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Thisthesis dealswith thethe dedes i c:r,, 
and con str u c +; on of atuned VHFv H F amplip 1,· ier.
The main requirementsar that
optimum trtrans ducer gaingainIV\M..t.A t k 
attemp ted wit bandwith oo 6 MHz.
T l,..u..., etic con I deraa tionssuch as stability,,

termin on o optimumterminations

ttN\.d mat i g networks wis will be bet(M: idere , 

Thedde ign will bel,e ar rie d out u u sing
FairD.AN' child 2 N 412 2 bi -po ar tran , tor

operating channel into a50 ohm
coaial ystem

We shalltry to ininclude enoenough

We shall qualitative of theorydiscussion so that awith a min reader witha minimum with only
an elementary buba c r. groundinelectctroni c

will be beable toto cf ply the coconcept to
e 't" f his oG-W"\, . 
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C ont aining aC.- A.AM stable activedevice mmay

b..( stableforcerta passive terminations. 

S te+ er n 2 hass developedo ped a moremeaningfulgful
r elati 11\1\. s ½ which teststhe sstability of any
activetwo port,  at a single frequency when
.\-cu minatedd byload c...v. d source admittance ces
Y s and Y l.l . The Stern ,,,.\-t,. bility fa c tor , K ,

is given by:
K = 2 (g11 +s) (g22 +GL) (2)

\ y12 y21\ +Re {i y12 y21}
The circuit is then stable if if is greater
than one and is unstable_.vf- \ is less thilA1 

OY\t. . 

Ghau u ssi 3 s uggests that K sho uld be
b eetw 2 and 10l o in pra c tical circu cuitt

2. Ar \.-t.,.,., P.Ster n, Stability andand P .....,.,.._... 
of TunedTr ran i s tor A-VV\ li ier s, Proc. I {< E ,

-
ain

E 45,, ??· 33 5 -3 43, March 1957 . 

3 M.S. Ghau i, Principlesand De ignof
Linear ctiveCircuits , NewYor k, Mc Graw - Hi ll,

3



At t Wh hhigh frequenciesciesMN'\ clt-r' quenciessidera tion
transmiss io linesmustkt_ used for circuit

interconnection and these lilinesmust be matched
so a high sstanding wave ratioratios are • 
avoided . The faact thatonly powerflow, and

no+ voltl-k ge,) on a tr Gt-¾ smis !, , on line isis

meaningful and that high p power gaingain is

desirablein a ct,,;\ R. F.amplifiemissionto re ce the ee c 
0 mixer noise, leads u to the coconclu iion
that theamplifiermu the matched for maximum 
power gain

If we consider an active two port 
ation as shown in figg.1, th 

equenciesa which+£k amplifier isis operate
e ficientlyY, an Y 2 must ma \12u. line
a dmittt\- ances.

Al so siincewe intendto M. se t circuit 
t t)o the ininputt and out utt , thema tchin ;1, 

networ S must provide active component

cancella -1-R.e c..-r ropriate resonantrequency.

This, combined withtheas umptiotion that we

are matching forfor maximumower gaingain o 

p ,gives usus the nel\'\.t ssaryy ationon t:
*

Y22= You t
" 



e lu ivalen t trans miss ion 

line admittan c e . 

n o /e : th th e t r a,,nj m 1 s ion lin e i mpedances wi ll be
resistive for most frequenciees



Stated in another way we canconsid

the trtr anss mi ss i flV\., lvu s to bethe rere si stive load s

of two matching networks whose input
admittancesare equal to the cconjuga tes

of the ininput and output admi ttances o f
the active two port.

