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This dissertation presents a study of the varector harmonic generator
type freguensy sultipliers and desaribss the design and developaent of
& Broadband harsoais generator opsrating ias iL-Band.

The primary objective of this exereise has hess to cbiain brosdband
fregusncy miltiplication consistent with a good overall perforasnce.

The £reguency sultiplier wvas actuslliy designed, fabricated and tested.
The schematia of this unid unnﬁhta of & sechanicslly tucahle UHF
transistor oscillator followsd by s single utsgu frequency guadrupler.
The outp.t FAlter vas of the intardtgital type vith s passband bandwidth
of 200 Mig oentred at s Lieuency of 3840 ﬂpl. The couplete desiga,
Labrication and testing of the output bandpass filter and Loput low pass
£ilter are desoriited in detall in this thesis.

A frequency sultiplier sonsisting of these units and & dicde -mounmt
tegother vith the matehing networks, ves Md snd its charscteristies
of operatica were studied. Ths finsl measuressnis en She Lrequency sulti-
plier indicate & 3 db bandwidth ef 135 NHg vith all otber spuricus and
barmonie {requencies down to a ainisum of & db.
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disde csn multiply to the hundredth oxder without idlers. These multipliers
are more offieient and have s high power handliag capability. In addition
te this, ths aultiplier cireuits are some-uhatl simpler then those using
oonventional varasters asd the cinuit tuning is also wvery simple.

12 4 yamssron propaV

A varastor diode is s semiconductor device that is used a» » varisble
reactance sircuit alemsnt. YThis wariable reactance is provided by the
junstion capeeitance, which waries as s funetion of the applied voltage. The
variation of capacitance with voltage is nonlinear in the cans of & varactor
diode and this noslinesrity ¢sn produce three substastially different effects.
One of thems is the switabiog or mcdulation of & micrvuave sigmal through
variation of rsactance by mesns of an externally applied Wiss., In a second
usage, the oonlinsarity causss the geosration of harmonis frequenciess of an
spplied sigasl. In the third case, two siorovave signsls of different
frequencies say be applied, resulting in parsmetrie emplificstion snd/or wp
conversion of one of thees signals.

The active ¢lement in s varsctor dlode eonsists of a seaiconductor waley
containing & junciicn, tsually forsed by diffusion. 2he equivalest oircuit
of the wfer is showmn in Lig, 1.1, Bare

G3 1s the Junction capsoitance, wiiich is o fuaction of the epplied
voltage,
Ry 1is the Juicticn resistaccs, vhish ia in shunt with Oy and shioh is
alse & funotiun of bias,
Ry is the seriea resistaacse, which is a fumstion of biass, includes the
resistance of the sesiconiustor en either aide of the Jwnotion
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through vhich the eondustion current passes snd the resistance
of the ohmic eleotrical contacts %o the wafer., But the variation
$n Ry with bias is genvrally negligible in morasl verastors,

Varactor diodes a1e orsally epsrated under reverss bias, wkere the junation
resistance, uhich is ordimarily 10 MS1  er sore is negligitde 1o CONpA~
rision vith the sisrowvave eapscitive reactsuce of the junstion, ,‘thmton;
the squivalent oircult of & reverse bissed valer at aicrovave fragusncies is
sinply & capacitance and resistance in series. The sguiweleat cirpuit of a
forward-biasel varsotor at microwave frequsacies 18 generally scre oomplioated,
since 1t must focdude the diffusion capasitance of the Lnjected carriers as

woll as the &flect Of thess csrriers on the MWMH of the sesiconductor
material.

When operating as s frequency sultiplier, the ismportant warsctor charscteristics
are; afficiency as & mitiplier, power handling oapability and, in soms sppli~
cations, ths linearity of power output with ohanges in input power, Yhe
sfficiency of s verestor is a function of the out-cff frequency of the devies
which fa tuen is dependent on the diode quality factor. The qml.!.%y‘ fantor

Qy st & specified bias V and frequency is given as

1

’ = AR SVt A
W CRLE ™ Q,v
' e¥
For high Q device, Ry should be extressly lows But there is a lov limit
on it's value which csnnot be further reduced for s particulsr revarss breei-
doun woltags.



The sut-eff fregusacy is defined as that frequensy at wbish quality facter
s unity. Aacordingly, the out-eff frequency at & spesifisd blas ¥ is

given as

3
37 Ry Gy

Loy =
The power handling capability of the varaster is given by

. Ynd
F b 4 = Q%L

vhere ¥y 4» the breakdown woltage of the jusction,

Por a large pover handlisg espability, it is desireble to mske V5 as large
as possitle; which in furn requires the resistivity of the aaterial near the
jusetion to be high, Zet a high resistivity lesds to & relatively high 3,
vhioh 1n turn lovers the Q feotor and efficlency of the diode, Therefors,
the varsotor diode design, noraally, is & esmproaisse betwesa high powesr
handliog sapakilisy and high affioiency.

1.3 OONVENTIONAL [SFLETION LATER VAMACTORS(Y)

In senwentional werxetors, the dislectris sspucitance variation is dwe te
warying width of depletion mlm:..' 4 schematio of a high fraguesey deplstion
laysr wersstor is shon in fige 1,3,

Tor Cervard veltsges, the alectrons of the mederately doped s-type reglen
extend sver a distanee A L and osoupy almost oll of the epitaxial leyer in
ordinary operatien. The capasity of the diode in this state is givea by

cm » T%.‘b.l& ssan (1.'1)
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and m bs giite largs before appresishls amcusts of charge peatrate the
resaining ‘barrier' snd introduce less.

For peek reverss wiltage, the sarriers are swpt cut of the entire a-type
region, whish for eptimus desiga usually eccurs sk reverse woltage Just
below avalanche breskéswn. Ners the sapacity of the jwetion can be writtes

O-m o u asenn ‘3%’)

Thus the depletion layer wrastor exhibits s espsoitance that varies with
the spplied voltege and ead thus bs ssploysd as & harmonis generstor, the
nathmstical preof for whioh is given in the naxt arificls 4,55, The main
disadvantage of sush types of hareoale gunerators is that, the output is
not proportional to the fnput.

The ceaventionsl varsstors comsonly used are of two types:

1, Abrups - junotioa diode
3, Gradedejunction diode,

Aadd JEE DAY - JINCTION DICKE

The abrupt or step junction has & comstant resistivity nssr the depletion
regien vhish seans that, the doping chunges abrwpily from so exeess of
sssapters L0 an exsess of donors ot the jJunction, This resistivity or
tapurity prefile leads 4o sn iaverse half-power dependence of the junetien
sapesitance en the woltage given by

Co
¢y = (1.9)
3 (""‘!‘)‘0‘ -3



whers Og is the sapacitance st sero bias determined by the impurity
and doping levels and the geometrical oonfiguratica and
the strustuze of the diode,

¢ 1s the contast peteatisl, which sppesrs serose the junotion
ia the abssnce of say applied blas.

v is the witage across the diode (reverss bas)

Both the deping and the reeitivity profiles are shown i £ige 1.3, It is
found that with the shrupt-junction diods exeept for the doubler, 4% is
fupessidle te generate barsonies without idlerw, the mathematieal proof of
vhioh is given im Chapter Il.

The graded-junction has an impurity concentraticn that decreases linearily
us the depletion region is spprosshed. This resistivity or impurity profile
leads to an ioverse third-power depeadence of the jumetion capssitance and
the woliage jim »y

g
c’ h k z;g:?jlla | anee (h‘)

The graded-junstion dlcdes have high power handling ospadbility sinoe resise
tivity peshs sear the dspletion region which gives high breskdown voltage.
This high breakdoun wltage contributes to & bigh powsr bandling cespakility,

Erskusrl®) and Sodefiner(®) have found shat the diode frequescy multipliers
enploying sinerity sarrier chavge sterage offect have s perforsance, whiok
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1s superier to that of the natmal wvarestor diodes, OCharge storage results
gfrom driving the varsstor into forward woltage region. Whem the dicds is
forward bissed, the charged carriers fros oue region are injested inte the
sthor te form minerity earriers. Thess miverity earviers are affactively
stored sharges sontributing te Junction capasitance. Ihis stered charge
is Temoved by reverss currest. during the reverse biss. Therseftar, the
feverse current falls sdruptly and this sudden esssation of reverss curreat
produsss oharge disvontinuity mum. for hapmonis genaratiom,

Step recovery diodes ars optimised for mexisum chaxge storage Mu Laruard
~ current econsistent with: (1) sentrolied releass of the stored charge (as
reverse current) and (2) fast transiticn from reverse-curreat conductios to
the noraal reverse-bias condition,

Although the oapuoitance of & step Fecovery dlode waries with reverse-bias,
the offect is sasll and relstively unimportsnt eompared to the difference in
charge storage betwsen forwerd and reverss polarities (forward charge storage
1a the step recovery dicde is typically 10% « 10° tines grester thes in the
revsree direction).

When the forward stored charge bhas besn sxhassted by raverss ourrent ang
sarrier resosbination, the revarse owrent falle abruptly snd the diode sssumes
1t's reverse-bias equival snt cireuit of a miﬁw' in series vith a variable
oapasitance. The reverse surramt thes begins to charge the reverse-bias
sapasitance of the dicde. Thersafter, the diode perforas as » passive sireuit
slemeny until the next reversal of the woltage sorves the dicde, When a large
simupeidal woltage signal 'u applied to suek a diode, bissed asar serv, the
sursent in the disde fcllewe & wavefora showm i fig, 2.4,
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WiAM a8 eptinue design of the impurity profile, the trassiticn tise may

5 made very ssall (doun t0 & Cov pieossconds) the transition peried, whied
ey be viewed as a Wrm svitahing treagient, permits an approash
te freq Lemcy multiplieation that i3 substantially diffepent in ecnospt
from the usual Varasior eperatios, |

The sharge storsge varasters have spesially graded Junotions. The resistivity
profile of thess special graded Juicticus adds the step reascvery propersty
mo'm slestris fields sst up by ihe stesp Peslotivity .mzm are a
short distancs, about 0,3 wil, awsy Lrom dhe csnber of the depletion reglion.
This kesps the minority earriers dless to tbe depletion layer rather then
pemitiing thes to wander to randca dopths in the opposite regions. Thus, vhen
the veltage is reversed, they rsturn to their point of origin,

A more important figure of merit for step recovery diodes is the ratic of
ainority earrier 1ife time to the Sransition tise. This figure of merit should
be wery high for effielent operation, Sinoe if minority Mior 1ife time is
long somparsd te an r.f psriod; then lnjected oarriers whish m stored wdier
forwerd Mas are fully recoversd by reverse current without any carrier
reconbination.

The step recowery preperty also results in a device vith sore linear pover
Mmmmu beaause the percentage of hasmonio-gurrent generstios is oot
‘» fusetion of the signal level. It is & funstion only of the wavefors and
the abruptaess of the decline of the reverse surrent. And £ self-blasing

is eaploysd, as it should be for linearity, the sheps of the current wave
rumalns eonstant over a ecusiderable power input range. JFurther, the eircuite
debuning effects wbish vosur with changes in the bias level are sinisised
because of the relative ingensitivity of the espacitanse to voltage oharges.



