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ABSTRACT

The thesis presents a technique for inproving the

bandrvidth and. the receiving gain of a passive dipole antenna

Ìry introducing a special transistor circuit at the feed

point. The circuit utilizes the inductirze prope::ty of a

transistor anrplifier, thus providing a goocl ir,rpedance natch

over an appreciable portion of the frequency range in r'vhich

the d.ipole is capacitive. The base ::esistor of this

arrrplífier has a significant effect on the gain and. the

band'wiclth, and lowers the center frequenclz at vrhich the gain

is maximum. It is shov¡n that the im5:rovement in gain, due to

this circuit, of a 44.8 cm long clipol-e operating at 22O [lLIz

is 9 d.B rvhile the \¡sI¡lR l:ecomes 1.54 as conpared Lo 29.6 for

the passive antenna. It is also shor^¡n that, due to the noise

temperature of the actir¡e circuit, the::e is a noise-limited

frequency bancl for rvhich the maxj-num net gain irnprovement is

10.6 dB at 290 tLLIz.
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CHAPTEIì I

II'ITRODUCTTOT{

The stud.y of active antennas occupies a prominent

posítioninantennatheory,particularlysincerranyflêI¡i

typesofhighfrequencysemiconductorshar¡e]reenrecently
developed.Anactiveantennasystemisacombinationofa
passive antenna ancl a serniconcluctor circuit r'¡hich ma)/ lead

to higher gain or signal to noise ratio orrt alternative-1-y' a

reduction in the overall length of the antenna for the same

gain.

Thecurrentdistribut'ionofanacti'¡eantennaj-s

controlledbyanactiveci::cuitrvhentheci::cuitis
connected to the passive antenna. The input impeclance, the

po\^rer gain, the beamrviclth, and the f ield pattern are

o}:viousllz inf luenced by Lhe ci::cuit conf iguration t1]. It

shoulcl be noted that any advantages of an active antenna

overapassiveoneareattheexpenseofconrplexityinthe

circuitasr+ellasacldeclinterference,noisetemperatu::eand
po\À/er d.is siPat'ion.

Thestud.yofanactiveantennahasbeenfacilitatecl

ever since I'iansen lzi reported special j-ssue on actirze

antennas. Some types of active antennas rvhj-ch have ]:een

clevelopedandreportedaretheparametricarrplifierantenna
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[3r4], the Esaki diode antenna t5-91, and the t::ansistorized

antenna [1 0-1 2] .

Frost [3r4] presented the paranetric araplifier antenna

Llsing parametric diodes and a dipole antenna, and reported

23 dB maxinum gain at 221 i"lHz relative to a passive di-pole

having the same length ancl diameter.

Fu j imoto t 5I presentecl a theoretical stucllz of some

properties of a tunnel-diocle-loadecl-d-ipole antenna and

discussed gain, noise performance, stability, and

reradiation characteristics. The ana-lysis ltas performed b)'

applying network theory techniques to an equivalent circuit

of the active antenna. The autÌìor reported experj-mentsi of

racliation patterns, maximurfl gain of 12 dB, and a fevr pe::cent

Iarger banclwidth of the tunnel-diode-1oaded. dipole antenna

16l . The author also reported tire "antennafier" r^rhich is a

clipole antenna combined \..fith an Esaki diocle ci::cuit t7l . lle

employed a nodified pi-match dipole to irirprorze the overall

performance of the antenna. The analysis of the

"antennafier" vtas macle by using an equi v.=rlent circtiit

clerived by computing the inpedance from radiating and

nonradiating components of voltaqe ancl current. The gain,

noise performance, ancl stabitity vTere cliscussed.. Typical

experimental results at a center frequenclt of 420 \rtrz showed

that the bandwidth rvas several percent highe:: anC the gain

was 3 to 12 dB larger, r+hile the noise figure vras 5 to 6 dB



higher at 42O 1fi12.

Copeland et al t 9I reported I'antennar¡erters " and-

"antennafiers" using a tunnel diode. The "antennaverter" is

a passive antenna and a converter combined into a si ngle

unit, while the "antennafier" is a passive antenna and a r-f

amplifier combinecl into a single unit. The authors discussecl

an analysis of the tunnel diode dorvn converter ancl ::eported

that the tunnel diode converter had a 14 c1B gain rvith

respect to the sensiLir¡ity of the standard dipole system

lvith a coaxial mixer.

Copeland et al t10l repor:ted a 12.5 clB higher gain

relative to the reference dipole and a Q of 8.16 by using a

corlìmon emitter transistorized dipole antenna operating

between 135 and 165 l.{FIz. The authors also describecl a

four-el-ement broadsicle array active antennas rvith a víel of

improving the half-power beamrvidth, po$rêr gain and noise

temperature over a half r^rave dipole.

t4eínke Í121 reportecl a t::ansistor circuit rqoì-rnted on a

nonopole antenna. Ile discussecl the noise temperatures of the

receiving system and the influence of bias on the inpedance

and radiation pattern between 800 kïz and 250 l{Hz. The

author also examined various types of actj-ve antennas and

shov¡ed that the resonance frequency coulcl l:e shifted by

changing the coll-ector current of the second stage

'transistor circuit, whereas, the ]:anchvidth could be varied



by adjusting the collector current of the first stage

transistor circuj-t. He reportecl that the \¡SIiR of the active

antenna \^/as less than 2.5 in the frequency range of 2.5 to
25 ltllz.

Recently many arguments have been brought forr^¡ard

rega::ding the noise of transistorized antennas. i.leinke et aI

l13l reported that the noise tenperature of the receiving

transistorized antenna systern \n/âs lorver than that of the

passive antenna. Lâ.Ddstorfer 11+1 reported a 10 dB gain of a

transistorized. antenna over a half vrave dipole and shor^¡ed

that the noise temperature of a transistorized aerial system

\^ras smaller than that of a passive aerial. I-Ie reported that
the minimum noise tenperature of a particular active antenna

conf iguration was 1470 Ii in the frequencl¡ range of 470 ancl

B 00 I{tHz.