This c s con jug a te matchin g techniq 

allowsus to use the conconcept o.f? transducer 

power g gain 4 in oour design consider tions

W e shouul d noo -\sr heree thatunder conditi condi. i ons

of maximum thevoltage gain in d db. is
the ssameas in db if the iinpuut a and 

o utpu t a d mi ttances ar e e qual. €



For a given two two poport terminated withload 
and source admittances,  as shown in fig. 2 , 

the fo_{: llo win g formulae """'d be der ..w d ·, 

Yin = - y12 y21

y22 2 + YLL 

Yout = y222 - y12+ y2 1

y11 + Ys

fig. 2

Tla_ dpendand c.tAll ce of Y in and Yo ut .u.p on

the Lo r.t.C( and s o urce admittanctt an e s i s du e

to the in internal feed back o f t the bibipolar 

tr an iss-\u-r, 

To in v-c ke con juga ate matching at the
v\f\: ut we must chose Ys = Yin*. However



lA>e do not kn ow Y YL ClN\ d thus Ys Yiinisn o t
available.ble. Unfortunately a similar s ituation

eiu s ts a t \-l-vi o u tpu t. .
There aare 1w-o techniques available toto 

overcome this pproblem. Thefirst, amethod of

itera tion,is quite lengtlengthy aand il>!Mj messy.
The stastarting point is to as .UMo\tL that the
output is conjugately matched to some 

o.-r bitr evv-isval lMa.. . S ome im plli fica tion m ay
be ma i this value is a is a ssumedto be

pproximatelyequal Y 22*since then
the iti eration will convconverge aat sterrate. 
With this aas umedvalue ofof L we cacan

C  alcuo.J.o.Xi.. Yi in a and picpic y s = Yin*. . <5 incece

ncewe hahave a va value ofof s we cacan 

re calculaate Yo Yout o.-v"1 m atch i't> its C ovt juga te ' 

If this meme thod is continuedthroughfour
or • cycles t+&.t. values obtao btainedwill
quite dosdo tothe ooptimum.

Thesecond metmethod,although much 
mor e 4 gant, is much s im pl tM-- • Kuh andd

Roh rer have derived the eequations .J-o 
solve for+Q.o optimum t terminations given
the yy parameters o0 f the &w-t ce().-1,\ the. 

act that the mmatching i is desired k maximize GT. 



Wit thr er ence to to g 2 - fk neces ar y
re l on s lut ar e_. :

) 

where: . 

y12y21 = M+JN= Le (10)

I n soome cases howeverever these sevalues

0 o ptimum termina tions will notnot y ield a

"':) a..L-tz circuit . Her e a 1 ain we ha.lvw.L 
ternatives.They arear e : 1) neutralizat tion 

2) mis match de sign.

Neu t alizatioati on G(JV\ is ts o usingg a 
eedback ath to make the cii unilatertera.
Howeversince reactiveelements are ne areneeded

/&. ralization is good ffo onlya single
q cy. As a consequence, I mis match



j 
10 

I 

6

M.S. Ghaus i, Principles and esign of Linear

£is ctive CiCircuits,, N£A-V York , McGraw Hill,i ll J 

pp 4 67 - 471\ 
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Han bo o k , 3 r d . E . , N ew Yor k, M c - aw HH i ll . 

7 F. E.Terman , Radio Engineers Handboo ,, I st
Ed ., 

New Yw , Mc G aw HHill.
7 F. avis,s , M a tchingg N ._, twor k De i gns w I th
Comput So luti on , -rJ\ o +-av o ll a appli atitiion

no te A N - 2 67 .



Channel 2 ha s a freequency spectrum 

of 6 MHz bandwidth centred at 57 MHz
8 

and therefore all calculations Ct7v/ cerning
stability and matching will be carried out 

using the centre frequency.
F; rM /-Ii e tr an si s /en- speci i ca ti on

s heetwe ha havethefo llowing y a ameters
+:,.r a common -wV\A.-t\-t,t- conf gura tion w hen
bi a sed at 5 vo lts and I O ma . :

. 
y11= 122 +j 14 þÿ�m!'� 

y12 = -0.1 - j0.9 þÿ�m!'

y21= 75- j150 þÿ�m!'

y22= 0.6 +j 1.5 þÿ�m!'