Both charge storsge amd step recovary add to the powsr haudling sapabi-
11ty of the varastors. Sincs eharge is storad during forvand veltage snd
set Fessabined, here Abe veltage swing 1s met 1iaited 1o be between saro
volts and hreskdows weltage: Considerahle forward voltage ead therelore,
soasidoraile extra pswar bwesuse of the large currsats inwlved, can be

tolerated vitheut dissipeting excees power ia the varactor, In addition,
Ae ebtain step recovely astion, the resistivity Sust pesk neay the depletion
region. Timas, the breskdvwn voltage is high bLecauss of itas depemiense on
ths resistivity and this kigh breskdevn woltage eontributes to a high power,
bandling oapebility, |

Harmonios ars generated what & sinuscidal source drives a monlinear iape-
denss, L.0. an Lnpedance wiwes resistence, oapasitance o Mncmu varies
with the surrent or woltage as a mcalinesr fweoticn. The soolinesr resis
tasce of & semicondustor dlode has been usel extsusively to generate mills-
aster vave frequensiss, Nowever, fu-‘*') bas shows that thw «ffiviensy of
a soalintar-resistance harmonis generator san aot be greater than i, ,uhyu

8 is the erder of the harmonis , dus to losses inhersnt in the resistance.
On the ether hand slmple ensrgy sonsiderations, supperted by the relations

13

orm.gtnm(", show that all of the pover introduoed at o single funde~

ssntal frequensy 1ato & lossless aonlisser resstance must be wenverted into
power at harmonis frequensies of the driving frequensy. Ideally such a
diods ean met sonvert aay of the insident power ints de power, ner does it
dissipats any M. Sush generators have )nou prasticable Besause of the
aveilability of high quality warasters and step recovary diodess



151 BANGNIS GENERATION DSTNG coNVENTIONAL Vamcroastd)

The varaster junctios sapacitazce (Gj) wariss in sscordance wish the
yelation

c, - %o Y
¢-7)
where Y i3 a senstant (semlinesrity parsmster) detepsioed by
the impurity gredieat. |
= 1/3 fer n‘buﬂjmtm diodes
= 3/8 for graded Junotion diodes.
= 0 for atep recomry dlodes
and v . is the applied wltege.

A ypieal plat of the junctics sapacitence wersus biss wltsge is shown
An fige 1.8 (w), The a6 elastance (inoremsntal elastanse) S(v) =

L' - ;}-;v o
o(v) 9
. Y (
8 §ov
sna—— - (md - v') Jor v s ‘ eBsiun® (h’)
3
————— * for vy > ‘ sennne (1.4
Spax ' '

vheze YV is the reverse breskdown vaitsge
and g is the stored charxge.

14
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Equation (1.5) 4s o good sppraxisstiion for back biased diodes only,
The agrement is porrer for positive values of bias vhers the

diffusion eapasitancs ig signifiocant.

Bquation (1.6) 4s s gocd spproximation for Lreguencies where minority
earrisr lifetins is long compared %0 ».f pericd,

By integrating 5 = -%% and using equation (1.5), we gt

f=y o H‘/FY for v< 6 & g oo (20)

Yy = ‘ fﬂf’ q > % PEYYT) ‘10.)

vhers g (positive) s the charge stoxed o8 v = §

and Qg (negative) is the charge stored st revarse breskdown ( v « V).

Sinee the sonventional varactors are norsally opsrated undar reverss biss,
by restricting to voltage operstion v L 6 ,

Lquation (1.7) cen be writien as

= » (-9 .
}:‘L’ <q‘ - corvens (1.9)
vhere a = -i&:? T {1.10)

If the sharge is eonsirained to be & eingle simuseid, then

q = Q‘ * QL siniot Yy (Lm

vhere G is the average walue of the stored eharge or biss charge.



Biaplifying squation.(1.9) for v, we havs

v = §-L=.2 (.u..,)'

LA R A

(o - "
"'-2!‘ - MQM cvsen
| ( “ - % ).

5’ » 2‘!— - wmﬁx eree
°% g (¥ - @*

vhyrs S5, 1is tle average wlue of a.c. slastancs.

Gonbining equations, (3.11), (3.13) and (1.14), we bave

vsa§- !giﬁ.:-& [ - Qﬁ} Suhbt]‘ veus

Expanding adeve squatioca ia & biosaial seriss, ve bhave

(3.18)

(1.13)

(1.14)

(2.18)

v a= ‘-g‘-(q-ﬂo) k‘-l («5‘:—0.) $3atiot v.l.%.'.}.). %’sﬁht

- aad)(m3) <—&—>  siaduoy } (210

a

Thus, 4t is seen f1om the sbove analysis that voltages at all haraonis

o & single gimugeid,

o frequencios appear st the output even though the charge is constrained to

17



1.52 HARMONIC GENERATION \SINg STEP REuovny plopesi(?)

The step recovery diode is s highly non-linear element in that the forward
stored charge results in & low device impedance, while the reverss stored
charge gives high impedance, Thus, dnﬂ.ng s normal drive cydle, the
impedance varies as a function of time, depending on the charge. The
conductivity miatiqii for this diode during reverse recovery spproxisates
'a step function., The transition from reverse storage conduction to cut
off can oocur in sbout a nanosecond, and it produces sssociated discon-
tinuities up to about an smpers and/or & bundredvolis. This step recovery
sction converts the suergy of each input oycle into a narrow, lerge
axplitude, woltage pulse that occurs once per imput oycle. Ao ideal impulse
(k.e, & pulss having infinite height, iafinitesimal width and unity area)
has a frequency spsctrum contsining ell frequencies.

The idsal step recovery diode charscteristic is shown ia fig. 1.6. Here,
because of the lntrinsic ceater region, the capacitance ss a function of
reverss voltage would be a constaut, and the diffusion capacitancs in the
forwerd diresticn is very large. 7ig. 1.7(a) and 1.7(b) sbow the equivalent
oirouits of s step recovery diude during condustion and depletion (“impulse®)

intervals.

The impulse generator cirouit (7ig.1.8) consists of a voltage gensrator,

& drive inductance, the SED (the time varying element), a bias battery,

and the load, There are two squivalent circuits of the impulse generator;
one for the time during which the diode is 50 its lov impedance state, and

18
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the other for the time vhen the diode s in its high impedance state.
Current and veltege waveforas of the impulse gensrater are shown ia
£ig, 1.9. The first frens shows the conduction iaterval; the sescad,
the depletioa interwal; and the third frase shows the sesond somplete
oycle,

1,533 CONDUCTION INTEHVAL

puring the cenductioninterval (Fig.i,%=-1st freme), the squivelent elrcuit
(Fig.1,8a) 1s an inductance, & battery, and the generstor whose voltage
"9 B Sin{ot * o ). The input ourrent through the inductance L is

ig(t) = I, = T?i‘;nmo\ - 008 (L + o )]- iﬁi-ﬂ”i 2e{1s19)

where {f is the contact potential of the dlode, This current consiste
of three tarms., 7The firet is an initisl vaiue, I , the seoond is s
sinusoidal mpuém of curreat, aad the third is a linear raup ters dus
to the bias battery, This current wavefors is shown in £ig.1.9. When the
two aress, above and below the 1 #0 axis, are equsl, it can be stated
that all the charge stored in the diode during forward currsat is regovered
fullys At the instant this is true, the squivalent odreuit will change
t0 ths depleted I-layer sguivaleat, as shoun in Fig.1.6 (b).

The veltage ssross the dicde durina the gondusting phase vill slsply be
the contast poteatial of ths dlode (about C.7 volts for siliccm diodes).
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It 19 found that by adjusting the bias veltage, ¥, the stored charge csa

" be returaed ¢ sero at the th‘whﬂmmv‘hu its maximua aegative
valus, 1.0., - 0. The witages aoress the alede and iatuctor are thes
both pero, This ia tura means thad at tde begianing of the depletion
interval, the instantanscus valus of the gu;m,m witage is egual and
eppesite 1o sign 0 the battery veltage, V. Therefore, the gensrator is
neglested during the “impulse” or depletion imterval, as shown in

£4g. 1.8 (0).

The output woltsge, s across Ry and the current I 1ia the inductor are
 found frvm linear ciremit analysis with constant parameters B , L and Oy,

o (t) = -p ('ﬁ,i..a“ S8 ( P8 aes  (138)
-
whele P’ - 1 - ‘?' . c.)‘

i - J’l
¢ = e e (dewsng faster )
The veltags, &, sppesring soross &; 1is s half sine pulss, the height of
whieh s liaited to the breskdown woltage of the diods, ani the width is
soatrolled Wy &y, , b and C3. Thepulss width ¢, , 1s

“, - w ‘ﬁs— - ‘l;. sRsen ‘ht’,



. 1 2 5 :
The eurrent & 4a the iaductor, L, during the depletion iatervel ie
detemined by htognnu the veltage that appesrs unn ih. I ‘
integration nulu in the follewiag expression for the industor um'nt <

~ -~

&u(‘) \

s{,m -1 -»( >[ml§t e o 2B L (lm)

This currmmt is mn ia the mu trm of Lig. 1.0.

1 BOTRUM OF IMPULSE

The spectcal sentent of the impulse can be r.olm'\: Fourier qny-h.l
Assuaing thed the impulse fermed is a perfest half sine pules of losded
height squal to By , the amlituds, Gp , Of the Yltage An frequecsy line,
B fin is fouad as follows . . | -

Refarring to Fig. 1.10 d
wp m =By StaPt for t =0 W b = H ... (L.2)
vo » § for t mtp s & = 3 een (1.3%)

The alternate fora of Fourisr seriss may be written as

" - Z 9;- .ant 'YX X3 : “h”)

M= -

The Fourier sosfflclent G, is & eosplex nusber defined as

Ca = ay «jby = m .‘&. Y {1.3¢)
,c.| - W is the desired u;xnui -pmgn oo (1.28)
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and
& = taa~d @';-‘;) represents phass eharasteristios .. (1.36)
now . %p
Gy = Ji-j‘ Ip 8in RO, .-njﬁ)““ sere (1.27)
t= 0
where T = dnput period = d/rin -
2 = hamonie of fin
B = Iap

tp = pulse width

hw“‘m (19“): we have

Cp |3 = .EE - A8 10 lE cosn
| L TN N
T

,%[,,..'LH - %’“[“"’C% "m@ﬁ]

S R
- 1\":‘.(12 :;) sos :;-(-;A-)



or (g
|Oa| = o oo g (I 45 the desired maplitude
— 1 - ‘ g- )a apectrun sanree ‘10“)
-
re co ] !.;‘-.-
me

A plok of \%ll (the Pourier saplitude soeffietents) 1s shows in fig.l.il.
[ ]

The Peurier integral, vhich is the sawelepe of the lines showm, has its
first sere at 35 fin, The "flatness® of the line spectrum between eny

tuo arbitrexy nnnAu deteranined by the pulse width. Narrower the pulss,

" the higher is the £irst “sere crossing”, In the liamit, 1f A% were pbysically
possible, sero pulss width wo.2d correspond to & flat ssplitude 1ine spectrum
to £ 3, | | |
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ok IMLIORICTION -

Misrowave solid state scurces assurs Righ reliability, eves wnder the
severs nuium emoountered 1n space aud missile prograas. Besause of
their rugged senstruction, low=pover sensusption, light weight and ssall
sise, vezester multipliers are ideally suited for this type ef Taguirenents.,
Typical pever sutputs of the erder of several watts in L band and peversd
hwndreis of aillivatts at meband are feasidle by wsiag present varsster

ond step recevery dlods multiplier techuology. For effisisst higher exier
frequency sultiplication with varactor ehains, several idler oircuits are
sesential. These idler circuits, howewer present soas diffisult prodbless
vhen eonsidering broadbsnd epplioations, If the idlers have a high Q, the
sffisiency would b good but the mmm is limited to one or two percent.
When the Q is lowered to facilitate a bresder bawdwidth, the efficisncy
drops becsuge of the idler lesses. Eowever, step recevery diodes being
rieh in high oxder harmonics, multiply to the Mmdredth order with officione
oles better than 1/a without idlers. The sesulting eireuit sisplisity Irom
snitting thess idiers lesds to as ease of and freedoa Lrom parsmetrie
ou&).htioiu and spurious frequensies.

