;cuit Rt ••.••Uady 1ncnBIlI.

atabilitybut a. this 111.t the .)eplln.a af'iciency it uaua1ly .of Ii 10•• value.

Ii quantiteUve atud,v can bIlg1nwith sama $pacific stet.ent. about the laed
•into which e••ch trenllistor won:e.Ltot '\. b. defined lila thl impedeneBbetw.en en end and

•the taP cnth. autput. trane1'o:rllll!r.The quantity RL li.a the load eeen by either tranllie-

to"l'. 14 Wl!R", VllIcon defin ••

R c.c 2 (3.37).nlt

• (~ }2
• 2Ftt '\. • n Rt (3.38)2 ---4

Rce • Totel impedance end to end et thepl':lmary.
•

Ie A .Go, Looc4 Uno:.
::>\ope "'1fv,.:.
0- c. LOClc::\ Line

F'10. 3.13 Single em.rBctad.UCIl AnW.¥81.fa%, tIel ••••B
PUllt.,ull Perfa11llenc••
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( .3 .42)

(3.3'>
(3•.a)
n.4!)

\'
- .

V •

2 2
1M 1. - ......•

2 2
• "" I.-.-• VIIdeal Pma

rar thIt he1'.•lI1l1UJOidaaf current and IItlltaga the rahtion between:l.' end"a
peek val u... ia

Thaautput 0' the pair tran,iatcn raquilrca on a __ tlon of 'hia tIqtlation tloo

tiua thue ldell1 PIN • : '\.' == -=::2 (Wlb (3.43)

Me."" ideal value 0f "" i.e Vco •

No",for the he1' dnoaoidal ••••vafbDl.

Idell1 • •
11" '\.'

ThebetteJ:'¥po•••r raquired fb••01\11t ••_!etc •• i.

• Vco

ror bo t..-iawra,

•

(3.5t)

(3.48)

(3.46)

tT'\.'

(3.49)
11VIIJ

• • <i V' (3.50)
ce

•lr!Hl '''-t

ror bo benai.ton
Hale. ideal 'bat

8 "cc. ......-....-
1TRcc

P
['fie.t.ency Udeal) • _lfIle'be,
AeeUlll~laul u.neietcn, the load pre.anted to each tr_latc •• i.

Vcc 12 I'D (ll8lC)•

IV cc
7T 'AI.

Tha lIax.buo battery poweria raqubed whenv.. i.e u. 1Il~ veluc of V • Thu.Vee 2- cc
for one bendator "lC ideel 'b , • , (3.41)

• 1l'\.
2 Vce .••.. ----



39

HCIlfever,in udng this equetion, •• voltege sOlIIawhat less th~n Vcc .h:Ju:.

be conaid!ll'ad 8110•••ing Iley .5 V to ewid diatorsion as the bottoming 1101tegEl is ap~

zoeched. $li611••1'ly the value for Po Illlll<should be higher than that required since tha

load 'on the tranlllator includell th. unbyplleecrlreeistor REaM somepower bloat in

the r",d.tor. The ulleful power output is given by

3.4.2 Design stepe 1

• (3.52)

.xceer! ~ Transiator. No25EalS~

1.SuHeble pairllllltched transistor. are selected and the 10. be presented to

each coll...,tor is evaluated end th" retio of the output trans1'tamer :I.edetexmined.

2. SUitable valuee for R1 RZ lind REere selected end whllthtlr the output power to

the output trensfomer by the ,velue of fiE is slIfficient arnot is checked.

DESIGN1 LOlldSpeek"r has Bn voice coil. The allow.b1e ettenuation at 50 c.p •••

end at 10. 000 c.p.e. t. 0.5 db. The ferrooolltegneticdistortionet 50 c.p.s .h:Juld not
(20)

Vc lb

.16

V lb I IE P
'j DcE c c

V rnA rnA mW Vc
Collector to emitt"r 'voltIlge.

-2.5 -3Olf 300 150 85 -1
•

Emitter CUrrent Rating
in lilA

150 7D

ICBO A

-14

Ocsupply
VOlt"lleV
6

Power lIein

27 db

Zeta signal
OCcol1ector
current mA
-2.5 / trlln.letor

Moxdbtordon

Pe!!kcollector
Currlllnt mA
245/ transistor

Emitter resistance

2

Load impedencllcc1leetor
to collector
86

Til
.,

.25 C 1111 undbtort"d signe1 pOI,eroutput.

Collector loed 1- let Vcebe reduced by .5 V.

B6R • ...._.. c 22 ..n...
c 4
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Tote! load on each transistor

. --.----------~---------Total power Po (max)

•• 22 +2 ••
y2
cc

•• 6B6 "'W

24 .1l-

5.52.------_ .•._-
44

Rc
Useful power CIP'''*''' output • p

a "'ax
x ------

v•• cc
Zero.signal d.c •.
collector current per
trsnsistor

•• 6BG x -----
24

•• 630 11\.W•

6 Y.-----------------
2.5 mA

•• 2.4 K.IL

•

For..increased stability R2 maybe changed, to 300 shunted by •• N.T.C. thezmistor

having a lIOminslresistance of 200~

. J ~;--
The required trsnefbrmar

impedanceof B is N1

turns rstio for use with a apeakr having a nomieill

•• 3

As the transformer is centre tapped, so the ratio becomes (1.5 + 1.5) I 1

The effective seriee resistance

'\
44 x B6 29 fL•• --------- ••
130

Ilk. • .15--- Fromthe graph!
2p

2p .29 •• 194 ..Q. AssumingpermeebUity engle 200

•• --
.15



0.2.

1.0

o 0.02 0.04 0.06 0.08 0,10 0.12 0.14 0.16 0.18

R.•./"l p

0'2, 0.<1 0.6 o.g
R¥./l.p

1.0 1'2

•

•

I'ig. 3.14
Oistorsion factor for Stulloy at 50 cps. Bf is the paak value of the

fundemental component of flux denaity (Gross 88%).

Figures supplied by Messrs G.K.N.
Group Services Ltd •
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. To ~e<:ide tl:1emBl<iml,lmallo".a~e flul<- deneit;y the retio /lK/2P is referred

to fig. S.I.4Th".result. is B •• 4500 gauss for 3" ferromegnetic distortion.

The cross eeetional Brae of the COre chosen ie .11" sq. em.

No of primary turns Is seen to be

i08.J 22.L P (3)
~ . --------------,A B II,

•.iO\I} x 86 ~_~~2..~_!~~.•...._
• 25 x 4500 x 2 x 400 )( 71

i.l!l. ( 184 + 184 ) tume.

• 368 turna •

Na
368. ---
3

•• 122 turns •

Wires used in the Primary and secondsry are
.38 SIIG & 28 SWG ;respecti vely.

F'or ialput trensfo:rmer.

Tume ratio N . . 2500 .
f . --- • 1.6

. Output impedance of thsdriving stege ia 2.5 OO)o(.JL

imput impedance of the transistor ia 50 ~

r-:!J
~I~~

_8 {

F':i.g•. 3.15. Input;.,.output Transfo:i:mer.

Np •• 1600 turns Ns• (SOD + SOD ) turns.

Wires used in the primsy end secondary ere

42 SWG 40 SWG respectively.

•
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PhDtoar!Ph3.4
Input.-Output Trenofamer
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3.5 f£:RRITf.S

3.5.1 Glnerals Ths ferrite is a Magneticoxides. It. ch~ical formula is

MOFstl3' ••hsr. Mb s divalent cation, often ZI10Cd, fe, Ni, Coor Mg. In the
3+megnetile, '0304 or FeO. fe203' ferric (Fe ) ionll are in a state with spin 5005/2

and zero orbital mofllemnt.ThullClechion should contribute 5)fa to the saturation

moment.:he fermu$ (fi +) 40na hevs e spin of 2 end .hQuld c:ontdbuto 4/b epert

f~ any residual orbitsl ll>01llentcontribution. Thus the effectivll nLlftberof Bohr
. 0

msgnetonsper Fe 3 •• fOJ;Tllu1eunit ghouldbe ebout 2 Ie 5 + A • 14 if all spine wers

parallel. If the mowlients.01" the ferric ions ails entiparallal to s8ch other thsn the
2+ . 2+observedmomentarises only from the Fe ion. If the fe Bra replaced by divalent

mstelUc lone such ell Cu, Ni, Mg,Znor Mna matarial of eerernic typs structure is

producedwith high permesbility end rasietivity knownea ferrite ••

Hilpert (36,5) first produced.uch substance. h~vinghighTeBistivity, but he .

wesuneble to obtein high permeebiliti"e end it wes lsft to Snookto .ttain th"i);' eirR

by Uaeof sintsring process. Toobtain low hysteresis lalla end high ini tiel permeabi-

lity it is 'essentiel to manufacturea msteriel with low strsse by utilization of the

cubic cry.tal etructuraa whichhss eq/iel shrinkage in all direction during cooling.

and two types of ferri tee often uaed to-day for eonetruction of low 10SB core. ere

both mixedcrystals of two ferrites- MuZUend Nt Zll. Eechof these basic types is ob-

teineble in eeveral vsrillnt forms, end rssiet1vi ty rangee from10 .Jl./gn to 5,Ooo,OOO.ty

dIl end initial permeebility frolll2Dto 1,500. Ssturation flux is lower then roostmet•••

111cmagnetic elloys end decress.a eppraciebly with increasing temperature, end although

effective pemesbili ty does not very excessively with tsmpsreture over th•• range of

low flux deneitie., thie s"turetion eausee extreme verietion with tBmPer~turBat high

densities. for ell gradae of ferrites there is B critical temperature ebovewhichthe

initial permesbility fells suddenly to e negligible value. end this tempsrature veries
o a t1 . . il.for grades nowIIveileble from120 C to 55OC.A owvaluss of induction permesb ity

incre.ses with incrtlaall of temperature, while for high induction it felle, end by choo-

sings critical value of po1er:i.zingfield it is possible to construct en inductor with

conatsnt inductance ov"r e narrowtemperature rangs.

l.o••••• in ferrite I The10eol!!sin • ferrite will b" th" GUllI of three COlllponents.

(.) l.o•• e. dUeto hyeteresis, increesing with mex1.mumfluk end with frequency.
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,. '1:tlqusncy at which lni titl1 pem."bility

ill rol.ellurad ~

f'c" CriticS! frequency 1'01:' fl'll:'rite meteriel
Mstllriel.HmClll.--

t

(b) LollllelO due tolOddy current. which ere very llllIeU for moat applications

due to the hiUh renlstivity of fcrritse.
(c) Th•• 1:tla1duel 108&el, which for 1owinduction repr'!Itmt the major contd-

but1tJn to the total fIo.e. ~~
'-~~ U,/
I~ ~.~ .

~I;~ 'l"~e,,
!{~

Fig. 3.16 Ini tiel psmDllbUitll Clmfa. of ferritl!ll

FrlltluonCllcurvo of Ferri tell.

20°c
o--\OOC

o IImcOl _

Fig. 3.11 Typical Magnetization curves of Fllrri t ••••

The dimensional ••ffectl tlilllerlBionelllffects;"'ay occur whenferritee, ••rll used'

at high fl:'eQuencie.. In fact the metadlll .i.e not d'llllp1oltely 10e" fUe. Magnatic hyete-

rqic occurs, together with other 10""ell aSllochted with thtt "'.gIl.tic field, and there

are further dielActric 101lsi!!lJIlllllocleted with the electric fis!d. All •• rellult both?

end k ere ~p1ex quantiU.lJ end, evenwhen quel:'ter-weve~enaionel reacnanc. occurl ,
Zc will not bCC01ll11%lira. It wIll. however fell to 8 9lIlell value, accompanied by G con$i-

derablechangl!i in its phellO8nglll, 90 that, 9$ "the criticel frequen1:'y is IlIPP.1'Ollch~d,

both th. inductance end trn. Q of the inductorwUl fllll. Since ferrite ••"tedale IlIey

conbine 8 pllmeabil:l.ty of about 1000 with fl pel:'fllittivi.ty of the ordelt' of' 100,000. tha

wavelangth for a give" fraquancy. which ill proportion'" to ~WUl ba Only about

-01lll' of the correoponding value for fraa space. At •• freqUlllnc{:', llte/e, the wavelength

in ~ ferrite lIlat.del, inetead of being about 300 Illiltrea, will blJonly about 3 Cltis,

eo it will be re.lized that dimensional effects Can present an important practical
pro bllJlft •
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3.5.2 Manufacturing Process,

The reletionbetwesn sintering temperature grain .iz8 and magnetic properties
of a maggansss sine ferrite of composition;

Mn 0 I lnO 1 feiJ3 • 28. 19153

ere reported with proper preparation, very low loss Meterilll cen be obtained.

A little emount of wet eubatence ie mixed with liquid and 1. kept in a pot
for 8 few deys • Then this mixed sub.ience le sieved out end iadried at 1100C. It
i. then squeezed through 8 net of 20 or 100 M8sh. This ~ixed substance is then in
the procese of pre-.intering for about 15 hours in a oven"at a temperature .f 900°,
110000 and ths spinel ferrite is produced, Grl!ldually it becomes grl!lYor black from

ared ion oxide. It 18 dried in ths alr or at ebout 110 c. It i. then preased ate
pressure of 6000 psi. It is h••eted to a temperatura of 1100°_ 1400°0 in a desired
ahep ••dice end is cool ••d to a controll ••d tl!llllperature.

