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loO • ~Ufuc~ic8 R [l · · 
- __ r .. -. 'Jll~_.is. _an .Jmse□d proposal i,irit ten to describe en L"'Band 

(SOO•l,300 mes) omnidirection stal-Video receiVing systemo ITT Laboratories, 
a research and develop1ue..~t organ:iJation, does not nor.~ally operate on an 
"on•the ... shelfn har&mre ·type of procurement. H:Jwever,:) due to the similarity 
of the pro...,osed L• .. Band system und a previously developed s ... na.nd sys_tem and the 
work done jn the preparation of this p1~01.:iosru.., the system is.,. for the most part., 

• designed an.d ready for preliminary fabrication~ rt is the pux:pose o.f this pro­
posal to demonstrate the:t, ITT Laboratories has the engineering oocperience and 
know-how -to complete the development of an 1,..-Band receiving siJstem., 

2o0 Tect,mical Raqu:ireraents 
...,,.... WU/ te 

The system requirensnt of the propos~d equipment is to produce a 
tangential. signal output e.cr-oss a 270-ohm load when the equipment.11 normally 
mounted in a1bo inch spherical housing9 ia j_lluminated by a pulsed }:•c,,f signal 
of 2o5 x 10·: watts per cm2 de11sity,. The performance is to be achieve9-. 
throughout. t,he frequency range of .500 to lJOO HCS., for all hous-lni;:; . Oriai.nta:"uiO'.OS 
and Si[nal polarii,at::i.ons.. The b'7/Stan requirements to a.nhieve this perxo:i:-ruanc.:e 
a.re discussed in this section a.'FJ.d the antennas~ filter,-..detector units and al'llPli..-• 
fiers are discussed separa:t.ely in later sections.. . 

It is appropria:~:,. before. t..1-iese components are discussed9 to analyze 
the system sensitivity problem and determino tr..e requirements it imposes on each 
of the components. It is convenient., for this analysis, to consicier. the power 
level in the r.,,.f transmission line' aheud of the crystal and t,he compatibilit~ 1 
of the signal J.ev-.;J. received when the ante:nno. system is exposed to the 2,,5 :ir. 10"'-0 
wa.t·c,s per cm.2 fie.ld with that· required 'to produce a ·tane,ent:l.al si&-nal output., 

• Consider first t,he- si[.nal i1hich would be roceived :U' it, were possible 
to use a sin&le., omni-directional., bi-polarized antenna ·with the systemo A 
lineari)J, polarized. omnidirectional antenna (isotropic radiator) has 11 by dsfinitj_on., 
a gain o~ unicy- (O"dl)). A bi ... polarized antenna with ·the same average must have 
a gain of 1/2 ( ... 3 db). Such a.n antenna b.as an effective aperture (A efl: = G '(-/411') 
varying from ll~J c°l1F" to 21 cm2 over the 500 to 1300 mes- frequ~cy ban.do When 
exposed to the 2.,5 x 10•10 ·watt,s per· cm2 .field, signals (.Pd x Aeff) from •~~, dbm 
to ~5208 dbm ~ould ba received6 

Consider next what would happen j,.f six antennas were used.o with the 
detected outputs being added to obtain the full pattern coverage desired., If su: 
antennas with idealized~ straig~t-sideds flat-top patterns were to·provide the 
full spherical covera6-e I each would have a beam area equal to one-sixth t.he surf&ce 
area of a unit sphere., and :have a gain six times that of the equivalent orriI1.i.cw 
directional radiatore Thus, for circular polarization, each.of the six idealized 
antennas 1-1ould have an absolute tain of J(4 .. 6db). The signal received by such 
an antenna in the 2 .. 5 x lO""lO watts per cm2 field would be 6 times (7.,8 db) greater 
than the previously computed ... 44"'5 to -52.,b dh~ figuretro 