The purpose of this thesis ís to utilize the -i-nd.uctir¡e

impedance property of transistors, over a limited. frequencl'

range, in order to inprove the gain and the ltandrvidth of a

dipole antenna v¡hich is capacitive v¡hen the t::ansistor is
inductive. The active antenna, rvhich is used as a receiving

system, consists of two transistor stages antl a passive

dipole antenna. The first transistor stage is employed to

get the inductive ir:rpedance propertlz in order to ir,rprove the

voltage gain and the bandwidth of the active dipole antenna.

The inductive impedance property is utilizecl for obtaining a
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conjugate match betr"¡een a passive antenna and the first

stage (for maximum po\À/er transfer). The length 6f the

passive antenna is chosen so that its impedance is

capacitive.

The advantages of the active over the passive dipole

antenna of the same geometrical dimensions are : higher

gain , larger bandwidth, lower center f requency ancL lorver

noise ternperature of the ::eceiving systern rvithin a narro\.l

frequency range.

In chapter II, the short circuit Y admj-ttance

parameters, the open circuit Z impeclance pa::ameter:s ancl the

ABCD transmission parameters are used to descriJ:e the

circuit configuration of the transistor arûplifíers and the

correspond.ing active antenna. The corrnon base t::ansistor

circuit configurat.ion and the noise ternperature of the

receiving system are also discussed. The theoret-ical

frequency response of an active antenna is calculated using

an IBl4 360/03 moclel 65 digital computer and the results are

reported in graphical form.

Ilxperimental procedures for various parametei:s are

dj-scussed and Lhe measurecl data are presented in chapter

III. These consist of measuring the input. admittance of the

passive antenna , transisto:: Y parameters, input aclmittance

of the transistor circuits, output admittance ancl relative

gain of the active antenna
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The theoretical and experirnental results are discussed

along r^¡ith suggestions for further research in cha.ptei: IV.
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ci rcu-it conf igu::ati.ons of active

are presented-. T]:e tl:eo::e Li ca1

antennas are cor'rpared r','itir enplras;is

noise tellpe::atrÌile "

2.1 äquirra.lenL Circu-it of Coni¡i,:n -$ase'r'r-'ansis'Lor: I'rrr¡llif-ie:r

Ä rvel-l--'knol¡ir p::ope::ty of coír'jiloll base trans-is;tor

confj-grira.tion -is 'tl,rat its input -i-mpco-a.nce rvil"l- exiiil¡ii an

inc.iuci:ive cjoii'lponsl-it¡ as sltc=,vil bry Searlc eb. al- [i5]" fi're

hybricl-p-i nocleÌ is one of t?re var j.ous types of

represcntaLi-ons of the incrcr,rcnta-l Ì¡cir¡-vioi.l:: of a tr¿rnsistor

connecteC in the coifüloll ]rase coirfiEu::ation shol','lt -in figtire

2,1. Tiie resistancc rê¡ usua1J.y referrecl to a-s tLre eni'Lter

resista.pce, descril;cs; tire increrrrc¡rtal relationsl-ij-¡i bet';veeir

tire enit'Ler base junctj-on volt,aEe ancl the eiritter currcnt"

The i:a-se resj-stance l:r represents tire effcci:s of. transverse

voltage cirops in tÌre base regioti caused b1r the bas;e currenL"

TÌre capacitance Cf is the space charge ca-pacitance of tÌie

reverse biaserj cc,¡llec'l-or junct.-i-oir" o{ is arr iuc¡:einenL¿rl

corrmon base shor:t c-ì-rcu-i-t cur:rei:'L, gain and is clefinecl by

J^/- _ \" 

-
o\- 

I +- j(ülaa)



where tlie br:ea-k freqr,rency Ltìa is l

L),/. =1/ (r"Cv)

'ihe cc¡ef iicie¡r t 4" is usua-I11' calle cl the

coi-1uìion b¿ise shorL c-i-::cuit cu::rent gain.
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I¡igure 2.1 Col:uitott k-;¿ise T nioclel ecÌ¡-;. ivale n-t c j,rcriit
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ï--*
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Firur:e 2"2 A¡:proxii:ette Ïiigh frec,uencl' cotìiloll

base T n-iodeI equi-r'aleni ci-rcut-ì-'r:

Tire niodi-fi-ecl cornrÌ1.orr basc T rirodel is shor'¡n -in figttrt:

2 .2 , rylrere ilï = *;9.::-;' ) ancl c"nt, is t}le inci:ernental
ç¡z-r Lp

transcotrcluc Lancc of a jurrc Lion trans j-stcr, Al-l e>:tcrnal

resis'tance R¡ j-s; shoivn i¡r f-igure 2"3 connectecl to tlre base

of tÌre tra¿rsisto:: anc-l helps to inc::easc tlle input incluctance

of the tra,trs-i-str¡r circuìt shoi'¡n in figtire 2"2"
. :r.

: :rì
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2 "2 Ec;r'.-ivaJ.ent C:.-::c¡_lit of ,j,ransisror 
Ãlïplifier

?iie t¡:ansistor a_ni:.lif:ler. consi-,st.s of il¡c>f irst stage r â corìmoÌ1, Ì:a..se corrf igu::at-ic¡n, is 

s.agcs " .jhe

ert¡;l6yçç1 i:oinrzcstigate a''cr exlr-lsi¿ trc inrrucrive in¡>ecancc

;::ï ;,.i:"ï;: "ï;:,"-:.,,, ;' .,:ï'.'.**:ï .;
¿rriu.¡li-Fru 'r- 

¿lre Ï'tLsl staJe also---..!-¿-L,-¿v circ rcc:civcci vol r;r.,^ _-ì j 
scrvcf; to

qr-''"- 
a- 

";-"".^-t 

t:ttagc cìi::cctly. ?ite scco¡rcÌ t:r:a.¡is:.si-o::uL'r':i., r-s a co,.ÌnìcÐ co'r'J-ecto:: circi-rii. rt is e¡.rpfoyccl as a
c¡-r::re¡rt 

'rnrpl-i-f-ie:: ancr i-s a-iso usec-i tc rrto¡¡icic ä_n impecla-nceilralch ryith the 50 oli¡il Lra¡tsn-rssr-o¡r l_inc i;jrich j-s geire::aIIyeinployccl v¡ii:h liigìr frccJu.c¡rc]¡ ::eccivers.
Cont¡etrf:-i.o.na.l 

t:i:an.l;-i_s.i-o:: ci-i:c

:::..:;':,,.":;: 
";:

usefu.lness of thls tjtco::
i.s appricai:re to 

"," 

