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TRANSMISSION MEDIA

Transmission Media—What’s Suitable‘At_ MM Wavelengths?

At microwave frequencies, MIC
_ technology is widely used for fow-
© .+ " cost, compact modules. In particular,
" stripline and microstrip have been ..
found quite successful. Figure 1 shows = _ .
some of the more common transmis-

-1* 7 sion media for microwave and milli- L gggﬁ-;;a#? vt
L. v meter wave-lengths as shown divided "~ .- T, ; : "‘,‘.:L-*F:l“‘gﬁyﬁj“_gﬁa:f R
: “in non-TEM and TEM and quasi-TEM .. .. 4 - . - . S
) lines. There are several other types ~'' ‘. [ RS i e I A e ¥ SR T T o

-“‘T‘—

\

of transmission lines still in R&D, "

“‘such as - microguide,® which . looks . te- 5y PRV R e e R RIS T £ [ R
" like microstrip, - but .is - wider .and .50 £ 777 Vorrz sl Wb S CLLLLLLClls Lk - -
propagates a waveguide mode. ENE RS- U > AGE TINESS 3 5 EAIE B L MICROST A o
. The lowest-loss transmission lines . - - < B n2 e, e ARl AR W R e PACTE: ot

are dielectric wavguide, -conventional "
.metal waveguide and dielectric-filled -
‘waveguide. Unfortunately,  none - of .-
them can be considered planar, a dis- _ -
inct disadvantage over those that may
be processed in volume using photo-"
- lithographic-~techniques. ..+ Conductor
 Joss- of - more -convenient *'microstrip
about 0.2 dB/wavelength:sn ===
For-ease: of xfabrication.a nd.xcom
patibility with. semiconductor-devices,:
those transmission:lines that_ are par-.
icularly= - promising :za illi

Suspended strip| RS 7T I77L,
: :,:;v‘., e e ; z‘% Preietete
Coplanar line eases shunt conections 5 f st
,.A-;cdplaﬁar'?t'réhsrrrl’iss‘ioril fine co SR RIITITIETIIELY i B 3 ; 5
sists . of -a “strip -of : thin-metallic -film DI ELECTRICHILEDIWAVECUIL ] S . R
deposited. on :the surface of a dielec- B s R SN
tric -substrate with two. ground- elec 3 TTTTITT L -
trodes‘running adjacent -and ‘parallel 9 3 : APPEDANVER] EDIMICROSTRIE :
to iit -on the : same ;surface. ‘The Sy A
1 ~energy -is ..confined - to  a ‘closed N PR P T At 2
-area “and ~the conducting -elements o ACH OCD DA X 7 1R _
_permit easy -connection of :active de- 52 : TN gy

ices in hybrid integrated -circuits.slt
s “ideal -for~ shunt - connection -“ele-

ents - in ..monolithic *MIC -systems
“Coplanar line:has the’ advantage ™o
.having -all ;the - conducting - elements -
-on the same-side .of 2 dielectric sub-*
trate; - standard - MIC - photolitho
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~ A Various microwave transmission media ‘are listed by ‘mode .and ac-
~cording to_jtheir:profic‘len te at millimeter wave engths. "<’
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tation -:of -ridged-loaded ‘waveguide
permits - circuit _elements“to be fab-
: ficated at.low-cost -and is compatible
“with -thin-film.‘hybrid techniques. -
.*]n’ passive -circuits, such as filters,
he fins ‘may ‘be directly grounded to
he waveguide,.and lumped elements,
Zsuch ~as beam-lead capacitors, may
“beradded. The gap between the fins
can.be varied -along the longitudina
Sz Lk : LR e

&~

=Slotline is well underst
“be -fabricated ‘using ~standard . MIC
photolithographic . and - etching ‘tech-
< niques.~Such transmission line -tech-
“niques, ‘enclosed in a channel, have
been successfully used for-the design
of tapered transformers to 60 GHz.