HANC:LE,.. VT , 
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noise inpu·ts~ considering six antcru1fl.S~ the factor of si:lt increase in signal is 
redt;ieed by a /actor of. . • -ase in noise resulting in a net i.IapJ.'OVcmant in 
sig,.Tl • •. • ,;:, .• : • ' ,.4, or 3.9 db improvement as the net increase in 
recei"! ; Bipp.\atJ!- ' ·t;h~~ -~--- , idering both signal. increase and ~a change in 
:rece'i-ver··noise level. Thus., the effective sigr.\al level ree;eived wi.th t,he system 
in the reference field lt,Jill yar-y fran ... 40 .. 6 dbm to -4009 over t.he 500 to l.300 mes 
.frequency ra.n·ge. These sensitivi t.i.es values are at"lia.:i.nable a11d will be considered 
in the f:i.lter ... detecior section as ·well as the oirerall system performance sect5.cn 
of this proposal.. I!owevei", there are· many sources of signal loss whtch have not 
as yet been considered. Idealized antenna. pat tem coverage has been assumed id th 
no v-ariation in gain due to either. space orian;l:,ation or. pol:..:iriza.tiOJ. Yariat.iono 
A..rsy deViat:lon from the idealized pattern Will result in less antenna gain in same 
sectiono Losses occur in the filter pass band but tnesa losses are accounted for when 
the eensitivi ty of t,he filter-detector unit is considered. Attenuation losses are 
SA-pected in the r-f cables, as well as losses due to :i.IrJpedance mismatches between 
components'" So!IIS sensitivity variation.is al.so to be expected in the CrtJstal re­
sponse over· the f-eequency band and in the variation in characte.d.sti.cs from crystal 
to crystal and also from a single crystal as the temperature is vax-'i.ed. 

The characteristics or the separate components are discussed in the 
following sectiOOSo 

2el Antennas. -
In the preceding paragraphs it was dhown that an ildeal~zed antenna 

S'Jstem -~o provide onmidirectior.a.l bi~polarized pattern coverage would have an 
element. gain equal to one-11.al:f' the number of elements used., that, is, a power gain 
of 3 {408 db) if six antennas were used,. . In a lo·ssless system, increases or de·-~ 
creases-in gain in one section or !or·one polarization must be acco1uparu.ed by a 
related-decrease or increase in another eector0 _ Additional Gain cannot be de~-, 
signed into the antenna s;.ystemo The design problem is to pbta:i.n overall uniformity 
of patte~9 together with low V~'1R ari~ losses0 • 

The antenna :syst~m will consi~t of six quarter ... wave length monopole 
an~nnas equally spaced around a sphere to obtain omnidirectional pattern coverage. 
T'ne·- mono1.:iole will protrude ap_p:r.oxtmately 4~5" and leave a diameter of. approximatell' 
0.,_5n. Each antenna is followed by a filter and crystal detec.toro The large dia­
meter is necessary to obtain an impedance match over a frequency-_ band as wide as 
the .500 mes of JJOO mes range. The success of this type of system has been demon­
strated by tne anteima performance attained with the s ... Band systemo Hawever, some 
slight degradation in pattern performance should be anticipated due to the effective 
decrease in the sphere sizeo In the s ... Band case, the sphere was a many wavelength 
ground plane to each monopole while in the 1 ... Band the 20 inch sphe1...,e represents 
a ground plane that is less than one wavelength large at .500 MCSo 

.As demonstrated by the S-Bam. systam., the monopole sys:tem iS ideal 
for mounting in the sphere to give biapolarized omnidirectional coveraLeo 1he 
g~ o £. such a system is_}~ 4o .ID,.; As a COlllPl?,fl~?~ i ~~.~tiJl~~~-monopole i~ very 

construct.ion., ? ;:.1}.\..t.N.1-, t. /\S J .... ,\~\b" 

lightweight (less than two mj;~gg~0,i,.ref-f(\c ... ¥.p·t:' and' of the very simples·!; 

