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AEcRAcr:
ThispapFm “chsmses the design, configuration,
al-d perforlmlnce of a W-band transceiv= with a
Volurlke of 1 in 3. !lk transceiver enploys a
~ chirped waveform for a @se
cxmpsseion mdax qplication. Oth~ tcpics
include a design pnxdure for the local
oscillator, which enploys a theoretical cizwuit
nmdel of the oscillator gecsnetry, m-d the use of
p-t bias cxmtxol as a maans to ~ture
ccmpneate the chirp apedxlm of pulsed mm
dicde transmiti.

lN1’mtucrIcN:
The next genera tion of short range, precision-

guided systems will en!ploy millbter-wave seekers.
These systems met provide sufficient performance
to acquire arxl designate tzqets at significant
ranges and yet satisfy temperature, volume and
weight cxmatxaints soastobernounted diractl y on
a ginbald antenna. Sine * W-band transceiver
occupies only one rmbic inch (1 in 3,, it is a
gocd clmice for this zqqlication.

~ious work in Ixansnu utter [1] [2] ti
transceiver develqment [3] [4] bas enployed an
injection linked transnu “tter design. MS
transceiver is significantly different in that it
takes advantage of the noncoberent, &irprxl

f~ qn.se of the IMPATT diode transmitter.
As a result of this approach, tbe radar erq?loys
fewer c6cillator stages cxqxmed to an injection
lcckedqatem. The&iqmqmna.e ismatched toa
SAW filter and the radar retuxn @se is
c!cslpressed. A ~ feature of this technique
is apectml waveform control.

The key featLlres discussed in this paper are:
1) ‘lhe design arxl performance of the W-band
transceiver, 2) a new circuit design technique for

millimeter- wave scurces, which employs a top-hat

resonator [5] in ~ar wavesguide, - 3) the

application of controlled bias preheting [6] to

nk4rdnin the * &r&idth of a W-lxml IMPATT

dimde txmsmu .tterovera O- 500C &rQeL-ature

range.

mAwscEIvER DFscRIm’lm:
The transceiver cnxpies a volume of one (1

in3) cubic * W is ccqcxsd of five elemerrts:
1) a PIN dicde, imllc wtiow, receiver protection
switch, 2) a crc6s-bar, single balanced mixer with
intqrzted prezuqlif ier; 3) a ferrite circulator,
4) an indiun pkmephide (~) Gmn diode local

oscillator, @ 5) a @s@, silicon on diamoml,
lMPAIT diode tranmm ‘ tter. A funotion block diagram
and an illustrate @otogra@ are Amwn in Figures
1(a) - 1(b), respectively.

The PIN diode, bulk winilcw, switch, which was

desi~ and built by Millitech, providss mixer

protection during tie transnu ‘t period of the radar.

W bulk Wi-IXi~ concept, first develcpd by M/A-CCM

[7], provides the advantage of lcw imsex’tion l=

witi high off state isolation. ‘he switch’s

insertion 10s5 and high isolation states were

meaaumd tibelesethan O.75 dBand greater than

35 dB, respectively frum 94 to 97 GHz.
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FIGURE la. W-BAND TRANSCEIVER
FUNCTIONAL BLOCK DIAGRAM

FIGuRE lb. W-BAND RECEIVER ASSEMBLY
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‘Ihe Zlixerpmallp aszelrblywaelxlilt by the

_ ~~e Pmducte Division. The local
oscillator (L.O. ) W transmitter (T. O.) frequen-
ciesa.m2eqarated by~IF frquenqofl GHz.
This IFisths ceIbrfKwEIIw Ofthelrdxexpze
anplifier Paeebmil. Conversion gain, measurd at
thepmmnp output, ranged fran +3to+4dB overa
RF frquerq range of 4 GHz for L.O. and T.O. input
pcwer levels of +10 CIEnl ard -lo roll, Respectively.
A plot of conversion gain versus L.O. drive pcwer

set the minimum L.O. ~ “?qWmme& of +9 ClEm.

TIE dcuble Y-junction ferrite circulator
module routes thetransm “tterpxer to the antenna
amitheradar returns to the mixer P- ~lY.
From 92.1 Oiz to 95.8 GHz, typical ~ion 1C6S
was 1.5 dB ad the isolation was ~ter than 28

dB.

TFE local oscillator is a CW, bias-tuned
oscillator. A tunable L.O. is ====Y to a~t
for system performance variations with teq2erature.
The active devi= is a Varian, N, m dicde.
‘I@ cmillator was fabricated using the WR-10
waveguide cross-section dimensions. The diode was
nmnti in the gap between a top-hat@ec resonator
ad the bottxnn surface of the waveguide. The disc
resonator provides the appropriate iqxdame
transformation ~ tomatdlthedide
iqdance to the waveguide “mpedameandth-
generate a sustained diode c5cillation. The
frequency andpwera redetxmined by the
in@@ulm presentxxl tothedicx5e~s. !llm
dif farent bias configurations were employd for two
different Gunn dicdes during the local oscillator
develqxnent. Circuit #lueesalxOstep, low
pass, ~al filter in the bias port to provide a
RF short circuit at the top of the wavecyide.
Circuit #2 enploys a coaxial entry\cavity in tie
top wall of the waveguide.

The configuration of Cimuit #1 has been
analyzed theoretically by Bi alhweki [5]. His
analysis ramlered an equation for the circuit
admittance p~ at the gap *th the disc
resonator, i.e., the admittance seen at the diode
tenNnals . This analysis hand.ki the case when
bothwaveguide arnksmmatched allialeo the
practical case when one waveguide am is tenninatxxl
in a short. It shcmld also be stated that
wmesent mode coupling between the short ard the
disc was also aax.mtzd for in his mxlel.