Ie
Of ell F"erritee Mn Zll feuitee ara of the Qreataet practicel illlpOrtance to day.

The reeson for t"'e superiority over th••other ferrites, euch ell Ni'"'1Ulferrite is the
hig"'er eeturation magnetization, the lower loases, end a relatively high curie point.
Thill is du••to t"'e fact thet Milt ton haa 5 Bohr msgnetons while the Hi len, for inetanc.,
haa only 2.3. In addition, megnetostriction and cryatal auillOtroplJy of t•.••MQooZu ferrite
ere very week. Miner eddition of F"ea04 cen reducs the llIeQneoetriction to almost zero,

•
whic'" is naceeaary if low hystereais losses ara to b••achieved. Th••residual 108s is
Very small, too, sinc ••the reection betw ••••n the oxidu. Mno- Zoo- fe203 is more

ca.plete then in tha other knownferritee.

Low loss MI1 Zll ferritell (24, 3S)

Magnetic properties e8 a function of 8intering temp J

The grain structure obteined in the finished ferrite ill Df great importance,
because it is found thet, chemicsl composition end degree of purity being equal, the
magnetic properties reach optimum valu ••s in the Cess of a crystal aggregate conaisting
of v••ry r••gular crystals of equal size with .harply defined bounderies. Th •••a ferritea
always have inter crystalline frectures. The desired crystalline structure d••pandain
no smell m ••asur ••upon tha materiel used end the condition under which it i8 pressed.
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/

flow Chart for Manufacturing of Ferrite.

IIUquid ~ wat
substance•.
,

__ .• ".1l _

ISolvent f

I~
~~

Mixering

'=J__ " __
~eVing. squeezing and ~r~;n~~
.. ---

+
-

Pre-sintering

I •••

~
: G~~nding
~.

J
t

Evaporating
Solvent

t
Drying and
crystallizing

••
Shsping through

f • ••
Cooled under
controlled temperature

G:"l.
~mol\<
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Th•• i"taring temperatura 1. every deci.ive ~ector thet influence m.inly the .i&8
end.hllPe of the individual cry.tele.

/:/ Ite are conesrned hell'swith a Ma-Zn1'.rrit. ~t'the llKllecu1oar:CO/Ilpoilition","0 _ zoO _

rafJ3 • 28 • 111.!lS. With e curie point at 100 C. 1t ia importent that lOll liu ald..ta

in bivalent form end th"t the 8xeelillF'efJ3 is conuerted into ra:,04' eo that Witobtain

a homogeneousmbed cry&te1 of' HD-.ZI1 r. fenita. In order te ettein tilt. it 111"eClt-

a.ary to have e wall-controlled 8intlOr1ngIOtmoaphere.

Ie) Initie! permeability end aeturatian. Th. initial permeability end eaturatian

induction are d""endont on aintering tlllllperlltuz:e.Pel'lllaebil:l.tydee. fl'Olll1000 upte

4000 81:136S
o

Cand dllcr.eeas Illl"in at highar sintering tll!llperetur",.. Saturation indue-
D

t1onincr"elle. upte 1.8 20 C end then IlPpra••eh... e lilai ting vl!llue$014800 G. This rise
ie very probeb1~ due to the incre8s8 in density alone.

{b) Residuel, hyetllrllsia end eddy current 10ee.II' ~.rt fram p.rm".bility the 101l"'s

era of deciDive iraportencl! 1'01'~errit.a to b" ernployadin high frequency epp1icBtion.

By"...,,,,,,uringtheir frequency and .-p11tuda 1'riIquencyth•• e 10•• ",.c.n b" sapareted inte

the so eell~d Jb~1aae COefficient. which clln ea.ily be converted into the con.tent •
•••intraduced by I.~ end Give",

Sowe find

e •• C •• • •• h

)<2
1--1775'

Th"•• qugntit1",. l'Ira not ••fl'l'Ictodby air gap, laDthat I!lcampedtiQn o~ vllrious lIlete-
del. is pestlibl e.

Tha hysteresis coefficient 'a' eftar Legg ie dependant on the lIintering t.mpersture.

This velue $.a dirnetly praportwneJ. to th•. diatortian 1'ctor end leu • "inbuMIlof .16 I<-s ,
10 eml Aet a 81nterino t~...,ratul'a of 1290 Cmeosuredat e frequency of 5 KC. It ie

extrl!lllalylow end in compari80nwi til convention.,l ferr! tee the hyeteraeill 10ge is 113

tilaeellllllaller. 0Ths oroin size 1'01'this optimlft value lies betwellln5 and 10f. Above1340

end below1260 r. • thll hYlltllr8aillcoel'l'ic1ent increene. coMiderably.

The eddy current eo.1'f'ieiant too, veriea with th!Jeintedng tlll!lparatura "nd reacha.

it. aptJln,umvaluil of .18 II 10••9 BP.Cet 1260oc:. Thh vlllue h 2 tiMEt!}lll1lll1ler,COll1porlld",ith
the conventional farrit •••
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The residual 10e. coefficient 'c' efter legQ has a minimumvalus of 4 x 10-6

!!It12800e !!Ii'll!thUll it b 4 timl'lBsllllulllr then that of the conventional ferrit ••
. r ~

The value ofpract1eal interast, nslnl!l1ytg~ ia 1.2 x 10 at e frequency
-6 'Iof 10 f(c end about <IJl 10 at 100 Ii!s:.

Sutml'erizingI'll may Iltat!! that the epUfllumvelUSlJfor plJX1I\eebllity l!II'tdlesaee
ara obtained at different gintering temperature.

TAllLE 3.5.1
Veluesof Residual, (ddy ClIl'rent end "yaterllllia 10llses eoefficiBnte of

Cl'ffarent Ferr! tee.

/, Col06 6 ••109••10
P"1T1lil110.ypowder cores 126 30 1.6 19

60 SO 2.5 10
Cerbony1powder cures 58 n 9.5 1
HypftOxO,(Conventione1 fanita) 1800 22 1.41 .55
Hyperox 0, 52 2600 6.S nil .16 .2t

Ifypertlx 0, S, <l0D0 31 .62 .74

Interpretetion of results on the baeia of genl!rlIllthoory on Ferromsgnetiam.

Onaccount of their eon.U tuticn end char.ctaristic shepe, the individual

cryatalll have e SIla11cryatal and strain anillotl'Ophy, end .l.t:l.s 1t<lIlYto visualize

tl111tlIU'QMt121!lt1on••ithin them is only dster!llin"d by the .haps anillOtXl:lpy0f the

surrounding-porea. Howllv"rthe shape anisotropy of euch II groin IItruetUl'll i •

••• 1011 beclOueethe pore. lire very regular I'lnd8llproxillotely apher1cel in shape ••ith

the re.ultthet the demaqnlltizlltion fsctor ill equal in ell di=ecti~n. so th~t ~aQn.ti-

tlltion can easily bll efflletvd by.rot8tion. In addition, auch e groin structure &allures

• unifoXlllnUll di",tdbuU"n throughout thtt po1YCl'ystell:l.nl'lferdt., end thenforll

gives e low hyeteresiB lClls. Moreover. e hcMOgeneoulIcrystalline structure :I.es sine

qua non :l.flO hamoglll\i!!OU;'flux diltribution lind thull smull hyeteresis loa. i. to b.
obtainl!d.

Tlla1l1ll!l11eddy curant coaffiebnt of this fudts clln all10 be l!llq)le1nadby grain

structun, whichm••y be conatdtoJredto bll qua.i haoogel'tllloueconsiating og grains sepa-

rated trom eaeh other by e nonconducting interstitiel leyer. Groin gzowth ceu.ell the
Z'81ative1yhigh specific resistance to decrease con81derably.
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Thllra.idua1 lOll. b 1l111lO8IIall bec.ue ""Y iIIpuld.tin that .IIY be p:re•• nt are

located within th" lnt.:lrllti tiel space- where they ."e:rt no cI1l1turbinllinfluence on

"~net1zlltion.

in k

Octeh~dr.u.'.ite pUfer!!nc. enoryb. 'for vllr:ioullcat1tm••
08c"l1II IItolOicwllight. r"d1Ull1n A • 10 CIIl.

TealE 3.5.2 124,37)

Velue. of len., MeI>ll,,1:onnumben and R"diullof fouit. Matllri.l.

ton, ..
e,,*
n

Mg ++

P r
9.9 .75
14.7 .8

5 .65

51 .611

31.6 .14

29.1 .91

10.5 .72

2.5 .5

TAI.l.£3.5.3

CharacterlllticlI of ller••• rarrit ••• Manufacturedby SlIIlliconductorl.1atit"d India.
TypeNo. Application Dh length Pitch Ottllcr1ption

fI.M. •••• 1n.,II.

M 511 . Id 1A ril
5.8 101 .15 l'"err1te blttnk in thr.aded

A1 512 p1elltic lSluva.
liI.eli••• 4.0 10 Unthreaded r.rrite bl.nk.Al 51:! (,.lew-<- 4.0 10 .7S Thrceded ferrite Cora.Al 514 4.0 7 .75 ••At 515 3.5 10 .1S ••

A3 $12 ".0 10 tlnthrll8d••d ferrite blank
A3 513 S'''o'{.\. 4.0 10 .1S Threaded
"3514 Wo.v~ 4.0 7 .15 ferrite.cora
A3516 4.0 16 - Unthreilldadferrite blank.

Notltl- Thlls. ferrite cor"e Canba used en tuning slugs in rild10 If'T and ailll:l.1arcoil ••
a
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Ferrit ••s manufactured by Mullerd (lIi) II-t':lh ~"'U",•.••t.y '3.••...c.lo.s e.l,B..r t-lil." .\4>iY')<.~'

Lowfrequency gred••s "1 A4 - MIlzn ferro x cubei licn:m911y. grades A, end "4 are

expect.ed to be ••••ed of frequencies upto 500 kMz ; above this frequency end l.IPtoabout

10 MHz' gredeB
2

should bo used; abovl!I10 '1Hzgrede BS is reccnnm~ded.

TAlt.E 3.~.4 '

Chllrecterilltic8 of Rod Ferri t •• Manufactured by Mul1erd.

0100le1;8rd. min Lent,lth(ll rnm Mllte:tiel
Gred.

Nomine! m Min Max MinMax

1.G '1.65 1.$5 12.2 11.0 llZ

1.6 1.65 1.55 '14.2 13.0 aS
6.4 6.55 6.15 32.76 30.14 "4
12.7 13.0B 12.32 18.4 74 , "4

FX 2902

fx 1433
fx 10B9

fx 1172

•



3.6 RESISTORS
3.6.1 General t Relliston fomth. major part of the _ponants that go into

th•• fabrication of communicetionand electronic. equipment... Resistance i. ••p%Op.rtyof

e conductor thet; dlIpendllon U.dimen.lons, 'o&tllrial, and temperature, and which dater-

mines the curnnt rasu1tinll f'zoma given difference of potllltiel llCl'Ollathe reaiatance.

TllI!lpllrlltureCoefficient 01 relllilltenclJIThis te a lftellllUreof the chllngsof re.ie-

tll\'lceof s red ••tor w1th temperllturtl, ••aterred to 110m••baaa temperoture. Th.. temperature
a

co.'ficbnt i. uauelly elCP:tellsedin percent per degJ:'&acantrigrllda .25 le takan ell tha

reference temperature.
Va1teqeCoeffteient of rsaietancBIThie is the 1lI""BurlJof (:hllngeof nsistance

of •• resistor with IlPplied \lOlteg•• It 18 B I:leglilliblt. factor ••ith wire woundneutors,

but must betllksn into canllldsl'atinn in th~ Cll1l8of colllposition typ~s. It ie usually

alq)reslledin ps.,.,entsI\8. i:dmposition l'lId.tora of t Wlltt rnting and greet!tr ••ay be

" 1101tag. coefficient of .0<$ per volt.

Palfl!Jrratirllll The l'lOlll:l.nalpow.l' ratinl\ of " rqietor is an lIrbitrar,y figure that

indicatel!l the "Bat in If.tts the reei.tor can dillllipete undar ep••cified lPb10lntconditien,

usually 25Pe in .ttll air. This rating i. ba.ed on ttll!lmsx temperature thet IInypaint on

the ra.!ator bodywill be pSXlll1ttedto l'".eh ( hot llPot tlllllparaturs) end ch"ractarietic.

of the rest"tor body itee1 f. If the redstor wUl ba d"lll\ad by highar temlleraturse,

undar tttlar then the apec:l.fiadAmbientconditione, the actual rating muat be changed

lIIOthat th" lIuilx1lnm>tlllllpareturs ie nevar ItlCCB8ded.

Voltage ratinl\t Theretlld continuous 'lllDrkingvoltag. of a rea•."tor of 161101 or

••ediumresistAnce ie th" volt8g. whichmak•• it disaipet. ita reted pDlfetunder the

apm::I.t:l.ed _bient condition. It :1.8 detemined by E.. !fR
Wherep •• pOwerrating in "atts.

R •• Aesiatence in ohmll.