Slotline allows easy coupling
" Slot.transmission dine - was /intro-
duced by-S. D. Cohn:in 1968 :as an
alternative—transmission-line_for_mi-_
crominiature - componets.7 .1t s :
ticularly ‘iseful forapplications =re-
quiring regions of circularly _polarized
magnetic field and/or shunt-mounted
- elements.’_Slotline " consists _-of .:two
. /. conductors separated : by a 'gap -on-
S :-one side-of a.dielectric substrate.
" Combined <_ microstrip "~ and slotline
N s . R R

P N

*’When isiotline 'is susedin.a"chan
* nel—that_is,-when the slotline -sub:
strate .bridges the broad~walls—of=za=Tx
“rectangular waveguide—it . is -some-

“times called fin line.8 in effect, ‘the
< fine- is .a :printed “ridged . waveguide.
and .can be designed to have a wider
useful -bandwidth ‘than- conventional
fine -can .provide bandwidths -in ex-
ridged - waveguide.®:10 . integrated fin
cess of an octave with less attenua:
tion »than -microstrip.2¢:12 his adap-

.

“Fin line broadens bandwidth ="

< Ashok K. Gorwara, Project Supervisor,
) - - Stanford Research institute, 333 Rav- ~
-~ --enswood - Avenue, ‘Menlo “Park,- CA

_ ‘;;,,; .- .94025. .ol .

B. In copianar line, axial and trans-
‘verse H-field components-exist.---
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directed towards exploiting the advan-
tages of MIC technology to higher
frequencies. Impatt oscillators have
been developed at 30 GHz, 60 GHz
and 100 GHz using quartz substrates
at Bell Laboratories.! Similarly, mi-
crostrip techniques have been ap-
plied to design 18-26 GHz balanced

and image-rejection_mixers and 18-26 __ _

C. A slotline supports a dominant

. JE mode which_resembles. the. domi-. .

-nant mode of rectangular waveguide
and provides natural regions of cir-
cularly polarized magnetlc fields.

ort

axis to provide low-cost circuit ele-
“ments. When semiconductor devices
are to be added, at least one of the
fins must be dc isolated from ground
to permit. the .application of bias.32
. In.both approaches,. the_waveguide
is parted along a plane where the
current flow is parallel to the break,
_as'in a common slotted line.
... During the past few years, fin line
"=+ ‘components have been fabricated suc-
" cessfully up to 40 GHz, and exlstmg

— Y e S

-

bly may become
above 60 GHz. -

Image-line, active IC construction

" wave, submillimeter wave and even
optical frequencies is theoretically
. realizable using refractive dielectric’
guides and image guides.12-16 |p

' J

-ess problems that some researchers

© In addition, metallic shielding around
the image-guide is often necessary to
reduce any  radiation losses and
eliminate any external electromag~
" netic interference. D
Although rectangular dielectric
" guide .has been applied at optical
frequencies using low-dielectric con-
stant materials,17-26  only
has this type of guide been used at
- millimeter-wave frequencies using
high-dielectric constant materials.
27,28.20*% The potential of rectangular
dielectric guide millimeter-wave inte-
grated circuits has been greatly en-
hanced with the recent demonstra-
| tion by Chrepta and Jacobs?™-2% using

high-resistivity semiconductors such

as silicon and GaAs as dielectric
' material.
Microstrip line the popular media

Standard microstrip is one media
where considerable effort had been

I MICROWAVES ® March, 1976

beam-lead ‘devices in- a simple fin-
" line mount may. be useful beyond 80 " * -
GHz.8 - However, "it.'is expected that’
mechanical tolerance of the assem- . .
important much

. Low-loss propagation. at_millimeter. .-~ .

theory, image guide is suitable for o
"active integrated-circuit construction
,because the image-plane can:provide +

_ “closed -in- @ -channel have- success
“‘mechanical support. to: the dielectri¢ c
- material and also serve as heat sink ~ - *=fully:been used up to 60 GHz..