"ot, t" attr:il'rr-rt<:cl to trre f¿rct tir.lt
aci¡n:r.rr.a-;rce 

";-:: 

ca'-lcul'rLe tl:e \zol tagc aa-in r tjle j_n¡:u. i:ancl tlre oi.r.t¡j¡1t acli:ri-ttance of J-h_, :ci::cuits enploycci itr an ¡., F.ì,,-, 
- -. "'- Lrr(-: cransistc;¡

r act_i_ve anteirna. ?he .se cal cu.lationsare *acie in terrns of the shcrt ci-rcu.it__ y ad¡ilittanccparameters, tire opell ci::cui.t Z impecla.n<
À'BCD tran.sririssj-on pâil:al:ìete-rs *"_.'':-"'ce 

pararn'eters¡ ârcr the
l:rrs " ?he: expl-ess_ions 

rec;rt_ir. _\cl forrela'b. i-¡lg these ¡:ararneters n51: - 
"-_

t161 . 
¡-"!{qr!'irLers rùa}'- be founcr in Desosr a¡-rcl Kuh

Àn egui va.lent tran,sisto:: circui_t is init-ia-.Ì_i._,.rei)resc¡rrecl by tÌre s..horr circ_*it y 
"ar:;:J--.^^^." 
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na]ìuf ¿ìcLurel: t s ciata sirc¿:ts. l{evert}reless o it is 
_convcili:ional

to conver:t tl-re Y ¡raranet.e::s in-uo '¿i:e Z paraneter:s d'ue to the

preSence of ser:ies elencnts such aS il¡ iir t"jle ba-se oF tile

first t::a-nsi.s'toi: stt:.ge sllo''¡it in figr-ii:e 2"3" 1-he stuciy of- tile

coirve.r:s:'-on bet.,'¡een tire Z t Y anC- ÀllCil pa-::aiictei:s is gir,'cn in

hppenclj-ces 1{ aÏl(ì B"

I-o:: i:u.rposcs of tirc a.naJ.Ys-is,

an¡>"1-if-i.e¡: IÌìa).? i:e consj-c;,c::eci as

arrar.lys-'r-s is easJ-Iir a<;coirt¡:lisr'iecì by

in ti¡.e f oli-oi.ring ca--1,.cu.1 at-i.o:rs "

ol¡taiirccl f ror-'t equat-.ions (11" 1 ) to

by u.s;ir-rg cqr.lations (¡-t, 1 ) to (Ii" 3 )

Lhe i.:1,;o*s;-i:agc trausistoi:

a cas;caäccll ne ti','orli, Thc

r"rsi ng 1-Ìte /iliCjj p1::anci-e::s

.rire l-ri-JCD ¡-ra.::aLiel-e::s; ai:e

(B . 4 ) given in lr,ppc;r.cl:i-:< R

g-i ven in Àpirencli->l Ä"

At
l zzt, n' Lb"¡
ttbtb * t2rb

or (tlrn -r- 
%Yb)

tb

(\Yu - trz¡) (RuYt, * trr¡)
--TRJ.--";V;--_-

'DD ¿LD D

(2.t)

(2">)u1

A.Y. _ :!_ - __.1_ _v1 t'tDv-v
' oel ^b'b - '2lb

n -L'Yr"lr¡."l - R.. ' Iì.Y- - v- "el "b ^b '2.1"b

(z-.3)

(2 "1-)

whe::e Re¡ is the enit-te¡: resistor of tÌie f-irst. s-tage slrotvu

in f igt-::c 2"3 î a-nd Y¡ =Yllþ YZZ¡r*Yteb YZIV" The Y par:ancLers

r.ef e:: io the short ci rcuit a.c'l-nitta.nce paraneters of the

coriììton J:ase oL tl're coíiuron collectoi: tr:ansisLor r'rhen Lhey are

srrb5ç¡ipt.ecl by b or c¡ respeci--ively. The Y paranict-e-l:s anil



1z

R.2Y21"

--1 - Re2Y22c -- j,uC"R"z

-- jrl%-"it-1"---

the ss:conC starge

are d.erivecì in the

i" e"

(2.5)

G.e¡

the suir,sequ..ent ?\IJCD pararrreiers of

t::ansistor ci::cuito shcr.+n 1n figure 2"3t

s¿l.ine ürânner ¿ìs tÌrosc of the f i::st sta,gc,

-L - R"zY22"
t\2 -

R=-2

rl>cz:
-1 - Y22..R.r? -t- R.R.2Y" -- Y11"R"

(z-
R.R"2Y21"

_ -Ru2\22" O R.R"2y" - (1 -l- O"tlt") (1 -t- jûrccR ^)
D2 = --sL j!c--- -:r,. c ç;";;*-*-----:-sl- 

(z-. r ¡

r¿ire::e Yc =Yl2c. Yztr., -YrtC YZzc. r,¡hil.e Ru¿, Cc, anci r'¿é are sj-to',til

in fi-gure 2,3.

F'ror,r- tÌie pro¡:erLy of tlle tralls:,r.j-ss;ion parar;te'[:crs, tirt:

res;ult-i-ng tra-nst,rj-ssion ¡.lai-ri>< of '¿ite t\','o cas;cacled t::ansistor

stagcs is givcn by

t^ 'l= [^' "] [^' "l ( 2-'t)lc oJ Lt't orj Lt, orj
L

Using ec¡uaLion (2"9), the vo-ltage gaìn ancl tl're input

acl¡ritLance of ti¡e Lr:ansj-stor cir:cuiLs are gir.zs¡l 131' l17J

Gt =\tz /vt =zo / (AZs +rJ) (2 ' 10

\ =r¡ /\ = (CZ,+D) / (?.,Lp+-tt) (2"11)

v¿i'iere Z¿-- 5A ohn r','1.:i-fc V¡ , V2 , a:rd Il are in;out vol talc¡

output vol-tage ¡ ancl in¡:ti'L currc¡rt of t]:e tr¡r:rs j. stor



circuits, respectivel.yr õ.s sÌlor.¡n in figure
of these cora¡ru.tatj-ons ¿tl:e gi-rzen in fiEui:es

