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Abstt ac t

A 30 cwz rromlithic lW mise balarcd mixer has been developd
usirxg an integcab?d ‘tzw tie’ antenna~ ti ansit ion ad Icw

pafasitic MXt dicdes. The dimies ad mixe~ circuit weze developxl
on Gsneral Elacti ic grw MES mate~ ial ad wate fabricated usirg a
plated ah bLi@e techmlcgy. Measurements on the dicde at 02 ard
IW shcmed that the zeco bias jurction capacitarme was 0.025 pF arxl

the series tesistarce was 10 &me. A conve~sion las of 6 dB was
measured at 30 ~z with a 1 @z IF.

Intr &luc tion

This papec will de~r ibe the design ad pet fo~mame of a

~~~thic 30 @z Mixec ad .311tHH@”G tL anSit ion ‘m GAs. The
mixer was intendd for uas in E-LF phased sftay ndules for Sp=e

applications h a war iety of designs here mnsidered Lear kg in
mind the cequiremmt for high PI formarce ard h cxst. Althcugh

the a igiral requirement was for a ammunication link at 30 GSZ, it
was dscided at the cut-set @ select an appccach that cmld be easily
scald ti higher ftequecc ies smh as 44, 60 aIX3 94 GSZ withcut any
significant cxxnpromise in RF psz fcxmame. Previcus experience at

higher frequent ies has dxxn that it was often difficult @ mke a
satisf?c~r y tc ansit ion to an ~IC with repeatable pez for rexre. It
Wss the~efore decidsd to imeatigats an app~cach where the
tianeition was i~m~ati onti the dip in the fo~m of a receiving
eleinmt cx snterma which ald axt as a free ap~e receiving elemmt
or es part of a transition to a rectangular wavsguide. A ?X?CCYX3

consideration ws that the t.t ansmission lines be readily carpatible
with the mplanac realization of the dio5es. Studies wxe made of

diffe~ent forms of ti anamission lines irduding microst.z ip, ccplarm

wavayuide am? wpla.rksr strips, ad a ccmp.exison was made tx?twean
then in eetrm of iapda~e range, rrxnkalized guide wavelength SI’15
corduc ‘ax srd dielectc ic lcszes. In gene~al it was fard that fcan

an eldz ical stan3@nt the mst significant difference was in the
inpalame ramges tiich ald & zeal.izd with ~ceptable 3.0ss. It
wss fo.11’d that the dge CO.Ipld lines such as coplaIBI ~vquide @
coplanar str ips had practical impdame rarqes that were at twice
those for bccadside amplad lines such as inicIc&a ip fo~ given

values of lCSS. In view of the mplamar focmat of the dicde d the
coplanar receivi~ elenmts v.hiti Shcx.rad pzanise the main p= t of
the mixer cticuit wss designed using coplanaI ti ansmission lines.

Mixer Circuit Design

A plamu citcuit for the mixe~ ad antenna was &?sigr@ arxl
this is ahcx.m in Figure L Apat t fran a gzomxlplane foc the

micuxkc ip eleramts, all the rmtd.lization fo~ cx it ical ccrductoc

geaa?ti ies ad the devices was cm cne side of the substtats. A
bal~e3 dignle ‘~tie’ antenm was aslected feedirg a 100 C&I

bal=e3 coplsnm atr ip tc ansmission line ad the mixe~ design was
assessed with a ‘&tie’ as a free spce tece ivirq elenent @ as a
& ansit ion to Wavquide as shcwm in Figure 2.

The twa nust imps tant factors in a mixer design sre: 1) the

rcmlineat elanx+ntr sd 2) tie emixddirq st~uctuce cx circuit
succcumiimg the davice. The t!m ace interdependent ard therefore it

is USUal to s~ify me ad design the Othel at aNX3 it. A device
was designe3 whid had optimum d=actar ist ics for ope~ation ti tie