" •• M'llr continuous \lOUngein 1101t••

If A.C. i. applied. £ ie ths rme veluo and P i. ~,e averag. power. 'he voltage

naeetlS"ry to makethll rellieton of high valUlldisll1pllte their reted powerwouldb. very

high. In auch cuee the 1101tage r••ting ill bal!lodon the pemillllibl. voltag. gradient

end the dielectric Atrength ot the Mlltatlels in the resiator.
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Tolflrancltl Thi. is a figure , e!<pr$luledall + a percentage thet lU'ldieeta to the
. -

uur ttlll rang. ,,1thin which tho ra.istancll of 1he puticu11f reeisltor is guerent.d by the

1I!lInuf.cturerto full whanpurchaaed.

stllb~HtYIThe llubility of " givan radotor dep"nda upon the disllipated powell:and

•.•b1""t ttIlllpa:retul:!I.Highpowllrtilei' b. eli'sipated lIt low mbiant tempel:lltul"a&,",hibt

lower dillelpation r".u1t. in ilJljlZ'Ovedetabil1ty. with a knoltllldgeof the Jielet10nBhip

between .bient tfll\!Poratu1'II,powllrcl1sd.pat1on lind .tebility. the circuit ceoigner ia

able ttl Ip.leet the lIlOateu1t!!lblendetor for hie epp1ication. MuU••rd hae davei.opedIt

_or.ll7)",":l.ch .h:lWllthe inter dependancaof' the thrtllt vuhbln and waa evolved __ fol1o•••l~

Powercl111sipetionin a redstor CIIusaaan 1llC1'l'lesein the t..."srature of it. body.

The tl!lllP!!'raturtlrile $.a governed by the labrlll of h,,,ot conduction, convection and radia-

tum end will sh:l••• lllllld,l"U'ltin the IOidd1eof the relJi.tor body if it is of .,\II'llIII.tdcal

eentruction. Theory end ti)q)erim!lflth31111aho"," that far the tlllllPareture :t'lIn\l1lwhar.

r.diation p1lJYl1only elllinor p,rt ( thin ia the nol:llleloperating temperature range of

fUm l'llIliators). the lIlaxilllU!lltlllllPllreture r1n T is proportional to the power di.sipated,

011

•
Thl!!CllnBteMAqivee the tQlllperatur. rise in ths middla of the reehtor body per

•••tt of pOWllr,end cen b. interpretad II. e haat r •• ietanc ••• ith the dimanaionlJof degree C

PllIl'watt. Tha hl",t reeiltence b the function of the rellilltor. the conductivity of ths

•• tubl. uSlldlind, to • 1IlsIIer degrlSe, the methodof mounting it.
The .\111of the ~"ratura ",!ee end •• bien'll tSllpezoeture:I.e the IlIl1xi1lllJllltllllP&-

ratuN T of thllre •.i8tor.max
b,. T + T/!lIb • '1II11X (3.54)

Th. debility af ISfib. rllahtor under lo ••d is primarily deteJ;\1linlldby iU hot

spot tl!!llperllturs and the flIe1;erimlaulled in ita conatrlletwn. 51nce tha construction is tha

•••• for ell r •••ifttllnce valueli, the iItIat resistanclI i. 0 function of body di!llf:lnilion.The

di•• !pation is ellj>rllli•• d •• II function Of h:lt lIpot taroperl'ltuJ:ll.• with _bient tllmper:"tul"e

p •
T T .
IllSlt ~ IlIIllb._---------

"
(3.55)
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Noisel 1\11 resistors generate e voltags into an open circuit because of the themel

agitation of th" ,"olain\1Iof the resistor. Noiae is of such ••meljlletudethat it is impor-

tant to the deeigner of ve~ Qensitive radio receivers. In addition composition resistors

develop 0 noise voltage scrose thmmwhenthey carry currente.

3.6 Menufaeturinvprocet!!l1of' Tinolcidsresistors'.40)

Rewmaterielsi The varloul!lrawmeterielil required in ths procees are I

,Ceramicpieces, Chtllllicele,

CaP., Solder,

Paint &Marking, Silica tube consumption,

&Miscellaneous Hch, Hf PVCtubes.

EquipmentI The ee",,,ntial J.temilof plsnt andmachinery ere I

ChemicalBelsnee,
Tubular coating fUrnace. with temperature controllers Temperetureof operation,

Evaporating furnace,

Dryingovens,

SUice tubee,
r.H. Motorwith reductin gesrI,

CappingMachine(estimates),

Spiralling mechine ( do)

Soldering pot with .MEvi•• sunvic controll.r,
Laboratory t~e compressor

Merkingdie.

Test Equiplllent1-

Re8istl!l1cebridge,
Variable voltage aource (High voltage low current).

ProcessI This coll.ists in forming the tin oxide fUm with auiteb18 electricel charac-

teri.tic. by pee.ing vepoure of etenic chloride or to the sub.tenc.II kept at suffi-

cieTltly high temperature!!DO thet stanic chlorids hydrohyseeto farm a herd end fairly

uniform costings of' 5n02on the GurfeclIof the sub.trects. To have high .tabUity, low

~.si.tivity, end eccepteble electrical charecteristics. the snD2film ie dopedwith ••

little amountof antinOlllY,
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Ch••••rl!!cteril;t!cll , Th. oxide flllll fOl:llled on tho oubstrate ICeramic) i. tr8ns-

Parent. herd and eh~iea11YBtahla.
ThillfUm fOl:'llledIictu8l1y sO fuS"B into the i!lub.true with a lllObc:uler band thst

it. bm:cmell ll)Ctretllely hard and resiat8nt to ebresion. ThGll:'eshtor. f01'lllad 01 stante:

ciXide til", ere not effected by atmasphllric: nobture. The fUm 1. huder than the sub-

st.rste .nd can be h"",ted to IJtl :l.n c13ndisencl!!w:l.thout badoally injuring th. substrata.

Th" ~""IlY t••Uuro which resulte with cerbon tUm from reduclld rotstal1clJ iii'll II hot spot,

is absent in ths csee of Tin odd. resi.tol'll due to thlllir .xceUtlI'lt steblli.ty undlll1'

8ulltlliMd ollar load. Theprahl"'" of 1eak8\18.t high operetinll tIRpel'lltur••••which i8

a.lle~ in other type. of resistors, or abscnt in the case of tin o)Cidaro$illtors.
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Coating Furnace

-.'

Encapsulation Spiralling

Testing Storing Pack ing
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3.6.:1 Manufacturing process of' Cm:lxln f'U•• raei.ton (40)

/law lIatsr1als: Ce!'allie%Ods. chencals for tinned cipper

Plent and .!lchin~:-rabu1a:r craCking furnaces.autOlllstic Clr 81!11li-

autoaatic spiralling machines, capping machines, head attachment Machines,

••utoll!.tic rosiatances. IiDrting $quiplltent, insulation teaten, high wltalla

t«aters. noise m1l8euremcntequiplllent, endurQnce test.i.ng .yens, tn.nidity

Chlllllb,u'll, C'old ehmbcl's IlIld ether teet facUitilll'lo

Process: Thllprocess consists of pyrolytic a1~ cradd.nll carbon

fil", on ceramic rode. ThIl exact volues of' ::nllistance arn then epirelled to

folerll1lca I 5'i and 101i' •

Sp--cif'ical:ion 0" product 1-

and lire elm ineepBuleted in .uitable zpolCll eaawrials or hemeticaU.v sealed.

1f). to 10 "'I!ga n.

1/0 to 3 wotta.

Range:

,
I

!
I

} i

/
(

i'
/



3.1 CAi'I\CITnR

3.71. CeramicCapac!tors Althlugh CeremiccllPac1to:t:llwere entered

on the electronic componllntslis"t onl~' rece" tty. thlilyhave COllIato be very

ir.lpo1:tentrngnbareof the capacitor fsmUy.

Essentle11y a coramiccupec1torconsists of e t:eroJllicdielectric

on ••hich hae bei!lOfiNd at very high telllperature a thin metallic film,

Usually silver. ",hieh fo"%ll!S the eleet:rods. Becaullethe tanpaz:sturlOchar_

ted-stice of'c:erl!llllicdielectdcs can be pre-detamined by varying thsir

eom,>osiltions.the capacitl!lncesof a ceranic cepeci tor Clilnbepredictml

for any t.l!lIlpereture. Since the change in cr.opac:itanceis not a pemanent

$hi1't the capecitanee telftj)araturBcharacteriaUc for any cltr••••ie cepm:itor

Ifill rl!lllainr8soonab1y censtant in its speci fi•.d temperett.lI1!trange with

tir.:.e. This property .ofthe tSlllperatur. compensating cerl!llliccepacitor

ma_ it valuable inCOll!PeI1saUngfor other elements in circuit which

Cb I10t hIM'!controllable. tBllperatura characteristic. Thit!!.is psrticULarly

important in rlllllOtingor osc.illating circuit ••here the time eonstant

(RC t1r l1L) 11Iostremain within dllSign limits •

."dvan"ta(je.end dis"dva'ntelle I The principal. points to be noted

concerning 'ct'lranic capacitors are as follown i-

1. Cersnic capacitors have a high capaci tancil per unit volumeor mass.

2. Typical char8eteriatie include high dielectric conlltants;polariUltion
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•• turet10n. end ferroelectric hyoteresia.

Under cllrtftin conditinn, notably hillh tetnparoture" colllplilldwith rapid pre-

l'lIilUZ'1Icha"g!ta, .arlldc eepar.J.tcl';'S"II)' exhibit e pleza liloctr1c .ffact. IIncII1'1cllr.ie

Capacltor hall blJCtJllapiszo~e1actr!c it will e1wayah"". that charac~btJ.e • Con•••

CluanUy,tha .el f geililrated v~ t"'1I111induclld by the behaviour mayintntare in clr--
cuLta having very low GiQne1tc no!.. Z'et:l.a.

4. ~inC'1!tce:rmic eapsci tors !!Irarcebtivaly brl ttl II th"l1~1Iyb. deto.gedby shock
and vibradan •

. 5. T:",a e"d t""peretUTIIwiU \liVe ririe to a llI11a.8Ount. of lI;in; ilndCap••c.ttar>cll
dac••y.
6. (lVftrvoltll\le appUed will edveroaly IItrallt ~.ic cepac.ttor 11f•• £llp.r•.••l1~

~l Ciataindicate 11f. is lnvenelll praportionl!1 to the cubllaf the volt"II"

(49)MenufacturinllProce.. I

R.,•• .,otllrial. I v"riQuIIt~.e of buic raw Mllter.i.liI1a11k. olddllllofb.dUll

titlllOiU!lO,cUi ••• Unnlld copper lude dlver p•• t. end phenoUc IIRcep.uleUng &"•• 1n8.

PIIIRtend ••echine~1 FurnsciJ., tabling lIachines, bllll lIIlIChinll',creck. and

.iqr., E"trt".!Iionprocess, nllZ'kinllequipllllllnt,v.dou. typ•• of lillOCltronJ.ctllltinli

lIqIJil>llllllnt,10.8 engle •••• uring equipment, CllPl!lCit8nc.eortan, lite:.

Prot:"SI Caraoticcapacitor. are Man Qut of ••tIIh:tura of oxidll8 of.badUIII

Utll7lil.n, r.elcilJll lind paU qlmntitie. oflBed oxide endced"" cldd•• Thep~e.ss

Oener:Blllfb tl1.t IldoptQ:lin the enll!BIe: industry. \tilt. Mbing the oxide J.n th.right

p~portion. in lIP.del ball mUla, pJ:lIIIllingthe powdermixedwith.uH ••ble binder to

the reGUldte tlhllPlland then lIintedng .the piece. at hillh tSlllP.returaa. Thedt-cli SO

fOX'llledlira elactradsd by II p_ch""ical procets using .Uver oldd. ea e b••••• Tinned

cnppllr bods lire eold.red on tt> the e1l1ctrodloll••nd the entira pieclI ill given &Ipro-

tective costing of • phemlie reein.
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.TAa£ 3.7.1 (i0)

ClI!SlIl 1t dielectric
son to 10. 000 atl KCand
.5 toll :mawl ta~

6 1:0 SOD et 1 me end
.5 to Sr.m.n. volts

aellPfie>!ltion of Cerll1dc;capacitors
.C1oosI dillhc;trieCharaetarisHc;

OiEl1GII:tdeeon"tent at2S0c

Tt!Pp<l!ratuU! c:neft'!ci",,1: of
,I e::c;:lsc:i tenctll pp '(Ole

Poer reetor at 2lfc . .04 to 4100t 1 llIcand
.5 to 5 tmll volts

4 to •3~ at 1 t<c end less
then 5 t."'.$. volts.

1ntIU1at!!r resilltaneeet

25°c at 100 to 'SI)(jvoUs
1 ll'inute .0'1' elaetri.
"'ieo;tion

750ll to 10.000 lDeg ohile

Ma.~~cnpne!~c~
dt!crt'.l!lSe (.51' to • 8,oC
with mforenca to ZSOC)

D ta 80"

(_55,to • 9S c witb referent:eto
2SOel

Mexlmll!l' cperat.1n<] tSOPC%'lltUlM .

Aging die! <lctric constant

o to 401f,

",,,0 ..•••• C

App 4lt>
pmI' d••cade of' time
( •• \j()...)

tepeeS. t/lf1cer"n'lo in ~/4 •
min 1

rna. .SQOO.

Talerenca ~, min 1

tfalll 20

''kIl tag. ranue min 150 V

Standard 509 V
!tex 6otlO V

Tmpereture :r/lf1lJ8 Illin _55

k) 125mille

5

18,000

10

-0. + 100

.150 V
500\1

6 to 30 kl1

-5S
125
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ClellBldielect.rl.ce an used in cep.o tors 1:equUing QOodcapacitance stabi-

lity & low POWtill' facUl1: end whera lIIinillull iii;:. le not' 1:equired. Titenallll d1QlIid8 ie

of cl."s I dielectriC.