R-51G I8 O Ty

Y

i

In varastor hurwonis gessrators, Wwo distinct medes of speration are pesaidle,

In oas eese oaly the fundamsntal and the desired Marscals frequency eurrents

30



are alleved to flov in the werastor, vhile ia the second case other

selested harmeais surrent also tlw. The latter are kaown as idling
surrents or sisply ‘idlers’, The efficisncies obtainable weiag idlers
are higher than the correspouding efficiencies vithoud idlers, this
inorease in effisiency being obtained at the axpense of inoreased eirculd
essmplexity.

The noalissar sapssitance-voltage law of the varastor is deseribed by an

equation of the type

Cp

ﬂ‘ ") - -

u--})“’

whate v 1is thw applied wltage

oS

and ¢ 1s the contast poteatial of the junction.

At yeverss breskdows veltage Vy

Clv) = Cyy

Letting Vo = f.¥ , wefind

“v) 2 O (7?';5( veesss

R = Jc(") dv

Y
- _g” Yo ~ ‘ ‘.')l‘Y. K
} G

{8.3)

(2.8)



32

ea v & ¥, the voltage across the Jusetisn is sers and therelore the

eharge is slwe sero, which gives k =0, o that

T asew

Y
Oy ¥, -
@O U

The sharge at the ravered breakdonn voltage, g 4s given by

h . - M sennd
‘I“Y) r )

nmmuq and letting

- s uénu
1.7
ghvon a
fmvn = v“ {fu e;"l' %3)] " eans

& Sakew valuis Srom 4.6 tw 3.0 qepsading en she doping,

2,28 RARAGH BAND YARACTOR MULTIPLINMS JITIOWE I0L388

(2.9)

(24

(2,8)

The eireuit $» be asadysed is shown 1o £ig. B.i. Filters ¥y snd Ty ave
sush that the eurrest st tiw fundsmentsl frequeansy 0 ean only flow in
she Logut cirewit, aad only that currest ab frequeasy KW oas flow In
the owdput cireuts, i3 sad Ly are twaing industansss Lor fundameatal

and suiput Lraquaneiss, respestively.



F; 1824 8ae s A S S |
L Ln
R Rs
i Ry
L A 1
- N

)Eﬁ Il 717¢ C¢v)

Fla. 24

CIRCUIT OF VARACTOR = HARMONIC

GENERATORS  WITHOUT 1DLERS



Let the ahargs on the varactor at the fundaseatal Irequendy, Q » bw
given S:‘

QG = qoess
80 that
Iy = 0o Siswt
| Sisilarly, for output oiremit,
= q %08 (Bt s &)

and Iy = 88 (Nw§ ¢ &)

vhere © 1s the initixl phass aigle betwses I, and Iy

For sexlsum charge swing, the alternating chargs composents awst swing
about O\ l 2 , thus

e s X0 g - g

henoe, from squation (3,8) ,

» %
Y« *3
Y- - / L= - -
¥ ‘o ( )

e fioh 2o Sutmes | Soes (8usee) etz
* %/ /3
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Sxpanding this expression as s Fourier gsriss, ve have

A

Vel = w® gt D (8, 00Ot +by B1AN0E)  eue (RT)
. 5 | ,
where a and b are givea by
n n
- i 3 | .2..‘. Rog »& t (0
-z ﬁxoai}.; oos O q,/;;“”' . )} cocfw (<)
al ‘ veee {28)
T
‘ ‘
b!'-%J{‘;o %ﬂmsws-%—ﬂwa(lwt'&{‘ Sianut 4 O b)
=

R T X))

© Writing the oironit sguations, we Lind

l‘un{wt sl ) = tl(is‘ok.)mnwt + 13 Ly oos Wt

'ﬂ vo
L 4 ————e '1 L ) W t * et .h (&)Q san (3.10)
R '
anvd
Yo Yo
w.’“l'wﬁ 4 wosam buﬁin‘&)t
2® o

- ]’(nbfn.)gh(lwt *0) » Q’Lulwun(lwt0&)

vesone (3.11)



2,83 CALCULATION OF EFFICIENCY

It will be assumed that maxisum effiscisnoy oocurs when both inmput and
onspus oireuits are resonant at the fundsmentsl snd harsonic frequencies,
respectively, Resonance in the input olreuit is delined (at s pu‘tienlu*
drive level) a8 the condition ia which the (nonlinear) input impedamce
is purely seal. Bquation (3.10) then gives

o & 0 A - — vﬂ % ‘ Svenss (3.13)

“ » 11 ‘a‘ "n‘) L4 1::3& seae ‘alﬂ)

For resonance in the output oircuit, the desirable sondition is that the
saxisum possible power should be developsd in the Joad resistance, for »
givea walus of the pesk woltage sppearing asrces the varastor. The pesk
voltage for a giveo valus of B¢ 1s a function of the phase angle of the
output charge, Simce the probles is epsentialiy nonlinsar, no dirsel method
xists for determining the optiaus phase condition in the output oircuit.
However, if & "linsarised® respnance oondition, as desorived belov 1s used,
ruuluvhuhmtwhyonlyuudlmmﬁtmitﬂtmopﬂumu
Lound,

The "1ineerised” rescoance condition conslots in assuming that ths inductance
in the output eircuit is chosen 1o resenats with sone “uffeotive® sapacie
tance, which ia & funoction of the drive lewel, at the output frequensy.

The voltage given by (ay cos Nw4 « by sin Bt) 4s composed of two parts,
one a funotion of % and one indepsndeat of qy - The portien Andepeadent

36



of oy By be regarded as a eenstant voltage gemerator as {ar as the

l“ barsenie is soneerned, and the yemalnder repressucts the voltage asross

» ayalisear impedanse, If the porticn independeat of ¢ is (Ky eon RO

*ly Sin ¥ W¢), thea "linearised” resenanse oocurs when tho at? narsente
surreat is in phase vith this witage. This arrangesent is showm for
the eutput eireult im fig. 8.3. |

Now

-
K’ - %.J/G. %;;.onw'?.cmﬂwt QB WE)  senee {2.14)
-1

T

Iy = .| 1+ 3 m&t}' sin NS d( W) seve (2,19
T @®/3

X\

_ »
since <L * .3&...) "is an even functicn of (Wt, 1y 18 sero.

Equation (3.10) for the sutpus circuit oan now be written as
!’g.x,mm.t » -Eﬁ-(q-&l)cnlwt
-.2-2- by SinRO ¢ w;.l.'liwm(lwtfe)
v 1y (8 R ) 5n (KW ¢ O )

Now, simee Ky 1is indepsadent of Iy , we require for rescoasce, that Iy

bave the same phass as -:-3-‘:00;! t, vidchgives O = 2 -}r- and

Silgawgy = 32-2!
g

37



+
Vo (KyCoS Noot + Iy Sin Neot)
om N 0o Nwl +iN

FIG. 2:2 EQUIVALENT OUTPUT CIRCUIT
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From equation (3.14), it 1» elear that Ky is negative, if N 13 even
and ky 4s positive whea ¥ 1is odd.

At rmmao,

Vo

2' avwnes Ky ¢08: RO » - -;-(u.-l')mlwt .

T sy(8; +8y) coa BOOL

If Ky is negative, the negative sign applies in the last term, sc that

= - TF/_:
and
vo b’
Ly
ot JOE
nov v
.- : ungmyb-mn seves l.“
3 ey (2.9)

Defining efficiency as

HZ - WWM

Available power from scurce

We have
3
Output power = “: &, » Lm‘xa RL

’3‘“&'“)’ 2

Availsble power from the source = l.‘/ Q‘ﬂ‘



40

So 3
" - 4 Bg By Vo© ay? . .
S ,, Vo b
2%B (Bp, + ) ® {11(53 +Rg) ¢ i.u.l}
Optﬁlqihg'efficiency with respect to Ry , gives
Vo by
= R + ——————— essssue (2017)
B-g 8 P 4

so that

A —————— SR S V‘Bl oo (20 18)
1

Ry
- =Rg

and F = i S— ‘( fundamantal trequency. Q fastor of the
Ry Cyu diode at the reverse breakdown voltage)
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Substituting these in sqn. (2.18) and using eqn. (2.4)

"] = i ! (2.19)

21 p (14 ﬁi)z (2"‘1 Pyn + Qp b1>

2,34 ABRUPT - J IOR

Substituting m =2 in the expression for v - Vg , We have

: Q4 W 2
1 1 coswt a Wy ¢ &
° ‘4‘2z ( ®/2 ®/2 >

or

v-Y8 1 « 3. 1...‘3_1_-}“‘*‘32’ Qy cos (N &t *9

) ‘ qq cosWt quvcoa (Net 4@1_ '
- 3 1 L - . * *
< - A ) v £ ..(2.20)

From Eqn. (2,20) it ia cbvious that in the case of an abript junction
diode there will be no output at frequencies other than the second harmonic.

2.5 NAREOW BAND VARACTOR MULTTPLIERS WITH 1oERst 1) » (15)

Fig. 2.3 shows the equivalent circuit of a harmonic generator with idlers.
The filters are such that the 1% £1ter allows ourrent only at the gth

harmonic to flov.
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Let the mean eharge on the diode be Qp &nd the A¥™  parmonte edargs

Qe = quees (A4 « &4

8s that

Ip = =fWgein(Aws ¢ &9 = I ein (198 ¢ &y

Bquation (3,5) then gives

veVy =¥ [:. L(Qﬂ . HUns Zﬁxmitww&;ﬁ'
o - 4 Sowinas - —

Fl e @ /3

cossen  (2e22)

where the susmation is taken over all hammonic currents which are ﬂlowod to
flow, including the output troqﬁmy. Expanding this sxpression as a

Fourier series, ve have

. R
Vel = {g—- 8 * Z (ug 008 B 0% ¢ h,suuwt)]"..,(&az)
8g and by are given by
8 | a
y = -3 . foemus ZW%’] com me% d{w)
m Qp/a &/2 Qu/3 .
=¥ |
srsane (30”)
and T . ]
. 5 Qg soswt T Y sos(ich ’&i’] 8in nLY 4( & ¢)
Y [%5’ /2 AZ Y

— | cosns (2.249)
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Writing the oirouit equations, ve fiad
| Bg8in (0% +&) @ 3y (g o Ry ) BInWE + Lol ses O

* !‘2'.1‘0‘0‘3@ * !%-.1 suw‘ TIYIITL ‘3.35)
4

:-g(qcuiwtomsuuwt)u qtab*a.)sm(nwg 08')

v 5Ly Bweos (W0t » Cy)

and at Adler fraquency

:-ﬁ-(qoo: 106 » bySladlws ) @ 4, & Sa(dwe + Oy)

* Lhlwoem(iue e+ By srevnen (2.385)

Resonating the input efrcuit Loy saxieus efficliesoy requires

| Yo %y
" \ Poy,
80 that
t‘ = il (Bﬂ *hy) ¢ 3‘";2"‘ sesus (2.27)

Introdueling the following normalisations
- o)

.
" iy



¥
R
Fp TpE
5
152

eb ¢k ¢f

Eqne (3.37) becomss

- - i
S‘ = Pl( 1+ B.) ”!"'"z:“' * bl “sEeme (&2')

S

Kow, for optimum power transfer, st a givea power level, from the gensrstor
to the varsstor, the generator resistance should be made equal to the (non-
1inear) input impedance at the perticular drive level, Thexefore, froa
equation (3.28)

Y by

Il" s 3 0" m | seves (2.3)

and aquation (3,28) becomss

— » » |
z' = -!.?-u- 1 (’. * % 1 YT ‘9.”)