a2

3"7

13

'ì'ire resu-I ts

alìcl 3"4-

2 "3 Þìqu.i r7¿.1-s¡¡ Circuit ¡f Passi¡¡e Arttenna

f ile '-l'irevenin cc{uj-r¡a-letrt circuit the pa-ssive rnonopole

antenna is shor,'-n in fiqur-e 2"3 as a volta-ge ,sou::ce vo in
serj-es ivith ä-n j-¡:ri¡eda,nce zF,/2 as givc.:n Ì:y Kraus tlsl " The

input j-inpeclauce of a t-hirr cyJ--ì-nclric¿rl monopol.e airtel¡-ra j-s

ec¡ua] to oile ha-l-f of tlie i¡ri:ccancc of a clipole ant*enna a.s

slio""'n b1z .Jnutt; [ 1 9 ] " T]re iir¡rr-rt. inpe cì.ancc ZA/2 -is c¿r-'l-cu.l-a-teci

by- appllz-ing tjre ¡ictìroc-l- of noiaents ¡;::opo,scc-l l;y li-airirr<;L.on

t2ùj "

T'he caJ-ciilateä resu-l-ts of tiie in1>ul- adrr.,itt¿rucc aïe
p-loited as a function of frecir-reiicy in figu::e 3"2.

2.Ll I''reclueircy iÌes¡;onse of Àctive Antenna

f

â

The voltage gaì ir of the

Go=V, /Vs

rvhere Vo is soultce volt.age of

clef inccl in secti on 2.2 "

active antenna. is given

(2 " 12)

the clipolc antenna ancl IS

i:y

VD

Si¡rce V I =Va i¡r tìre a.bsence of

shov¡n j-n figu::e 2"3, the üol-taqe gain

is girzen by

t.he t::ansi,stor ci-::cu.'i-t

of tire ¡rassive antennà

i

ti
ìr
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Gp=,.t1 /'Ja=zô/ (za+zf, /2) (2" 13)

r{lìeiîe Zo j"s the j-n¡;ut- i.n¡:eilance of tLre recei\¡er t '1,A/2 is the

input irilf:ed.a¡rce of thc passive arìtcnna, end Vt is defined- in

secl-ion 2,2 " F'iclu.re 3 " 15 silol:s the rel-atíonshi¡-.r betrveen G¿¿

anc'l- Gp for ì:he Írequencl, rangc of 22Û to 360 ilFiz.

Thc out.pu.t acì¡rrj-ita-nce o-'-' the aclive antenna.¡ âs seen

frciii the ter¡nin¿-l-s of. ti-re tr¿rns;rü-'Lssion line, j.s cle¡roteci b)' Ya

Érnril -is coitplrtcil- fro¡Lt tire e;{Ilressior-I

yu= (À+cz 
A /2) / (ji-rù-rA /2) (2 " 1 tt) ...--

itiìel:.-J À, Br Cr and D ¿Lre the ele¡lents of 'L.ire ¡l-cti.ve a-nLelllna

givei: j¡r egu.ai-j-o:l (2.9) in r¡.¿'Ltrix forn.

2 " 5 iJc-ij-s;e ii-'einperatr-r::e of }i.eceir¡j.ng SysL,ein

Tlie numcr:ical .r,.,,,¡rlao givclit Ìre:i:e ai.e based ol-t

calcr-i.l-¿rtecl and ¡:i-rÌ-r1.-i-sirecl v¿r.1ues t 12*1 ¿i I i¿ith respect to the

noisje tenper:ati.r-i:e of tiie r:ecer-iving active anci pass ir.ze

antenna slzs'Lens" ll'hc noise bcharziou:: of tirc ¡rass'ì-re anLenna

systetn T (in clegrees l(clvin) na.1z be e:ipresscd by 1,121

Tp =Tu 'r'I p /G ¡ (2 " 15)

rvhe re T.E denotes atmos¡rheric anc-1. man-rtacle noise

no-ise teripcra-tu::e ç'F the receiver, andt.er.lpe::ati-r-.rerì, TÊ the

Gu the ar¡a:llable Ea.i tr

In the fol-1-or,iing

that îR=1¿!00oKr G"=0"5

of the transin-ission line

nuner-i-caI calcula-i-ions, it is ¿rssL;-Ìloc].

, ancl T; =300"K as usec-, by l'ieink'e l12l .
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Subs''¿ittr.tion cf these vaflìes in ecluation (2" 15) I.eaäs, to a

plot of Tp veÌ'sus freguency, as sho\Ìl-l in f-i-gtire 2'.5.

îhe noise teriLpe::alr;.::e o'L tiie receivin.-j- act-i-!'e al-Itçlrrna

systerir ile (in clegrees tietvin) is ç:ivcn iry

Î;¡=TJË*T, +TR/(GrGr-) f 2.1ç-,)

vtiÌere 1,'T ancl G-f. are tlte noi se ten¡;e::a.tu::e a.ncL tlie avaiiaJ¡Ic

ga.i.n of the transj-s+-or c-ì ::ct'r-i-Ls r respcc'L'j-r'eir'.

Tr'¡o poiît networ-l'i t-'heory is no:filally useij- to cl-:Lscuss the

noisr: tenpe ::atu:re of transi-stcr c-i-rcu:'-J--s l21l " Figi-rrc 2 "Á¡

siìov/s a no-i-qy linear tr,¡c'r pol:t net\'iorli. This ncti'ì;ol:lín rvitii

noise talien into accourìt., cerl be replîcselltec-l. i-lit a noise free

nct\rorli r¡-i-tir tl.'o no'i sc çiellcïa.toï s acì-C-eci , i-fu, anä í ¡",?"

