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1.0  Ipte uc’.j,m'\ Y

J 'Fu,ﬁ is an unso d propesal written to describe an L-Band
(500«1300 mes) omnidirection: stal-video receiving system, ITT Laboratories,

a research and development organization, does not normaily operate on an
“onethewshelf® hardware type of procurement. However, due to the similarity

of the proposed L-Rand system and a previocusly developed S~Band system and ths
work done in the preparation of this proposal, the mystem ig, for the most part,
"designed and yeady for preliminary fabrication, It is the puxpose of this pro-
posal to demonstrate that ITT Laboratories has the englneering expericence and
know-how to complete the development of an L~Band receiving system.

2,0 Tec.hm’.cai Requirements

The system requirement of the proposed equipment is Yo produce a
tangential signal output across a 270-ohin load when the equipment, normally
mounted in a 80 inch spherical housing, is illuminated by a pulsed »«f signal
of 2,5 x 30" watts per cm® density. Ihe performance is to be achieved.
throughout the frequency range of 500 to 1300 MGS, for all housing - ofientaiions
and signal polarizations. The system requirements to aghieve this periormance
are discussed in this section and the antennas, filter-deitector units and ampli-
fiers are discussed separately in later sections.

3% is appropriate, before these components are discussed, Lo analyze
the system sensitivity problem and determine the requirements it imposes on each
of the components, It is convenient, for this analysis, %o consicer the power
level in the pef transmission line aheud of the crystal and the compatibility
of the signal lev.l received when the antenna system is exposed to the 2.5 x 107
watts per cm® field with that required to produce a tangential signal outpub.

-10

" Consider first the signal which would be received &f it were possible
to use a single, omniedirectional, bi-pclarizéd antenna with tne system. A
linearily polarized omnidirectional anbenna (isotroplc radiator) has, by definition,
a gain of unity (0db). A bi-polarized antenna with uhe same average must ha.ve2
a gain of 1/2 (-3 db)e Such an antonna has an effective aperture (A eff = G \“/hay)
varying from 13 cm? to 21 em® over the 500 to 1300 mcs. frequency band. Vhen
exposed to the 2.5 x 10=10 watis per em? field, signals (Pg x Aeff) from «hle5 dbm
to -=a52 8 dbm would be received.

Consider next what would happen if six antennas were used, with the
detected outputs baeing added to cbtain the full pattern coverage desi red., If six
antemnas with idealized, straightesided, flat-top patierns were to provide the
full spherical coverage, each would have a beam area equal to ons<sixth the surface
area of a unit sphere, and nave a gain six times that of the equivalent omni=
directional radiator., Thus, for circular polarization, each of the six idealized
antennas would have an absolute gain of 3(L.06db), The signal received by such
an antenna in the 2.5 x 20710 watts per em? field would be 6 times (7.8 db) greater
than the previously computed <Ll.5 ‘o ..,52 b c;mg figures,

e

The apparent fepYEMAN-TREETIEA ;:?A xy%@mmot actually be realized
since the detected cutputs of tiwoNIEP'afiéinas caunot be. added without effecting
a changgin-the.receiver noise level. In a linear adding circuit, the detected
sa.gnals s.,pc.rate 1ined will add directly but the noise » being noncoherent.

will™ f °:i.'i7"aléﬁ'c.,j the square root of the squares of the separat

alu
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su: antenuas, the factor of sixz increase in signal is
rease in noise rvesulting in a net iwprovement in

¢ Lol notse xa 245 or 3.9 db improvement as the net increass in
receiveh) aignal- "a't;h onsidering both signal incresse and iz change in
recediver noise level. ' Thus,,. ’che effective signal level received with the system
in the reference field will vary from «l0.6 dbm 10 =lU.9 owver the 500 to 1300 mes
frequency range, These sensitivilies values are atlainable and will be considered
in the filter-detector section as well as tha overall system performence secticn

of this proposal. However, there are many sources of signal loss which heve not

as yet been considered. Idealized antenna pattern coverage has heen assumed with
no variation in gain due to either gpace orientation or polarizaticn variation.