C181l1lIt dielectrice Bra used ",hars large chang •• in cmpecitanc. and high losses

ere 'not cd. tical end SlIlall tsizeia requirad. Utan1lB dicudde hed e d1elllCtdc canetent

of about 120 end a •••gatlve tslperetul'lt ,coefficient of about 1000 PlIIrte!Plilli"n/dai.

All electrolytic e~ecitorli have IJdielectric which o::aq)risee en aldde

byor. This layer i.e produced by an e1ec1:ro chemical P1'OC".8 known ell fol:ftling and the

tM,cknes!Iis a function of dielecUic strength and honce the voltag. r.Ung.

AIUll1illlUlYl FOIl
(anode) --- --

--_ ..•..

-. ----=_.:

--- -"

._----'. "-,- - ----- - '.

----',- - -- -- .'

.Alum'lnium Fa'tl
. ' ,

_(Co'\I->° de _Connection) Alufnlol\)m 0 Xlde
i'" ! 6 (dielectric)

£quivalent cueuit I Theequivelent circuit of e non solid electrolytic cepe-

citor is giVlmbelow :-

In the _ of a non 80111'1••.1ecuolyte. the anod. (+) toil often nee II roughened

lIU"faee ..tdch eftllctively inerllase the 8urfaCltll1'ea and t.hut!enables very high capa-

c1tancl!lG with :tellPect to the 1I01U'11.. This f"U b fbroaed end sUbt!squently woundtoge-

ther with a cetl-ocltJ(_vel foil, interle.wd with en alJsorbentpeper tbeu!!" ThealSll_

b1lt' iIlth,," iIIlpregnatedwith an electrolyte (which is tl>$ true catrode) end fineUlI

._bet in en 31l.1Oini" CB!!ll•

Re.I

Rp
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Where CQ •• Capacitance at the anode.

IlJfI Rp" Par"Uet reailltence or leakage current.

R •• Series resi.tancs of the oxide layor.Ox
Rel •• Seriea resistance of the nan solid e1ectl'Cllyta end peper tissue.

Ls •• Series inductance.

The equivalent series nsistencll Rlilofthe caped.tor is given by

R. •• ROI( + Ret

r

Or R
II

•• t••n b
w Ca

This resistancs is en import"nt pmperty as it is reaponsibl •• for ths heating

effects of ripple currents. It veris" inveraely with temperature end i" alao releted

to capaci.tance end frequency.

The following measurementeare of principel interest to the designer •

1. Capacitance Ca. measuredet 100 H •z
2. Loes f"c:tor or ten b meaauredat 100 Hz. -+- b = 2 n 5 R"C:"
3. Impedance21 where 2 ••/ R~>-+ [;17 fc~ - 2n f Ls:] 2
At various frequencies. the fbllowing simplified formule for 2 maybe used 1

et 100 Hz
where f is

I

2"" 21!Tc",
the Ilflll"uringfrequency at 1000 H

I:
2=R s

TenS and series r"sietance

et 1000 MH
z

.••.WI.

sometimecalled ESR~ndcan ba calculated ftom R •s

The losses in en electrolytic capacitor ere ths silriea resilltence R • It is
+""" g a--- • ESR.
wc

Where 6 • ths loss engle il> the complt.lllentervengle to the phase anglet. Thll
vector diBgr~ showsthat the current leeds the voltage by slightly leS8 then the

theoretical 900
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$ • losa engle

q> • PhaaDangle
pawn in watts :I.e

E Elcoa rj> or
lU 51n J

Volto>ga.Th" wlt.ags rating is dllPl!ndlIDton th" thieknesll of' the onde laysI' end

it should not billexce"ded except for lir.llted pariodll. Thlt"IlPl:l.••d wl tag8 meybll tha

1IlU8 of' a d.c. componentplus. supar1mposeda.c. voltaga and the .um of thlt these two

should not exceed th" rated \/pltage. The opustion of cepeciton with applisd voltege

101111than the rlltsd \/01tar;;ehili /10adll"raa effect. bek8\lll curI'1ttlt 'mo1id electrolyte)

In the ca8S of alum!n•."" capac!tors with solid nlactrolyte the leakeg. currant

is <,.1 tV "llPrlmllsdin ,JIA.
TMperatura I Uect:r:olytic cepecltorn haVItII pollitivll t-.peratu,,, coefficient

which is dependent on th. wl tstill rating. The voltaoe rating ofs no""solid electrolyte

capacitor 1. dapsndsnt on th. eleetrolyt., who.e eharscteri.tiee SX'8 chossn to provide

adequate 11fe ••t high ttlOlperatursaj and. tolerable 1norea.e in impedanceet low temp••.

r ••t,urell. The Ilctual 11fe is detit1'lllinedby " drying out of th" uectrolyte,

Service 11fel The service life ie dapendenton the lin billnt tlllllpBrlltureof ope-

ration and for li f'e in case of ""lid ehctrolyte if; usually ,",uchgreatill' than lion

aoUd or liquid lI1ectl'Olyte end ia not ao dependenton tlllipuat:urll aa no IIOlidonea.

Msnufecturing"roca!!!!of' A1L1r.iniLlllEllJct.rolyticCepllr.:1tora '''0)

R••••,"Ilterialli t Thllraw lOatarioalarll'lquiredfor th" m.nufacture of elm:tl'OlyUc

cl!!Peciton PI! I

A1uroinillll can,
A1uminiUlllwira
Plein AluminiUlll1'011for enode 1'or cathode.
Elactrolytic tissue paper for-warding,
Tinned copper ••ire.
N;C. Adhed"' .•••
AnchoringCOII!I'ound,
Rubber cap,",
Electrolytic,
Chl!l!licala end

P. v.C. el..evaf!J"
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ThlltrIIsentia1 itl!lllllof' pbnt "nd lIl"chin.r~ n•• ~d in the proeM. lite

Etching plant
roming p1lOnt
OBmineralisingplant,
AUt010atiCfoU lI1itting .echine with II f'ec:llit~ (or fail cutting.
Automatic tRb.titehinQ maehin.
A1lJ1lliniUl!lwire cutting Ill.chine
Wttlding uni t,
Tal pre.a for nl'lttltninll presll,
Rivetting ~nd flettening presn.
~utematic winding mschine.
J~regMtion plant,
.Centrifull" e)(tr"etor,
Curlinq end B1el:ving"'sehin.,
Agingpower supply,
Capacitor l:Crter,
Sleeve shrinlcing.
frinting~echine,
Ovens end
T.bl. belence.

fracas"l a"sically, the ell.lll1niUll$lectrolll't.e capeeitor con.iets of en anodized

e1uminiUll!snarls foil, a PlIP"r llepfll'llltion,IanII1l1l1iniuncathode foil 8n eloctrolytla and

a call to hald the nSI!l •• bl)'. Basedon the placement of thB electrolyte. Thllllecapacitor.

een be divided into bD types (1) We'!:electrolytic (II) dry electrolytic wel .bc'!:ro-

lytic capacitors contain free elactrolyslJ. Dryelectrolytic coped tors 101111 not contain

free or epillphls e1ectralyt.a.
The general metl'od 1'romthlllmonufecture of B1l.11liniumelec'!:rolytic capacitore ill

'iliven th" IIccompa"yflo•• shea'!:. Thallllljor step. lire •

etching, foming, Slitting,

5te1<inll. Winding Jmp1'llgnlll'tion,

1'Ill'l•••bly,

$11'1.ving.

Aging. sorting,

Mazldng end Pacld-nO,

AluminiumEleetrolytic CspllIcitor
flow chlll't.

1"011 1'01' Etching 51ittinO . $teking

Cethorl.

foU for ~.~tchin\l l.f'orAlation 151:i.tUng . I stacking I

llnod••• ~I "I I 1 I

Q"g",.nq ".e8mbl)' Illprlignlltion Windina

'I Marking I "'ackingl. .lJorting 51aaving I r



3.8 TRAfoJ5HiTOR

3.8. 1 General • Thecommontraneistor is ,s thre ••••isrminal device and :i.e

referred to as • tetrods. It is famed, f:r:omleller of pend n type .dIilcohdUctor

llleteriala ,ll~ smwnBlflnbolicallyin Fig.

~c ~~
Fig. 19 No- p.i end P-N-PTransistors

90th n-poonend p.•n-p "tl:Uctures are manufacturedend are in commonus... The

section ere designated ftfflitter,base and collector. and the structure contains twop-n

junction••• Althnughdiode junction exist inths device. performanceof • transistor is

not that of twgbeck to beck diodes.

In the menufectureof tronsietor usually twomethodsera used. Alloying and

otffullion process are the twa technique. Herewe••ill de!!)crib"alloying methodof

transistor for menufecturingwhichis simpler of the two•

•4.8.2 Alloy dunction transiator • Thegeneral featuroe of both p-n-p snd n-p-n

alloy tranaietorefabrication precessee are 1lluatretad in fig. 3.~Germsnium,single

cryatals suiteble for Iilloy transistor is to be used. Theaecrllllte1e. efter measure-

ment to ena1,lrepreJ)er condUctivity type, rasi!ltiv1tll, minority cerrier. life tima

and die1ocation etch-pit density. ore shaped into thin flet wafers.Alloying, the

critical atep in transistor fabrication. requires that dopingmateriels of controlled

eompoei.tionend unifo:nnmess and ehspe wet correctly position"d, defined ere"" of the

wefer.

Prepared
Mounting

a-
ntee in

Ges a
Tee

I AllOYi3"1AllOyinl
. lRQt~lg:n pe11e.fI f.rminel heede]
,.ee.ely J

Fig. 3.20 Fllbricstion proceSllof AJJ.oyjunction transistor



66

Thealloying tl!ll!l"eratureillRd t1mecycle must be eccurately J:eProducedto

bring .bout consist,,'!t melting depth in the wafer end "dequeUlJ:egl'llwthof dop.d

gexmeniun.GoOdelectriC.,} end tha~.,} conduction must b. madsbetween the bedc

traneletor el"-'"""t, illu.t~"ted in fig. :;.2.1 end teminals of the device, avoiding

lDeeh"nicalstress ir, thegeX'lleniun, chemical pmcese for the ,removedof sh::lrting

leyel'l!lend contsninante on the trllneistor element and the productiOn ofstabls

ststes on tha BC~ve gsx"ll!niunsurface ere required for optimizing electrical

charecteristics end realizing meximunreliability. Avecuun-light encepsuletion

is equally n~s9sry for high reliability.

Cone.:; tor c~n1<:\c:t

1

Sol~(;li~iecl ",,\\01;":;'
fl'l <::. te r i"", \ b

l_~--r::fpe "'e':j,-owth ~

, _' 11-')'l"e
wAfe...f'p--r;:1pe "

Re~ro\,v.th ,,-
!:-<~hd;t;ecl '\. '
e,Ii("i'1'J "IlnQ\erlcl! " '-e<:;;,e elecil"ac\tl

t L 'f.tYl~lI~r electrode.
.lnl\i~r('(,nrr ..•c..

FIC?. 2. ~I t.,l.u.lt'7..4J.. ..A l '\.oy -."'t'"C>.'IIStll'TO"'f" ST"iIlc:;t.\l1"f,

Alloy trensutors have th" following charactsriGtic festuree. The junctions

usuelly ere step junctiollll. The collector region is more highly width, punch

thmugh will occur because most of the depletion layer of. the collector junction

extends into the base region. Thecollector series resistence i", very eIllall.

4.8 TIlANSISTORELEMENTfABRICATIONIThepmduct of the transistor alloying

process i8 e 8ingl~cryatel gsxmeniunw••fer having three regions thetal temate in

respect to conductivity type, eithl'lr p-n-p or n p n. These region ere fomed by

plecing epherer or discs of cbpingmet.rial on oppeaite side of •• prepersd wefer,

end heating to allow the cbpe to melt and d1sl!lOlvapart way into the water. As the

molten .,}loy it! cooled carefully, dissolved germaniumrecryat..tlizee et the liquid-

!lOU.dinterfacaof the wafer whichacts as e single cryotal seed. The regmwn

geXlllsoiumis nowdaped to the opposits conductivity type f.romthe bese wafer since

it contains, in ..,lid eolution, someof the roping e1ll1llentof the alloying metal.
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Theresulting treneistoJ:cJ:ystal will be n-p-n or p-n-p in conductivity type f'ar

enittel:'-base ecUector respectively dependingupon the geJ.m&JU.UIltype end thenet.ure

of' the cbpinllmateriels alloyed into the ge~i3niumwaf'sr. Control of' pmpertie. of'

thlllse three regicii9 of' the element and of' the two eemiconductor junction between thBll
is basic to the production of' transistors of' unif'olmcharacteristic ••

4.8.4 TYPICALMATERIAlS UTILIZED IN TRANSISTORfABRICATION

1. DopingElemants1-

Gelliun, IndiUII, boron, aluminium.Phosphorous, enUmonyend Arsenic. Also
cert"in oxides of' these alements.

z. Internal supporting structures 1-

WirtlS"ofgold, nickel, plet!num, Koverend Roder, Phollphorbmnze, berylliUlll
Q:Jpper,gold gallium end nolybleum.

Beeee of' copper Cover& Radar, ":DlybdenUlllend nickal.

3. Stems, Tubuletion, end Cans t-

Leeds of iron nickel ellay. Iron nickel ecbelt elloy, Ounlet,end molybdenum.