_ . . _ e,'t ~,_ p'ls-rES-

; :-·-- ·-- • - -~:-~--~---._:of . __ cpurs~~~ are ot ij-" antenna sY13tems that could be considered 
1 ·~e-,--9.£.~~i:j:,b.:¢ me the monopole antenna system., : i J, ; 

' . . 
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1 
• -. '_·===-::·:1:t ,., ~~ ;~O mes to 1300 mes bandpass filter and detector 

is a major problem·· area of this s;-a temo The papert,1ork design of .:such a bandpass 
filter with. eJ;."tremely steep cutoff slopes (50 db @ 10% belO""IV passband cutoff) 
has been complet.ed and ·t.here remains only the fabri.cut-i011 .:tn{ ·~ dlasl.01 
t,o achieve the desired f.il·ber ·performance,. 'fhe general design o.r a .,:;,uu ... J.;iuu :mes 
bandpass filter of the type that,. would be used is discussed in the following 
pnragraphs~ • 

The filter :requiremen-ts are as follows; 

TJrpe .., Band Pass 

Inse:r·tion Loss at 450 MC Z $0 dbc 

In addition., the pass band inse.x'tion loss should be relatively low and the upper 
stop band should extend to at least 11 KMC .. In order to obtain maximum sensitivity, 
it is desirable to package the crystal (Video detector) with the filter and if 
possible, include the crystal parameterso 

A band-pass fil-ter circuit which is capable of wide bandwidth and 
eteep cut-o:fr slopes is shol.'11 in Fig,u-e 1$ ille l:,umped element, equivalent 

Figure l 

. circuit of Fit,-ure l has 7 resonant sections, 4 series resonant, circuits and .3 
shunt parallel-resonant circuitset Modern net,work theory has shm•m that in order 
to achieve t.b.e maximum c~t.-off slope for any given ripple, or loss tolerance in 
the pass band, it is necessary to use the ·.rchebyshev type response, 

,. 
! ! 

, l ... 

(Vp/V)2 = l + ~Vp/Vv)2 .. =9 En (x/x,,j 2 $ 

Where ·rn (X/Xv) = cosh (n cosh""'1 X/Ivh and 
HANDLE VIA 

~- = _ pe_ak. 9utput voltage in pa'ss~a·AtEM'f-KL~'~'.O' - 9;-,,~, .. p:·l;f 
.. V-· t; output volt.a e at point. X COl'ITROL SYSTr:.,, ... Jvu.in.,1 

.v;, •'Q ~ -- oltage in pass band 
,., -• n •. "' numb1e :, or for band-pass. fi.lters n = total number 

of re-~~.---....n the filter 
J( = "{:r2 • i1)/f0 = 'fM/f0 (for symmetrical band-pass filters) 
Xv= value ot X at poin·t on response skirt where attenuation equals 

valley attenuationo 

.. 1 ... 
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-:c, , J1
~ • . Yv)2 ·a-er.su.a (I/Xv) w.ill give a filter response curve;'t in 

; \ , oz• __ gi.v.eri--:-i&lua of (V./v_v) 11 or pass band rJ.pJ)le, and for any ~ van 
\__\~~;-·:c&:···re·s-ooators;t., llo In Ero.er to determine the minimum number of resonators 

• required £or this application it is necessary to evaluate the Tchebyshev 
pol;ynom:J.a.1 foo• various values of nc Tb.a Tchebyshev polynomial. need be evaluated 
only £or the particular value of (X/xv) of interest in tnis particular case • 
since the general filter response wrve is well knotmo Since .50 db at.tenuation 
is niquired at, li50 MU~ the raquirad 50 db clotm bandwidth will be 14.30 ... 450 = 980 MOo 
{Since the f'iltez• response is considered symmetrical and the l~--and response is 
down 50 db a:; 10$ below £1, then the high end response must be dar.m 50 db at. 10% 
above f2, or_gl,_t,!).~.case., 1430 l"JJ~) ThB value of X is than 980/8o6 = la2l5., 
whera f 0 = ~(500) (JJOO) ~ 806 MCa If tha att,enuation a:t. r1 and f2 is made equal 
to the vallay attenuation {instead or the conventional value of 3 dbh Xv= JM/£0 = 
(f2 .... r1)/f0 e 800/806 111 .,993 a:o.4 t,~- ~alue of (x/Xv) of interest in this ptn'1:.icula.r 
case :i.s about X/.lCv = lo22.. . . 

