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ABSTRACT

A high wstabillty, C-band Cransaitter cdpable
vl supportling ~-bd ddec subeclutter vlsiblll:y over a
wide rdange of pulse widths and duty (fartors was
developed for uwide ln 4 mul!teode, battlefleld aur=
velllance radar. The tranaaliter was mode-switched
between Jroups of 174, 20 ana b5 microdecond rzdar
pulses and long duratlon (IUU ms) FSK bursts., A bey
feature was the use of a high speed, Llntr.ajulse
tegulator to matntaln oroper TWT voltage ant to
liait ripple (Independent of waveform without the
need for excesslvely large eneryy storage. Actual
-aeasured perfurmance wet rhe lUU a¥ cathode ripple
speciftration without the use of PRF synrhroni-
zation, (independent of PRI, ducy cycle and pulse
wildth and was confirmed via dlrect evaiuvation wf
¢lectrode voltayes, setruodyre nhase jitter 4nd the
radar pulsed-Dopplir dpectrua.

INTRODUCT LuN

A key paraceter for d4ny hlgh sensitivity
ground survelllancs radar £ ] its subclutter
visiblllty--the ability o detert wmall moving

targets In the predence of large stationary clutter.
Surh perfuradance requireed extremely stable phase and
aaplitude roherence of surcedaive radar pulses. In
dddttion this radar had to eupport extremely long
Juratlon FiX roomunicaction  bugsts, ohich Further
stresdved the design in 8 manner orthojonal to the
wubrlutter visibllity requlresents,

Tuls paper «111 firut discuws the pectinent
tadat dywleo parameters and thelr translation tato
tequired transaltter pectvemance and rhoice of the
puwer  wvutputl  dJevice, A discuwsion fallows 2{ the
dealgn topology eapluyed to akolaize the risk in
artaining the desired Rtransmltter wpecificatlions,
Lantly, oeasured opertorsanre data from  three
{ndependent  techniques will be presented. It was
{aperative that transaitter perforzance be
subutantiated to the must exactlng level possible
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Kedearch  Proteets ~ Agenry under Afr Force Conlract
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rendaindac of thls paper will address the medsureeent
technlques and the data ‘obtained on elertrode
voltage and phase atability performance made at the
plant, and provide corroboractive Jdata obtalned from
an  exaaination of the lowtability residue on the
pulsed-Doppler epectrum following field Lnstcllertion
within the radac.

KADAR SYSTEM DESCRLPTION|I]

The transaltter cperates st &  noninal 5 Gz
center frequency ' with S00 W peak output power. - By
use of an electronirally scanned, cylindrical accay
antenna, the radac¢ can scan from one azlauth angle

to anotiner virtually instantecusly, without the
pro~essing dead time assoclated with a
necheaicaliy-scenncd - aftenwa  gerve syslid. Thic

featutre allows the radar to interleave MTI
procesalng among several separated areas-of -interest
and report {or ne:) the information to & Targec
Integrdtlon Center on a second by second basls using

the radar ttself as the integral data link inetead
of a separate data link system.than any separate
nettlng ayatem. o

Although highly -aceractive from a aystea

viewpolnt an iIntegral radar and data link concept
plares stringent demands on sibeytea performance.
The salient radar parameters that govern (lransmitler
specifications are:

TABLE 1
CENEHAL
5 to 5.9 Gz renter frequeary
JUQ W peak output power
)} phase 4UU Hz prime power

HADAR MODE~=-MT[ pulied output
V.2% to b3 ug pulse width
Hnn-linear P SAW phase coding
3151 to 45U us PKI :
-68 db post-procesuor clutter

Lnstability residue

DATA HODE--FSK modulation
Lud o pulse width
l 9 repetion rate .
=4 db post-prucesvor slynal
lnetabllity rewidue

The LV percent bandwidth, high peak power and
Low  spuriuvue modulatlon chararteristice demand ;he
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‘interpreted by the processor as a

b

useiol & trAvelling—vave tubg, as the ourput device:

which ran” operate quast’™®W to arcosodate the

excreacly loag YU ma data link pulses.