Insulators of' herd gleea, lIIultif'ODllglass end eeramice~ Tubulation of copper

(iAcluding oxygen-free copper), Kovarand Radar end nickel.

Caneof etee1.Kovar and Rodar, Copperand Nickel Silver.

4. Tools, jigs, Contsim,rs tll:c.

TeD.on,Polyethylll!rl,Pol;ystyren, t4ylon, Graphite, fused quartz, etainless

steel, nickel, Inconel platinum end gold.

S. Solders end brazes t-

Solders of leRd tin, lead tin cbpedwith antinomy, indi •.••Or gold Bndmayothers.
GoldCOpperbraze••

6. N.ecelleneouSI

Potting Compounds,Casting resins, Orgenic finishes, Silicone oile.
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4.S.5 CHEMICAL PROCESSING OPERATION &TECHNIQUES
1. F'urnat:eOperations

II. Oxidation

b. RedUction

8. Annealing

d. Oeearburization.

II. Alloying

f. Diffusion

g•. Soldering, brazing, gold bonding.

h. Vacuumbakeaut.

2. ContalilinaUQnContEOl.
e. Rl!!IllClvalof phyl!iicalContaminantI'• dint, dust, fibres, oils, greases, waker.

b. Remol1alof .Watersoil:ullleContemtnentsl Salts, PJ.ssting residues, etching

rasidueg.

e. Test tor Cleanliness •

.d. Storage of .clean perts and Assemblies.

3. Etching ,of SemiconductorMatarial.
B. P,rsi'erentialE:tching: To locate crystal planes, e>epoaedislocation, etch pita etc •

•

b. Chemical.polishing.

c•. tleetEO polishing.

4. Electroplating:-
e. Piece parts end Assemblies.

b. Samiconductormaterials.

ChemicalPlating:-

e. Piece parta and IIslaembliee.

b. Setn:l.c"nductormatsrialS.
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ContaminationcOntro11Phys1c1l1ContS1linentssuch as Hnt. dUllt. fibl:'p.I!I.Ol:'eeSlllS.

OUSlend""'XlIheve been J:'dOgvedby blowingwith e:tmprBssadg_os end by organi.c

ml~t deg~1ll8inl!.Water soluble contm>inlfnts'tlUCh011salts. ecid. plating solu-

Uon residues end etching. ~dduell h;,vobeen l'SllOvodby the usa of wem tepwater.

a wetting egent Rndutrasonica.

Plating: Gneof theprtllllinent Chen1ice1p:rocodurmain tJ:ensistor fabrication 1sthe

depoaition of certain motel••over baBe11I8t81a.principally by electroplating. It ie

done:

1. 'or p:mtl!Ct1onof portions of aBel!l4llbliesduring etching of the SflfIIiconductol:.

2. For imp:mvedsolder abUi ty.

3. for gold alloying to a semiconductormateriel, end

4. For Corrosion resistenCfl Buchas selt ,epray COX'l:Osionon rnillitery devices.

Etching end Surfsce Treatment of Tnnaiatorl Theprocess of
etching.weshing. drying. surfece t~atrnent and impregnation all fall :into the domain

of eurfece chll11'listry•. tech he. its ownsublstleUes and unique contribution to tranBie-

tal:' p!!rfo1'\1lsnce.e1though often the effect of one treatment f.lsybe dependonton the

'lluccessot' one or ell of thepel'ior steps. Transistor pmcassing wlll hare be diecussed

in 'chrnnolagical order.

Thrae principlee n~pearbaBic: to eucC'esaful etching. It is nliiceasar:ito remove

sny high c:onductivi.tyleyex-••hich would tend to ehunt tile junction: Cleaner eeturetion

c:urr~nt characteristic: can bllobtained by minimizing c:ontlllllinntion;finally. fotmeUon

af' en oxida l ••yer on th,: QDXl!IaniUllIlUrfecsappears 1mportBntin ec:hillvingsux-facaneu-

trellretlion. In e sense. etching serves lIBra remedyfor sins of c:olfIllliesionox-onU.sBion

in trene1stor de8ign end fab.dcation. A suitably .dssignod tifldfabric.ted tl:'ansistor

wouldrequire only thosellufi'sce treatmant necelllluy. to elltablbh conuolling and

p"'1lIl1lmmtaurfece layers.

Pra-sttacment etchi.ng: In IIlmealloy transistor pmcess to transistor element

is t!J:ehedefter elloying. end before all contects era ettechlld. Thill etching operation

!lervss to removeo.xidesor convert••d eurfece ,layer which••igtrt. inhibit the fometion

o¥ the tlUbsequentomic banI!connection. SOlileof the junction alloying _terial adjacent

to the sl!IIlic:onductor"'uat be rmtl\llld. 50 that the peripherYllf' the regrown ragion becomes

lI!Ol'lIaccll!lsible to subsequent etches. Then type dope u!luall,yused for n-p-n transiston"""
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haahigh Vepourprl!ll8ure end '" eerie1n _unt of !lOUdatat. di'tfusion f%01ll the

VIlPOurph!Jlllt••ay occur. ThtJpl'lI-atteclwent cleaming etch 1'tnOveathe resultant high

conductivity Wrf8C'8.leyer whichmayb8 fOllndon the bn811• .nel. IiUIIIl

Finel etchinllf i"1naJ, etching bofton ended out ••fter contact attachl!ente have been

CO'Illplated.Thill 10 nee.'llllry bllCaulIfIlllOlttbIule and .lead attac!'loent tachniqulll :l.nwlvtl
'f"a.. tJ.e-+;va- S~~C'llS ,-rh •..fu"lo1e+u>nof

heating, tohich rllllllJ1t8 thliiAlloy lI!at8r:l.1I1snd ()lcidizea/atch :hi to "move any d!llOsged

•• terial fro!t th•. actiw porUan of thedlovlca end hevo II surface ",hieh contributes.,

:l.na ,contmlled fashion, to the troneisforll perfClllllllnClll.In .ec:hil!lVingthe fomer, .the

final etch ",ust J:8!>Qva,,"y alloy llIaterial tollllCP<lSIIthe regrowth. rtIIllOve.ttta pil:tipheral

degenerate or near deg_ret. ngmoon lI11Xlllan1lJ1l.and Icel'.pin 1S01utionanYIIl!Itallic

setta .whil:h",igM pncipitattl on the active region of the dl!Ivice.

Washingtlanic. eo1id. 1lI1lterielwhich i. htlld to the elJ\l:l.conductorBurrace can

affect the aurl'aee potential thzoughWe, \he dovice properties. ttl IIddUlan, tluch

IIster!81 01ten ,t'Gl!Ctadinetly with the sllllllicondlll:toror with the aurrounding mediUlll.

I!llpl!cially at high bmperature to thedetr1llent of dlJVietlstability. 11 Material 1m

absorbed :in "thick oxide lllYer or chemiaorhedto the onde, even p.rOlongeci_l:Iing in

high purity water IIl.Yr.nt %I!8lOVlIit. There.ie "ven liON Il!lv:l.dancathat prolonged w8shin••

1s d8trilllllnta1 to alloy p.n junction 8Ilturation current charllCtari.tica.

Qwb,,,
t!J:yinq, Trnnsistorllwhich ~ difficult to dry usually h/lva Dl!llnSubJec:t8dto

thase atchl!9 ••h.tch tend to ondue rep5,d1yor imevily.Ebctro otched unitear uni tllI

etched in t;ydxo-fluor.i.e-nitric acid lIIix'tures Blo'll_VI! easily dried. The reaul ta f%Om

the drying elCl'erll1!entBalso indicate the presence of a lll)'llr on the {Il1manitnaurfece

which is quite clependan1':on ito l'l(>deend nrte of' fotl1llllUcm.Oifferenl:ea in thu surf.ce

lay ••r. in tum. ere raf'l~ in the trensistor eheracterillties.

MountingproCllCll"'ust ••inimhe dalnefJ8to the eltlllOlllttor cant_in.tion to its

lIUfftICe.Tlte.tress c:ondition oceurino within the a_conductor clueto •• unttng of the

ban.iata:- e1el!ll!l'lbie of pr1ll>eilllPOrtenCf'lin davie. lltrucWr!!l d8Digll. ffC!Cli~ etrttSllV

pert:l.cuhrllf th:Jallpler.inq tho dll!llieonductor1n tenDion. lIIUStbe lIl1il1lin.tiOdby pmpltllo

a1':ructUTaltleai91' if' tho deviclt ill to h"va IIIhigh ora ••X'of' .-.:henicsl reliability.'The

"'eSBaf suuctllre supported b:lf the el!ll!lleonductcrshould be t1tin1lllbed.

The "t:taement 1':ltChniqueuSlId"st frequently are processes involving 'the alloying

or <!Old",ringofmetel piace parts or pieca pert cootin\ill to .the el!!ctrodt!is or contact

of' the trensbtor e1_ts. For thllse ane must a81ect m.tole thoslI 1I11-ilyingproparties
I '

I
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era nnt critically dP.penclenton tE!nporature, tinle or the 8IIIOuntof metel pre;aent.

Tominimize reeidu••l tensile strese in the sflllliconductor,the thel.'llal ltICPoineionof

'the bOBee1ectrode piece-port end the "mU,conductor.Allxi:hexBlIlldl!ltll'ldllllb#xWafermust

be simil"r. Of the m•.•t ••ri.el used most 'f'l'squentlll in tllll!liconductorfabti-ao.tion, the

Coefficient of tlmzmelexpansionof mol)/bdenUlllend verious cerlllllicllmatchmost clollelll

that' fO:l: gli>:lllani......TheConnectionto the beee,electrode must hove essentially lie

chto!racteriAticll.A eui.teble c:klpingelement i.e. antimonyOr gellilJl1lmeybe added to'

the metal of the baae contact to prevent the fom",tioo of a rectifyi09 Junction ~t

th!e contnct.

,E\IDPOretedContncts I Vacuundepoe!tion of metels on thl! clean semiconductor

eurfece im frequently used to apply injecting /lndlie contlScts. Elyueing carefully

machinedlaBe1<e,en excellent contact control of shape (lndarea of the contact iSpQsaible.

£ncepsulat1onl The device encepsulation process must accomplish three' design

objeet1vas. The1;st requirement is concernedwith protection of the lIlO\lntedtraneiator

e1ecrnentbeth frommi!!Ch,mic.u.damsq8end fromchangee in the internal envirement.

Second, th•• encapsulation design must p:rovideexternal tmminetlonaend meansfor moun-

ting the finished treneistor consisltent. With th.needs of device epplieations. Finally,

the powerdissipation' requirSllents on the treneistor influence the encapsulation design.

Thesatisfactory operation IStelevetedtSllJlleroturu of ell gez:maniUli alloy junction

transistors depends, in part, upon thepiece pSl1;surface aree, mess, and msteriala used

in the transistor encapsulation and the provisions mads forthemally connecting the

completeddevice Ifi. th its environment. Theseals et:aul'ldthe extsrnal leads end between

the !leeder and envdope ere of m3jor llignif1cance in the meintenBnCltof the internel

envit:anmentof the device, becausISthey dete1.'l1linethe leak rate into end out of the

IIltructure.

4.8.6. General n!Rulte, Devicecharacterietics 1-

Rel!ults pertaining to epecific design objectives have been prellented, end certain

processstreased to illuetrete p~inciplee involved in process control. Nowpart~ of ths

design throry will be presented in order to relet.. the theoretically predicted device

peremetsrs to thOsoachieved inprectica1 manufacturing process. Theperunlltmris selec-

ted to illustrete the general I!lPplicabil:!.tyof the design theory to all slloy transi8tor

typn. WesheUulIlll an engineering l!pproschel'ldmakesimplifying seel$lOptionewhenrequired.
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The thsoreUe"l c:url'Elllt. through e~n Junction is given by tha following

II"
I •• I . (e qv 1 KT - 1)

,8 . "U.57)

WhereV ie positive for f'onoardcurrent. • The equi!lt;ion eontAins a "101if1:tlretion
curnmtfl, which ill detG:mined by several material I)Iil:l!SlIetel's til)

Is A
f(T b ~N {lp t3.S!!)•• •••••••• • '" .., ~--+ ' • iii --q U+b) 2 PI LP hJ

••

Equation rio. (3.59)10 valld oniy 1"01' en isolated pooh junction in which the ",stad.el
is unif'01'lll to .0 distance eqllel tossvaral H fa paths on ~ch side of the junctiol'1s. An

l!qUatitln for collector saturation current esmllea1>ieto tJ'ens:l.sfoto gllQlletry. llseuming
the eollector Isrgp.%' t.han the 8Ilitt.er. hes been derived en

1.--0.-
- +

where a •• Colleetcr radius

c _ em!ttar md1ue

b. mobWty ratio,

and.. l\ = J1.0-
2 Ii

in the 'bass region.

t ••Wafm" thicknees

o -Diffusion conet••nt form1nol'ity carriers In baee region.

$ ••Surfsr:e recombination Velocity.

M'tor rnal<lng thll following 9ubatitutions (ueany eonGistont .u"1ts) fer e medium-
.. . (36)

POW(l1' .p.n..p Nloy tJ'llI'loi:st01.' C

.••• 20.'1 lIlil1s ( averegevlilue 01'IIlllll3surtll!lmtonsevEll'al =ns .sectioneampllW).