An X-bad waveguide fixture was designed to

include a disc resonator. Beneath the disc

resonator acoaxialprobewas~ and
~ were perfomed to determine the gap

in@hnce/admittance ~im=ntally. Agmemnt
between the Bialkcwsh theoretical predi~ions ~
the ccqyter simulation verified that we had
correctly implemented his mxiel . A W-bami test
fixture was then desigmd * built for the
oscillator develqment. An E~ [8] style

wavquide short was employed as me waveguide arm

- ~==t” This type of short is preferable
to other designs due to the repeatabilitY in
oscillator tuning @ the well established
short circuit ref~ plane. An accurata

description of the circuit gecmatry for the mdel

=?N-i=s the exact location of the short circuit
relative to the disc resonator.

memcdelw asmusedtopmiict circuit
@edance as a function. of gametry aml frequency
for Circuit #l. These mpedame ccqutations when
usd in conjumtion witi oscillator performance
data, providd us with active dide hpedame
information. FUrUwm3re, based on nmdel
predictions of gap inphlce , the dimensions of the
disc aml short Pc6ition were altered to mntrol the
diodes ou@ut pcwer ald frequency.

The nmdel, although not an accumte represen-
tation of Circuit #2 because of the cxxO&il entry,

was nevertheless an effective tool in pre&cting

C.ilcllit impdame treI& and again facilitated the

CO-1 of oscillator ~onrance. ‘I!lE final L.O.
design was Perfo- in Circuit #2 with a @m

diode whcse RF~ratirqwae~ter than that

tIS03 in the cimuit #l. with this design alm2&
800 MHz of bias Imried biarxiwidth was achieved at
W-bard with a corresponding pmer variation of +9
to 16 dBm.

transmitters Were develqed and tested
on this projact, two 10 watt peak units and a five
watt ~ unit. E&h transmitter is a pulsed,
silicon on diammd, double drift IMPATT diode
oscillator. ‘he RF pulse width is 100 mmaemde,
amlthe RFoutput qectrmnshcwn isammcoherent

_ fqency waveform with a -idtb of 300
MKz. l’hech.iqx dfmquenqis aresult ofa
thermal shift in the dicde iqedawe as the dicde
heats up during the bias Current pulse. since this
chirp ~idthie matiedto aSAW filterto
achieve pulse compression, the chirp performance

must not degrade over temperature. A controlled

preheat bias pulse, which is belw the RF

generation threshold of the IMPATT diode, is

injected prior to the main current @se (S&?
Fi.~ 3). The amount of prebias !ton time” is
adjti to maintain the des~ * bamlwk!tth as
the ~iro~t t S ~ient xra~~ -es.

Each Ixammitter was placed in a thermal
chamber andcpxatedovera O - 500C tenpemture
range, with temperature mx3sum3 on the cecillator
houe~. Tests were Performd with and without an
adj~t of the preheat IIon-tinerc. The anlmlnt of
preheat and the degree of mnpeneation rquired is
dicde dependent. Figure 2 sixxe a plot of chirp
bamiiwidth for a ten watt transnu utter as a function
of taperature with a constant preheat bias. !II_@

chirp -i- variation was diminated ami the
300 MHz of chirp lxudwidth maintained over temper-
ature by ~rcpriate adjustment of the preheat
pike. A ICIO= dramatic improvemen~ =3W
realized for the five watt transmu .
shows a conpa.rieon of bias @se, detected RF pike,
and dcxmxmnv ~~rforat ‘tter which
was tuned at rocan temperature, with ard without
:T cmpeneaticm for a housing temperature of

. Additionally, some ccqenaation of the txans-
mit’kc center fDsquenq with temperature was also
demcmdxated. Consequently, the technique can also
be employed to ~ze the center f~ shift
of the transmi~ [6]. ‘l’he latter objective is of
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particular iznporbmcte in an injection lcdcei system

application where maintaining a fixed operating

&ml with terqerature is important.

Finally, the downco nver’ted output SpXroln of

a W-band, IMPATT diode transtu “ttx?rr WI-I= slope

matches that of a surface acoustic wave (SAW)
compression filter is sham in Figure 4(a). Figure
4(b) shmts the unweightecl 5ns qreeeeil pulse

output of the SAW filter in response to the
downconverted ~ “t* signal. Adjacent 1st
time sidelobes are -10 and -14 dB respectively
kelow the main lobe. Tramnitter preheat bias is
usedtomatch thelxanswu utter’s cilixp Slqze to the
dispersion value of the SAW filter. A “high side”
LO frquenq provides the ~+ ~
inversion.
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Figure 3a. The Degraded RF Spectrum with Bias
and Detected RF Waveform at O°C
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HORIZONTAL: 100 MHz/DIV

VERTICAL: 5dB/DIV

Figure 4 (a). The Down converted Chirp Spectrum of the
Transmitter: Bandwidth = 300 MHz

HORIZONTAL: 10 nsec/DIV

Figure 4 (b). The Corresponding 5 Nanosecond Compressed
Pulse Waveform

CCRKZUS1ON:
This paper dieulssed the design cml

performance of a nond=ent, pWeii, W-bmi
transceiver, for use in a pulse compression radar
application. A design tedmique was dkcueed for
the local oeoillator of the redar, ami the
auccaaaful clemmstration of a - dicda L.O.

validated the design pzmoedue. The izedmique of

p-t bias mntil was demonstrated as a xwathod

~~te~e-~=of ~~di~
transmitters for ambient temperature variations.
Finally, noncoherent pike Compression was
demonstzeted. !flleuseofm~ t pulse
ccntpression and the achievements deznonstratd
during this proj- may lead to the develqanent of
a lcw cost, high xaqe remlution radar system for
future radar seekers.
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