TRANSMITTER SFECIFICAL WS

The lapact of these specifications in
determinlng transalcter powver wupply design ran be
divided 1intn four categories that deal with

regiolator and modulator chatacteristics.

Pulse—width and Duty Cy.le

The U0 oy pulse width requirement makes It
virtually iaposslible to pueriorm Intrapulse
rtegoliation woliely with., energy stoTayge. The
regilator and pover supply must be capable of
delivering the peak losd, continuously during the
pulsa. Response time ahould be short compared to
the pulse vidth with well-defined transient
characterisitice governed by the following
constrainte.

Regdlatlon from Pulse to Pulse

Any variation In aaplitude or phase of  the
ccaplex radar return from pulse to pulse i3
moving taryget.
Jdhus if & target were moving in rlose proxiaiily to a
large, estationary object, any Instability In the
transalitter would generate noduiation 9idedbands of
the Btationary clutter that would in turn mask the
saall. i mover. The worst case exists’ vhen all
tnatability energy i3 concéntrated at a single
frequency. The relztive amplitude of earh sideband
c¢an be ralculated froa FM  theory and Hessel
Functions|[2f, and, assualng low level medulation, 18
given by:

: dér = 20 log 1A/2]. (1)

uhg_r;_a A 1a the peak phase deviation in tudians.

Thus to achleve tie desired subclutter
vistbiliey  of -68 dd~ the- peak value of any
sinusoidai spurious phase disturbanre wmust be less

than 0.0t degrees. Sinee a TWT 1s wused as the
output devire, the phase stability speclfirations
can be translated directly into valtage variation
limits on the various electrodes via the tube
puphing, CFactors. Performance 13 set by the ripple
on :pe cathode which with a typliral phase pushing
facrtor of .5 degrees/Volt {s then limited to lUO
a¥ peak. There exists w.nalogous ralrulations that
bound the allovable voltags ripple due to AM-indured
-purioul an the f{nsatablility resldue. However, a
carnful cholre of quiescent voltages and operation
of the tubz in the saturated mode, will teduce the
anplitude pushing factors to the level where thelr
effect on [natabiiity liaitatione ls {nconsequential
in eomparison to that of phase acdulatlion (typlcally
by 10 to 15 di} and need not be calculated.

Regulacion During 4 Pulse

;(l: fe fwportant to note that the abave
constraint on ripple applied pulse to puluse tor a
glven potnt withln the Cranumitted wavefors. The
vatlatlon or voltage within a pulse has no eftert on
subclutter visibllitly and is bounded primarily by

m
¢

the limit “on the acceptable raﬁgelti-e itdelobes
generated by the Sutrfare Aroustie Wave 1F fillters.
Since the SAW expansion and rompression units are
asgumed o be matched then any woodulatlon Llaparted
by the transmitter will decorrelate the return.

Becauve the regulator will revpond during the

pulse, the effect of Llinedr voltage droop will be
neglible, '

Of much greatet concern are the effirts  of
eyclie voltage changes durinyg a pulse. It ran be
shown,{]] that the amplitude and teaporal leration
of unexperted sidelobes la the matched-<ftlter
lupulse response are directly related to Lhe
amplitude and perlodicity of the phase disturbaace
during rhe pulse, and may be ralrulated with an
‘equation of +*he same form as tq. {i}). for the

partleular SAW devires in  question, a =30 dd
sidelobe level sets a 1 degree, and hence 2 Y, bound
on ¢yeclie disturbances and thus define the llatts of
regulator translent reponse.

Lt {3 worth polnting out that o mention  has
made of the FSK data mode during discunsion of
regulatlion requirements becaus s the specrcral
stabltity demands for FE4 ¢aecutiaon afe nat as
restriccive as those lmposed by the MIl radar mode.
In particular, the 1 degree cyecl.c ripple bound set
by the SAW device performance results In =35 die

been

frequency d#ldebands which 1s oore than adequate
dignal-to—spurious ratie for detection in an F35K
scheae.