% lrlyx
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uwsing the sermalisation givea above, equations (2.35) and (2,26) beeons

AL L LR T LU %‘.’!(Kpn sa oy + &y

v l’ x'co P" m " (A.)‘ » &J 'EXXIX2Y) ‘30”)
QG By
and
: (ﬁﬁliwﬁ‘*ﬁlsmiwﬁ)‘ i-:% 8tn (4 Ot » @“’.}
ey ¥ .
3
* L"* @ "‘ 1o ] (3‘-0‘ * G") YY) {2.32)
G i A
Rearranging eqn. (e.aa)' gives
'i - -;.!;‘;;." { llail 8“_ *+ by cO® 6‘1) sssen (2.39)

3

2
The powar in the lead is -’!;ﬁ. y and , defining the efficlenay as the
ratio of the power in the load to m avilable power from ths source
2
( %g/9ng)s we bave

. W'
/Tl g‘ﬁ/gn‘



But since it is assumed that the isput is matshmd

l‘ - Qill‘

1.9
= T
"n

i LY

1.
5,

From egn, (2,31) this hecomes

7 - (Ean) (gt onwtn)® 5

"a.l‘*'i&)z ;a

Substituting the matcbed valus for Ry from equation (3.29)

X _
n

| L
a:i) (;,su &,yblﬁné!)a ;l.

1\1 kPl(l*ﬁL}a ~<1,0 ‘&",;-"!’;’>
, n 1

X1y} (20”)

Expressions for efficlency given ia equations (2.19) and (2.35) can v
solved for special cases of abrupt and graded juoctions. ‘T) v Py and

ve £/£y plots for the cuses with sod without idlers are givea in
references (10) and (11), respectively. Froa the above given plots, it is
found that an abrupt junotion varactor with & seoond harmonie idler 1s most
officient for tripler or quadrupler. This is becsuse the essential doubling
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sotion is most efficient with am abrupt junction. An incresse in efficlency
frem 155 to 4% 1e obtained in the case of a graded junstion tripler, wsing
2nd harmoais idler, while an abrupt junction tripler with optimum load

and seeond hasmonic idler yields #75 efriciensy,

Moat warscter .nnnlpuot chaine are narrow band, Besonant oircuits of
14sited bandwidth sre used as input and output eirsults for individusl steges.
Although individual stages can be built with modsrete bandwidthe; Bovever,
when a nuaber of multipliers are cascaded, the resultant chaine bave usually
very mroimma.

Present werastor and SRD multiplier technology provides instantaneous bande
“idths of the ordsr of 305 to 30 with fully stable output power vith respect
to VSNR and tempsraturs variations. Large nuster of low nsise aultipliers
heve besn built with 5 to 10% banduidths, 60 to 80 db harsonis spuricms
njwt,i.on,/ and complete freedon Lrom spuricus escillation over 313 VS,

The ususl approsch to inorsase the tuning range is to replace the sisple
1sput and output tuned cirsuits of essh harmenic geasrator by mors complex
satehing networss, thus inoreasing their dodividusl bendvidths and hemce
bandwidth of the chalm, | | |

The bloek Mth of a bagic broadband harmcuic gensrator &8 shown ia
1ig.3.,4. The networks ¥y, Ny and N3 are liosar and passive, N; matohes
the diode to the seurce at the input frequency, and Nz, the losd to the
dlqdc at the output frequency, Ny snables any deaired ‘'idler frequenay!
curreats to flew through the diode, PFor sxample in sluplest tripler cireult;



INPUT‘
FROM

S ourRCE

A BROAT BAND

N,

AR ACTOR

49

D1ODE

v o=
s

Lo Qurput

TO
L[, OAD

tira. 2.4,

HARMONIC GEMNERATOR,




50

Ny, Ny eod Ny eash consist of & capacitor and on inductor, which
togethes with the diode are in series resonance at the input fﬂqumx;
the third barmonlc and the asscnd barmonie respestively. To maxinise the
conversion sfficiency, actual eirouits tend to be more somplex, rmm
there is an obdvious Ascessity of resistively matohing the cirouit to both
sourae and loed. Becondly, the flow of ingut and idler frequency currents
in the Joad and of the sutput and idler Crequency currents in the source,

sust b prevented,

It is geusrally eonsidered possible $0 construct chains of harmonio gene-

rators given flat output response ( 2 | 4b ) over a 105 frequensy rungs at

8 band and over 8% runge at L.bund by using selatively sispls eirsuits for

the networks N3 , B3 and Ny of each barscaic generstor. For schieving

wigder banduidths, the preper synthesis techalques, based on the analysis

of m-‘“) and l‘m,‘“’ are Aecessary. Such teshniguss have already been
appliied to the related matching prodbless encountered in parametris mwu»“‘)
and frequensy esaverters!i%), fer wbieh funtamental bandwidth limitstions
have bosn deteranined. These linitatioas ars determined in the same vay for

harmonic generators.

The banduidth of & a-tises sultiplier is lisited, fundsmentally, by the
requirement that no more than one harmonic should appear at the output simul-

Saneously, Referring to fig. 2.5, the limiting bandwidth 1s

At <€ 5:‘1'- . U vove (2436)

vhere, fol is the lower 11lmit of output frequescy.
£4L 1s the lower limit of input freguensy,
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Eguatien (3.36) ooneludes that tripler or higher under multipliers

would net be suitadle for wider bandwidths,  This arises becauss an
inerease in bandwidth results in metworks Ny , N3 end Ny, interfering
vith eash other, 7The caleulations show that, the doubler is limited to

a maximun bandvidth of 40%, tzipler to an spproxisstely 20% end quadrupler
%0 334 and so on. Thess, howsver sre the limitations imposed by the
oireuits used, vhersas of more fundemental isgortance are those imposed
by the diedes itseli, These are associated with it.ra.y resctances of the
diode encapsulation. -

Gﬁmtdcing the oage of & doubler 1a which networks N; and By need be
eonsidersd. The optm operating conditicus are deterained vwhen the input
and output reflections cosffiiclients (and thus nimtoh losses) take &
constant minimim value over the desired band of frequencies, with complote
rejection outside that band. '

Bo#e{1%) peg ghown thst in mstohing into an auplifier of input resistence
R shunted by a capacitence ¢, for a constant rotloatién coefficlent f over
& bandvidth b Hy/Ses., the minisun value that f oon take is given by

F = &xp ‘ - Tr/m’ evss., (3'37)

The Snput resistaccs Ry for the diode 1o a hamonls gesarstor olrquit cen
be eomputed. Ry 1is & funstion of both frequency and drive level, Rowever,
under cenditions of constant [ , the resultant variation 1s small, so that
t0 & first approxiuation Ry 4s covstast. Using this valus of By , the
dicde capacitance abt 1ts optimum biss woltage and the midband imput opersting
frequenoy of the barmonlc generator, it is possible to oalculate the quality
factor Qg of the input oircuit of harmonic generstor. Thus equation (2,36)



Boacones

F;u = L "" Tr/gal) “rse (3.3)

vhere > 4s the fractionsl bandwidth of the systea, The cutput reflection
costficient [ ,ux 0a0 be caleculated sisilarly, se that the variatien
with bandwidth of the total mismateh loases is known fn fig. 3.6.

The total lowses in s harwonig generator result L{rom ths series resistance

of the varastor diode, the matching element, and the input amd sutput
mismatehes. Sinos the formor losses have little variation over the frequency
band of ianterest, £14.2.6 can bs ussd to show the trade-off betwesn conversion
offiehaoy and bandwidth of s broadband haruonio generator,

The real probles in broad bsnding 1l0s in the eotusl synthesis of suitable
sireuits and in particulsr of preventing or taking lato sscount interaction
between the inp:t and output networks Wi and Nz . One method of avolding
this interaction is the separete odd and swen hagmonic gomponients of the
vaveforas by means of a balanced airowit (1), Alshough balanced doublers
and triplers of t.hii type bave beea used to obiain moderate bandwidths (10%),
no attampts are known in wvhich proper synthesis teohniques havs bees

applied 1o order o obtaln wider handwidths,
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3.3 INSRODOCYION

This ehapter degeribes the design of coaponets for a broad band freguency
quadrupler, the hlovk diagras of vhich is gives in fig. 3.1, The band
pass filter wed as an sutput frequency selecting olreuit is of the imtere
digital sype sentred ats about 184 (g. The input lov pass filter i»
designed £or & ewt off frequency of §00 Miy to aliov ouly the fundsasutal
frequency %0 pass threugh and to provide isclation butwesn the source and
the diode harmomic geaerster. Input matching to the step recovery diode
$s of lomped slement Tl =type (two-sections) network, whereas for output
uichina. s twomssstion quarter-vave transformsr is used.

A satisfestory aultiplier siroutt should fuIfill the following reguiremeats.

b It should reject umwasted {requencies agd thus establish saparate
gurreat paths ror the desired frequsncles.

t 8 IS should match the source and the losd impedance with the vareetor
inpud and output impedances, respectively.

3. It should provide a sechaniesl structure nscessary %o dls ipate hest,
whieh is internally gensrated under a specified savirvnaent,

Fig. 3.3 shows the schematis of & lumped olreult mltiplier. Filters are
| sesonant sirenits adjacens toc the varaotor, separate diz’i‘mnt Lrequencies
and permit impedance matohing with little interaction, Hewever, as the

frequeney insreasss both the slestrical leagth of the intersonnsstions and
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® (INPUT FREQUENCY) (OUTPUT FREQUENCY)

+ 7——%/‘0’&1\—«——1
o g

INPUT | CIRCUIT TO i? OUTPUT R
MATCHING/ pass OoNLY _LZ Rpis MATCHINGS r4 L

Eq /| Iz UDLER)7 VARACTOR

FiG.32 SCHEMATIC OF LUMPED CIRCUIT MULTIPLIER



28

the eifeots of the warsctor parasitic reactances increases. These fastors
mase the separation of frequensies without interaction difficult. Further,
st high frequencies lumped element resonators no hngu' sake adequate
gilters. Hence distributed circuits such es oavities, rilters, eto.,

have t0 be used,

for a propsr design, depending on the reguireseats of output.frequency,output
pouwery, input fnqumy and bandwidth, ths dicde to be used should have a
saull lead inductance, & anall seriss resistance and large degres of non-
linearity,

Based on the above meationad principles, s broad band quadrupler s designed
and the desiyn of the various componeats is given ia the follouing sectious.

3.8  THEURL OF LW #ASS FILTRR UESTON

At lowss fTequoncies, & low pass filter is constructed from lusmped cireult
slements such a3 inductances and Capacitances. The same prototype can be
approxicated st sicrowave freguencies using & cascade of 'dtomting low
anu high impedance secticus of transadesicn lines, It is ottmpmzhu to
represont a short length (less than guarter-wavelength) of line by s eingle
reactive element. A short length of high charsoteristic impedance line
terainated at both ends by & relatively low impedince has an effect equle

valen;to that of & series induotance given as
L = (35 L/y) bpenries ..., {3.1)

Siaflarly, & short length of low characteristie impedance line termimated

at either end by & relstively high impedsnce has an effect equivalent to
that of a shunt capacitance givea ns

C = E«/zﬁ farads save {3.3)



In the above equations, 1 stands for the lengih of tbs line, V fer
the waloeity of propsgatiin along the transaission lime and I for the
characteristic iapedance of the lime. Sueh short ssetions of high Z,
1ine and low « 2, lins ars the most comAch Ways of realiuing saries
inductance and shunt capacitance, respectively, in 7M. mode aierowsve

£4lter structures.