100 * coplanar stt ip ti anzmission line at 30 ~z. The tvm nmt

~-~nt Ru-b?rs in the device a~e: 1) the zero bias jumtion

CSp?CltaIWe, sd 2) tie =1 ieS le sistarme. The ti adsof fs bet~~
the ts.m were eatablishe3 frcan pcevia.m WI k ad a j UX t ion
capeoitame of O.025pF detenmind.

A met di~e ws chosen for the mnlineac device. The l.btt
dicde iz a fo~m of Schottky diale in which the =tive layec is made
very thin so that it ~emains vit tually fully dapletad cvec a wide

~a~e of j ution voltages am3 hate met the IC cycle. This factcx

is ~P. tant *~ tie mixet is operated with a lcw m -I tim
pacams’t.f IC effects, such as ate encountered in a cOnv~tj.0~1

Sdottky dicde, can cause a significant inccea~ in the mixec ~&e
figuze.

The mixec circuit is of sir?gle balmed design tie~e the signal
ard LO ate nmtually isolatad due in the circuit gecr@ccy ad mt ~e
b3 the use of filters. The Sigpal k f~ @ tie di~e~ via a
balarcd line in coplanac stt ips. The mixec pzcrpec is foc @ at the
] ur?ation between the mplanar Line (with reduced width g~am3planes)
am3 the coplarm stc ips. The dicdes afe nz!untad at this j urction
which Opera@s in a stiilar manne~ to the rmplamf slotline j umtion
CC_XIMOfly U* i“ &bc id cirC”it~. The slots foc med eithet side of
the ~la~r line ~e made m & an intage~ num&L of ha~
wavelang ths long at the sigral frequency in cxder to pccvide an cpm
circuit plane at the dicxles (a/2 in this case). A transition
between the miccostt ip line ad the mplanar line is ~hieved by
gratiirg the finite gco.mdplane of the cnplarar lines with quaf ter

wavelength stubs in miccostr ip. In addition to merccming the
requirement for via h31es this * Of ~ a~it iOn is * tant

because it all~s a ~ voltage m be developd ZIoss the dicdes.
This is necessary in cfder b establish the optimum opsratirrg @.nt
on the dicde VI &Z ac &z ist ic to ensute mini.!mnn conversion loss ad

Imise figufe. The tC bias is suppliad via lcw pass hi-lo filters
realizd in microstx ip. The IO is conn~ted to the c@smt line
via a tx ansit ion where the top oxdcc bx is ccmmon srd the finite
width gcomxlplanes are gccurdd ti the tiemeath gro.xdplane using

qua ter wavelength micmstr ip stubs nnunted at the tI ansit ion point.
A high PSS qusr tat wavelength cxupled line fi ltec pcmides fT2
isolation between the diales ti the ID ard SL?O pfevents the LO
fcan lcadirg the IF signals amtgirg fran the mixer. A simple line
ati stub filtal ia used @ extract the IF ard prmide Cwer 30 da of
LJJ isolation.

Fabrication

me Immlithic single bal.arcd mixer was fabr ica~ on Aef.al
Electx ic grm,+m ME material. This Laye[ structure omsisted of a 3
micrcm tii~ n+ layer ~ at 2 x D 18 an-3 fof_kxved & a 0.2

~:s~ak~ick layeI aped at 5 x 1016 an-3 gtm m tio~ LZC
The ~mess seq~rce is as follu,rs. The ca’clde

contact -s focti by etchirg &-m to the n+ layeI cud definirg the
chic contact rretal by a lift&off techniqce. After alloying the
AuGeNi ccmtac t, the dwices wefe isolated by etching 4 micccn deep
mesas. Next, contact ~eas here defin~ OIY the @ ~ & he
tmttom of tie meza b form the cathde ccmtac t pad. At the _
time, the atie csmtact was defind on ‘cop of the msa .alocg with a
COn&Ct pad on the semi -iffiulat~ subst-t ak. The Sdmt’cky batr jer
was defined by s~tte~ @ TiW h AU. The Schottky metal fcx ned the