Figure ?.,1' È rroisi/ tr'¡o port netr¡¡orl; using Y ¡:ai:anete::s

rj'ire Ínput noj-se l-elllleratr-rre o't a t\.Io po.rt net\'iork i s

deÍined Ìr1, Sr,lche:: [22) as tlie tcnpera'cure of tire i-nput

terminatj-on rvltich, r+iien connectecì to a nois;e f::ec etluivalent

¡etrvorkr. ri'oulci llesul-t itl the saliÌe or-rtput no-ise po',',¡el: aS that

of the ac'tual- net\.vorii coirnecteil to a noìse free inpul-

i]OISE
Flìï:ìE

TJE'Tì.]OÌ.K
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na,tion. 'i'Ìtc i nput noise teini;e::aturc: T ( in cl.cgrces

n) is ::elatccì to tire noisc factor: l- brz

!=290(I'-1) (2"11)

Usi.ng tire Y pararricte::s, tho noise iigui:c of a t,.vo po::t

rJi is given by Verssrer;lr t21l as

r(Y, +Ys)(Y=,+Y-i)l

- ì.t Â.{)it * E-(IJ! 'r'!'6f - nç1---tr--_-f-' ' Ru(Yr).Ir¿O'y) I Y,, I -fiXVþ--_-' (z"tt¡

ter¡ri-

Ke-lv-i-

netlro

L.
I

v¡he:':e Yt' i.s tiie sor-llrce a.cl¡r-ì-l-taircc. For the f i::s;t

Y par¿¿ìÌÌei--e:rrs are clcf ir-ieä ir¡r ec.¡uat j-ons (2 " 1)

(A,.4), and tire scu-lrce acirlr-i-1,tance Yg.l is gÍ.rzen l:lt

s tzrge, tÌic

to (2." Ll) ancl

as

y'.J = (R.=' +Ii-n /2) / (Re.t 7.A /2) (2 " 19)

v¡lrer-eas fo:: iirc sccoircì sLaqe, the solr.rcc ar-l-n:Lttancc Yqz

defined by

I

R¿
(2. zo)

noi se f igr,ri:e of ti:e acl--i.ve an{-eirlta is'f'ile ove¡:a I J.

the:r:ef o.re

rvhe::e I',

F=F, -l- (Tz*1) /Gt

and lr.r, thc noise

seconc,l tr:ans j-stor suages,

(2"19) and (2"20) i¡ito (2"1

ava-ilai-¡l-e po\re:: ga-iri of the

sll -

(2 "21)

f :i-gr:rcs o F tr'rc f irs t anc-l tÌ're

al:e cle tcrni ned ,":12 srri:s Li trr.ii-ng

8) , respectivell- ancl G¡ is the

f j.::s t stage cief inecl i:i'

Q.zz7

slzs ten of theThe . no j.se l-empe::ature of tire rece'ivj-ng
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actir¡e a;rtenna

anrl is siloi',':l in

is calcuiated

figure 2.5 as

fron equati ons

a functi-on of

(2"15) Lo (2"22)

f i:cqucncy "



1B

ACTIVE A hJîF-ITI'IA
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CIIAPTE]ì ITI

EXPERTMENTAL PROCEDURES AT,]D P.ESULTS

Tn the previous chapter the circui.t confígurations of
the active and the passive antennas wel:e discussecl. rn this
chapter the experimental r,leasurements of the passive

antenna input admittance, the transistor y pa::ameters, the

input ad.mittance of the transistor circuit, an<1 the output
admittance of the active antenna al:e presentecl. The gain of
the active relative to the passive antenna is also

discussed.

3.1 Input Aclrnittance of passive Antenna

The experiment \"/as conducted in a large micror,vave

anechoic chamber in the t/HF and UFIF rang'es. The experimental

setup for measuring the input admittance versus fr:equenclr is
shown schematically in figure 3.1. The input admittance vras

conveniently roeasured by a Genera.l Radio /\clmittance l4eter,

Type 1602-B 1231. The apparatus consisted of a ::eceiving

monopole antenna over a ground plane, a signal generator, a

local oscillator, a General Radío Aclmittance l.feter, and a

transmission line section of length D (distance betr¡,reen the

terminar of the Admittance I'.{etelî ancl that of monopol e

antenna)r âs shown in figure 3.1.



1n

lì'igu.re 3. 1 C j rc'.r.i L ili-¿r.gr:¿rri fo:: pas:;-i"rre ailtcl-ln¿r

. inpul adr'ittatlcc iÌreestu::eitcitts

If the tr-'ans:missi-on -litrr: -'i-s; un-'i-fo::n, tirc ovcl:-a1-l-

elec'r*r-'i-cal- leng1-h D is en - i nl;ecîra]- nu.r-tip'l e of a half

viavcl-e¡rgtÌr, anri the loss;es .;:.i:c irccl l- j-q.i-j.,.1e, Lircn tlle ull.l"rlo-,;n

acin-i-'ct,ance is tlie si,1iìe as the tei:l:l-inal acln.i--tt¿rnce nca:;tir:ec'1..

TÌte line lenr;'cÌ':. D ',;a.s acÌ.justc:.'i to tiic iral f \!'¿'.\¡elencjt-Ìi r¡a-l-u.c

b.,t ¡-1e.r1s of a Tlrfie 97 11,-J,"¡:,? û Consl-¿r.irt Ii'ipcclancc .ê,d j us tal;J-c

Line êl^rcl us-ing va;:ious; aj-::l i nes i-nscl:te:ci j:eti'rer:l-t fi-he

aclnj-tta¡rccr lr.t:tel: an<-'l- i-hc Ance¡ina.. ï'oi: th-i-s acl jus LileìL-., the

I j-ne j s sìro::t-c j-¡:c'uj-'Lcrl al- -'lte ooi nt a-t ',¡l-iicìr the aclrii*:tance

is c-lesi-relCL, the a':l-ni ttairce ncte:: se t to .na-l-ancc at tì'rc

arilir-t-ttance coltl:cspoi-iiLinE to a sTio::'L circ.r. j- L anrl thc

insL¡:ilne¡rr balancecl '}-'iz ac-ijits't-r-r-rr; tÌte Ien!if-li of tile 1-i-ne" It

ïSOl,Ir'iOIì

t¡as founc-l necessarlîì/ to aäjust the co¡lclucLai:cc el:rì ojl i:Ì-Lc



:iì
ii.ì 

I

21

ins'i:r:nncn+¿ s-r-:'-gh1,J-y .r-ir ¡;::rie:-: Ì:o cbtain a pe::ilcc l: ¡rir-l---l- t'¡liicit

rvoulc'l- cor:r.pci-isal:e fo;: sira-1 I los:;cs airc'1. ei:rol:s" i.ire sjiort

c-i-::cu-it \/as then l:clior.rec'l atrd, tllc an-t-enira, t'o b'-: tested"' fias

coirnccteri " ilirc r-rcaslrr:c11 a¡i¡l co:-r-prr te ci rlaÌ:a for a 23 .3 cR k'¡iil

a¡rtenna- al:e sJ.¡or','n i-n fi-Er-rrc 3.2,

lL'ile no:cnal- i zecr. ari¡¡.-Lltance -j-s; cii rz3ii þ.7

(3" i )>l=Y / 20

r,.¿Ìre::e Y is ths riLeas'.i:-r:ci ii-rpub.