An exest prototype low-pass distributed filter with sections of equal
electricel length is sbhowm is fig. 3.3(s). The characteristio impedances
of different sections for a given VSWR pass~bard ripple level snd band.
width are given in refersnce’3?). A typical insertion loss susrssteristic
for & Chebyshev equirip;le design is shown in £ig.3.3(s). Tts bandvidth
(BW) is equal to the frastiocnal bandwidth (Wo ) of the quarter-wsve
transforeer prototype defioed by Young{1®), 4,e.,

!
48,
Bandwidth (Bu) = ﬁq - w“_l\:'r’"‘" srsa ‘3- 3)

vhers Do 1s defined in fig. 3.3(s).
A is the asxizus attesustion in deoibels sxhibived by
the IFP in its stop band when mll sections are multiples
of one guarter-wavelength.

The only deviatloa froa the exact design specification of an actual filter
is duo to the presence of capasitive discontinuitiss at the junotions.
However, the method of compensation describied by Levy sad itoniu’) gives

an exact realisation of the cut off frequescy. The magnitude of the fringing

oapasitances depends on the physical reslisation of the filter, e.g., for
& given step between tuo impedances. |
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The low pass filter cirouit is shewn in £i3.3,4(a). 7The terminating
" ispedanses are rejuired to be equal so that an odd number of unit slessnte
18 used, 1.0.; 2'5.4 * 1. Since the network is symastrisal

z' ] %.r’x‘ r = 1’ 3 sreae B 'Y 3] {3.‘)

Qg. o . i = OM » “-tél r ’0' ’-,’ was B ase (&ps)

The symsetry seans that the nstwork say be split into a cescads of hu-ié
ssotions censisting of a unit elsment bounded by two equal shunt capacitors.
The filter of fig. 3.4(s) 18 shoun o £ig, 5.4(D) 1 its basic ssctional
fors, How an exact squivalencs betueen the filter and the prototyps of
£15.3,3(s) may bs sade at the cut off frequency by constrelning the trensfer
astrices of corrwua seotions to besgual at that Lreguency. This gives
sn sxact realisation of the cut off Sreguency of w prsotical lov pass Iliter,

A typloal besic sestion of £ig, 3.4(d) is shown on the Jeft-hand side of
£ig.3.4{0}, and the coreesponding prototype section on the right-hand side,
Their equivalence at the cut off Lrequency remutis in the following two

sguations.
. ! !
cos O = oos G ¢ 02 88 O oo (3.8)
’ \
|
z L mﬁﬂ sane (30')
Sin 6, |

Ths mathesatical detalls of sbove sguations are given in wtnuwnu’).
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3.3 DESIoM

This discusses the design procedurs of & coaxial low pass filter having
the fellowing eharacteristics:

1. Pass band wpto 483 M H,,

8, Grester tban 20 &B attenuation ia the Irequency runge of 1.74 Gy
to 1.94 Wy (cutput frequency band)

3. No gpurious responses belov 2 (g, .

With the above cpcéumttan;, & cut off frequency of &0 Hiy will provide
a sufficient design tolerauce.

From the lmpedance tables given by Levy(17), &3 1s found that & five seotion
filtar with & bandvwidth of 0.8 and ripple VSUR of 1,05 gives a muxisum
sttenuation of 23 & in the stop band, -

From oqn. (3.3)

B = (0,6 gives 9‘; = 37°, tmdn the length of each swation
is 3,75 cas or 1,47¢%., When 8'0 = 31°, maximum sttensution oo:urs at
frequency, £ = .'53'“‘ 80 = 2000 MHy and second spurious pass bsod vill
be contred at frequency, £ = &%g X800 = 4000 Miy , Thees fulfill
the dwsign requireasnts.

Pzom lavy's tadles, the value of the norsslised impedunces for differsat
sestions of the prototype filter are tabulated below.
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E=5, Bi=0,8, VSik=1,05
¥
Norsalized impedance

o ]
$
, Section : of protot .
) : - - -+
' ]
' 145 X 1,536 .
L §
'
LR . 044585 '
L ]
v 3 X 2,659 '
 §
L ' ';

The wvhole centre condustor struoturs is held rigidly aligoed by dielectrio
dushes { & = 2.1) surrousding low impedence secticns.
Using ths relation,

i, = s log (P/a) ohme

&
vhere, iy st chuncurhtio inpedanae of the line.
€y is the relative dialectric constant.

¥/p is the ratio of diametur of cuter condustor %o
the inner cendmotor.

The ratie of dlameters of each section oan be caleulated. The caloulated
dlaneter ratios for five westions sad for the terminating seotions (50 N- )
are given in Takle 3.
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Salecting b w» 0,563 inshes, we obtain
o ® a, = 0. 344"
8 = & = 0.1563"
ag = 8, = 0. 3580

.3 - 0.063"

For the wxaot realisstion of the sut off frequency, the length of each
sestion is esmpensated by using eqn. (3.6). Ths walues of fringing capaci-
tsaces Gpy o Ogg and G33 ebtained Lrom Somlo's graphical ph“{%) . are

given in Table 3.
¥rionsing ; ‘
sapasitance Velue

0'1 0.0269) P
O.MS p

Cxa | 0022600 pf

.




S0
Qn - Uy = 0.05382 pL
0gs * CGog - Cyg = 0.06318 pf.
Now ‘
/ ! !
eos By ® cosd, ¢ (02 8a&
= 0,8930 ¢ 87 x 0.6 x 10° x 26,92 x 35°% x 76,80 x 0,43
= 0.8044
80 81 - m@ “‘
Sixilarly
] ] "
<08 83 - W'Gz * 03.023 81.09’3
s 0,8910 + 377 x 0.6 x 107 x 53,82x 10™x 82.8 x 0,4540
= 0,0041
S0 Oy = 26° 33’
Again

808 9, = m@—; . 0300 Z3 8in 9'3'
20,6910 ¢+ 3T x Oux 107 x 62.18x 10730 132,95 x 0.4500

L

»o &, = %10
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Frem the above ealculations, it is found thet the differsnce betwsen G-
and (O, 1is ot mush, s0 08 attespt vas taken to find the revissd valus
of 2 |

Detatled caloulations of the filter are given in Tatls 4.

SARLE..$
DETAILS O: GALGULATION OF B-SECTION LOW-PASS FILYER

!
Eus, BW=0.6( Of »2r degress), ripple vsuR= 1,08
Out off = 600 Mi, , Outer sonductor dimaeter = 0,5625"

7

4
¥

AT " - > " " P w—
. ¥

' Seotion |, Dismetor of imner , Final electrical , Finsd leagth

' : s sonductor (inches) length. + (4nches)

L L. ‘ s - - ¢

¥ # ¥

: R ; 0,563 : 28° 3¢ : 1,458

' | ' ’ ' t

' o2es ) 0.326 X 2° 38t : 1.45¢

| 3 4 ] L

; 3 : 0.063 ; 2° 100 : 1.376

| 4 | s ]

L £ K 4

W B W W o W W e e W A

G W o i o - - . i ——

Fig. 3.5 shows the soaplete drawing of the C[ilter. The filter vas tested
for its cut-off and m aeasured responss of the ssue ia ﬁplwua in graph

of £ig.3,8, From this greph, it is obvious thet a good agresment detwesn the
theory and practical desige is achieved.

Interdigital 1ine strustures bave in the past besa regarded ss of interest
salinly for use as slow vave structures, Nowever, & recent study has shown
that interdigital line stauctures also bave wvery intervsting bend-pass filter
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properties,

Fig. 3.7(a) shows ene type of sn interdigital filter, 7The ltmtm, a8
shoun, eonsists of a TEN-m0de strip-line regonators betwesa parallel greumd
planss. Bach ressnator elemsat is s guarter-wavalength long at the mid
Lraquensy and is ehwrt sirenited at one end and open oircuited at the other
ead, Coupling is ashieved by way of the fringing fields between adjsosat
resonator elements. In this structure, esch line element serves as a
resesater, except for the imput and sutput line dlements whioh buve an
impedance-satohing fuaction. Thus, an n-reective slement luw~pass prototype
will lead to an Anserdigital £ilter with (n + 3) line elexents. The Jesign
squations for this type yisld the structural disensions that will be most
practical when the filter is of sarrov or soderats bandwidth. T gape
betusen lines C and 1 and betwest 1ines o end n ¢+ 1 tend to becoms

. inconveniently ssall vhen the bandwidth is lsrge, and the widths of bars 1
and o teod to becoae very saall.

Fig. 3.7 (b) shows another type of interdigital filter with open oircuited
iines at the ends, The desigh squations for this type of interdijital filter
give strustural dimensions that are soet practical whan the £ilter is of wide
bandvidth (say, around 30 percent bandwidth or greater). In this ocase, all
of the line slemeuts sorve as resonators, including the open~circuited
terminating line element at ssch end,

Interdigital hand-pass filters have a muabar of sttrastive festures,
i. Thay are wery sompact. |
3. 7The telerances required in their mesufacture are relatively relexed
a8 0 resuit of the relativaly large spacing betwesn resonator elwueats.
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3. The sesond pass band is esatred at thres times the ceatre Crequensy
of ths first pasw-band, and there is me possibility of the spurisus
respensse in betwesa (ukile for the filters with helf-veveleaghh,
parallal ecupled ressastors, even the slightest aistuaing will
result ia narrev spurious psssbands at twice the freguesey of the
firet pase-band oentre).

4. The rates of sut-off and the attezuation in the stop Lanlds are
sahansed by multiple-ordsr poles of suttenuation at 4e¢ and at even
miltiples of the geatre Lrequency of the first pass-band.

8. These filters san be fubricated in strustural fofzs which are sell-
supperting so that dielectric asterial nesd not bs used, Thus
dislectrio losses can be eliminated,

Since ooi.’lw bo_wun rescastors is distributed ia nature, it is convenient

%o work eut the design of the rescaator lines in terms of their capecitance

to grousd $; per unit length, and the mutual cspacitatces Ug p 4 3 por

usit leagth betueen naighbouring 1lnes & end k + 1. These eapssitances
are illustrated in the eross sectional view of the line alsaguts shown 4n
£ig. 3.8, This representation is not necesearily always highly accurste;
it ip oonosivable that & significant amocunt of fringing cepacitance ceuld
exist betveen a given line sleasnt end the line slwmesnt beyond the nesarest
ncuhhoér. However, at least for the geoaetries such ea those shown ia
£ig. 3.7(a) and (b), it vas found that this repregentaticn gives a satine
factory degree of acsurasy.
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341 LOW-PARS TO BANL-PASS TRANBFCHMATION

The desiga squations t0 be described are based on the use of low-pess
prototype filter strusture, vhick is transfered to give the desired band~

- pass £ilter eharacteristics, Fig. 3.9 (s) akovs & typical low-pass protodype
apecifyiag the elements g . The left side of fig. 2.9 (v) shows & typioal
Chebyshav low-pass response whishican be sshieved by wsing the prototype
£iters. Klement values for this typs of prototype filter aetvorks, yieluing
differsat responses have besn tabulated in veferenss (22).

The right side of fig. 3,9 (b) shows a Band-pass filter response uhich is
derived from the given lowxpass prototype response, usiag the standard trems-
formation teshnigus, Ihe band-puss Lilter response will bavs the ssae type
of Mmd characteristios as the prototype, but the band-width of the band-
pass filter can be specified srbitrarily. The attenuation is sane for both
low-pass and band-pass £ilters at frequencles & sad (O, respsctively end
are ralated by the followiey magping equation.