= -and -electrical "ground to: the_mtegrat..,._;...smemmg important’ for all "-,"-""

--ed active devices. However, there are - :
many practical fabrication and proc-

* are trying to resolve at this point. .-

recently . Y

tors using 0.010-inch thick sapphire
substrates.30,81  Also, several re-
searchers have used MIC techmques
to fabricate broadband components™
—~— up- to~'60 GHz using low dielectric™™
substrates with dielectric constant of
L€~ 2.5.32
There are several dlfflcultles that
arise- in extending microstrip over

- 60 GHz for low-loss circuits. These -

" _include critical tolerances, fragile -

substrates and radiation losses..The. ",
~— radiation losses can be eliminated by - -

GHz and 26-40 GHz polar discrimina- -~ -

-
3

i

properly spacing the microstrip cir- <

> cuit in a channel. Some researchers

have demonstrated the use of micro-:::
strip techniques up.to a frequency of '
100 GHz using fused silicon as the..
The mechanical -
.. problems can be overcome wnth care- !

base substrate.1

ful desxgn '(echmques -
Suspended stripline, useful to 60 GHz:

the same as conventional str:plme
However, the transmission line is in-
“homogeneous because of- the pres-
.~ ence of the dielectric. As a result,™
-7 high-order modes can propagate. Also,

the presence of any discontinuity can -
~ cause radiation losses - and. higher--
order modes. These can be sup‘
pressed if the suspended stripline is’
enclosed in a rectangular guide. The
~dimension tolerances and surface
: finish on the metallic surroundings .
- are not critical, as compared to a

standard waveguide transmission line.":
-- Such transmission line techmques en

Regardless of the type of planar

transmusston media chosen, it ap-

pears that all the millimeter circuits-
‘require metallic shielding in order to
‘control higher-order modes, reduce -
“-radiation losses and eliminate exter-

" nal electromagnetic radiation inter-
. ference. Generally, mode control be-
comes critical at higher frequencnes
and for broad bandwidth circuits.
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Suspended stripline is essent)ally "
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In the selection of a particular |

- acteristics should be considered: _
e Maximum achievable bandwidth
e Low loss or high unloaded Q ’
e Low-cost processing and fabri-
’ cation techniques
._ e Ease in bonding or attachmg
- - active componets *,
e Radiation losses
e Susceptibility to external elec-
tromagnetic interference. oo -

&

*Additional information and references on
image-line are found on p.

transmlssmn line, the following char- .
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. developed,”

for

package. It was also to occupy a
space of 44 cu. in (723 cm?)
“The required specifications
proved too tough for this new
technology and the program did
not meets its goals. Only a single
mxxer/ﬁ]her channel was finally
says..Spielman. “Pro-
gram dollars got chewed up de-
veloping standard waveguide parts
not related to the dielectric wave-
guide technology. As a result of

—--this-program,- the Navy-is- taking

a more cautious wait-and-see atti-
tude regarding dielectric wave-
guide bechnology

That isn’t to say that there have
not been problems associated with
the printed circuit designs. Strip-
line and microstrip. designs are
also struggling as they get into
higher millimeter bands. This is to
be expected, however, since both
technologies are still .in fairly early
stages of development.

In a recent project for ECOM,
for example, an 18-40 GHz six-
channe] receiver was developed by -
Mlcrowave Associates in ‘Burling-
ton, MA, using air and teflon di-

- electric stripline -and teflon-fiber-

glass microstrip in the millimeter-
wave circuitry.? Aeccording to Dr.
Charles Buntschuh, senior scientist
in MA’s R&D Group, “There were
problems in the Wilkinson power
splitters so that interactions be-
tween the following diplexing fil--
ters were troublesome.” Also, mix-
er insertion loss tended to be quite
high. “This wasn’t a serious prob-
lem, just a tedious nuisance,” ex-
plamed Buntschuh. .

- Army pursues “dielectric -approach )

-:zAt.the-present time;-one. of the
—strongest. supporbers -for- dielectric

waveguide is Dr. Harold Jacobs,
head of ECOM’s Electronics Tech-
nology and Device Laboratories at
Fort Monmouth, NJ. According to
Jacobs, “dxelectnc waveguides po-
tentially offer great cost reductions
millimeter-wave components
and circuitry due to the simplicity
of machining waveguide from the
outside and batch-fabrication tech-
niques.

“We still have an open mind over
the various approaches to millime-
ter-wave integrated circuits. But
we have had some of our .most suc-
cessful results in the dielectric
waveguide area.”