Modulator Switehing Speed

The aodulator deslign muat arcomodate both wvery

long (100 me) and very short pulses {(0.25 ua), with
less than [ us switching sgpeed. Berause of the
eritical pulse € pulse repeatlblility cequireament,

the beam mudt be activated srior to the applivation
of R¥, so that mutput speccral stabilicy wilt not be
afferted by modulator Lransienl chatartezristcics,

SYSTEM [MPLEMENTATION

the preceeding performanre
requireswnts a travelling-—wave tube &nd circult
tapology were chosen. This section will describe
the hardware lamplementatlon, inciluding tube, pover
supply aad modulator, needed Lo et those

requiresents.

Based on

Travelling-Wave Tube

The tube i3 a Teledyae-MEC MTG-buu2
depressed-collectur helix=-TWT with forus zlocivode
tor beam control and s capable of supporting the
SO0 W peak RKF outpur power requirement for the

Table .
Kiven In

duty-cycles and pulse widche described [n
The 9altent operating parasetery are
Table 2.

A depresded-collector TWT was rhosen partly to
lwprove puwer renversfon etiicluncy. More
{aporcantly, a depreased collector ontiyurartion can
taxe full advantage of the large Jdifterence Ln phave
pushing fartutry tu allow reyuiation ot the rcriltleal
rutnode  wvollage and Lty adsociated current load
{2% m\) to be [dolated frow the high ecurrent, Dbut
low regulation demards of  the collector wupply
LOUU mA).



TABLE 2

; ]ggs
Cathode voltage: ~lg1RV wor.r. grouad
Collertor voltage: 3 KY w.r.t, rathode
Focue voltaye

beanm off: =3 KV w.r.t, cathode

_beam on: =53 V w.r.t. cathode
Collertor cuttent: 60U oA peak
Hellx ecyrrent: . 29 mA peak
Phase sensitivity. '

Cathode: 0.5 degrees/Volt

Focrus: 1 degree/Yolt

Collector: 0.0l degrees/volt
Amplitude deneftcivity:

Cathods: . 0.9]1 dB/volt

FPocun: 0.32 dB/Volt

Collector: 92,0004 dis/volt

. Two wmdjor design decldlond were amade trhat
shaped the acrual systea izplesentation., First,
therzlonie {varcum~tube) tather than sealronductor

devices wers eaployed for all Lnrerfares to Cne TWT
ttaelf to redure the potential risks to che cubs
during arr ronditions. . Second, & rathnde wmodulation
scheme was developed to simplify system design and
rédure power supply count. The basir circulr
topology used to meet all of the aforementioned
design objectives 1s shovn In Filgure 1.
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Fig. 1. Power Suppiy and Modulator Topelogy.

Voltage Generation

Separate, noa-stacked power supplies were used
to lndspendently generate the cathode and collector
voltajes, to lsolatc helix from collector current
loading, as des<ribed in the abov: paragraph. The
srimary high=voitage outputs needed for both cathode
and rollector wuppliea ‘4ere pgeneraced by basic,
polyphase recL{fication ot the 3~phase, 208 ¥V Llnput,
uslng a rchoke-coupleud, wye-deltr windlng pair for
each output with a motor-driven Varis concrolling
the trensformar input lLevel., Thils apptodach has a
nuaber of advantayee, Trapsformer upronversion
elialnates - the need for OC-OC awitching converters,
Since subclutter vislbliity depends directly on the
ripple, 1t 1s inherenliy lower riak to employ a
design that reducred ripple &t eudrh converslon eslege
cather thsn geaerating the large asplitude, high
frequency square waves oceded for  wvitch-wode
convervion. - Thia ‘palyphase transformer
configuration resulte in an extremely high ripple

.

freQuenry'@nd thus an Lnherently low ripple volrage.

The motur-controlled Lnput transtormer level allows
¢oapensdt lon of long cera line wvailatlona gnd
provides a "soft-~gtart” werhanism to Ceduce Inrush

currents during power on.