Any deviation from the idealized pattern will result in less antenna gain in same
section, Losses occur in the filler pass band but tnese losses are accounted for when
the sensitivity of the filter-detector unit is considered. Attenuation losses are
expected in the r-f cables, as well as losses due to impedance mismatches between
components, Some Sensitivity variation i also to be expected in the crystal re-
sponge over the frequency band and in the variatiomm in characteristics from crystal
to crystal and also from a single crystal as the temperature is vaxied.

noise inputs, considering
1"@ca.c.ed by a factox* of

The chavacteristics of the separate camponents are d.:.scussed in the
follow:.ng sections,. o .

2s1 . Ahtennas

in the preceding oaragra.phe it was shown that an ideailiized antenna
system Yo provide omnidirectional bi-polarized pattern coverage would have an
element gain equal to one~half the number of elemenis used, that is, a power gain
of 3 (4,8 db) if six antennas were ussd, In a lossless sy.atam, increages or de-
creases in ga2in in one section or for one polarization must be accompanied by a
related -decrease or increase in another gector, Additional gain cannot be de«
signed into the antenna system. The design problem is to obtain overall uniformity
of pat'bern, together with low VSXJR and losses.

The awnienna sys tem will cansist of six guartere-wave length monopols
antermas equally spaced around a sphere to obtain omnidirectional patiern coverage.
- The-monopole will protrude approximately b.5" and leave a diameter of approximately
0.5%, [Each antenna is followed by a filter and crystal detector., The large diaw
meter is necessary to obtain an impedance matich over a frequency band as wide as
the 500 mes of 1300 mes range. The success of this type of system has been demons
strated by tne antenna performance attained with the SeBand gystem. However, some
slight degradation in pattern performance should be anticipated due to the effective
decrease in the sphere size, In the S~Band case, the sphere was a many wavelength
ground plane to each monopole while in +the L-Band the 20 inch sphers represents
a ground plane that is less than one wavelength large at 500 MCS.

~ As demonstrated by the S-Bamd system, the monopole system is ideal
for mounting in the sphere to give bi-polarized omnidirectional coverage, The

gain of such a system is 3/1 (L.8 As a compon%nt item the.monopole is very
lightweight (less than tw%ﬂéﬁgﬁ mbgedgmveff c‘n.enb andet the very simplest

g ° Y‘\ \:' \N\bv
N construction oy AR sTEMs 3o
- <l Of cours¢ ) are otier "mtenna systems that could be considersd

ione -offer, the me: the monopole antenna sysiem.

s
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The dss the 500 mes to 1300 mes bandpass filter and detector
is a mejor problen” area of this system. The paperwork design of .such a bandpess
filter with extremely steep cutoff slopes (50 db @ 10% belew ‘passband cutoﬁ‘)
has been completed and there remains only the fabwricution and empixicodl desigp
to achieve the desired filter performance. '(he general demgn 01 & HUUwLIUY mEsS
bandpass filter of the type that would be used is discussed in the following
paragraphiss. .

The filter requirements are as followsg
Type - Band Pass
fp = 500 8¢ £, = 1300 MC
Insertion Loss &% 450 MC 2 50 db,
In addition, the pass band insextion loss should be relatively low and the upper
Stop band should extend to at least 11 KMC. In order to obtain maximum sensitivity,
it 1s desirable to package the crystal (video detector) with the filter and if
possible, include the cxrystal parameterso

A bandepass filter circuit which is eapable of wide bandwidth and
stesp cut-off slopes is shovm in l"igt}ce le The lumped element sguivalent

Figure 1

eixrcuit of Figure 1 has 7 resonant sections, L series resonant circuits and 3
shunt parallelwresonant circuits, Modern network theory has shown that in order
to achieve the maximum cut=off slope for amy given ripple, or less tolerance in
the pass band, it is necessary to use the Ichebyshev type response,