Comparing the three approaches,
waveguide, stripline and dielectrie
waveguide, Jacobs sees-waveguide
technology as offering certain ad-
vantages such as being almost im-
mediately available and having high

(continued on p. 38)
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dielectric
guide double balanced mixer op-
erates at 94 GHz. The two wave-

~ guide parts are for the rf and LO. It
is built by Epsilon Lambda and price
is $5800. ‘

1. Model 4394,

prohibitively-high.. 2-2x.

Suspended stripline appears at-

tractive in the future and is being
investigated for use as millimeter-
wave ICs because of its wide band-
width and potentially low cost.
“However, -as-frequencies_go.. high-
er, say above 30 GHz, the conduc-
tor losses in stripline or the other
planar technologies may become

excessively high,” cautions Jacobs.

available today, a 94 GHz balanced
mixer/preamp, Fig. 1. Its price is
$5,800 in unit guantities.

“The price is comparable to met-
al waveguide devices for this fre-
qukney,” notes Knox. “But I see
thé_potential for lower costs and
think that in quantities of about
300, a price of $1,875 is realistic.
The mixer diodes are at present a
principal cost factor, however. Fab-
rication of the ceramic parts
while not trivial, allows cost reduc-
tions for large volume production.”

“We're planning to go into pro-
duction with this mixer in the next
few months and to sell ‘insular-
line’ balanced mixers/preamps at
35 and 60 GHz as well. Unit prices-
should be around $3,900 and $5,100,
respectively.”

“] don’t know of any integrated
circuit components that are present-

i . . __ly being sold - commercially_ above _
Q and - low-loss ~properties. - How-. .. 18 GHz,” -observes Knox, “although.
ever, its-cost in-the past has been. —. ; '

J-do expect. to eventually™see- cer-

tain components-offered for-opera---

tion to 40 GHz.” ~ -
“Many people tend to draw a
line at 18 GHz, where microstrip
or stripline techniques work,” he
continues. “Since there are mno
_fundamental frequency limits, ef-
forts continue to extend printed
circuit designs higher into the
millimeter region. While they work
in a fashion. they require special-

«Dijelectric waveguides,” he
claims, “offer very great potential
in obtaining low loss as well as
meeting simpler, and lower-cost
construction goals. The approach,
however, is still in a research and
development phase and considerable
expenditures will be required be-
fore each circuitry becomes more
generally available for use.”-

ized techniques, which make them
“less cost effective.”

Dielectric waveguide mixers for sale

According to Robert Knox, Pres-
ident of Epsilon-Lambda, the con-
cept of planar integrated circuits
using high permitivity dielectric
waveguide was originally developed
at IIT Research Institute . (IITRI)
in 1969, simulated by related ac-
tivities in integrated optics and 2
in surface acoustic—wave- -tech- ._E
nology. “I realize dielectric wave- )
guide is a controversial subject,”
explains Knox. “Some claim it
doesn’t work and only looks good on
paper. The fact is, however, ‘it does ~—
work. The particular approach
we're taking, that of insular-line-
integrated-circuits, using inexpen-
sive alumina dielectric as the wave-
guide medium, lends itself to low
cost from both a materials and B,

fabrication point of view.” 2. Balanced mixer in silicon image-guide developed by Hughes uses tw
Schottky barrier mixer diodes imbedded in silicon dielectic. Transitions at
for the LO and rf inputs. The Avantek thin-film amps are used as i-f amp:

Epsilon-Lambda sells the only
dielectric waveguide component

Dr. H. John XKuno, manager,
Microwave Circuits Department at
Hughes Electron Dynamics Divi-
sion, Torrance, CA, also acknowl}
edges that microstrip circuits have
been built at millimeter wave-
Jengths but also considers it an ex-
tremely difficult design and fabri-
cation process.

“With our image-guide technique,
active devices can be combined
right into the dielectric guide,
(Fig. 2.). The image plane serves
as a heat sink and mechanical sup-
port as well as a ground plane,”
Kuno notes. Biasing is achieved by
connecting a printed circuit lead,
like microstrip, on top of the di-
electric without affecting the fields
in the waveguide. .

According to Kuno, Hughes is
using single crystal silicon for their
dielectric waveguide because “it is
a well known semiconduoctor mate-

~-rial, -can . be_chemically processed..

Teasily, and by-selecting.the proper:

.-crystal -orientation:-one can make.

use of - preferential-etching-.tech: .
niques.”