C:•• 15.0 mUle
t -2.5 !db.
~e •• 2.:1 n-em.

fJ. •• 47.fL- em.
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Trel1llistor peranetlU'swhich depend upon base-layerthicknes •• are cur~t gain

( hi'.b) f'requ,,"cy cut off' fAb' reach through wltege, end ellitter flosting potential •

If one IlS£\lIlIep,perfllC'l:Ctlnc:entrici'ty of perallelcirculor emitter aI'Id c:ollac1:Qrjunction,

and al so e101'e $pElcing betwe'el\ a relatively large- araa collector end " II'IllBll erea eaoi-

tter. the exprsl!l'Bion 1"1:11:'low vol i:l:>ge

hfb • (3.6.31

0( '" Intrinsic Collector sffieieney

- 1 for alloy junction iraBiittor for low volteye.

eYe Ii----

-p. 1

and -) •

-';/2La2

1

1+

• Tran.port et'fici.ency

• £illitter efficiency.

Wh••re W •• bliss layer tbic!<Per;s

l •• Diffusion length 1'01' minority carrier.

ev••Conductivity.

A smell. mnrbmly piel<ed group of llIedi\lll power high frequency p.n-,p' s was IlIslI6U1'ed

fOr hfb end "ffect1ve junction 111'" ,time by MuUard. The Cfllcw.ettld nolIIinal hfb for thosl!

units 'was.999. uaing the following nominal values of meter! ••l and stl:\lcturll parallleterst

'1'0 •• 9)f~
w • .621l1U

r{ • 2.3 .-CL - 6>-...

OV'e le •• .6 ..£L-l
for low vol toge end currents tm. frequency cu-t 01'1'01' hfb is

f ~.. AI.} IIC with iii in mill (3.64)

Silleo the "ff~tive baGS lsyeit' thick",",s, 1f1decreases foZ'increaliling collector

bin volt.rge. we'loIlluldID:PliJCt an incre ••s," in t<b lUI \IOltellll' is ineZ'eased.

In olloy transistore. IllOstof the collector depletJ.an-layer widening "ith

wltll9" occur•• in the h.!Ss region. 'Thenfore. electrical reech-through can be simply

I'ltl"ted to tha baSil pmpertietl
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O!portUrl!1I fI'Olll t"" caleula'ted bvel 0 f Rach- tmugh voltages cen be generally

attribut~d to three causes
1. Materiel de~ectll

2. Mi:rorient~n and

3. mn-uni fom •••tting.

Lowvalues of 'WRTere caused by lccal alloy penetration dUll to dufects in;\; the

~e. eince thelola'er orientation _ held to the <11 1 I 1> plene! SO

lZtnitter floating potential .i.e related to tha hfb af the transistor by

•• KT-
q

For an alloy transistor shown:!.nfIg. 3.22 expression for b•••••resistance is

gil/en by

rb ••

3.6.8

••

I\amodulation af b"se layer conductance 61: high current densities causes the 1st

tem in Equip (3.66) to 'beccme OI!'gl:i.gible end the 2nd temis elllO neglected as

the eollecttJr i91~pen cl<t.;~ dLlr~. lIlllllsurn""mtof ~tter tDoobase fonmrd

reslst...,ce. t- --a -.!I !"'lS,! 11/2 w~

!

rig. 3.22 PicttJr1el Reprnentation of S~!l<Jlsof Alloy TEl5nBistor.
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4.1. Introduction
The ••.leet~ntc !ndUl1t~ ot 8aIlg1adllsh esn not dlllpenc:!on iJllportad etlSlponenu

f'o.t' alan,! tinoa and llIust h"ve II solid foundation blf •• '&b11.I1:1.n9an lI111t:r:onic co•.•

ponllnte l!llJnul'octuring eOlllp1ll)(. aut before Ii.tUng up ot ills pbnt, pbnnlng and

eoaUng ",ith •• detaUed en!l1yob of itEl requi1'l!llltmt. 1n labour GI'Idforeign coll •.•

t1Qr••tion would be nac_Qr.v.

4.2. PMcrieticin 9f' E!!!CtI'onic Indl!.tdAA 01 liQuth.Et!!!t A,bn Countriest

A brief d!.scusaion on the dsv!l1cpllllJl'ltof' e1ectmnic induatrie8 in enta1rl
-lo .

$!luth Ellst I\sian Countries is glvenfhlll' nn industrialist or the GoVIIl:matmt of

el'lftllladaeh in talling s u"H.t!c lllPPNach towards tha "stUng "" of an GIlICt1'Onic

CCIIIJIlCIllImt IIIll1!ufectu:r1ng p1ent.

SINllA"Ollfic Its electronic :l.ndulltry i. only !l'belut 4 ye"rtl cld. Th" fbad

, "all"t. of tha etllllPBnll wera I 23 million. It ha, tremendous .tride in thtl field of

IIlGl'lufaetur1ng COlllpCll1entl; lind lICllI'li cthu lIlectxor.ic scods ••ainly for lJlIIltlrt. Til.
n.pid 1I)(,,,,,,,.i,,,, (11' h••l' ••leetron.l.~ indu••tl'lf i8 smwn in th9 table

Tl\tLt 4.3.1 (42)

Yesl' Production (Figure. in .!l110n
Ufl dollars)
tlCpClrt.

19GB 3. n•••

1969 n.s lG.OO

1911 1.1D.O 59.00

!!lNGr,nNC, The electronic incluGtry 18 ltlft{jkonv storted in 19'9. flQw 25J ot
t~ C01llpOllenta _ufacturad ere lIted by tnll loclll indu.tn... in 1972 electronic

Q!lodn ni> lacel IllSflu'eetUt'll warth • 283.6 mUlion wore elCpClrt.d • InUiall,y foreign

PIlrt1cipllt1on in the industry plaYild • key rot.. flow the induotry ill Ciwned lIll'gely

by the low people. Thl'l eXP"nlJion of lndul'ltry ill l'ImlJoll"Jbillow t
YellX' TAlJ.r;4.3.2 (42) '",.of llIIlP10YllQ

tt:J. of fectoriell
33
223
3DS
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elULqClliII:S,- Today PhUltpins has \)CIt 29 f.ctod.. for tha ttl.cttonic

The .~teQe of th18 count~ is thft chtllPut lIOurce of lebOur.

I /

JM'AN,- Jepllll io end nn1lf of USA in the 1lI.mIlf<lctllteof It.1eetrcnic goode. In

;1969 Jape"e .llPC" of .lecttonie QOOdeW1'l8wrth S 2 billion end in 19m it 1'Oellto S 2.4
"1 b111icm.

!
I /

,,// VKQR£A IIRQ ,!4J\LAY5IAI In both countd" •• hetrcn1c indu.tl)' .1:Itrted 1n 1966.

</ Expo" PlOl]lC'l!JIl d Kona 101' 1973 wall S 300 Idllloll.
/'

I
•..;,.,

INOIAt-In Indi. It.1.eetzanlc induetry etartell 1n 1966.
(31'1)The pubUc ollmBll C01IJlanS.n on I

1.llhal'lit l!lect.zonicIILt.d. lit. I!enlla1ore.

2. H1ndue'tanAeZOllauUe. I.teo lit I1ydrllbad.

3. Indien Te1l1PhoneUlcIlIatriell .t Sen;lt.1ore.

4. Electronic corporation of Indie Ltd. at I1ydrallsd.

5. In.'tJUllent !.td •• t Kotah

6. The Indian tIllephone industriea .t He1nl.

1. Sharlllt E1l1CtrcnlcllLtd. at G61~iab.d.

tn 19?Oo.11 totlt.1 value of E1ecttonic aqu1pltlent .nd COIlpOtllt.ftt.llll!nufectllJ:'ad1n

tndie wall n•• 17SOrd.1l1on. In 1965-66 til. el!lpQrtof tt1ectrcnic llllods of India was na.14.732

"UHon and in 1969-70 it .fl.PP!ldto "-. 49.661 1II111ion.

4.3 O1l1CUUionttt is.atillll'lted that for ",anufeetu&,!ngof It.1ectranie goode worth

lla.l0.000 'the lebour eo.'t would b. Ra.3.8oo end .wrage 1nveetlll"'" of' cllp1tel per wo~er

.s.. appmldml'lt.llf Re.lIOtJtl. Th. above facta .howe that ebctrcnic Induttrt 1n the South

It•• t I\.ian Region. of recent origin lind :!.t. devlt.1opmantb Vitrll "pid. On. 1loport.nt chane-

tu1aUca of thi. induatry 18 that lin ever inere •• il'lll dlllllandof conaumar itllllllllis created

by this IndUat~. Whethu biQ 01' lIIII.n. POOl'01' rich th,u ia incl'tlalling d.""d for X'IIdia

.et. III vUl be •• en fltl", the t.bl ••
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TAl3L£ 4.3.3 (33)

Nl!lIlaof the 1 No. 01' radio sets in use (lOaD) I Populationl flu Cepital Radio setll in
countl'l/ netione1i~all per ~000

19/iO 11969 I ~969 in USt inhabitants.

!lufte 115 38B 399 26.980 61 I 1968 15
Cylon 354 450 500 12.240 131 lil8 41
Ibngkong 165 639 615 3.990 381 63 169
India 2,148 9.215 10,035 536,984 13 68 19
Jnebne.ia 618 1500 ns 116,000 B6 68 14 (68)
Iran 935 2500 nil 21892 252 68 93 (6B)
J,;psn 12,4'0 25142 ns 102.32' 1,288 69 255 (6B)
KOlles 181 2,393 3.242 31.300 163 68 104
Melayeie 303 423 nil 1.581 254 66 41 (68)
Phillip in". 600 1,623 nil 31,158 283 69 49 (6B)
Rynku110 nil 32' 336 913 2B2 63 342
SingllPol1ll ns 99 102 2.011 156 69 SO
Thailand 163 25.55 2162 34138 126 69 eo
V!etn•• 125 1000 1;300 17.861 150 67 13
e,ongledesh na 16. 291 74.980 131 69 3.7

The abova tabl" shows that we are the poorest possesllOrs of lI8dio sate although

our p!!1'capital incOlIIeis not the loweat. A very modeat fi9ur. ehould heve been 15

redia seta per thousand of' population. for this ••enead 11 more radio sate p..r thousand

of population. Thus for 75 million people WII would !'leed8,25000 more radio IIIItS.

In esurvay carrbd out in the IOOnthof April, 1914 the import figures of elec-

tr:onic c:omponentsinto Bangladesh for the lIMr 1913 ore found to be •• follows 1-

TAlLE 4.3.4
Componentsfor redio
Assemblyto industries

Componentstor redio
servicing to ,hope

lie. 54.69 l.akh8

lie• 2- 25 l.eI< hll.

lie. 56. 94 Lakha.
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TM follo"ing teb1. aho••• the annu81 derDandfor z:sd!o .ets end (lst.ilaated

dtrol!lndfor i ttl ctl1llPonent in 9Ilng1at!eeh.

nILE 4.3.5 (2)

P"dnd Radio Gilt. Compontmt.Tk. in l,.akh ••

19'10- 15

1915-flO

1980-85

260,000
440,000

666,000

187.2

f'ztm the "bov. t.bh it appear. that tf th" radio Cl'JlIlpon""taare IIlllTluf••ctur.d

here, then II reduction of f'oreion exchange liability of Tk. 167.82 1ekhll c"n btl

IlChiIlV"dannu811y ",heX'llescapitsl inv".tment of' lk. 3-10 1ekh. lIIUl be requlr ••d

for lIumhineri••• of e8ch Cl:Illl;U;lnentll>Therefore. the toWcapit81 invelltMente for

lllenufacturing all the parts of radio raceiver ehall bl! within Tk. 2 Cz:l:Il'lIl11.for

•• teblbhing fln electronic componentmanufacturing pl ••nt in l.!enll1edltShthe tot81

••.• ,,',,1: required ehall be "ithin TIt. three cror"s.

4.4 .tnv"ettnent coat of a e1ectrinic CClmpanentplant.

The table ahowe the investnlent coat of an 81ectronic co"'Ponllnt mllnufaoturing

pbnt.

Tk.l,oogoo,ooo
lk.10,OO,ooo

lk.3O,OO,Ooo

lk. 2. 5 ercu.••••
lk. .5 crarlllll

TAIL; 4.3.6

Co"t of land and dvil conettue1lion J TIl.

Coat of trannportet!an vllhi~lQII

Cost of rlllllll!steriels required
for e year

Cost of :requi.red ,"lle!lin'lli

"arly .81aries

Sundry BllpenSl!lI

65,00,000
5,00,000

2O,OO,OtiO

Total TIt• 3 era 1''''••

".5 . Conclusion. Production. of' ••.1ectronic industry h••••trlllllendoulII.cope fOI:

/ Illlperteilln. llut .10the SIl1llIlU",e it hea briGht futtlJ:8 for allpOrt. To fUlly develop

'ellport pOB.ibiH ty foreign psrticipation hOBbeen found to IltlI.e8llnUel. Producte
"

/
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of' foreign fimll heve good lIl<JlortiIIllJ:ket. Sut Cult to high labour <:oate in the

deve1o~lInt countri~s the foreign companies ore establishing industries in
df'il1elopi.ngcountr1eo wherll 1ebour h "bundent and cheap • loacal part:l.cipenta

are also eneauraged dua to 8IlPloYlllent opportunitifte 01' local people, and profit

,hating ~n foraign exch"ngll earning. Such ~utu"l benefit hae been the guiding
fector fn d••valoping .lec:t1:onic industries in Qangledllllh.Havingvuy larg. popu-

htion ""d •..duoeted unemployed youth. Blangledeah18 • Vi!lry t.wurebllllposition to

develop electronic industria. to considerable .~eRiextent •

••

..,
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DI$CUaSION
5.1 Genorel

R"dioa have received e .etureUon o~ ",ora than 200" 1n dave1Qpad count:r.:i.lIa

and th •• slltu%'et:t\'>n of rodioa variea between 1~ to 35" in tha dllve1oP:Ln1lcountl:'iea.