• Calculations ah0e1 that ten resonators are nal. quite sufficiem. to 
provide the required cut.off slope but that, eleven resonators are the m.i.n:bnum 
number which can be used to satisfy the filter requ:i.rementso 'lhe lumped eler:ient 
equivalent circuit for n ,:s ll is shown in Figure 2., lrlhere it. is noted that the 
cireuit is syri'?n'l8trical1 which in some oases is an advantage in construction or 
"physical realization" cansidarationso 

Figure 2 

It is next necessar.v to calculate the looder form of normalized 
coe.f'f'icients of coupling (k)' and normalized Q's (c q)., which can then be rela.t..-ed 
to the induatance, capacitance.., a.11d resistance values for the filter type shown 
in Figure 2o To do this., it will be assumed that equal resistive terminations 
will be used.fl ioeo t,he generator· and load ara resistive and equal. The filter 
circuit parameters m9¥ be adjusted later to incorporate the crystal ( Video detector) 
as a loado This must be done by empirically determining the equivalent circuit 
parameters of the cryst.al over this .frequency range1-~,~~~~~g ~~:tenainaUng 
elsments o.f the filter to make the crystal0 .e,F~.19$_.~e:~ast· f'µ_t_ep element. It 
is un~rstooda of course:, that complete statljfrtJ~~ffl:!iJ'1~msy.·1n0:Y be''p6ssible and also 
tha'& :a. t may be neceSSB:I"Y to netf'ectivel.l'11 add another resonator (whichD in this 

, --·-·· .. -· ·•·--···· .. ·~-~-··would ..,.....__.....__,~1,.,t parallel•r-esonant circuit) in order to affect the most col"flt'P 
( n. .... .. P+~t~ s,djus Further for the purpose of reducing the complexity. of the caJ. .... 
I • · ~ ·• , • · '. be. assumed that a lossless transmission line will be used, i .. eo 
1 ll ui~ elements are assumed to have infinite O.o There does exist~ of course., 

-~===-~um..Q for the circuit elements8 below which the filter cannot be realizedo 
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The relationships for determ..i.ning the normalized coefficients 
of ~ou.pling {,:::k) anu normnlized Q's (=q) are; 

. where 

~
x-,Cr ..... J.) J 2 l -,2. Sn2 ❖ Siu2 2r B 
~ m kr, (r + l)v d_:{ e . _ ___ ... 

S>lv/t~, · . 4 @1nt2r .. 1T€!} 

··c ... 1r,~ 2 ·~-
a = 90°/n and Sn e smb (l/n? sinh. ~p/Vv) ""l. j J 

These expressions have bee11 evaluated for the k and q val.was of an 
eleven pole no-zero .filter., Using the k and i values ealculated,ar the- values or 
Land C have·ooen coi:nputedo • 

Next it is necessar.v to physieall,y .realize the circuit• element (L & C) 
values:> ~ tbs form of the equivalent circuit o£ Figure 2, in a mic1"0Wave trans­
mission line having di:atr-lbutsd. elements,;, As wiU. be shown, strip transmission 

. . line techniques land themselves readily to this type of .filter ~~igno 'The strip­
line to be used is of the nsandwich" type ccm.st.ruction and consists of a thin 
·narrow strip of copper support.ad -between two thin para.Del matal ·sheets, on ground . 