“1¢ will eventually allow us to go
to monolithic integrated circuits,”
claims Kuno, “but this is still sev-
eral years away. We are not

- working on monolithic designs right

now, -because there are some tre-
mendously complex processing
steps involved, and we don’t feel
this is the right time or place to
spend R&D money.” ’

o (continued on p. 40)
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DESIGN AND PERFORMANCE OF A BROADBAND MIC LOW NOISE K-BAND
BALANCED MIXER, POLAR DISCRIMINATOR AND RELATED COMPONENTS

Ashok K. Gorwara
Donald R, Chambers
Ulrich Gysel
Don Parker
Stanford Research Institute

Menlo Park, California

94025

Abstract

The design and experimental performance of a broadband (18—26.5 GHz) single balanced mixer, polar discrimi-
nator and related components fabricated in microstrip on 0,010-inch thick gold plated sapphire is described,
Typical conversion loss of 7.5 dB with a maximum of 8,5 dB at the top of the band was achieved in the mixer, The

output polar angle of the discriminator is linear within *15° with an input signal level of -14 dBm.

Full

utilization of planar techniques is made that could also be applicable for frequencies up to and above 60 GHz.

Introduction

There is an increasing need for broadband milli-
meter wave superhet and instantaneous frequency mea-
suring (IFM) receivers for surveillance, electronic
countermeasure (ECM), and electronic support measure
(ESM) applications, This paper describes the design -
and performance of a 18-26,5 GHz single balanced mixer,
polar discriminator and 3 dB quadrature hybrid for a
future surveillance or ESM receiver front end. The
components were fabricated using microstrip techniques
to reduce the effects of parasitics thereby obtaining
the desired broadband performance., In addition, the
design in MIC leads to compact size, performance re-
peatability in duplicate models and the potential for
low manufacturing costs,

MIC Balanced Mixer

The basic assembly of the single balanced mixer
fabricated is shown in Fig. 1. It consists of a 3-dB
quadrature coupler, two mixer diodes, and low pass
filters to isolate the IF frequencies from the LO and
RF frequencies, The IF frequency is 60 MHz but by
appropriate design of the low pass filters has a pass
band up to 10 GHz, The circuit was fabricated on a
0,010-inch thick gold plated sapphire substrate (er =~
9.6)., Sapphire is used because smoother surfaces and
constant dielectric with frequency can be obtained
thereby reducing the circuit losses and optinum perfor-
mance in 3 dB quadrature hybrids with frequency.

The substrate was mounted on a test fixture
specially designed for readily testing microstrip
circuits on various sized substrates, The fixture has
transitions from semirigid coaxial lines to micro-
strip. These transitions use a two section stepped
transmission line to provide a low VSWR up to 40 GHz,

* Measured performance of the mixer is given in
Figs. 2 and 3. Figure 2 shows the conversion loss as
a function of frequency for an LO power of 1 mW and
diode current of 1.0 mA. The double side-band noise
figure at 26 GHz is shown in Fig, 3 as a function of
diode bias current for various LO powers. The IF am-
plifier noise figure is assumed to be 1.5 dB. These
results show that for a diode bias current of 1,3 mA

140

the noise figure does not change appreciably with a
9 dB variation in the LO power,

The return loss for both the RF and LO ports was

~measured to beAléSEithan 10 dB across the frequency:. -

band, The minimum 10 and RF isolation measured at the

prtimum4h6ise figu}evcurrent setting is 6 dB. An iso-

lation of 10 dB can be achieved i:rﬁiascurrents are set
to equal 2 mA,

Hewlett Packard Schottky barrier beam lead diodes
(HP 5082-2769) were used with C < 0.1 pF, These
diodes were connected electrically in shunt by mount-
ing them between the microstrip line and a grounding
post through the substrate to the ground plane., A
broadband RF match (return loss typically 12.5 dB) to
the diodes was obtained by including the package
parasitics as part of a lumped element matching network.