Yoltage K*ﬁili&kﬁi

Becduse of che low modulaticn
the eculiector w~oltage no further
feyuired on the 3 KY floating supply beyond rhat
supplled by the rectitier-fliter asaeably. For the
rreitiral cathode volrage a merles- bucklng rejulator
way used, consisting of pentode Vi, :ad transistor
i, The 10 KY rathode wvoltdge was generdted by
summing the 13 KV floatiuy rectiftler-filter outout
with the nominal 3 KV pentode voltage droo. The
extremely accurate reguiation was wmalntaloed Dby
senging any change in the cathode outpul and varying
the drop in pentude pass regulator accordingly., [u
is interesting to noce that the palyphase
tectifleation technique of the previoue sectlion
produred only | V ripple, which with ne loop gain in
che fe:.back loop would be passed through to the
cathode., As loop galn was lIncreased, the pentode
developed a ripple voltage of equal magnitude but
oppoeing polarity eo as to maintaln rondtant cathode
output. Responee time had to be short, on the order
of 20 us, with wmianilmal overshonot of ringlay as
required by the 5AW sidelobe response, Loop gain
vag adjusted to balance the confliect In requiresents
of eteady state error, cevponse tlme and loop
stability.; From a prartical viewpeiace, even
infinfice loop galn would not have produred zero

sennttivity of
regulation was

ripple. Mon Sdecal error ‘acpurces such  as  ground
ripple and pi~%x up In the fecdback path required
extremely careful corstrurtion and shielding

techniques,

Beam Current Modulation

A8 oentioned earller, bean curfrent control ia
by cathode wvoltage ewitching. Thie of course
foplies that the just- Jescribea “cathode regulator”
is only indirectly connecrted to the rathode through
the setles switch, comprised of power pentode VI and
power FET ¢, Uperation of the modulator (s ss
followa., The focus clectrode 1s maintained at the
cathode 'tegulator outpul wvoltage. [n the absence of
a yating signal, the  cathode 1is held at -7 KV
establlishad by the resistive divider comurised of Rl
and KZ. Switch tubes VI and V) are noncondurting.
Under theye rondltions the focus electrode s -1 KV
with respect to the cathode and the TWT . Dblesed
off.

when the wmodulator eignal fis coupied up
through the opflcal fasotator, VI is activated, ard
the rathode-to=-focus eleccrode differenre ceduces (o
the V¥2/ul on-state drop (nor.nally 25U ¥), enablling
TWT rondurcion. Actual beao rurrent level 18 wet by
critiral adjuetmeat of the focus electrode voltage,
using & portion of the V2 screen voltage aw the
offset source. .

With the modulator signal reauved, the TWT
turnoff Llransient would Se slow, desplte the rapld
turnoff of VI, because of the the nhigh resfdtance
discharge path chrough RY for the rathode voltaye.
Moduy'!sator response cloe 18 mpintained by Lthe
(netuston of ewiteh tube ¥}, whirh i3 pulwsed on

na
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Seekr v2iqe -off to actively force the rcathode
through a low impedanre pa%h to return to the -7 KV,
off wstate, .

?*;'

One of the key lawucs in this program was

MEALURED PERFURMANCE

the

deveiopoent of a set of test measuresents to vertify
the stability performance of the ctransmitter prior
to eveluation in the radar iteelf.
Volcage Heasurements
A necessary but not sufticient perfarmance
cherk 13 electrode voliawge wcawurement. Flgure 2 fs
N

1

| ]

.

~e] 20 us

Fig. 2. Cathode Regulator RespoLrse.

the cathode regulator rceponse during a radar pulse.

- Overshoot (s lzes than 0.3 V with a L0 us response
time. The verticral width of the trace bounds the
voltsge Lnstability to approximately 200 oV peak.
;The (‘,\quinal 1 us switching charactectstics of the
*a:hoqa acodulator are shown in Figure 3. The two
A i
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distinrt g;'a:hode voltage discharge races awsociated

with ettch-tube ¥3 4re quite evident durlng T™™T
tura—oft.
The key wmeasurement of cathode voltage

repeatibllity=-10U0 ov variatione on a ! KV quiescent
level with 3} KV pulsed flurtuations-—-is wvirtually
fapcoeslble to make with a bigh degree of ronfidence.