In a .Ul:'lfl!l(conducted recently in the month of April, 15174 in Dacca lind 5IJvar ereu

.howa th"t about 1~. m of our famUiell in the vUlagea end 607. ~ famUi••• in

. the ctti~!lhl!v. /Jot receiver aeta. The rellu1t of th•• eurve,ya1!1O give. en indic ••ttan

of tha demandfor redia.", of various benda. The reaul t 1. represented grephically.

It eppeare frtnn th••curve that ona band l:'lld:l.ois in llIaxim..._and in v111aglte

and 3 bend radio :I.ein IIlQxint... demandin the CUblh

1. Pao"le .ere :l.ntflr"llted to llsten to Oacca, Ce1eutta and !l.B.C •• tationa.

2. 1110rge flO. of ~amil1ee .hol/cd grllllt interllat :l.n bUlfing low coat radioa.

In allClthersurvey cerrbd in th.. a•••• IlIOnth, 1974 in Daccatt 18 found that the
aelling price ot • one band lllediUlllWRY. trenll1atorLelld radio af d.tfferant makeI'll

l'lI!Illlfll ~1'01IlTIc. jOl) to 11<.350. This 1e !n .llnoxmeliy high price tor the l'IlUlionelllM
1:I.vein v1.ll"Q~G.Th. mal30ne for th:l.. high edUng prices are Illeiniy due to •• high

bport duty end~ah. tax (25D'.'). hillh dil'llct lind indirlllClt Inbour COllt (126~)for

the loot: price of th" componentll ..,d luKurioua design of the radio eet. Th. cost per

est IiMuid b•• Int>ullht d:lwnto the purehasingpa"sr of commonpeople who nevaI' .nJoy

""Y truitll ot modem.c:l.onee in thili lIPIilC •• Thus8 need fartha IOliB. production of

low coet l!II!IdiUlll "lave radio recsiver wae felt •

.5.1.1 TtlNrD RAOJOtl1e:gllEf~CY RECEIVt1! CIRCUIT

A TRFRileeiver Cirelli t utling fiva trenai"to1'l end two III tel' circuits ~or

el tematl.ve Uge by .witch Wllll daeigned and dlilt\llllbled with the COIllpOnent. avet.l.able in

the Mftricst. Twofil tar circuit. of 6110kC/S Ilnd 670 KC/S are mode to 1011111in the TA'

with e vie•• to Ibtening to Dacca end Calcutt. lItl!ltionll r.llpectivaly. Th. nco of COlli-

ponentll vera :t'fIduced ••• far ee pOIl!libia.

The broat1-ca.tingfrllquenc,y ot 116ccalltetiCln is 690 KC/S end that ot Calcutte is

61ll KC/S. To tune both the .tlJUana tI .hlll'P cut off' tU ter cireui t is nuded. With the
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available wire it hea baen tried to minimize the band width of the filter circuit
but the band width cannot be reducad below 30 kc/•• Aa • reoult when 100 K",lIIediUll
"'eve Dacca Broed Ceating station ia in air, Calcutte atetion cannot be tunad in
o.cca. Two filter circuite of the same frequency of 660 KC/S are made and insteed
of A.C coupled the two filter circuits sre used. Soth the stetions then eanb. tuned
but the gein of each .t"tion becomes poor .•

fir8t and 2nd Traneistors ere resistance co~lad ",hich give. degree of
oscilletion between the tlolOtun.d circuit •• In the oecilloscope it i. found to
be 625 KC/S. 50 using one filtltr circuit of 625 kc/s the following stations Can b.
tuned 1-

Stations
Deccm A
Decca B
Calcutta C
Celcutta A

Signal frequency
690 kc/s
1110 kc/s

5!l0kc/.
610 kc/s

Calcutta A cen be tuned only when Decca A is off in Dacca.

The following table ahOws the currents end volteges of different tran.biera
of tha TRfeircuit.

TABLE 5.1
Currents end voltagee of different traneistor. in the TRf R••ceiver

V • 6 velts.c!::
Trennhto;t'S ! Current!l .! Voltage

Ba.e in I Ccll"ctil:llf!Emitilrin V in I Ve:g in 1 Vag in
/t,4 -r4f 8\1

I" '/"0<1 velt. volta \IOlt.
A' 115 33 1 .9 4.2 1.1 1
25Al2 39 2 1.B 5.4 1.6 1.4
2 SB56 II 1 II 5 2.1 2
2SB 156 5-20 6 -15 2 - 5 5.9 .26 .25
2 sa 156 5-20 6 -15 2 - 5 5.11 .26 .25

Power output • 0.625 ",,,,tte.



5.1.2 stPCIlHfjIR01JYNL

A low enat mediUIIIweve treflnetat'illtld Radio /leclliver "'Rinll five transLator.,

2 intermediatefrequen~ 'tranufbrmer8 and a drivllrtranofo~ haa bean designed
!md 1I1IBtlIlIhled .,Uh thli! CQ1llpoflllnta evaU ••hh in the local. marle.t. The cOilt til' the

receiver WII" initiellv e••U."ted to b•• bout lk. 202 in the month Df April, 1974.

be Qf' the ttlllIpDn8l1tllsuchB$ ""'bnna Ctlll. oecUlating call. l,f, trenaf'D=ere and,
driver tl:1ll'Ilf'Onllllr"lIr1l ••tide in tim 1abtlratarlf. In thia Wll¥ the price par eet was

bmulJ!lt 60wn by obo••• i~.

Th. f'tll1awh'g table aha.... the bledng currant. nnd wl tag •• of' d1ffe""",t

tr.nllhters in tim lluperhetzodyne :l:llce1vlIr.

TABl.E 5.2

Curr"",t. And wltl!llJGlI of d1fferent tnna1••tora in tha (!;UPerhatrDd,yne uce1ver.

V • 6 vclta.ee
rr~.tora I Curi:'ant8 I Voltage

BlIlIlI in I Collactor In I EmittsJ! IVog In I VEil 1n I Vag 1ft/'4A '>"-A in vY'A volta \lalt41 wlts

A.115 3S 1 .9 5.2 1.2 1.1
DC 4S 4Q 1.1 1 S•• 1.7 1.55

25954 10 1 .9 5 2.1 2
2$9178 1$ ~30 30 -so 10~15 5.9 .4 .3
250178 15 ~30 30~50 10-15 5.9 .4 .3

S.2 caST ANALystS

The east I:i"~ radio set has bean analJ/lll!ldin throll diffennt weys I

.1 R",d.\Q lIct 1;"1' be assll!mblliOd in Oengllidllah with the (;Ol'I:;.:cliente purchased

f'xnmlocal mnr!<l'lt.

b) lt ilIllY be .1I11lll'>bhd with the eomponents imported directly fftml foreign CDuntr1liOll.

c) It ,"lIY .180 be lI9ftlllllbled here with tho eomponMt. lllenu.'ectul:Cld .10calll(

thtaugh on induotry.
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5.2.1 mGT OF WE COMPONENTSOF TRF

84

Components Price of the
componentll
evalleble in
10c81 m!'lrl<at
in TI<.

Price of the components
imported direct1~ from
foreign countriellin
Tk.

Prieeo f the
components men••••
factured locally
in TI<.

1.Ferrite 10.00 5.00 3.00
2.l\ntennscoll 1.00 .50 .25
a.Filter circuit 4.00 2.00 1.7S

II.Volumecontrol 10.00 5.00 3.00
S.Variable capacitor 14.00 1.00 5.00
G.Transistor (5) 25.00 12.00 10.00

\

?$peaker 20.00 10.00 .' B.OO,

B.Jnput trenafo:rmer 10.00 5.00 4.00
9.0utput 'transformer '10.00 5.00 • 4.00
10.Electrolytic capBcitor(4) 6.00 3.00 2.00
1l.Reeietore (11) , 5.00 2.50 .66
12.Oiade ,2.00 1.00 .7S
13.Ceramic cepecitore(5) <\.00 2.00 1.25
14.Printed circuit 20.00 10.00 5.00
15.Conneeting wire 1.00 .SO .25
1G.Knobs. Switch a Cebinet 30.00 15.00 10.00

172.00 B6.00 5B.96

, '

, • 1
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"lllluming.1abour c:est 10" lind profit 30" the cost per Bet i.e

Calculated and shownbalow 1-

TRF" l!813""bled

with thlt components
eVBil••ble in thg
locel l'lf"rket.

11(.344/-

TRF" aSllembladwith
th. component. imported
directly from foreign
countrie ••

Tk. 172/-

TRF••ssembled with
the componants lIIanu-
fectured locally

TK. 116/-

The coat ebes nat include thtt seles tex.

The following parts werltmede in the labor6tory end Tk. 15.00 ill

llaved llfipro x111".tely.

Market price

Antenn!!coil 11<. 1.00

Filter circuit Tk. 4.00

MeiringCOlltin the laboratory

11<.0.25
Tk .1. 7S

11<. 6.00

11<.10.00

Input-output
transformer 11<.20.00

11<.25.00
--,I
V



Components

COST or THE COMPONENTSOF
SUPERtlETROOYNE

PRICE OF T1iECOMPON£NT5
AvaUeble in I Imported directly
local "'eDc et fromforaign
in 11<. countries in Tk.

IManufactured
locally in 11<.

1.l"errite 10.ml 5.00 3.00

2. Ant"",acoil 1.00 .SO .25
3.0scillating coil 5.00 1.SO 1.25

'4.If transfb~er(3) 13.50 6.00 4.30

5.Volumocontro! lO.OO 5.00 3.00

/i.Varieble c~pcitor 14.00 1.00 5.00

1. Transiet.ors (6) 30.00 15.00 12.00

e •Sp"akI!r 20.00 10.00 6.00

!I.Input transfotl1ler 10.00 5.00 4.00

'to.Output transformer lO.OO 5.00 4.00

11.Electrolytic capaeitor
(6) 9.00 4.50 3.00

12.Ce1'"",ic cepacitore(6') 5.00 2.50 1.50

13. ""\liFtors (16) 6.00 4.00 .!l6

14. Thenoiotor a,~ 4.00 2.00 1.SO

15. Diode 2.00 1.00 .75
I6.Printed circuit 20.00 10.00 5.00

11.ConnectinQwire 1.00 .50 .25

10.Knob,switch &cabinet 30,.00 15.00 10.Oll., ',;

~'-202.50 101.00 61.96. ,
, ,.
•

". "'\ .~.

I _, ~~-.j,
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Aaeuminglabour cost ~ and profit 30" the coat per set ha•• been eelculetecl

end itt shownbelow t-

,SUPEIlHETRO DY RECEIVER ASSEMI3I.Ep WITH

The Component.8ve!leble
in the local market.

Tk. 405

I The componente
imported directly
f1l:lm fomlln
countries.

Th.202

I The components
manufectured locally

Tk. 136

fha coat excludes the .alea tax.

The 1',,11010111'111 pert. wt!re"ltle in the laboratory and Tk. 13,.50 is saved

lIppro Kimat.ly.

Merket price Mald.l'lgCOllt in the laboratory.

AntltAnscoil Tk. 1.00 Th. .25
O.cillating coil Tk. 5.00 1'1<. 1.25
Input-output
trenefo%llllire 11<.20.00 Tk. 8.00
IF' traneformer (3) Tk.13.5O Tk. 4.50

11<.39.50 Tk. 14.00
The following parte ere reduced from the circuit end Tk. 6.00 is further I!Illvecl.

Market price ' Imported.price

Transistor 1 Tk. 5.00 Tk. 2.50
IF' coil 1 Tk. 4.50 Tk. 2.00

Resietor 3 Tk. 1.50 Tk. .75
Ceramic capaC!tor 2 Tk. 1.50 Tk. .T5

/
Tk.12.5U Tk. 6.00

I

, Whena drivBI: iran.fomer is used in plselt of' input-out1ut trenefor8er

1'1<.15 :l.ellsved ell the lIleking co.t of drivel' trenafoxmer is Th. 5.

Thuefore ll<. ( 15.5 + 6.00 +)5.00) • Tk. 36.50 is ."ved.,
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6.1 GENERA!.

'T"" low coat b.nsbtarieod radio recuvel" circuits hllVIIbllllfld•• .ign.d and

••••• htlld. on. of th"" ill TA'"(Tuned RlIdloF"1"Ilq\I1IMCyJenclthe othu on. it! aupuhetzodN"e

rec.l vu. In TRf'the lnCOWltngIignll1 is tuned to tlla enten". end the redia frequ.ncy

mmplifi~ ~lt'ille the .igna1 input voltaoe from the entanna end iMpr••••• it upon th.

input to.the d.tector through. tuning circuit of th. incoming slgn.l fr.qu.ncy.

~ .uperhatrodyne receiver the incominu atgnal ie miklldwith. locally gene-

rated dgnal to p:r:llduCIlan inteZllllldi.te frequency which is thlll'l IIIIpUfbd and

d8ft0dul"ted.