MIC Polar Discriminator

A polar discriminator consists of two in-phase
power splitters, three quadrature 3-dB hybrids, a delay
line, and four detector diodes arranged in the configu-
ration shown in Fig, 4, The delay line is used to
introduce a phase shift proportional to the frequency
of the incoming signal, The rest of the configuration
is used to obtain the dec voltages proportional to the
sine and cosine of this phase angle,

In realizing the polar discriminator two previ-
ously designed MIC single balanced mixers were used,
The bias current of each Schottky barrier diode was
adjusted for optimum performance as a detector rather
than as a mixer diode,

The entire polar discriminator was fabricated in
microstrip using 0.0l-inch thick gold plated sapphire
except for the delay line, Semirigid coaxial line was
used for the delay line merely as a matter of conve-
nience and final versions of the circuit would be fab-
ricated entirely in microstrip, Much of the circuit
had been fabricated previously on a sapphire substrate__ ..
for use in an image reject mixer, The experimental
model of the polar discriminator was assembled by
adding a microstrip in-phase power splitter and a
coaxial delay line to the microstrip image-reject cir-
cuit as shown in the assembly in Fig, 5



Both swept frequency and single frequency measure-
ments of the polar discriminator were made over the 18-
26,5 GHz frequency range. The cosine and sine output
voltages were used to drive the horizontal and vertical
axis respectively of a Textronix 502 oscilloscope and
an x-y recorder., Single frequency measurements of the
phase angle of the polar display were made as a func-

tion of frequency. The polar angle of the discrimina-
tor is linear within * 15°, The amplitude variation
over the band was t2 dB after taking into consideration
the variation due to the test sweeper. These results
were obtained at a signal level of -14 dBm, Similar
results were obtained at -23 dBm.

MIC 3-dB Quadrature Hybrid

The 3-dB quadrature hybrid was realized by connect-
ing two 8.34-dB edge-~coupled microstrip couplers in
tandem, Cross overs were placed at the center of each
8.34-dB coupler in order to preserve the overall sym-
metry of the 3-dB hybrid and assure that the quadrature
phase relationship between the outputs was maintained
over the entire band, Because the coupler is physi-
cally very short, the crossovers represent a signifi-
cant portion of its length and have a significant
effect on the performance by introducing discontinui-
ties that increase the ripple response, The effects of
the crossovers and also of the discontinuities pre~
sented to the coupler at its ports during testing are
evident in the performance characteristics of Fig, 6.

3-dB
QUADRATURE
HYBRID

>

FIGURE 1 PHOTOGRAPH OF MICROSTRIP SINGLE BALANCED

MIXER ASSEMBLY
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Over the 18,0-26.5 GHz band, the coupling imbalance is
+0. 7 dB maximum, The dissipation loss through the
coupler is about 0.8 dB for each path. This loss

also includes losses introduced by connectors and tran~
sitions used to test the hybrid and would be somewhat
less for the hybrid imbedded in the balanced mixer

or the polar discriminator circuitry.

Conclusions

The utility and advantages of planér MIC tech-
niques applied at millimeter wavelengths have been
demonstrated successfully by the above development,

The above design téchniques are applicable for fre-
quencies greater than 80 GHz by proper selection of the
substrate and active devices, Also the above planar
techniques can be used for larger integration of com-
ponents in millimeter wave subsystems,
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COOPERATIVE SIGNAL PROCESSING BEACON TRANSPONDER
FOR AIRPORT TRAFFIC CONTROL
rd

Ashok K, Gorwara
Stanford Research Institute

Menlo Park, California

94025

Abstract

In recent years there has been an interest in physically small, low-cost, low-energy consuming electronic

markers for air traffic control on the ground.

In this paper a solid state 14,5 GHz low-cost beacon transponder

is investigated that provides a target-like signal for a maximum range of 5 miles in various weather conditions
when illuminated by an existing 14.5 GHz surface detection radar developed by Texas Instruments (TI), Dallas,

Texas,
Introduction

In recent years, there has been a great interest
in electronic markers for tagging materials and vehi-
cles, for air traffic control on the ground, and for
surveillance or tracking of personnel over a limited
In this paper state of the art in low-cost
beacon components are investigated that provide a

target-like signal-for -a-maximum-range of 5-miles in

area,

various weather conditions when-they are -illuminated

by airport surface-detection radars, Design details

of a 14,5-GHz solid-state cooperative beacon trans-
ponder are discussed. Low-cost digital logic tech-
niques are used instead of analog techniques for iso-
lation of receiver and transmitter, and for signal
processing. A pulsed, low-Q, coaxial IMPATT diode
oscillator was used in the transmitter, and a diode
detector was used in the receiver, The power output
measured from the IMPATT diode oscillator was 4.8 watts
peak, the duty cycle was 0.7%, the pulsewidth was