Using these values LinLinville's stability 

et. ctor is cal culate at d to b e 9 o .9 7,, an d sin ce 

this isis quite close to thecritical value thethe
circuit stabilityis in question.

From formulae ae (6) t to (1 o) the vvalues
o theoptimum termin ations are: 
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w e sho tJ. d n 0 te tha t almost s +- identicti c -

values areare o btained ftter 6 cycleso f

the it i ter a on me thod..

Nowthat we have the nnumericalical 
values of thof the te terminations the circircuit 

stabilitymust he tested usingStern' :'.) 
crit .a.-v \.O'\. • Stern'ss sta bbili 't, c tor --c:...,... n
outt to beI 2 O • 6 . T 1M gives usus p plenty0 

stability margin t:>--vJd assurestha t the
amplifier will be stable inthe regionof 

./k passband ,aJn:, where /k amplifier
is ectivelymismatched . 

Since the cucircuit is is stable withthe

optimumtermination we may design . 

to obtain the optimumtransducer gain
whichis 21.6 db.

11,12
see appendix D . 

14



b) M a tching Nett w or ks

To satis } .t-fv requencyrequirements 
a CA.¥ cui t o about .5 is necessary · 
However, sisince .....v-e.. are tuning bo
the iin put atand thethe ooutput we hahave -b, 
acco A4N\. _.(;v the in in teraction of the twtwo
tuningcircuits. . E mentaconsider tions 

13 I n 
o C a s cade d tuned stast ges sshows tha t +-tAQ. 

individual Q must be duced bya c tor
o 1.56 to obtainthe nenecessary overall 
Thisnecessitates that eacthateach tuned circuit

has ao approximate 6.1. .

Due to the lolow required , simple

netw wworks where te theis adily
cal culated are not i able. As aa rresultt 

we have utiliutilized the following n,W"d'V 

•• Alleyand .w. twood ,El ctronic Eng • 

New Yor , JohnWiley CAM.d. sons , p 341 . 

J 

14 F. avis , Matching N twork ign with
om puter, So ti , o toro applica tion

note A -267
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50SL

(t-line)
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I _ _  

-GJ. 4

Xc1 = QR1 

Xc2 = RL j R1
RL-R1
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IV Implemen tati on 

Now we m must I mple ment the matching 
network ks in to an a m P liify inn g ci rcui t .
It is necessary to meet fhe 

biasing 

conditditions specified by the y"parameters 
ie. VCE= - 5.0 volts and IC = 10 m a . 

We cchose Vcc =  10. 6 volts and 

RE = I K þÿ�©inn order to achieve IC=10 m o 
( refer to fig. # ) . To obtai n VCE =  -5.00 volts,

I/S2., chose to supply Vet = -4-.4 volts thru
the feedthroughcapacitor and then -l-hn1 an
1?FC whose im ped a nce i is far grea ter th an 
that of the output h-eiiu:Y(fo?. which , s i n 
parall lel with it.

Using the basic equation wo² _I ,
we calccu I ated the conju ugate of ee<:.h LC 

reactivelJ€- .e./erne,vi t when rres o na ti ng at
the cen terfrequency1-hev> WfL- used thethe
Q-meter to find +h/b desired elementvalues,
using triatrial and error until we achieve
reson n c wi th the calculated conj ug ate. .. 

All ind uctors u.>ev.e- hand-wound
andadjusted until thedesired value of
inducta nce was obtai ned . For the 590 nHnH 
inductor 1 space limitations caused us

--le:> v-..se- a very fine insulated wire
wound on a resisti ve carbon core f support.



Plasstic cement w painted ver the
coil ls o that the ori gin b. I w i n di ng
con f ig ura ti o n a ndfW the d es i red
measuredured va a ( ue f induuctance w uld n t
chang e .