50_ oh¡r I i ne " ?irc ¡:cf -]-ecti-on

::c1a-tecl 1:o tiic noi:i:ralj-z¿:cl aclrr-r-t

f=(1*y)/(1-r-12)

aclr,ii-'l-'La.lice in r'ri-l-l,iniros for: a

cocf f i ci cnt f anc-l VSIfiì arc

t-aircc y a-sj fo-'ì.1oi;s

(3"2)

(3.3)

in Íìc¡rr:c 3.3.

\,g[{J-..:= ( i + ¡ ¡¡¡ / (1 - lf,l)

of the ¡>a.ss;i..ze ¿ri-i i:eir:ra- is shc:,;n

11

qì l- ^ \-zrrrç r pâJfâr--1tcj;el:s p-j:or,¡cì rl.os'l: lrseft.tL fof:

f ::eciu c.r¡rcy acir:ii- t -L.anc e c-l o¡.z j- c e s; a-n,:-l/o:: c -i-r r-:u i L s .

pa::ai:reter:s, al-l- otilc:: el cc ¡¡i r-:aJ- Ðr:olcrÌ-.r-cs

can bc cìer-i-r¡ecì.

clesc::i j;ing high

Iinorri-ricy tl-rcsc

of tirc nc1.-r,'orl.:

the Y paranete::s oÍ the i:oto¡^,oJ-a 2i.lll959 'trans:l-s.t--ors useii

\,/ere ncasur c'C in thc coiirlirolì bas;e conf i-qu:ra t-r-on us-i-n..j a

Gcneral- I,.acli-o 'Í¡--¿r:rsf er Fu-¡rct-'cor-l ancl Tr-,rri-t-tance Iìri c1gc, '*'-w¡te

1507*.À' I:ì41 . The e>l¡.rcri-rlcnt¡r1 scLrin is sir.o,,¡n in f -i-gl.tt:e 3.4.
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UÌJDER TEST

IricJr.i::c 3.¿1 C'i l:cu-i--i- cl.j-agrali foi: l:rcasi-i::enr:¡l'u o-[ y ]ra::a¡e¡-í-..crs;

ij.'hc -ì-rr¡.lu.'L acii:ri ttance y,,, a.nc-l thc ou tpu t_ acjn j_ti_ancr: y zz!,

allc riieasrll:c(l for- a Ì¡-i-¿rs oÍ 2r'rÀ cilittcr: cu¡:::c;rt and 1 0 VcE in
the fr:ec,¡nencv r¿ìlìcle l;etr.¡eeir 20C*360 ,¡ii',2 bi, steps of 20 !:iIIz" y',l,

is o]¡ta--Lneil f i:on Ì1otoïol-a c-ia L.a shee+.:j s-i:rce -i-t j-s; vcrlir ]rard

to neasrr-,r:e accrir:ai_r:l1r, .i'iie magiri-bucie of y,16 is gcncral-i-11 verv
sna-l- I coiriparre cl to the othe:l: -r;¡il:a:ri:,tcl:s ,

lransadnj-tta¡ice par¿{iiì_cì:c-r:s ylzb al:e ncasjur:ecl using tjre
Tratrs Fer Func'i:ioi-r Inc-li-catoi: of tire Eri c1çic i-¡r the sarÌ.rc l:_i_a.s

concì--lt'ioir as Ir; anci Y22_¡,. The pcl.ynonial ec¡uatj_ons of tite
neasurecl Y pa::ar:rc:te::s (irr n-ì-1-l--it t,oa,, j_n tlre conrlojl base

"6¡f -ì-g."rrat.ioir al:e obÌ-a j-ilc.:i1 i;1' a conputc:r: cl-ti\.¡e f itt-i jig

prograìì" Tire res;ult:ri-irE equat-i-ons a,:e:
\¡ ' 

- a rr,1, - ¡r-,..[*C. i 353fJ-1 . 335 f-" 1]-u *j (*1C.C22

l"

".tt.ri;-_l

::*lî1,::_l J

I

l

- *-* -, I

þ=l::"j l

---*:*-lI Gi;ÌiER?,L II p¿oro l***-
LnLl:.r,iç¡; ---J
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-4. 1 82f 1ct*f + i .73itf 2 i 0-5 )

yrzL. =j (-c.03211*9.67f1a-4 -1 .91'] 'r.210-'t 
)

Yztb =-73. 61-r-C -iLilBf-1 . 1 f.2 1:t-1' +j (l 6. 65

+0 " 0337tìfJ-i . 0 :'.5!2 i c-5 )

Yztb =0, Íi 962--r, "1s1f.1a:-3 -i.15 5f210-6 +3.30gf :] 1c-s

-r1, 19ûf4 1 0-rr + 3 "2-g5f5 i 0-13-9. 11 5316 in-t6

+j(:.738-2,07!;î1A-2 +5.10Sí," i0-5 ) (3"7)

r./ilcl:c f. is the ope:':atinç; f::e1r-re:rc1z r7¿¡'¡ji1'¡ froir 200 to 360

Tiie coi-rrr.oì1 co-lf ccto:: Y pAl:anc'ccr:'; (ì-n l.ri. 1ii-l'riro:; ) a::e

c¿r-l.c¡la t-ec]- f::oi.i tjrc coj"iìl.orì l;asjc Y ¡-rar;tir.c.Lc::s i¡sì-n1¡ srluat j-o:ls

(c " 1 ) to (c. ¿l ) g j-r,ren j-:r ;nLppe :rcj-i-:< Cj. ':-'?ìe re:;ultinr; ¡;ol-'7noni-aJ-

crjriai-i-o;is al:c gi.vcltr by

Ylr¿ -3 .3?.34 ?.67 11 0-3 +3 ..1?.l.i2tc-â+¡ (i 0. i 1

-0.0 ?-9':>1:L-t-7 "BZf.21fi-î 7

v :*') g?.-6.05iif i 0-3 -2.1)zt2'10-Ë +j (--6. tt0:l'l2c --

+7 .7 51f 1 0-3 *?-.13f 2'1 C-5 )

Yzt¿ =-76. tl'l-0. 1 353f-1 . 33 5!-2 1o-4' +'j (1¡,?.6

+0. c 1t,26'1-1 ,7 ti.,f2 1ii-F )

Y2z¿ ='/6. tl-'0 
" 13:i3f-l 1 "3?'l,f21C-4 -þ j (- 11.2?'