450 ns, and the dc-to-RF efficiency was 7%. Output
power measured from the beacon transponder was 2.4
watts and the minimum detectable signal at the receiver
was -42 dBm,

Tfansponder Design

A block diagram of a solid-state cooperative bea-
con transponder is shown in Figure 1, The design of
the various components in the system allows the use of
microwave integrated circuits and hybrid integrated-
circuit techniques. Such techniques are useful for
large production at low cost, The important features
of the design are: (1) One antenna system is utilized.
Transmitter and receiver are combined via a circulator,
A circulator was selected for ease in fabrication; how-
ever, for production models a diplexer will be used,
(2) A high-power IMPATT diode oscillator is used in the
transmitter. (3) For low cost and limited range (2.5
miles) in clear ‘weather, a detector with signal-to-
noise-ratio (SNR) of 13,8 dB was selected for our
transponder, For 5 miles range or more and 16 mm/hr of
rain with SNR ratio of 13.8 dB, a mixer pumped with a .
Gunn diode oscillator scheme can be used in the re-
ceiver for additional sensitivity. _(4) A high-gain _
video amplifier with limiting capability is used to
amplify the detected pulses, In the limiting mode the
amplifier was designed to minimize pulse envelope dis-
tortion for any false triggering of the logic gate at
close and far range from the ASD radar, (5) Low-cost
digital techniques are applied for processing, gating,
isolation between receiver and transmitter, and pulse

-representation,

shaping instead of analog techniques, Digital tech-
niques are used where size, volume, and uniformity in
circuit design are necessary, (6) Input and output
pulsed RF signals from the transponder are synchronized
without any change in repetition rate, pulsewidth, or
duty cycle in the envelope, This is important for the
airport surface-detection (ASD) radars where identifi-
cation of the location is obtained from the envelope
and delay?tiﬁéwinformatioh-6f the various signals
received at the radar., Delay through the transponder
is constant and can be taken into-consideration in the
radar processing and memory unit, (7) An RF switch is
operated in time sequence after the IMPATT diode oscil-
lator is operating in a steady-state condition. This
control is maintained by the memory logic, This design
adaptation is useful because rise and fall times of the
output pulsed RF signal from the transponder are
strictly dependent on the RF switch operation, To
obtain fast rise times in an IMPATT diode oscillator,
complicated voltage- and current-shaping networks are
necessary in the pulse drivers because the matching
network of the IMPATT diode oscillator depends on the
pulse duration and repetition rate that cause thermal
heating of the diode junction, The only disadvantage
of the RF switch is in the extra insertion loss, which
decreases the overall efficiency of the system. In
production-type models, the switch can be eliminated
and IMPATT diode oscillators with current shaping net-
works can be used., To conserve the dc power consump-
tion, the IMPATT diode oscillator is also pulsed at the
same repetition rate but with a much larger pulsewidth,

The key features of the breadboard beacon trans-
ponder and details of the individual components are
shown in Figure 2, The disassembled IMPATT diode oscil
lator showing all the key mechanical details of the
design is shown in Figure 3.

Test Results and Data

A semiautomatic test setup was assembled to allow
simultaneous observation of all the critical test para-
meters of the RF components and logic circuits in the
breadboard beacon transponder, Figure 4 shows a fre-
quency spectrum of the pulsed RF output from the beacon
This response was observed on the HP
The nulls shown in the figure are

transponder,
spectrum analyzer.,
sharp and the envelope is very close to the (sin x/x)
Figure 5 shows a fixed delay, through
the transponder, of 300 ns between the input and output
signals from the beacon transponder, The delay is

dependent strictly on the logic gate and delay mechanism
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built into the processor, With minor adjustments, Acknowledgment
delay can be reduced to 40 to 60 ns,.