! le w - Wo

w = / “snve ‘,3.‘)

' Wo — W
vhare w Wo

\

The bandepass filter sttemation eharasteristios can be predicted by wing

the abeve equation, ZThis transformatizn works well for filters of narrow

or nederate band-vidth, ‘The largest errog is sesn to occur oo the high side
of the pase-dand vhere the narrowband mepping does ot predist as large s

zate of out~off as sotually cesurs. ZIhe reason that the astual rete of ‘qutott’ .
todds to be unusually large on the high frequensy side of the pass-bend is
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FIG.3:9(a) DEFINITION OF PROTOTYPE FILTER PARAMETERS

9,9,,92---9,, 9o+l AN ADDITIONAL PROTOTYPE PARAMET
W) IS DEFINED IN FIG.39(b)
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A((JL)) ,db attenuation
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L AlW), db attenuation
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PROTOTYPE RESPONSE
BAND-PASS FILTER RESPONSE

Lawn = LAwd) db Wo = 82*2_“’_!_
y - _ Wo— W
Where (,d: 2 @ l W= Wo | and W (fractional bondwn‘h)=—2w—L
w Wo 0

_wi(w ~ Qo)
W Wo €V

FIG.3-9(b) RELATION BETWEEN THE LOW-PASS PROTOTYPE
RESPONSE AND THE BAND-PASS FILTER RESPONSE



that the strusturs has infinite attesuation (theoreticslly) at the
frequency for whish the resonators 1ines are a quarter vaveleagth loag.

In o sicrovave filter, it is much more practical to use » strudturs vhioh
apprexisates the eircuit in fig. 3,10 (a), or its duxl, In this strusture
all of the resoastors are of the sans type, end an effect like alternating
sories and shunt rescustors is ashieved by the iatroduction of “impedance
inverters®, fThe hand-pass filter in fig. 3,10 (s} can bs designed from
low=pass prototype as in fig. 3.9(s) by fizst nonverting the prototyps te
the squivalest low-pass prototype form ss in fig. 3.10 (b) wbioh uses only
series inductances and impsdance iavertars in ths {ilter structure, Then
s lowepass to band-pass transformation csn be spplied to the sironit in
£1g. 3,10 (b) te yisld the band-pass cirsmit in fige 5,10(w). Sene apylies
to the low-pass prototyps uaing J inverters (sdaittance inverters).

the requirements for & band-pase filter ssedel in ths present application
say be coneisely stated as followss | '

1. Pass~band in the rsnge of 1,74 Giy to 1,94 (B, , L.e the band-vidth
is about 115 at & centre freguency of 1,04 Gig,

8. VYery stesp side-attenuaticn to the pass~band is required in order to
obtain a Letter rejection of all unwnted harmoniocs,

Acqording to the above mentioned yeguirements, a four resonstor filter net-
work should be sufficient to cover 11f band-width. A Tcohebysheff filter with
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FIG.3-10a) THE BAND-PASS FILTER CONVERTED TO USE ONLY
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FI1G.3-10(b) MODIFIED PROTOTYPE USING IMPEDANCE
INVERTERS (K- INVERTERS)
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a pass-band Fipple of Os8 @b will be ebls to give & reasonsbly stesp
skirt attenuation charasteristics. Suitable fors of interdigital filter
sslected for this purpose &s shown in fig. 3.7 (a). ZThe apprexissts
 deaign equations for whieh, as given by Matthui(33), are tabulated below.

DESIGN EQUATIONS FOR INYERDIGITAL FILTER

- " > : A" -

81 » (T/2) -L(%‘-; - ;E(;«v %Y-) "o (3.9)

iﬂdﬂ:—.— » "‘“‘}“"‘"""‘""“""" evnis o (3.”)
I Jv‘u Ene W
| J ] ]
&.k’l - 32 + M iy (’0”)
k=l to ol I, 4 |

l&‘ o 1‘ (%‘f"\ri ¥ » % = I‘_ iﬁ?‘-ﬁ*l se (8-13)

vhere b 45 s dimeasionless adwittadss sosle factor to be specified arbit~
rarily so as to g&ﬁ a convenimt adnittanes level in the filter,

The normsalised self-capacitance Cp/ € per uait length for the 1line elessnts

ares
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Eeﬂ L 2%! (31* - “1) XX IY TS ‘3.1‘)
3

¢ 976,7 | tan O To1) 3 Jegl !
-é » -—é—i- {1‘ .ﬁ’h!‘{—rl * Qﬁ) * 'n-i‘“}A\--c (’o”)

. 2187 deak o Skket| o
%\k‘”nd .ﬂﬁ_z;..u‘ ['k-a.x"x,k«;.' .!iia. J;?J..(a.u)

€Ep !A

= : (3 x" L ”ﬂ) srveyas ‘3.“)
Ep

wvhere € 4s the dlelectric constant and Cy 4s the relative dieleoctrie

2 P
ggnﬂ Ml;!lﬂl.’hx‘ {2:;—%‘-’ i-n:;::} 4-'“'“0- Mn}n(’o”)

mF

sonstant in the asdium of propagation.

The normalised mutual capacitences O s/ c PO Unlt leagth betwesn
adjaceat line alensots are

g“b - .m é‘l - x‘) | . 'YTYY T T | (3.1’)
S | F; '
Qx.kol = m‘L h !‘ ‘ m ) amsose (3.”}
¢ |kl g b
m - m - ! ) ) ;00.0' ‘303”
c ] (“- A | ‘ 4




&)
Reguized pass band = L74 GE, te 104 Gig
Kenes osatrs frequenay = 1,84 Gy

Frasticoal bandwidth (V) w ﬁ...

- 0.108

Quarter-vavelength at the ceatrs frequenay ( 17&) = 3,07"
Using equatioa (3.9)
&1 = -.1;.‘1 -~ .‘;—) .
- ..i..(:l.»o.ast)

= 1.403

‘ }
The elemsnt values for Techebysheff filter heving g, =1, W, = 3

for a=4 are given in Table &,

IARLE .8

P

—— : —

h

' £ = 31,6703 8‘ = 0,0419 !
' ¢
: [ PO 1.4908 8 * 1.0840 :
! = R,3661 '
’ 83 * '
% &

I
vhere 0, 1is equal ripple band edge for Tohebyshelf [liter.

106R8S
CENTRAL LTERARY UNIVERSITY OF 200BKE+.
ROORKEE.



Computing J/y, snd § perassters using squations (3.10), (3.11) and
(3.13) and substitutiag the clemest values {rom Telle ¢&.

Jo 0 . 2 = 0.7753

I [ 1.8703

33 o s 0.7093
LY J:..ma x 1,1026

i + 2 , = 0.5957
LY \J;.nzc X 343661

Since 38, = & [ 8

S0 gﬁd— - &L s 0.7092
1, | 1,

8o Jhs. = ...'.’.21.&- =  0.,7752

[ 344\ 8 Y 2
’1" - (‘xtzy * r.tm 8’1

- J (07002)% + 31,36

» 5.646

§

N,3 ino.mf)’ s 31.36

= 5.633



l;" = K3 since -:-h‘ = iu

Oas of the prime censideratioms in the choloe of adaittance seale factor,
b 1s that the liae dimeasions must be such that the resonators should
have & Migh unlonded Q. The dimwasions that give optimum ressnater ('s
in structures sush as interdigital filters are not kmova, lewever, it ‘is
known that for aiz-filied, aM-lht resoustors the sptisum ¢ will
result wben the line impedance is about 76 olms, m warios spproxisate
studies suggest that the optimum Smpedanve for stz-tp»uh resomators is
mot greatly different, It was therefore concluded that for eptimm h,
the following condition should be satisfied,

3 kadak . %k . Fgkol » {aroand 5,4)
[ c [l ;ug-x‘orncm

»(a+l)/z for n odd

putting k = 2

82

..‘_Eé.s. . ‘Eaé_ . 122& - 5.4 (3.32)

G
Using equations (3.14), -2- is obtained in terms of b as given below

G . 3 , J J
ﬂ!‘é- . m L'x.z .‘ RR.S - .\%:g-a- M]

® (376.7 x 0,02) |S.648 ¢ 5,633 ~» 0.7092 » 00595"] h

= 75.1% b



i3 . M hY, [:“]

€ J&r I

. (374.7 x 0,03) (0.7093) 2

- 8. 43 h

sinilarly

3.2 - 4,497
&

e
Swatituting the wives of kS, , Tl w4 2o 1

2

c

equation {3.32), the required walue of h is obtained.
35,300 h + T8.43h s2 (TR = 5.4

5.4
O O A
94,788

= » G0BESS

Now
SR L
= 0,08 ‘Lo.naa [o.0se8  « ’J

= 0,0337

Sinse J 3 ' '
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The morsalissd self-capacitances are ealoulated by using equations (3.14),
- (3.48), (3.18), (9.,17) and (3.18).

-E!- - ..QZ.‘.:.L Ql‘ - ﬂl)
& Cp

s 3eY Q:x 0.08 == e.om\
= ..1‘1
| . ;
c 376,7 tan | Jox) Hea = MS
30w e

3,39

I

3. = 9s,13xn

- 15,33 x 0.057
-~ 4,983

?'l""' - 8,141

Forsalised sututal capaeitandes per wnit length betusen adjacent lines are
oalculeted by using equations (3.19), (3.30) and (3.21).



[

3

S

6.7
J€x

1. 94

B.342 0

0.3048

4,87 x 0.057

0.8358

21,3
€

Loyl
€

since

. sinse

-

s,
b4

A

W =N

The somputed parsmeters are tabulsted belov.

TabiE 1
3 ,
x ekt | ox o FL | Sk
1, k4l € c
O and 4 0.7753 1.4 | cends| 6.4
1 and 3 0.70%0 5,846 0.3045] 1 and 4 3,39
3 045957 5,432 0.3858! & and 3 4,282
I = 0,108 I‘ a .02 sbhos
5y ™ L.482 M, = N, = 0,0837
B =  0,05098

85
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The eircular eylimdrical rods as resonators vers used becauss of several
febricationsl adwantages over rectangular bars. The design data of
osupled cirevlar eylindriesl rods betwesa parallel ground planes, and a

design mathod for using the data to synthesiss filters are gives in ,
rofersnce (33). The geometry of the perisdis, eircular oylindrical rods
hetween parallel ground planes and the dimsnsicnal notations are shoum
in £1g+ 3.1l

The first atep in obtaining the diasnsicns of ths struoture from spsulfled
soraslised cepscitances s to draw horisontal 1ines in the graph of £1g.3.13
corresponding to the values of B (normalised mutusl capacitanee) for

k =0, 4, 3. HNext the coordinates of ths interssoticns of eomstant .

vith the family of comstant d/h ocurves ave noted and plotted as shown on

the grepb of £ig. S.13, Smcoth curves are then drewn on the graph of £ig.3.13

through paints of constant Us/c , thus obtaining curves of eonstent Cny. .

Next 1% is useful to partition the filter cenfiguration of fig. B.il $ato
saaller subssotions as showm in fig.d.14. Bach subsection sonsists of »
porsalised cepacitasse to ground and the sormelised eoupling espacitances
to the right and to the left, For deteraining the normslised rod diameters
and normalised spacings, each sub-gection is considered separatsly.