(vp/v)2 =1 ¢ [(vp/vv)g o :q En (x/xv_ﬂ 2

Vhere Tp (X/Xy) = cosh (n cosh™t X/%4)s and
HANDLE VIA

= peak output voltage in pa¥sMidnd: ;
SFJ - ou’oput voltage at point X conTrOL sy;rn. N3 G

Clgr=t - oltage in pass band .
T "n’. = number s or for band-pass filters n = totel number
- _ of res n the filter
= §1)/fo = BU/f, (for symetrical band-psss filters)
alue of X at pomb on response skirt where attenuation squals
vaJJ.ey attenuation.

bd b
<
E IS
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A Hm% ﬁ?)z TErsus {x/xv) will give a filter zogponse curve, in
. 7en- wHlue of (V,/Vv) s OF pass band mople, and for any ghven

W mmbw 6E-Tesalators; i Re %rﬂer to determine the minimum sumbar of resonators
'Peau.!.md for this app..:.ca,tion it is neceasayry o evaluate the Ichebyshev

polynomial for various walues of n. The Tehebyshew pelynanial need be evaluated
only for the particular walue of {X/Xy) of interest in this particuvlar cass

since the gensral filter response wvurve is well known. Since 50 db atteunuation

is requived ab LS50 MC, the requirad 50 db down bandwidth will be M30 ~ LS50 = 580 MS.
{Since the filter yesponse is considered symmetrical and the loi-and response is
down 50 db a% 10% below £, them the high end response must be doun 50 db at 0%
above £o, or in. this case, 130 MC.) The value of X is then 980/806 = 1,215,

vhere £ = J{SOG) (13-_5) @ 806 MC. If the attenuation at 5 and fp is made equal

10 the val..esy attenvation (instead of the conventional valuz of 3 db), Xy = BW/L, =

(&5 = £7)/f, = 800/806 = 993 and the value of (X/Xv) of interest in this parii ovlar
case is abogt XXy = 1022, ‘ ‘

© Calculations show thal ton resonators are nob quite sufficiemt to
provide the veguired cutoff slope but that eleven resonators ars the minimum
number which can be used to satisfy the filter requivemsnts. The lumped elenent
equivalent circuit for n = 11 is shown in Figure 2, where it is noled that the
cireuit is symmetrical, which in some cases is an advantage in construction or
tphysical realization® cosiderations,

A
i

Figure 2

It is next necessury to calculate the ladder form of normalized
coefficients of coupling (k) and normalized Q's (= q), which can then be relaied
to the induetance, capacitance, and resistance valuss for the Lilter typs shown
in Figure 2. To do this, it will be assumed that equal resistive terminations
will be used, i.e. the generator and load ars resistive and squal, The filter
circuit parameters msy be adjusted later to incorporate the crystel (video detactor)
a5 a load, This must bs dons by empirically determining the equivalent circuit
parsustors of the crystal over this frequency range FE;}.ndvadgn:a‘L.J.\zrxg;, the . terminaving
elsments of the filter to make the crystal ﬁ the Tast: fil‘i;er element, It
is undsrstood, of course, that complete “aﬁg “““,,_ may. 0ot be’ “possxble and also
that it may be necessary to "effectively" add Gnother resmtor (which, in this

— G858 would nt parallsleresonant circuit) in order to effect the most comw
Ve o g PAEbE adjus Further for the purpose of reducing the complexity of the cale -
i T Cifel) 2iions, be assumed that a lossless transmission line will be used, i.e.
SR LV Y *l“hc elements are assumed to have infinite Q. [here does exist, of course,

LTIImaTedvinnd for the eircuit elements; below which the filter cannot be realized,
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Homal‘l.y a Q of 10 tmes the minimam ¢ is considered as infinite Q, or as
me—=ipguit elements. (A4 method for adjusting the
- - ¢ finite element Q's between Q min, and 10 Q
ming & ~gwm«in~ve"em po 2229