The author wishes to acknowledge the valuable

Conclusions suggestions by Dr, Don Parker, Valuable direction in
steering the research program toward the more immedi-
The characteristics of the cooperative beacon ately useful objectives were received from the techni-
transponder are tabulated in Table 1. In this table cal monitor, Mr, Ralph Arenz, This work was part of a
the designed and measured results are compared. All U.S, Air Force program,
the design goals were achieved except the power output,
The power output was slightly low (2.4 watts instead of Reference
3.3 watts) because of excessive losses in the output
isolator and switch (3.2 dB instead of 2.8 dB) and 1. A Fang, "Comparative Performance of Three Airport
lower efficiency of the IMPATT diode oscillator (7% Surface Detection Radars,” Technical Report TR71-
instead of 10%)., If this transponder is used with a 037, Texas Instruments, Dallas, Texas (1971),

simple dipole antenna (gain 3,2 dB) in the field tests,
then the effective radiated peak power available will
be measured greater than 3.3 watts, The receiver _ v ﬁa m
sensitivity was slightly better than the theoretical 3

because the noise figure of the video amplifier used

. CIRCULATON nF
was lower, Based on a transmitted peak power of 2.4 o en 0————1
watts from the beacon transponder, the maximum range "

to the TI ASD radar achievable should be 3.5 miles in r_h_—_} oiooe.
16 mm/hr of rainfall and greater than 5 miles in clear : ’ ’ O | eec
i
1
i
i

weather, _ By reduction.of -losses in-the RF .switch and m M

isolator;-MQre:pbwe;:cgprbe:achieved at the output of —_— R AMPLIFIER

the transponder. Based on the ‘beacon-transponder 0 pereeTon Len

receiver sensitivity -of--~30 dBm and-SNR of~13:8 dB, the *n '
i ASD i h 1 N

maximum range from the TI radar achievable should N

be 1,60 miles in 16 mm/hr of rainfall and 2.5 miles in
clear weather,
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Fig. 1 Block Diagram of Cooperative Signal-Processing
Beacon Transponder

Table 1. Characteristics of the Cooperative Beacon Transponder

ITha,
neATE A.n

Parameters Designed Measured Comments
Transmitter
frequency . 145 14.7 GH2 Can be set to any frequency,

depending on the design of
cavity in the oscillator,

Pulsewidth 50 ns 50 ns 35 ns minimum. Maximum
value depends on IMPATT
diode circuit.
Peak power 33w 24W Higher power levels can be rart

obtained depending on
IMPATT diode circuit using
multiple diodes.

¥ N
DIDOE Ci Ht\’ DI eTUR

PRF 15 20.5 kHz 1520.5 kHz 15 0.5 kHz. Variable; thus
parameter is not critical.

Delay 300 ns 300 ns 40 ns minimum. Ma);»mum
value variable.

Receiver
frequency 14.3 GHz 12-18 GHz 12-18 GHaz, can be set 10 any
frequency.
Minimum deteciable -42.5 dBm -42 dBm intermittent output signal
power level from the transponder.
Sensitivity with -28 dBm -30dBm -30dBm. For higher
SNR = 13.8dB, selectivity, use mixer receiver.
and probability of
detection 0.95
Video bandwidth 50 MHz 50 MH2 50 MH2z maximum (limited >
by logic cifcuit bandwidth). PETECT.
Setectable for larger band-
widths by using high-speed
circuits,
Anienna
Gain None None - 2.2 dB tor simple dipole B . o , 2 s 4 = '3
Power consumption, k?_'_‘_" i [ [ T e
dc Not specified € watts maximum No attempts were made to Y Aot b0 08
reduce dc power consump- B
tion or design a power Fig. 2 14.5-GHz Solid-State Cooperative Beacon Trans-
supply. IMPATT diode . .
oscillator draws power only ponder for Airport Surface Detection (ASD)
during the puise period. Radar
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Fig. 3 Disassembled Ku-Band IMPATT Diode Oscillator
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Fig. 5 Delay Between Input and Output Pulsed RF
Signals to the Beacon Transponder

Vertical Scales: log
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Fig. 4 Frequency Spectrum of Output Pulsed RF Signal .
from the Ku-Band Beacon Transponder (sin x/x)
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