Let blook IIT be chosen ss an exemple. On the graph of fig, 3.13 ssweral
auxiliary curves of constant 9/p sre drewn in the vicisity of one hulf
value of the Fequired formalised espasitance to ground ( & . = saa).
The objsetive of drawing suxiliary curves is %0 find unique intersectiens
with the semptant surves of %— s 0,135 and 00,3045 in sueh tw that
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the sum of the erdinates of the intersections totals -!_- = Sé = 4, 83,
This gives ? » 0,345, The same procedure is repeated for other two

blooks, It vas feund that ‘1/. » 0,338 amd gg' » 0,818,

The respective normalised spacings, ( 8g,k+1/,) Fe obtained by sumaing
the abseisss values vhich corfespond toths sune mutusl ospacitance,
Abeissa values eorresponding to their sutual. muitmcu are tsbulated
below

ARS8
Ck k41 Abeisss valus

rr

Coa o0

Ou1 ) ﬂnm

Um i 0.3223

g 12 ) 0,385

9’3 3 0350

Therelore,

8
LDI B 0,300 +0AW = “b"‘“"

b
s
"f"‘ ¥ 0322 o 0,325 = 0.647 = ﬁ%‘!..

533, = 0.3% ¢+ 0.3 = 0.70
s |
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FIG. 3ll COUPLED CIRCULAR CYLINDRICAL RODS
BETWEEN PARALLEL GROUND PLANES
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FIG. 313 DETERMINATION OF THE NORMALIZED
DIAMETERS AND THE ADJACENT SPACINGS



91

NOIS3A 3IHL NI d3sn S3IONVLIDVHVD IWNLNW ANV 4713S 40 SONIdNOYD  +I-¢€ 9ld
2]
| 11
_ 11
3 2
8G6G<Z-0-= €29 Gv0¢g-0 = 2l
6¢- ¢ = _pu | 3
= w19 <5y
I | 1t
) 2 —— ===
Gb0e 0 = 3= veel = 7o
0 ) Py ulﬂww. 35up}1o0dpy buijdnon
SNO1}1}214 SNIDA 0137




J2

Teking b = 0.635" (ground plane spacing) we obtain
[ ]
dg = do - 0.”35
4 = 4, = 0.3

" = dg = 0,315
L]
»
Su = 33‘ = 0,443

853 ™ O.é378°

£ig. 3,15 shous a complete drawing of the filter with the cover plate
removed, The short~circuiting side walls of the structure are spaced
exactly & quarter-waveleagth apart at tbe midband frequeacy of fo = 1.84
Gy ( -Z‘z"- » 1.!?') . Because of ths onpacitance bstwesh ths open-circuited
snds of ths resonator eiemsats and the sidwalls, it was necessary to
foreshorien thes slightly so as to maintaln their resonant fresquency at
1,84 Gilg. For the pass-band VBWR to be closely controlled, it is desirable
te have the spacing betwsen the end moﬁatou and the sdjacent impedance
traasforaing sestion adjustable for saall obanges in spacing.

vhen the filter was first tested, the insertion loia ans YSVA wers too high,
This situation was improved by adjusting propniy the spucings betuesa the
terainating resenators and the resenators adjacent to thes, ZThe spasing
Se1 aad 345 vere desreased for detter performance of the filter. The
sijustaents of these spacings were very oritical, svea & change of fev sils
could degrade the overall filter respense,
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The d‘pt‘tiﬂntd suteups for the measureasnt of imssrtica loss snd VSuR
are gtven in fig. 3.16 and 3,17, mputivoly;

For the ssasuresent of insertion loss, a 30 4B d'imt&oul coupler was
intreduced betwsen the sigoal geasrator and the filter. The input povsr

to the £ilter is calculated by measuring pover at the soupled port of the
dirsetional coupler, for difiermat zmuﬁor fraguencies, The eorresponding
eutput pever is seasured at the filtar sutput. Ihe loput voltaye »m
vave ratio of the bani-pase {ilter was msasured st different requencies using
the standard VWi measureasat technigues. Fig. 3.18 is & ploet of {requeasy
nmu ntganuuuon and £ig. 3.19 is & plot of frequency wersus VSWa,

3.4.5 COMPARISON BITVEES THECHSTICAL DESIGH AND BIPERAIMENTAL PERFOIMANCE

WWW’MWW’W

7ige 3.18 sbovs the asasured as vell s the theoretical attemuation
chacacteristics of the filter, The measursd frastionsl bandwwidth is found
te te less than ths designed valuw, This shrinkege in bund-width 1s Mkely
to bs there dus to thn' approximate sature of the (iuisn eguations. Thus to
cospeasate for the shrinkage in band-uidth, it is slweys nscessary to design
the tﬂ_‘bu‘ for the fraoctional band-width whish is sbout S to & psrcent higher
then the actual desired Band-width.

The shift of the centre-{rsquensy of the fAlter tovards the low frequency side
results from the resmmators being slightly losded by the "end~capasitances”.The
centre frequency could be raised by redusing the length of the rescnator;bovever
this was not tried since the £inal als was to stixiy the bshavicur of &

»roadeband miersusys source using varactors. Becaves of ths shifi ia the
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 Gentre frequensy of the filter towards the lov frequessy side, the
oversl frequency range of the multiplisr ia sccordingly shanged.

The seasured pass-wend insertion loss for the £ilter wes found to be quite
high as conpared te the designed value. One of the possible resscme for
this is that the prastically schisved unloaded Q's of the resonators is
Yow cospared to the deaigned value. The prastical valus is alwaye less
thea the ealoulated wmlue owing to meshanioal surfese finish, losasy
alestrisal contests, |

FAoM 410 10 450 i,

For the testing purpose of the broadband frequency quadrupler, primary
sourcs (mechanioslly tunable UEF tramsistor oseillator) wes built. When
operating in UBF ramge, the important sharesteristics of the power
transistors are;

i, Haxisua sollsctor dissipation.

3, Maximum peak collector surzant,

3. Haximum collestor wltags.

4. High-frequency surrent~gain £igure of mrit Ly,

The sost importast consdderstien for the r.f, power transistor is the power-
dissipatisa capability, The asxisum power that cen bs dissipated befors

thermal runavay securs depends to a great extent on hovw well the heat gene-
rated vith in the transistor is removed, When hest s resoved by sonduotion
Ahe ascuat resoved is an iaverss funstlon of therual resistanss, A goud 2.£
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power transistor, therefors is characterised by a Jow valus of thersal
resistanee., An rf transistor sust be capable of handling high pesk
sollestor ourrents to provide substantial power output, 7bs seximum
pesk~gcllestor-ourrent rating is ususily limited by the pratieal oonsli-
deratisa that the surrent amplification fector varies spproximstely
inversely With emitter current at high values of emitter-current density,
The masinua peak sollector-current rating, thersfors, my be satablished
by sohsidering the sacunt of reduotion in the current gain which can be
telorated at high frequesncies.

The asxisum collector-weltuge rating of aa rf pover transistor aust be
sufficiently bigh to awoid breakdown ucder conditions of a strong reactive
loading, The »f transistor sust be cspable of withstanding high VU
vithout coliector-junstion bressdoun.

The high-fraquency eurrent-gais figure of merit (fp) is esssotial in
determination of the power-gain capability of a partioular r £ power
transistor. The fy of an rf transistor varies with do eaitter current
and ustally deoreasss at very high levels of current. 4 gao& L power
tracpistor should be oharasterised by s high walus of fp st high levels of
do emitter current or aoutcﬁr current,

Requiressats for the high-povsr omoiliator are as followss
1. Tucedble from 410 to 450 M.,
3, Winimum power output should not be leas than 1.5 watts,

3. :All other harzonics and spurious frequencies should bs down by
a sinizus of X db.
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fhe alapp type (sodified oolpitts)*¥ confijuration temlected for this
purposs because it is highly insensitive to changes ia trangistor pars~
meters. Fig. 3.30 shows the Clapp osoillator oireuit using ANINS whioch

is capable of providing the desired power- output in the requirsd frequency
range of 400- 450 My, I this oircuit, the collestor is grounded ror
asxisim heat dissipation, Therafere, the powsr output is taken from the
base circult, PFrequency of ossillations is determined by L and €3 in
thi» tank cireult and the sapscitances C; and Oy serve only o realise

s cortain feedback ratie, The ratis amd the absolute valies of the
cspacitances C; and G3 ean be adjusted in such & mannsr that the fregueney
of osolllation becomes practically independeat of fluctuations in the
collector oapacitance dus to supply woltege variations., 7The tunlng is
provided lergaly by eapacitor €j, Uspacitance Cg is adjusted for optimum
satoh to the load of 50 obms.

The do parassters for the netuerk are calculated as folloves

he saximus gontinuous sallecter cuzrent wuting for 2K33TS is 500 mr. 3o

kesplog,
Iﬂ L4 3’0 “ TR R R RS ] (3.33)

'

Led Veo = 38 welte sapmures (3.34)

Assualng a 354 efficiency for class A opsration, for a powsr sutput of
2.0 wstts, there ghould be a power dissipation of 8.0 watie ib the transistor.

Therefore, I° x Vg = $,0 watts Bewons (3&35)
Substitutiog I, from equation (3,88) in the above expressionm, gives

Yoxr = 34 wits
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Sc the wiltage drep ssross Ry = ¢ wits

Qo 3’0

33 = J"—""‘ ~ 14 ohme s mnas (‘.2‘)

the maximum rating of Vyy Cfor R3S is 4 wits. 3o a value of
¥pg = O.6 vclts ean be sasily salected, Thersfore,

Voltage drop asross By = 4.6 wlts
Voltsge drop servoss Ry = 23,4 wits.

Kesping the blsedsr curreat (Ing ) 30 mA

base curraat — = 18 m

£

hsuge
‘1 - ...&..‘ 8 = 153 ohms

B = SBh < 510 e
0.048

While adjusting for aaximum power output and optimum blasing, the sxperi-

meutal values of Ky, Ry and By difiered alightly frea the calcwlated

wvalues. Ths experiseatsl values for all the components are listed below.

Uy - 1.0 pf, oead ceramie.
Cgs Cgs Uy - 1500 pf, feed through.
Cg C3 Gy - 0«8 « 30 pf, Johanson,

n - 100 chas, 0.5 V.

Ry - 480 cas, 3.0 ¥.

Ry = 10 ohss, 20V

102
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Bxperimeutally it was found that the oscillater wes highly stable and

oo undesired Rarsenics 1ie within the output frequency bsnd. The
£inal sutput response of the oscillator is shown in Graph of fig. 3.31.
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CHAPYER 1V
SRR

NEASUADMENTE OF THR BROAUBAND NAMNONIC GENERATOR

$03 JETNOPXTICH

The brosdvani frequemsy quadrapler was asseshled anc tested. lesign procedurss
for varicus scsponsats, seeded for the sans have alrsady beea desoribed in
ehapter III. This ebapter deals vith the integration aspect of the broadband
mltiplier, deseribes the experimental set-up used for measuring it's perfor-
aance and presents s diseussion ca the results chtaineds |

Aa3 BXCESIMEITAL_ART-UC

The tleck schemstic of the frequeacy multiplisr was given ia £1g. 3.1, According
to the nmuc, various conponents vers agsesbled and the guadrupler vas
tested for its mmw and conversion sfficlenay. A Mloek nhmﬂ.n of the
Ressurenent set-up is showm in Fige .1, The output of tite brosdband multiplier
was £od to a 30 db strip line directional soupler, the direst cutput of which
goes S0 the power mster through an attemater and a frequency meter, The power
output from the soupled port is fed te Tektronix 1LZ0 spectrum enalyser for
studying the spectral responss of the output wave. A 30-ctm, 30 do sttemuator
inserted in the direst arm brings down the power within the measuring range

of the power meler besides sliminating a frequensy pulilng of the mltiplier
vhen the frequensy meter is tuned for its resonanes dip,

o3k MATIZLIES TESTING

7ig. 4.3 shews the arrangeasut ef o shust meusted step Fecovary disde with
the ingut aad eutput matehing metwerks. Shust mode wes praferred for saximunm
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heat dissipation, since a grounding of the varactor provides a direct heat
sink, In order to avoid dec short circuiting of the step recerry diode, a
blocking capacitor was used as shown in fig. 4.2. A pencil line resistance
across the varactor as a blas iesiatance was preferred in order to eliminate
parasitic resonances., Matching of the diode to the source and load was
accomplished by using an ordinary lum;m& element single T -section network

and single section quarter-wave transormer, respectively.