The relationships for determining the normalized cosfficients
of uoupling (=k) anv normalized Q!3 (=q) are:

Q1,8 = Qyefy @b = {2 sin )/5,

sl S o]

& G

Kz:g(r @ l) 2
® Jlte, (T + 1) o _ .
Bily/Lo - | Ir: R S 1 [5in (2r « 1)§] Sia (2r + el

2 2 Sin? 2r ©

N ‘ ol 2
where @ = 90%/n and Sa = sinb $(1/n) sinh EIJP/VV) = 1

L

These expressions have been evaluated for the k and q valuass of an
asleven pole no-zerc filter., Using the k and ¢ values calculatedy the values of
L and ¢ have beoen cemputed, : : '

Next it is necessary to physically realize the circuit element (L & C)
valuas, in the form of the equivalent circuit of Figurs 2, in a nicrewave transe
mission line having distributsd elements, A9 will be shown, st®ip transmission
dine techniques lend themselves readily to this type of filter design. The sirip-
line to be used is of the "sandwich” type canstruction and consists of a thin
-narrow strip of copper supported bstween two thin parallel metal shsets, on ground

.. planesy; as i8 shown in Figure 2. The mos’c. widely used material for strip

Ei I( /"“‘“Ground P\Qhe,
TN T 7 D\e\ec:\mc,

S — Ground Plane

Center
St P

End View

Fgure 3

transmission lines, of its relatively lo»h;.osostangent,, ds.deflon ime

pregna‘qed fibérglaas .8 copper clad slfther.one-or-boTh 81 es. Most of
d iin®strip=line by I@E‘Eﬁgbs use 1/8r inchvifﬁkﬁd plane spacing,

ex W ‘l/,]é.incmdeuble copper-clad teflon icﬁpregnated fiberglass laminates. Ths

characteristic impedance of stripelins, for a given dielectrie material, ground
plens spacing, and copper thickness, is determined by the width, W, of the center

f | wBeo
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Sbripoe Sev" S m:m be simulaied by a length of high igpedance line,
whils ; bal..zed by a lengih of low impedancs line. (llote

the similtel ;be % i& @Y %ransmission line). A high @wanee is obtained by

uss of a-marro¥ center strip, while a lov impedance line is obiained by a wide
cenber stxip. Shant parahe..oreson@nt circuits may be simulated by a short-
circuited stub, whose length is »9l. The characteristic impedance of the short-
circuited stub may be adjusted 1o give equivalencs between its “reaciance-curve”
and the "reactance~curve? of the actual circuit in the vicinity of the origin.

Very small series capacities may be siwulated by using gaps in the ceniter conducior,
However, it is ususlly necessary to uss a "double=eiching centsrestyip omrlappin‘fg"
technique to obtain practicsal values of series capacity. This technique has been
used quite successfully by ITT Labs on sevaral bandepass filters, Ths "overlepping®
technique® is accomplished by etching altevnate sections of the filbter ecircuib

on oppesite laminates such that overlapping of the center styips occur when the

two boards are assembled. The most commonly used dielectirics separating the over-
lapping center stmps are teflon tape and Mylarxr f£ilm, Mylau is available in
thicknésses renging from 1/l mil o several mils so that a wide range of series
espacities may be realized for a limited range of overlapping. It is usually
desirable to leep the length of overlap small comparsd to a wavslength so when
large serims capacities are required, it is necessary to use wide center strips

in the region of the overlap, and thin dielsctric separation. Widening of the
center strip lowers its characteristic impedance and introduces shunt capacity
into the equivalent circuit. It is sometimes difficult, therefors, to simulate
large series capac:.t'es without introducing shunt capacity, which is often un-
desirable.