Phase Measurecasnts

Voltage regulatiov is not the final arbiter in
any case., Betause of Lhe above difficulty =&
serrodyne shase measuresent was Jevised to  properly

evaluate {netablliicy performancs (see Flgure 4). A
FRI
PULSE [oeLav}
GEN I —J -
OSCILLOSCOPE
=)
e SAMPLE | LF
RF AND —Lh-sPECIRuu
GEN C 8anD HOLD ANALYIER
SPECTALM
Imuntn
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Fig. 4. Preliminary Transaltter Phase Stability.

sanple of whe TWT ocurput was mized with the atable

RF input producing a voltage proportional to the
relative phase betweern the two slgnals. The
sanple-and hold was sy/ochronized o the PRI with

variable delay to allow sampling of any point within
the phase waveforw.

‘The syctem was caillbrated by first injecting a
aufficlently large signal (nte the cathode regulator

errvot asplifter te increase output ripple. The
magnitude and frequency were chosen 60 that
resultent sidebands could be caelly measured and
distinguighed from the PRI lines oa a C-Baad
spectium andlyzer. Sce Tlgure 5a. A 4V peak,

9{a) alh)
. OL
ok
-0k
a8
- 30b
- 40
¥ig. 5(a}. C-band Spectrum.
5{b} Saapled Phase Noise Spectrua,
S00 Hz 1indured cathode ripple produred a 1.5 degree
peakx phase modulation and a -38 dbe sidedand level,
whirh {3 'wvithin 0.5 db of that predicted by

equatlion (1), This procedure provides a rallbration
point. on th. dashed sampled phase nolse spectrun of
Flgure 5b. The residual phase noise spectrum after

)
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‘e wlf‘al?-‘ of tiie externsl moculatlon repcesencs Crue
srdnsmitter instabllity, ae; shown. by the sclid
urve. Performance 1s liafted to =68 dE¢ by a
iingle spectral ltne at ihedpower frequenry.

n Sieu Radar Perforaanre

Performince within the tadar is aeasured by an
:xamination of the tnscabllity restidue tn a
>ulsed=Doppler wpectrum of a large stacionary
:lutter dlscrete. Flgure 6 '1s the discrecs Fourler

68
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-90 t 1
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Fig. 6. 'Overall %adar Stgnal Stability Spectrus.

transform of & Gé—point time series coneisting of
the teturns from wuch a targec, situated J ko froam
the radar. For a perfectiy stable radar systza, the
spectfua would be descvibed by a single central line
representing the target at zero Doppler, with all
other fllter bin sagnitudes st a level commensurste
with the recelver front-end nolse. Any other lines
result from the epectral decoaposition of sll
contributors within the radar to the instability
residue, oprimar{ly the transmitter acd frequency
syothesizer, and indicate a3 ainloua of -63 dbe
supptession. Sincre the effects of oscillator
instebility are directly proportional tor the range
of the target, it was possible to ilsolate the
synthesizec effects and substantiate the -b8 dBe
seasuresent obtsined for the trnnauitter’alone-

SUHHARY

The -68 dBec instabllity residue ofjtained was
arceptible for the radar appliration, but should not
be consider>d a liait to the state of the arc.
There is no doubl that with additional time and more
refined shlielding and construction  techniques
turthér ‘reduction could have been sttained. .

i 'l sussary, subclucter  vialbility s &
pcqforl;nre parancter that must gulde a Lransaltter
deveigpment frouw the very ocuisel, &5 1t aifects 2ll
aspects of the design. [n addition, b.rause of the

'

very pature oﬁ;the phenoaena that tend to iisit

14

aystew wstabllity, 1t is laperstive that equal care
aust be gilven -to Cdevelopment of & real tiame
stablility :est to monitor and fine tune pefformance
durin, system integration.
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