. -;· .plan1;;1s.11- as is shown in F'igure( 2ct ·:· The most, widely used material f'or strip 

w 

... - . 
. -

.,'•,.7· 

.. " . • 

' ... .. " 

Figure 3 • 

transmission linest, [
6
Jof its relatiYely 10'1-11:-P~f:JEtarfgentJ) .:J.~flon 1m ... 

preg!}~,ad fibergl~~jl s copper clad i;,.e.i:li:i1rir«J· ei•~·MSth'·'Hi~k. Mo..'it· of 
}tV✓ ~-O@ti .l strip..,line by Ir.L· ,agfhl¾e! i/13r1nch..:<ground plane spacing., ' b t:ffl :I ' l - I ~fd: .D.Y 1/1,:--..\\i - --- \.!:,J".tl...Y 

~ ~£L:l:./.l£.inch~d:eub3:e copperc.aelad teflon ~pNgnated fiberglass laminates. The 
chai~aeteristic imped;:mce of ~rip ... lina, £or a given dielectric material0 ground 
plane spacing, and copper thickness. is determined. by the i.1idth# w, of the center 

... , ... 
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st..T'j,p. Ser· s ~\l~..-~ be simulated. by a length o:f high ~edance line., 
while "' ' L' ~~~~alized by a length of low impedanr:a l.i.ne., (Note 
the simi·\ .: ~ .. tts'tc·o' .·~ '. raw;mi,ssion line)" A high impedance is obtained by 
use of • a-narrow~center strip;, while a lw impedance line is obtained by a m.de 
cen'l.i,er stl'ip,. Shunt parallal. 0 resonant circuit,s mcW be simuJ.ated by a shor-t­
eir-cuited stub, ~1hose length is \p/l~. The cha..l."acter·istie impedance o.f the short­
circuited stub may be ad.justed to· give equivalence berl.ween its nreaetance...curu-e" 
and thetreactance--curve" of the s.ct,ual circuit in the vici.ni~ of the origi.no 
Ver.y small series capacities may be simulated by using gaps in the center conduct,oro 
However!/ it is usually necessary to use a 11double""2tching cen·lier•st.Y1.p ovarlappin~t 
·technique to obtain practical values of series capacity o '1.his technique has been 
used. quite succei:;afully by ITT Labs on several baig.dmpass £ilterso Ths ''overla.ppin.g 11 

technique" is accomplished by etchine aJ.te.·,·ne.te sections of the filter circuit, 
on opposite laminates such that overlapping of the center strips occur men the 
t-wo boards are asaembledo The most commonly.used dielectrics separating ·IJle over­
lapping center strips· are teflon-:: tape and 1t7J.ar .t'iJ-'lll.. Mylar is available in 
thick!l~sses re..ngj.ng .tram 1/4 mil ·;;o several mils so that a wide range or series 
ca.pacit.ies may be realized for a limited range of ove1•lapp:ing.. It is usual..J¥ 
desirable to keep th.e length of overlap small compared to a wavelength so when 
large serh9s capacities ara required, it is necessaey to use wide ce..'lter s·tripa 
in the region of the overlap., and thin dielactric separat:l,o.no Widening of the 
center strip loweffl its charactari~rt;ic :impedance and introduces shijL'l.t, capacity 
into the equlvalent, circui to It is sometimes difficult.I) therefore., to simula-t,e 
large series capacities nthout in·troducing shunt capacit,y£1 vhicn is often un--
des:trable. • • 

The :resulting strip-line filter will be about ) to 4 inches in width 
and abou-t l2 't,o l3 in~hes in length.., including input ti"an&itions and. :i.nteg-ral 
crystal video detectcr-t'., Since the filt,er thickness· is only siightly more than 

• l/8" , three fiJ.ters could be stacked amt there by occup a volume 0£ only approxi.,. 
1r..ataly. .311 x JJn x t".. It iS possible to curve the center strip such that the . 
fi~ form factor can be a circular diskD or the center strip can be folded back 
on itself to decrease the length at the expense of an increase in widt,h of the 
filter., 

It may be necessary to add a few low ... pass filter sect.i.Jna to ti:ie 
band""'Pass filter in order to eJJ.minate spurious pass-bands below ll KMC. These 
sections would be relatively smal.1.o sime the cut .. otf frequency of the added 
lowepass sections would be on the order of several kilomegacycleso 