The resulting stripelins filter will be about 3 to L inches in width

and about 12 to 13 inches in length, including input trangitions and integral

crystal video detector. Since the filter thickness is only siightly more than
'1/8% , three filters could be stacked and thereby occup a volume of only approxie
mately 37 x 137 x 4%, It is possible to curve the center strip such that the
final form factor can be a circular disk, or the center strip can be folded back
on itself to decrease the length at the expense of an increase in width of the
filter,

It may be necessary to add a few low-pass filter sections to tie
band~pass filter in order to eliminate spurious pass-~bands below 1l KMC. These
sections would be relatively small, since the cuteoff frequency of the added
low=pass sections would be on the order of several kilomegacycles,

All »f the above filisr discussion is on the kasis that it is
nacessary to achieve the steep cutoff slopes. (50 db @ 107 2bove and below
passband), If this requirement were eased, it would make the filter shorter taan
the 12 or 13 inech length by reducing the numbsr of filter sections required.

2:3 g%m ler

. It is not felt that it 3 _necessary. ‘oo give a lengthy discusaion
on the emplifier as it would be the m/‘*c : twlaed linea.r video amplifiex

“that was used’ w:l:t.h-"-rzd receiverd oNTPD, R
o ::_,‘]‘E i Bl oy —
?ﬂﬁ Cu- r“:f" i Ms Jor |

l’

...—ua- fooosmee,
Penang,

b
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- { ’.L‘ﬁ' 1fying systsm consists of two assemblies, a four cascaded
- ed‘oack pair amplifier and a crystal bias netuork.

v © The meximum gein of the four pair amplifier is approximately ?000»
A resistor in the second pair feedback provides a gain adjustment of full g

for a gertain value vesistor and 23 db below full gain for an cpen cu‘cumo Any
geln between these velues may be obtamed, with a suliteble resistor,

The bias network providc:s & means of paralleling the signal outpute
of crystal dstectors while providing individual d¢ bias to the crystals.

The total power .\:’equ.a,red o oparat.e the amplifier is 60 milliwatts
(12 volis dc)o

2.1 . System Performance

The overall system Ssmsitivity can be determined from the characteristics
of the separate componentso In general, the atiainable receiver tangentia,l sensie
tivity in terms of 7=f power level into the datector mount is estimated %o be
=56 dbm to «60 dbm. (This is the equivalent sensitivity of a single input receiver
with one detsctor and no adding.) The power level at ths terminals of a single
antenne for a system of six antennas providing bi-polarized omnidirectionality
would vary from =ll.5 to -52.8 dbm over the 500 to 1300 MCS frequency band, The
expected signal losses and signal variations to the input of the filbter-detector
units will consist ofy ,

L

Antenna pat'hem and polarization variation 3 db

Cable atienuation 1ldb

Miscellaneous mismatch losses 3 db
Total losses baefore inpui 4o : 5 db

filter<detector unit

As previously discussed, the signal lsevel at the input of the filtere
detector mount would be appraximately «h9.5 to «57.8 dbms, The full anterna gain
cannot be realized in increased gystem sensitivity since the process of signal
addition also involves 2 change in the noise level, ‘he net incraass in signaletow=
noise ratio is equal vo the square root of the number of elsments combined
{245 for six antennas). Ihe factor of 2,45 (3.9 db) combined with the above
sensitivity factor resulis in an equivalent input signal level to the filter from
=}j5.6 t0 =53,9 dbm over the frequency range. The «45.6 o =53,9 dbm figures must
be sensitivity of the combined f:n.lt%-detect.or assembly in order to achieve a
tangential sensitivity of 2,5 x 10™0 watts fom?. This means that if the filter
has a 3 db pass band insertion loss the detector must have a sensitivity of
wlio6 10 «56,9 dbm over the frequency range. These sensitivity values are within
reason by placing special emphasis on matching the detector at the higher fre-
quencies in band to achieve the 56,9 dbm sensitivity. On the basis of the above
discussions, it is anticipated thai the entirg rece:.ving system would have a

R, Lang_entidl sensitivity of 2,5 x 107 0 watts/em?,
N y ‘.— . . S .
. ﬁ ( -" 1‘ !‘ A
'T1 e BYEMAN Nna.f-j: L E
. . CONTROL, gvor - .m i
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