6.211JNngBAOI0 fREQUENCY RECeIVeD
In " IlU:rVllYconducted .recently 1t wello;'•• rv"d th ••t the peo(lle 1n cities lire

lIlOlltlyintereatad in 3-9"nd radio.. end the plIOpl. in vUlage. "ra lIIOatinterosted

1n I-Bend ",ediln waVIIredias. perUcuhi:ly in lbtening to Dacce.nd Calcutta etet1on ••

But the prClumt price of' l.{l_ tran.f.etor1aad radiO 18 about Tk.400/- only which ia

ttxh:lrbitltntly high end b.;yondthe reech of the COt!lI\'IOnpllOpl.. In order to ful fU the

_end of •• xiMlftnUlllberof people whoUVll in vUlage., • Til'".rec.iver circuit using

!!l trenld..tortl end 1 fUtu c1r:c\tit hes been dIlllignedand Ilalllllllbled(Cheptllr 11). In

Chopter IV it has be.n ehewnthat if the set ie .ea.-bled with the COftPonenta~ort.d

directly, the eost per eet reduce. to Tk. 172/- • Thus a reduction of 5nt; is achieved •

'Toreduce tha cost tIOftlllClf the CCllpOnentllere dDllillnlldand con.trueted. It hes bsen

eh:>wn\hilt the prica par !tadiOSIt \tiling lluch .111f 1lI~.Cbmponenteeen be bra hi: down

by about lDV. tb",.ver. U' en industry 18 eat up to lllBllufactur. all the rae!

n8l'lte. the en.t pill' •• t 11111)1 further be reduced b~ .nother l~ •

6. 3 Sl!fKP't:E~:'quirell an .mal lind in the presence oflocll1 at1'On9donal w.ek

aignela c.nnot ba tuned. In lluperhetrodyn. thae. difticul tiea 1Il11){ be overcome. In order

i* reduce th" collt II lIuperhet1'OdN"arllCltlver using 5 trensiator., 2 If' coil. and II drivl!r

tr_fo~.r he. been dIlaignlldllnd "lisllIllblad.The 00. of other ndio eO\llf:lonentlleuch lIlS

re.isters cap.citeril haa been reduead to llIinimum.To nduc. tho to.t so",a of the col!lpCl-

nente alleh ell llTltennscoil. oac1lhtinll call, If' tren.fo"lIo and driver tren.foElller are

dea111nedand constructed. It hao been shownthat the pries per redio .et using lIuch

.elf .ada compon...,t.can be brought c:bwnbl{ebout 20" • If the I:OtI1pon"nta.uch ae feui teo.
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resistors, capacitors end tranai.tors are menuf.ctursd through an electronic
indu.try the prica per eet can b. reduced by about 3~ •

6.4 ELECTRONIC COMPONENT PLAN!
A feasibility .tudy of en electronic component plant hes been mede. From the

COlt 8nslyei. it i. shown thet an initiel inveatment of Ik. 3.00 erer •• is requirBd.
The pric. of the locelly mede component!! will be one third of the price of foreign
components available in the lace! metket. As electronic component. ere in greet d8Mend
in foreign markets elso, the Illenufectureringplant ,"uet produce export orientad
COMponent. with slight modification. The cost of plant will incree •• e bit but export
eerning. wUl b. larglllend et the 1I1!11Rlil tim. 1t wUl "ve our valuable foreign currency.
l"inally, it IIlIlY be concluded th t lIenufacturing of electronic components in Bllngledesh
will be highly profiteb1e.
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LtST Of' THE INSTR1.lMENT5 USED fOR RESEARCH PURPOSE
IN TilE 8.U.E. T. El..ECTflONICS I.Atl!lRAlOflY.

1. AudioOscillator

2. AMII'Mt~du1etion Keter

1l.Audio $lgnel Generator

4."""Ufbr
S.AJnplitier
6.Amplitier end null detector G.R.C.
". AudiQfraq. ",iera 1101 t1lIp.ier

a.Amplifier
9.Audio Oscillator
lO.Bridge oseil1etor

1l.S.ndpsse filter
12.C.thode ray oBcU1ogrllP"

13.Cllthade l'liY oeeU101ll'Bph

14.Cerrier snd 1'I01l4"tion leval

lS.Curr~t mae.urinll unit
16. ~uble pulso generator

17. Olm.dll attenuataI.'

lll. D:latortien "ne1ystl:l'

19. '!)ynogr;"" emplifier recorder

20. Ehetl'Onlc atl'DbotlCClpa

2'. Electronic _!'laloll' computer

22. F'nqueney .hift keyer.

23. frequency llletll1' 50 Meldin

24. GQr••npian
25. Impedance bridge
26. Lowfrequency oeeilletor

27. LowObtortion Oeeillator

28. l.afsysthe ealibreted M.lkar generator

29. Mege pulsll1'

30. "inidee

3'. Marlter generator
32. Merchant figure .aile

33. ~isturll IMter

34.Netwozk IlnalYlIllr

Hod81 200C

T~e C542

Mallei (f1:l) 20S MI.

Hodel (hp) lIIilixA'W:ll ••50•••

G.R.C. TWe 650- P1

Type 123'-13 51.00.684

Type 114651. no. 244'

Hodel WS
Typll 013" 51. no. 72!

TweNo. 1330 "

Typll no. S3D " $1 Hi. 619

Type 274,\ 51. no. 3lJ9li

Type 303 £11. No. 722

Sl. No. 6940 P

Ma a3S S

Sl no. 521601079
Modal no. 330 a
Model no. 330 a
Type 542

Twe 1531
Heathkit.

liltathk1t

HIE

type No. 1301- "

$310
STS"
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35.0scUloscope Cenco

36. Output power meter

37. Oscilloscope

39. Oscilloscope G.E.C.~

39. Oscilloscope Heat kit

40. Oscillator .

41. DporJ'1ik.Oekadowytype

42. Pulss .generetor

43. Power.emplifier

44.Power stet,

45.Pulse an.~yser.

li6.Power supply G.E.C.
li7.Power supply Harrison.

4B.Powereupply model (hp)..

49.Ragulator L.V. power supply

50.Regulated power supply

5l.Regulatadpower supply

52.Redio frequency head

53. 5llrvoseope..

54. Syncro ehten ancator.

55.Signal generator

56.Solerecope."

57.SweepGeneretor

5B.Squara~Wevegenerator

59.Teet Oscilletor.model (hp)

60. Time'measurement
,Counter.technometer

Catalaq.No. 7155B- 017

Type no. 5631.51 No4970

l<ni~ht

Type ST-2A

51.no. 1633669

Type1302 51 no. 349

Type No.B69A

1233 II

T~'Peno. 101 51 No. 154

model 4 ST lA 1

6226 B

710 II

Heethkit

Typa YPG-2

Lambda.

15 to l25Mc/5

CO1014.3

Type 51 4A

Model 210 A

650 A

MllS7

Type121B,B

Tf 131BNo.52055/076

12061.51 No. 176

P-S0666. Valve characteristics meter

61.Transmitter and Receiver output teat Slit T.f. 1065 A

62.Tube.teetar

63. Unit Oscillator

64. Universal bridge

65. Unit empU:fier .



He..t<i i
Tech madill n6S
T)'Ile 1600 A 51 No. 2t55

Hodel (I1J1 410B

Typll no. lOT Sl No. 5712

T)'IlI! no. IfSilT

61. VTVM
68. VTVM

69. I1T\IH

10. V1'IJM

71.Vari"blR inductor

12. V"riee auto tran.10mer

73.V.riabla £lectronic filter.
T4.Widerange oscilleto!'

75. Weve snell/ser

T6. Wi'l(e recorder
17. W!lVllfil ter

78. Wave fil tel'

71. Wide bend d!!!cedeempHfier

flO,. 100 watt t,rsllsmitter

81. 100 watt 1db ettenuator

62.. 50c tuned ckt

83. 4DO-I00 C tU\'1edckt.

84. S KV ionisation t~ater

92

Ilodltl (hp) 200 cpo

736A 51 1352

T No. 830 l.CIwp8BlI

T no. 830 R Ben<%ll!lIll.

TlIPli 500 A 51 No. 263

TlIPe no. 1231 PS4

TlIPlI no. 732

51. No. 966

.• ------_ •.-



I.tSTor THE IN$TRlIMDlTS USED rnR RESEARCH PURI'OSE
IN THE 9.U.£.r. MICROWAVE LAaDRATORY.

1. Adl\lj)ter

2.Adeptel:'

3, Adepter

4. Ad"Pter

5. AdJustabie attenutor

6.Acljustsblcl ••••• .tub

mcdellC 2!l1 A

model 11281 It

llIO del G 281 A

model S 281 II

T No. 1231 f'4 51 no. 531

20 em.

51 no. 128

7. Adjustable •••• etub

e. Adjustable stub

9. Adjustable stub

lO.Adapter twime~
U. Mjllstebl. shut
12. Adju••tsble ohorl
13. Adjllateble short

14. Jdjulltable short

15. 801_eter bridge type

16. Barrett"r lIIllunt

11. Etllometermount

874. 050 .SOCllll.
a7A 020 20ClIlI
1620 P1 20 em.

9S 300 200
t40t!el X 2920 It

lIlOdll1 5 920 II

model j 920 "

IMIde! G 920 It

No. 1631 ItQ

model S 4BS It

IllDdel lib. 476 A.

50

Type 874 4 a.

1000 Mc:/II & 2000 Mc:/Il

lB.FJlI1un

19. Co-aldll1 til iel'

185 Me/e. SOD/Mele
20. Coedll1 ttl BNC mal e - 50

21. CoeKtol to square loop
22. Ceblea terminta1a

23. Cable teXl'lin/lll tomer

24. Crybte1 detector model Ie 421 II

25. Con.tent impedance troubona line r no.B14
26. Con.tlant .imp ••dAnce edjuetable Un. 10 ClD 814 Ud.Ol.

21. Cerd punch tBH2!1

28.Cerriege llIOdal 8O!!BCable 5U

29. Dielectric ,emple h:l1del' 51 No. 1202

3tl. Oetector mount mod.l
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X 752t. G 752 A.

J 914 A.

model 120

377 11 51. no. 278

Modal no. 602 H3

31. OirectD.onal coupler Modal

32. O.C. micro ametter.
33. Dummy antenne Stendard 1000 P4
34. F'1enged penel connec:tlilln Aseembly.

3S. Frequency met ••1' X S32 "

36. It:>rn antenn" RSC91836 UG19L! lIP

:37.Kystron RI( 2 K 29. RK 2k 22

3B. L.R. liM with r:otet ••bl•• slav•• 674.

39. Moving losd modal X 9148. G 914 A.

40. Hultimeter.

41. Oscilloscope (hp)
42. PRO

43. PilO

44. PawlI!r meter micr:ow,wIt model 430 C 612A.

45. Power Supply model 715 A.

46. Phose shifter model no. 8AS A.

47. St ••ndard eignal generator qj:Je 1021 A.

48. S.H.F'. $!qnel 9an"1'llto1'IOOde1 630 A & modal 618 B.
/19. Slide t!lcrew tuner model )( 870 A. GB70 A

S 870 A j 870 A.

1602
Sl no. 278

" 254

• 4391

• 5U4

• B95

1209- 11

1208-A

1208- C
12lS-C
i2lB -6

57. Unit osc:ill eta I' T No.

so. Slotted Hne type lIT/I La",
51. standing ••eve indicator model no. 415 No. 415 B.

52. Slottad IIsction model • G 810B, j BIOa, H 810 B.

53. Trevel1ino wave indicator emp1ifie1' model (hp) 492 A.
54. Thlllrmistor mount model no. X 4879 100 & 477 a 200

5S. YHF'Signel generator 616 B.

56. Y.H.F'. Admitt"nce meter T No.
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sa. Unit It" M1pUi'hr type 110. 1216 11

59. Unit klystron oscillator Typeno. 1220-11,
Go. Unit power .supply T no. 1203-A

~~xVRi*"p'''''''''''''llllJlIIkf 1203- A l!lQ18
61. Unit Regu1"tllJ! po••••r gupply T No. lZll CQl.8

62. Voltmeter indieetor T No. 814- V,Sl. 1Icl. 169

,63. Variable attenuataI' lllodel X 315 II &. model X 302 A.

64. Varbr X_ 13 morlll1 no.

65. Veriable air cepacitor type 1602- 1'03 Sl 2939.

M. Voltagn divider

6T. Wave line, small size, medium siza and r~9size.
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T8£7.1 (App)

Characteristics 'Of CoPPSI'CondUctor SWG.

SoW.!>. DiaQ~ Arca of :Reii.tance turrent at
Conductor Conductor

I) 1GOO lie perat: lSCohllelYaN
tin) Sq. inch eq.ineh •

14 .090 .oom1 •0004776 5.03

16 .OM .1lO33t7 .0001463 3.22
19 .048 .001810 .07327 1.81

20 .0111; .001018 .02359 1.02

22 .028 .llIlO6158 .03899 .62'~8
24 .022 .l!lOO3BDl .06316 .255

2G ~018 .0002545 .09425 .112
28 .0148 .0ll0112O .13955 .l21 ,

,:

30 .0124 .fJlI01208 .llltl8 .092

32 .0108 .00ll0916 .262' .061

34 .0092 .0lXlIJ665 • .3612 .045

3fi .0076 .0000454 .5292 .0263
38 .0060 .0000283 ;8491

40 .0048 .QOOlil181 1.327 .e181

42 .0040 .CIOODlZ6 J..I111 .0126

44 .0032 .0000060 2.985 .ooao
46 .0024 .oooon45 5.301 .0045
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