. -0. 0¿ï'î 3 ?.î-ri,73iiÎ-aio-5 )

3 . 3 Inpi,r l- Àrjni- i- Lanc;o al-,rj Ga j-n of tilc T;:alrs j-:;'i-o:: Cj-i-l:cri j 'L '

'j-'he 'tr'¡o.-si:.-.Íe tr:;insi s'l:-o,': cj-r:ci.ri-t fo:. tlrc ac'tli r,'c a.t:tenna

(3.

(:.

rl)

5)

(3.6)

(3"8)

(3.e)

(3"10)

(3" 11)
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Figure 3.5. Pirotograph of active clipole antenna.
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Figure 3.10.
admittance

Setup for measuring the output,of the active antenna.
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Figure 3.11. photograph of transmittinq antenna.
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The measuring technique is the sane as that clescr:ibed

in section 3"1 for input adr,rittance of the passirze antenna.

The VSI^IR of the active antenna is cal-cul ated from

measurîements of the output admittance using equat-ions (3-1)

to (3-3) , and it is shor"¡n in figure 3.3"

3 " 5 R.el ative Gain

The apparatus for cletermi ning the relatir¡e gai-n

consists of transnitting ancl receir.zi¡g raonopo'les o\.zer a

grouncl plane as shor^rn in f igure 3. 1 1 . The he-i-ghts of

transnítting and receivíng monopoles are 32,0 an<1 22.4 cryr¿

respectively, rvhile the raclius of these j-s 1 , B r.rÌr 
"

Photographs of trasmitt.ing antenna and apparatus are shor,¡n

in figures 3.12 and 3.13.

The equipnent assembllz lrâs s j-tuated -in a 'lar-qe

rricrorzave anechoic chamber v¡hich is aclec,ruate above 200 l{t\z.

The generato:: frequency \r/âs var-i-ed from 220 to 360 l:\LIz in

steps of 20 l4LIz. The experinental setup for relative

receivíng gain neasurerqents is shorvn j-n figure 3"14" The

incident voltage V as sholn in f igure 3.14, \*/â.s naintaj-necl-

at a constant leve1 throughout the test r¿hi le the reflected

voltage V as shor^rn in f igure 3. 1 4 , \,/as r,rinimi zed )ty tuning

the adjustable stubs at each f::ecTuenc\¡. The rzoltâges \/ ancl

\¡ given in figure 3.14, receivecl at the ter¡''rinals of the

passive ancl active c1i¡roles \^/ere rneasurecl at each f::equenclz

using a lleru1ett Packard \/ecto:: \/oltmeter, moc1el 8405Ar âs
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Figure 3,1.2. Photograph
ivith the transmj-tting
Double Stub Tuner and

of some ecluipnent
antenna. (Siqnal
\¡eetor Voltmeter. )

assoeiated
Generato::,
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Figure 3.13' Photoqraph of experimental setup fortransmitt,ing and receiving ant,ennas.
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CHAPTER T\.¡

DTSCUSSTOI.I A}ID COTJCLUSÍOT S

4.1 Discussion of the Results

Exarnination Jretv¡een the theorl' ancl the experiment for
input admittance and voltage gain of the transistor circuit
as a function of frequency indicates good agreement shor'¡n in
Figure 3.7 and 3.8. ?hese results confirm the basic idea of

using a transistor arnplifier rvith incl-uctive input inped.ance

for conjugate rnatching of the dipole antenna over an

appreciable frequency range.

Figure 2.4 shov¡s that the noise tenperature of the

receiving active antenna system is lorver than that of the

passive antenna system over the 273-313 ,\4Hz range l:y a

maximum of 835 K at 290 l:Iliz. Figure 3.3 shorvs that the \¡SI¡IR

as a function of frequency of the actir¡e antenna is 1.4 to

1.9 and considerably lower than that of the passive antenna,

particularly for l-ower frequencies. Figure 3.15 sho¡vs that
the inprovement in the gain of the active antenna ovelî the

passive one in the 22A-360 l'{l{z l:angie lies between 3 and 9 dB

approximately, whe::e the larger inproveraents correspond. to

lower frequencies.

The al:ove improvements cornpare favourably rvith prerzious

results reportecl by Landstorfe:: t14l '.vho founcl that the

noise te¡rperature of the receiving active antenna system i+as
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1470 K at 475 !4ÍIz. The t-JSt{R of t}re active antenna

l{einke 1,121 is less than 2.5 in the frequenctz lîange

to 25 i7Í12, indicating a sinilar VSïJP. ::esu1t.

The banclwidth of the active dipol_e antenna

than that of the passive one by app::oxj_mately 10

value R equal to i50 ohns used in the experinent,

in figure 4.'l . The calculated curves given in this fiqure
indicate the significance of R f.or controlling the

banclrvidth and the gain as well as for lor^rering the center

frequency of the active antenna.

The theoretical results in all cases agree favou::ably

with expe::imental data except for a fev¡ poi nts in the

gain-f requency curve as shov¡n in f ic¡ure 3. 1 5. This

cliscrepancy may be attrj-buted to ci::cuit lviringr as rvell- as

approxirnations in computing the antenna input aclmittance and

in taking Lhe ¡reasurements clescribed in chapter TII.

4.2 Conclusions

In this thes-i-s a technique for impro.zing the bandr¿idth

and the receiving gain of a passive dipole antenna of the

same length has Jreen presented, by introducing a specialllz

designed transistor circuit r'¡hich presents an incluctive

reactance to the antenna and anrpJ-ifies the receivecl rroltage.