An ideal RFCshould havehave a  a low QQ 
and aa very high h imped nnce compared toto the
output which it is in parallel with · Then
W-L would havehave nono change in the resonant

frequency whenconnecting it into the ircuit

•• annd al k wo uld isolat te he p ower suppl y 
from c,c siignaa I .

The impedaance of the choke was

kvtMe far grve..&f:vv- than thefhe im pedance

of the ou tput matchiinng n etwork uh; ch i t
looks into . Thus :



The RFC ch osen fo r the amplifier plifier 
hadthe desired low a tlM-c/ an inductance 

measured 'h:) 6e_ 0. 40 µH .
A note mustbe made on tthe 

c,n-ha/ positioning of fhe inductor 
leads,s, , especiallyf y for the a i r - ccore

types. When measuriuring their values

with the Q-meter aany ffracti nal
v riation f lead l ength during the
reading can effect the inductance 
value by t;. WIA..LGh a fifty percent 
This suggests the possibility of
siggnniffi can t error in these elem entt 
values unles extreme care 1 taken 
topla ace each. inductor in th exact 
Uiil cen-1-i gu a tioonn in wh h t t was 

measured. 

lso, / t 1 s necessaryry to use 
6 mi ni m a I amoun t of soldder in
each con nectioon in order to avoid the
in troduct on of spurio us capaci tancece 
into the circuit.

Transistorplacement n e cessitated
th tensi n o ne f th leads. 

ing the base lead As avoided in
o der tominim i z purious sig nal 
injection at the input -
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To e>J I u a-t the g i n nd band width f
the am pl i fi ie

1 
swe p ge n r t>. r nd si <j n c5-. / 

geera tor - osci I I is coppe test i n g ci ,,,. c u i ts were 

used f to fig. 7 ) .

The Tel ic M deI No., HD- 7 weep
g ne ra tor has sweep ra ng froom

I oo K Hz - I 00 M H Z and its circui 1 try
permits precision andstabi lity of the
gen e rated s , :I, n al whI,.,,, ch 1,U-e., fou nd to be 
far uperiorto that of fhe M rconi ignal

generator. For this YfLl\ son (,(.)e. chose to
tuune the amplifier +er, center Ire.er uency, J 

b nd wid th nd gaain req ui remen ts usinng

the sweepge rator display. 
Tuning was M'\ iterative procedure

where we strove to .ti t achieve fhe
maximum gain at the center frequency f
57 MH Z nd then meet the band paoS-S 

requiruir remen ts of a cha 6. n nel 2 amp li fier,
ie. a 6 MH 7:: ban dwidth about th

cen ter frfr quuency. . An it tive tech n i q u
was n eded because of f/ie,, interd pende n

between input and output impedances dw2- to 
feedback. Thus tuning w done simulta n

-eouslyby adjusting first th utput





Mea uring the power supply u tput,
the y e re set at 10.5 an d , 4.5 volts

D-J d c d . i n w a s 10 , a .

Thus we have met thea

conditions f CE = v lts nd c = 10 t/Jlt2\ 

and arss ed tha t th ,, y 11 
p r m s

val uees us d in th , frtA tch ingn etw r sdesign

are g n by th transis /1-'L&J u fa tu r's's
r' i fi atio n s..



FREQUENCY RESPONSE OF VHF AM 'l=LI FIER
CHANNEL 2

fig. .#6



OSCI LLISC OPE 
POWER SUPPLIES

WEEP

5WEEP GENERATOR

ENE

EWE ATOR TEST CIRCUIT

- VISUAL TUNING
- MEAS U RE ANDWIDTH

OS CILLLISCOPE POWER SU PPLIES

RF AMPLIFIER  

StGNAL GENER T OR TEST CI RCUIT 

-MEAS URE AIN 

fig.#7ig.• 



center frequency = 7 MHz

bandw idth = 5 .75 MHz

gain = 2 I .3 db 

input imped ance = 50þÿ�©

output impedance = þÿ�5�0� �©� 

+ 10.5 volts 
- 4.5 volts 
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T he +½'.::-e-- C,.v'vww\ only u se d form '!lo o pow er

O a in n e :

1.) tr sducer power ggain T) 
cle, ined as: the ratio o average power

deliveredto the lolo to the ma i ilable

average<y power at the s source. 