The output response of the miltiplier is given in fig. 4,3. It may be seen
that the miltiplier gives a maximum output of 400 mw at a frequency of

1,693 Gig. The response of this multiplier is such that 1t gives a 2 db band-
width of 46 MH; and a 3 db bandwidth of 51 MHz. It is epparent from these
measurements that the bandwidth obtalned is very small, The mltipii.er behaves

more or less like a narrowband multiplier.

Since the bandwidth ohtai.nad in the above cagse is very small, it was consldered
necegsary t&a meulti-eeotion broadband matohing networks instead of single net-
works. The matohing sections were broadbanded by using a two at;go T =section
network for input matohing and a two-gection quarter-wave transformer for
cutput matching. This schematic is illustrated in fig., 4.4. A brief design
of this broadband output matching network is given in the following section,

4,3 DESIGN OF OUIPUT MATCHING NETWORK

The output resistance (Bgut) of the diode for frequency quedrupling is
given by( 25)

20
Rout Gefin



(MW) ——

OUT PUT POWER

109

500'—
INPUT POWER = 20w
400}
300
200}
100 |-
1 | |
165 |70 175 1-80

FREQUENCY (GHz) —»

FIG. 4-3



110

where:
Ce 1is the diode capacitance in pt at 6 volts
£in 1s the input frequency in Gig.

Substituting for Cq and fin , it is found that

Rout = 171

This is nov to be matched to the line characteristic impedance of 50 .

Hence the impedance ratio ( r) = ?-g v 8. Thedesired bandwidth of the

transformer is v &%M x 100 = 13%. It will therefore be sufficient
if @ matching transformer is designed for & 0% bandwidth and an impedwm ce

ratio of 3,

From Xoung's hblu{“'m ), it is found that a two-ssction trmfowr
provides the desired impedance matching over a 304 bandwidth with pass-band
VSWR of 1,01. Since this pass-band VSWR is not very high, it vas considered
adequate if a twowsection transformer is used, Referring to Ioung's tablcs(zn
the impedances for s two-section Tohebysheff quarter-wave transformer (for

a0 impedance ratio of 3 and fractional bandwidth of 0.2) are found to be

21 = 3. 3207 (‘01)

2, = 3.4 (4.3)

where 2, and Z; are the normalized impsdances of the two quarter-wave soctions.
S0 that
g = 1, and e = T (4.3)

for the terminating lins impedances on the left and right, respsctively,



For actual fabricativn of ths transformer, a cylinierical esatre conductor
wes located in an enslosure having a square oross seotion (sse fig. 4.4).
For sush a strusture, the oharacteristie impedasce is given by the

squatien
Zg ® .% logyy 2= * D54 (4.4)

where a 4s the diameter of ianer conductor and b 1is the leagih of cne
side of the square suter conduotor,

The raties -':- for the two sestions oad be now salculated froa the sdove

111

squation.. The calsulated %— ratios for these sections are given in Table 9.

TABLE ¢
. - ™3 ' )
,Section X Ispedance : satio h/o,:
¢ § '
: i , 34 . L7
' L] ] . ’
[ 3 L
¢ 3 38,6 . .80
i3 L0 1 L4

Selecting b = 0,75" , we obtain

& = Q.4

" - 0.406"

In order ¥ take into sscount the reactive loading of the line, the length
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of eash section was kept slightly less than quarter-wave length at the eenire
Lrequency of 1.7 (g, A detalled draving of the disde mount with the brosd-
Band input and cutput matebing eections is given in £ig. 4ud.

Sod__BESULIS

Fisally the multiplicr ves tested with broadvand izput aad eutput matobing
networks. While optimisimg the multiplier for power output, bandwidth snd
spestral purity, it is expected that Vhe power output and bandwidth of the
mltiplier depend to a great deal on the matehing mdithu of the dicde

and the seurce. The fact that i s0 wes al3o sxperiamtally obssrved.
pifferent sets of readings wers taken for diffsrent matching eonditicas between
the diode and the source. These are plotted 18 figs. &.5(a), &5(b), €.5(¢)

and 4.5(4). From these plots, it cen be seen that Zor s broadband opsration,
the efficiescy obteinsble i» Zelativaely small. The meaguressats on the
frequency miltiplier indlcate & saxinum 3 db bendwidth of 135 Miy with all
othur harmonic and spurious frequencies down to & minimum of 40 dh. The powsr
output sver the entire 135 M, bamdwidth was at least 155 wd. This sorresponds
t0 an offisiency cfﬁmi persent, From other sets of messureamsnts, shown in
£1gs. 4.5(8) %o 4.5(s), it aight be observed that it is possidle o obtain &
lerger power output i.0, sfficlency by warying ﬁhﬁ satohing conditions. The
resulting bandwidth in that case is however smaller than 135 Miy, Theas graphs
$1lustzate that the eoffioisroy and bandwidih are inter-dependent. Larger
efficiency esn be obtained if the baadwidih is reduced, Alternately, & iug-
tanduidth opsration, necessarily results in & reduction in the overall conversicn
offisiency of the sultiplier.
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The phetographs of the broadband frequency quadrupler and the diode mount
with its input and output matehing nstworke are given in figs. 4.6 and
4.7, respestively,



ouT PUT

1680~I1800MHz

IN PUT
420-450MHz

FIG. 4.6

SECTIONAL VIEW OF THE DIODE MOUNT WITH
THE INPUT AND OUTPUT MATCHING SECTIONS

FI1a. 47
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5.1  SIMMARY AND CONCLUSIU

In this thesis, & study cf the broadband waragtor barmonis geasrator vas
pressated, The primsry objeet vas to obtain a broadband frequency multie
plioation consistent with & good overall performance. 4 tro@nm guadrupler
usiag a step vecovery dicde was actually designed, fabricated snd tested.

The first two chapters of this thesis deal with the phynion of varmelor diodes,
principles of znqmo;'mtmmmn using eonveaticnal (depletion layer)
varastors and step recovery diodes and other oircuit sonsiderations in
designing varsctor sultipliers. Varactor frequency sultipliers can be cata-
gorised as spot Lrequency (L.e. nsrrowbend) muliipliers sad hroadvand frequency
multiplisrs. Lerge sigoal smslysis of spot freguency varastor (ocoaysational)
sultipliers with end without idlers was desoribed in detall and the advanteges
of using idlers hawe been clearly explained,

A deseription of a broadband freguency sultiplisr with its basic block schematio
cipldnin‘ the function ¢f sach part was given und the bandwidth )iaitations
arising from a requiressat of having only oos barsonic appesr at the output
have been gplained,

the later part of the thesis dealt with the deaign of UHF oscillator, input
and output £ilters, needes in the assembly of s brosdband multiplier and tho
testing of the integrated unit. The input lowpass filter wes designed for s
cuteoff frequency of €00 Mis, Function of this filter was to allov oaly the
fundansatal frequency 0 pass through and to provide isolstion bstussn the
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ssurce and the diode harmeaio generator fer the sutput tnqunaei range of
1,74 s to 1,94 Gis. The bandpass £ilter used as an output frequeasy
salecting olrouit vas of interdigital type. This filter ves designed for

s baxdvidth of 10.b% cwotred at 1,84 (s, Bowsver, & shift in eentre
froquensy towards the Jow Lrequency sids was observed vhen the filter was
actually fabricsted and tested, A UEF mechanically tunsble osclliator was
tuilt te serve s o primary sourcs for the {requancy sultiplier sad was
tested Ler ite power cutput end spactral purity, After testing end adjusting
these components individually, the Crequency multiplier vas ssseadled and
tested,

Diffazent sets of readings wers taken for different sstohing conditions
botwesn the dinde and the source, These have been plotted ia fige. 4.5 (a),
4.5 (b), 4.5 (¢) and 4.3 (d}). Froa these plots, it 1s sewn W& for droade
band operetion, the convarsion effiolency obtainable is relatively ssall, |
This vas in any cass expestsd to be s0. Io one typicsl cuss the a{ficlency
of the frequency quadrupler was sessured 10 be atiesst eight percent over a
bandwidth of 125 Miw.

8.3 SCOPE FUs FUATHIR

The banduidth of an o-times multiplier is limited, fundamentally, by the
requirenent that no more than one harsonic should appesr at the output sisul~
tansously, For example, » aimple Lrequeacy tripler tf designed to bave more
than 204 Wandwidth, the output cirouit passes fourth and second harsonics

vhet the harsonic 3«1&;@0: is operated at the lower and higher edges of its
frequmoy vand, respestivaly. In the same way & frequency deubler is limited
10 have & saxisum bandvidth of €04, In practics, however, the stray reactances
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assesiated with the diede and the physiosl realisation of ths required eireuit
vil) tend te further reduce the useful bandwidth,

Varsotor barmonic gensrstors for broader bandwidth spsration (than is possible
vith s single dlode) can be designed by using balsnced oircuits.'3®)  These
balanced cirguits avoid the possidility of interaction of different harsonics
at tbe output by separating even and 0dd havaonle componsats of the waveform.
A sisple balanced olrouit s shuwm in m.»'s.x. In Mnr to separate the
sven and odd harmonic components, 1t iy necessary that the drive surreats to
the two diodes be in autiphsge, This is schieved by messs of a teansformer

as shoun, The vector sus of the resultunt woltage waveforss containg only the
sven harsonics anu the weotor differeace only odd hermonics. Thus sisce the
output cirouit of fig., 5.1 foras the vector sum, it suppresses odd harsonics. ‘.
Doublers using such balanced oircuits cau have bendwidths of the order of an
octave,

The sutput Lilters for such balauced muitiplivrs can be of iuterdigitel or
digital ellfptio type, These alliptio funotisn L11ters?®) neve mry sharp
cub-otf response whereas the Mp cut-off respunse in the case of an' inter-
digital filter can only be ashieved by having larger mumber of resvnators ami
high valus of passband ripple, Because of the lncresse incmber of mmwn,
the alignmect and tuning of the rescoators is randered mors aiffisuit while
sdjusting the filter for optisum response, Furthermors, the fabrication begoass
sostly and tedieus. Elliptic funetion fiiters, becsuss of their steep skirt
sharacteristiss, when used ia dalanced muitipliers will previde better rajesstion |
for all wnmnted hamonic fregusacies. 3ince these elliptic filters are suited
to videband (grester than 30 peroesht) designs, they can mot he used for
unbalanced frequensy tnuﬂhu sxeepting for the ushalansed doubler. Ne werk
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has 50 far besa reperted in the iiterature, wiers the above asutioned concepts
have bemn utilised to evolve optimal designs, This is consequently an area
thet is spen for further Anvestigation,

On the theoretical slae also this field is wide opes for further work. ZThe
depeadence of coaversion efficieacy on the bandwidth is still unknown. Also
the saslysis of broadband warestor suliipliers with and witbout idlers is
still incemplete. This thesis work can be wtenied ever sny of the lines
suggestel shove.
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