The active antenna has been shoivn to have a higher gain and

tested by

of 2.5

larger

for a

as shov¡n

l_s

01.l
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a larger bandrvidth than the passive anLenna rvhile the noise

temperature of the receiving active antenna slzstem is lov¡er

Lhan that of the passive antenna systen over a limited
frequency range. Since for a given frequenclz, the value of

the noise temperature of the active antenna ::eceiving system

is dependent on the noise of the transì stor usecL, a further
improvement of the active antenna noise is possible r^¡ith l-ov¡

noise transistors. The center frequencl' of the active

antenna is, however, lorver than that of the passive antenna.

This fact can be effecti¡¡ely usecl to reduce the physical or

electrical length of a passive antenna v¡ithout sacrificing
its electrical performance. The frequenclz response of an

active antenna, the center frequency and the maxinurn gain

decrease, vrhile the bandrvidth increases, v¡ith increasíng

values of the Ìrase registor R

The advantages of integrate<1 ci::cuits f.or antennas are

greater simplicity, increasecl reliability, srnaller size and

rveight and improved electrical perfo::nance. These features

are of considerable inportance in l:roadcasting as r,.¡e11 as in

satellite and space vechile applications.

4.3 Suggestions for Future Research

In this thesis an active

single unit; horvever, it

antenna systern was e,rnployed as

is possible to util,i-ze nultiple
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units to construct active antenna arra]¡s r.¡itjr elements r¡hose

gain can l¡e controlLed inclependentl), as a function of center

frequency. In such arrays also the bandr,¡iCth can be

controlled electronically by varying the base regi-stor R

As a results of its inherent properties, the active

antenna can be utilized for control of gain and half po\'/er

beamwidth as rvel1 as for lolv povrer transmj-ssion t251 .

There are many types of matching netr"¡orl<s for active

antennas. These networks comprise not on11' coîtmon base

transistor circuits, but also negative impedance converters

[26-29] and inverted cornmon collector circuíts [30-31 ] .

Active antennas using negative impedance converters and

inverted. conmon collector circuits may possibly achier¡e

larger gain, larger bandwidtit, ancl lor.rer cente:: frequenclz

than these of common base circuits employed in this thesis.
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Tlre conversi-oÌi

Yrr =Zzz/tsz,, Y,z

Yzz =Zt t /Lrz

front Z to Y pa::a-meters is givcn iry

=-"2 ¡2 /Az, Yzt -=*Zzt /Az

(A " _l-)

Y to Z Pa:ramr:tc::s is

/Ay, zr, =*Y2¡ /LÍ

giver: b1'

(^ 
" 2_)

v/here Az='Z tt Zzz- *Z e Z zt'

The convers-t-i-on Jlro¡n

Z tt =Yt12- /nY, Z tz=*'Y tz

222-='Ytt /AY

r,¡lre-::e .1-t y=Y ,t Yzz-'Ytr.Yzt'

Tiie collversior¡ frorn li to irBCD pararLrc;t,e::s

À=*Yzr- /'rz.t, g=-I/Yzt, C=*Ay /'12¡

D=-Y t t /Yzt

TÌrc couvers-iorr fro¡n ÂBCD.to Y paraineier:;

Y,, =D/B t Y tz=*[a.bcd/Ì3¡ Yzt -*"Lln, Yzz=A/Lt

v¡he:--e I a-Ìlcii,-"ÀJ)*l]C .

is givcir b.¡

(A"3)

i.s givcn b1z

(À"4)



COì\ÌVij;ìS T'O:.,j IrRO:.j

FOiì ?iIE FTRS.I]

/rPFEäDÌ,'i B

Z TL) ¿r-BCD .p¡ìRÀì,fIT¡_p.S

T}ìA¡JSTSTOR CTRCUTT

of t jre firs t
sr'to"¡n _in f-i_gure

4B

i'he rep j:€:- entat_iojl
te::ns of Z pa::.rrneter.s is

r_r_ ¿ìnsrsto¡ st;rg,e

8"1.
t-t'Ì

ïr
Þ¡-+ ç^-._.-*-r__._,,!.

.Ll
I

V

e ;-**=

Fi.gui:e É"1 First sLa.gi:

ci-rcu:.t usj-;rg

Lzztt 1-

I
7T.-2lbrt

*__----;

ecìuiva I e:it trans is tc.:::

Z pa.r¿r¡i,ete::s

crrcuit car
using ilre:

tt¡ t-

l-.
z*orr()'

b l-*
\,,

The resulting
¡nc¡clif_ie.J as sho.øn *in

shoi,¿n -Lreloiy.

eÇu-i-v¿¿l_ent

figure t,2 ,

l>e furthor
re _l a t _i- o:ts h.r=- l:s,

Zi,r='!'l- J, ltr-_p -

7t V, I¿:lzLr*-;-'i 
=J¡ lt -..1 tJl_e

7' -,V. 1¿-2t t' __ -;- I :I'l lr-=o

J,/ *" Vt ILzzb-- Jl'lr,=o:

Àår,üt,ås!j-Ptr,,gil_Ð I * _,f, -iri=, = {tt ø'r R>

Jr&,J¡¡:{rìr(!!ÞLl
12 h,=c : Etzu+fla.

J*,3<rllr 
{,=ui R4r,_Lt:¿l 

_ïr ---llr=6 -: I'=,b+RÞ
I¡ F'.¿Ctr_{;tt 

_lg(f,_r 1-¡ ¡Iz. ----Jr,=o = Ezza''Rt

(s, t)

(e. z¡

(e. a)

(s +)
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Ir
€ o-=-:::=i-=-.

+

vl 7l,ra7,

Figu.re 8"2 i,loc-l.ifj-ed eqr-ii-vai-ent. c-jLrcr-l-i-t of figure ß.-l-

-./Z-zzi "þ___..- .--.{yu:ir.i¡__ì__,€ ¿l+
+l() z!,,J' vz

-l
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APP]]:'IDIX C

COì.f]liOÌI C:OJ.I.,IJCTOR, Y

TEIìI{S Ol¡ COi..1i1O:.1 BÀSiE

P¡1P.tu.'lj]1liiRS Iì{

Y PAJIÄÌ,1E:I'EJìS

Yl r¿ =Y ttb +Y tzt,1'Y 2tV *\izzU

1t 
- 

17 ltLtZ¿ --* f llb *I2tb

YztC =*Y ¡6 -Yt1b
a7 _\/t'22.4-"!tll>

{c.l¡
(c "2)
(c.3)

(c. 4)