All of the above .filter discussion is on the basis that it is 
necessary to achieve the steep cutoff slopeso (50 db @ l~ above and below 
pa.ssband)o If this requirement were eased., it would ma.1,e the filter shorter ta.an 
the 12 or lJ inch length by reducing the number or filter sa~tions requiri...~. 
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(, ~--;.~ff' r-:--t • ['ying system consists o!' two· assemblies, a four cascaded 
.,__.,....' --~~ijba~R: pair amplifier and a Cl'1JBtal bias n0tl1orko 

. The maximum ·gain of the four pa.tr amplifier ts appra;d.mate]y 2000., 
A resisto.;:, in the second pair feedback proi'lides a gain adjustment of' full gain 
for a cert.a.in value resis·~or a."1d 23 db below full gain for an opel'l c_ircuit., Any 
gain bet-ween these values m~r be obtained with a sui~le resistoro 

The bias network provides a means of paralleling the signal outpute 
of crystal detectors while providing indivi.dual de bias to the·crysta.J.s .. 

The total· power required to operate the ampl:i.fier is 60 :m.:i.JJj:watta 
(12 volts dc)o 

2., 4 . ~~1€;.ID Pe£.£2:o~~! 

·.£'he overall ay-stem sensitivity can be det;.e!'ffiined from too cha..r.acte:i:'istics 
of the separate componentso In general, the a~tainable receiver tangenti~l sensi­
tiVity in terms of :p.,..f power level into the detector mount is estimated to be 
-56 dbm to ..6o dbmo (This is the equivalent sensitiVity of a single input receiver 
with one dertect;or md no adding .a) The po-wer level at the terminals of a SiD£1e 
antenna for -a system of six anti.3nnas prov-lding bi-polarized omnidirectionalit~ 
would vn:cy from .. 44.5 to -52.8 µbra 9ver the Sao to 1300 MCS frequency band., ·£he 
expecrted signal losses and sign.al variat,io.ns to the input of the .t'il·ter.udetector 
11nits i1ill consist oft 

Antenna pat"l~ern and polarization variation 
Cable a ttenua tioo • 
Miscellaneous mismatch losses 

Total losses bafore·input to 
filter-detector·unit 

3 db 
l db 

. l db --
5 db 

As previously discussed., the signal l.evel at the input of ths !Ll ter0 

detector mount would be appraxirnatel;/ ... 4905 to ... 57 c 8 dbm4> The .full anter:.na gain 
cannot be realized in increased eyswm sansitivi cy sin.ca the process of sir,-nal 
addition also involves a change in the noise levelo 'lhe :net increase in sj_gnal..,to­
noise ratio is equal to the square root of the number of elements combined 
(2o45 for six ant.ennas)o 'lbs factor of 2ci45 (3o9 db) combined iii.th t,ha above 
sensiti\1.far fact.or results in an equivalent input signal level to the .filter from 
.. 45.,6 to .... 53.,9 dbm over the .frequwcy range.. The ... 45.,6 to •5.3o9 dbm fi~,ures must 
be sensitiVity of the combined filtf5-detector ~ssembly in order to achieve a 
t,angential sensiti•ncy- of 20$ x 10... wa.t·ts /cm o This means that if the filter 
has a .3 d.b pass band insertion loss the detector must have a senaitivitw' of 
..,40.,6 to -5609 dbm over the i'l:'equency range. '.111esa sensitivity values are wit,hin 
reason by placing special emphasis on matching the detector at the higier £re ... 
quend.es in band t,o achieve the •56o9 dbm sensitiVityo • On the basis of the ·above 
disc~ssians 1. it is anticipated thaf tbs entir~ raceiVing system would have a 

.. -"(;arlt_;,en~ial,sensitivity of 2o5 x 10 .... O watts/ci:n-o . 
(t !-,- .. ·._ i .r 

~ ( ; . 
• J -, , l 

.. -~~ -'!· 
~.:··-·:.,. • 
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