2.) power gain(Gp) 
defined s : the ratio o the avaverage

ower delidelivered toto the load the average

power enteentering the ininput poort.

3) availablepower gaiCMM. G A)
defined5: the ratio of the maximum 

available pow power aat theoutput portto the
max V'V\A)..AM\J i ble p ower atat the soso oJ.;.4 

It can beshown ththat GT is function
th ttheload and source termin ons
while Gp aGp and Gf\ are 4 unctions o

-I-Rt loa d an sourc +....r W\,W\, a tions r es pectively .
D ue to .\-Cl.t. mor e r s tr ic AH\ i tion

17
5 e am le: E . S. u an . . Roohrer,

T Linear ,San FraFran sco,

en-D- ay n • , t . 2 36 - 39



( 

placed upon GT this foform o .(: power 
gaain is \-R.v.. most meaning"--< andd is

usSot d mo st o ften. . 

W e s hou,.,J.o.. addd tha t w k..wt bo f-tt the
input and \-lt. output are conjujug ately
matched the th threeforms of powergain 
are numericallyequal.That is :

GT = GA = G p

²

GT= 4 ly21l²Re Yl RE Ys
\ ² Y21l² 

30



Here we shshall  utilize tthe fafact i.aia+ 
when bothbo th tthe ininput and outputare

conjugately matched all threeforms of
power gagain are .e. equ al • 

Since Gp is a func .hM_ 0 fYYL L U),-(l. 

can maximize Gp Gp withrespect to YL
1<J. setting Gp function with equal to '7yM'. 

2YL

This then gives us ustheoptimum YL.

Similarly'-1 - ce G A is a f un c tion of
Ys we can solve for theoptimumYs.
Then since bo ththe ininput and output

aA e conjugjugatelyma tched ewt& G A and (9.p 
are maximum ; GT iAA alsomaximum



Frequency: (MHZ) 
54-60

60 - b 6

66 - 2

76 - 82

82- 88
1 4- \ 80 

1 80 -186

L 86- \ 9 2

l 92-19 8

I 98-204

2 04- I 0

2 10 -';2 1 (-



-

BL= 
L

C = \ Y12 Y21 I 

2g11g22-P<- [ y12y21]

= _, 4 2. 5 -j 52. 5 \ 

2 (122) 0· 6) + \ 422.• 5 

-- .97

. 
) 



= 100 .15 =-- .15 =24 • 

BS = - 52.5 _ 1 '\,- = -51. þÿ�m!'� 

\. 2

I we aassume YL = y22

values :

þÿ�Y�L� �(�m!'�)� -
0.6 - j1.5 

1.3 - j 2.2

I. 61 - j 2 . 76 

1.69 - j 3.14

1.69 - j 3. 36
1.68 - j 3. 5

l .67 -j 3 .58

I 30. i - j 5 7 .7

6 9.1l - l 62. 6

5 0 .3 -j 59. 6

42.3 -j 58.6 
38.4 - j 58.3
35.9 - j 57..9

? 4.6-j 57 8

34
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= 2 44.2) (221)

9.5

GT = 4( 2. <g 1 X I o 4) ( \ . 6 1)(332.2)

/ ( 44.2 -j 43.7 7 ){ 2.21- 2. 2) + 142. 5 +j 52.5/

= 5.83 X10 6

I 14 4 -J 141.4 I 2 

5. 8 6 X10 6

4. 07 X1 0 4

2



þÿ�1�0�4�©
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