base ntztal lsyer for the follc.wirg platirq step which define5 the
aic br icQ e between the S&ottky kc ier ad the pad. Next, the
cficuit nmtsllization was define3 by a amventional plating prmeas.
The final step in fabrication was. plishi~ the ~fer ~ ~ ~
thic+mess of 100 micrcns ard -leting the b=kside netallization
plmess, again by a platimg technique. This n&al pzwid~ We

91W@ Pbe for the mictostr ip =eas ard did m t exist urrie~ the
c-l~z Hnes fe@irg the antenna.

Figu~es 3a W 3b are SZM micccg~apbs of a typical l.btt dicde

ard illuztc ata the three mxt mtable featuces of the techmlogy
employed:

1.

2.

The ati bci@e interconnect between the xtive &e d the

cOntact pxl at the mesa totmm, minimizes tie ~a~itic
cap= itarre csmmonly cixetvad when a conventional dielecti ic
assistad clossovec is used to mn the amxle firrge~ ovec the msa
adge (Figure 3a).

The thick mushcmm shaped arcde finger tiich is IH tucally
gene~a M by the platinq technique emp10.@, allcws OK to *e
a mall ~tive fcmtpr int (1 micKcn) with a thick feed line (see
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Figuce 3b) . This ~ables cne tu have a small cap=ita~e
ccmple3 with a la nrkal resistance which is n~essa~y fo[ low
lass .

3. A nme sbtle advantage of the air br idgd dicde ptmeaa is that
it *S mt depmd on the Ct itical lie cesist ptofile which
is necessacy for 3i ft-off . Hance, b a fi~st cxdet, the
teciumlcqy dsvelo@ ia irdepadent of the nt?sa height employal
* ich is unti ue foc a lift-off prwess.

!X ad RF Test Results

SOth EC ard RF wafel ptcbing of discrete ?.kXt dicdes has
pet fo[ti on approximately 50 devices. EC measurerrents indicated
the dides had a reverse breakd%n of .aknt -N, am3 & ~cura@ly
measuring tie V-I ch~acbcstic the series cesistawe was detami.ned
to be 10 &FS ad the ideality f?ctxx alxut 1.08.

A Cascade Micrcwave F%zdel 42 pccbe station was used @ make
small sigcal me p t S-parametet ntsasutem?nts for shunt nuunted
dfcdes cwec the frequercy range 2-18 GHZ.

Figure 4 shcws %ith dmI t plots of S as the forward bias WS
irrreased fcan OV to 1.08v where the ci. went was 20 ml. The

teap=me befo~e the dide starts mductimg indicates a arrmll
cap=itare. Aa the bias voltage ia inxeased the resistame
becctms nme aril nme dxnimnt ard the reapcnas is seen tD move

across the With chaI t bwatds a shot t-ci.tcuit. When the current
tbrcc.gh the dicde was 20 rril, the plot shcws a sat ies cesistarr2e of
abalt 10 Cilm.

A simple equivalent circuit fm the dicde was Calculati fran
the cne-~ t s-peKanetecs for different bias ccxditions ad a ze~o

bias equivalent circuit is sham in Figuce 5. The elenent values in
the cicc uit wsre obta i.ned by ccmp.Iter optimization of the nx?aauled
velsus ncdellad S-paamtsts. The star tirg values fo~ L , C ad C
wece cbtaird fim the @ysical gemetry of the dwice ad
ptmessimg parameters ard tie set ies resistame R was calculated

ftan EC measurermmts.

The zero bias cut-off freqwm2y of the dicdes has detsrmind b

be 640 @z. Figure 6 ahcws the variation of jurction Capmitame as
a furc tion of jumtion voltage foc toth the actual I.!att dicde ad a
thecxetical Wottky. The fbtt dicde clearly +CWS f Latte c
capacitate w iation with voltage, being eppcoximately O.025 p?
fIm -6V to +0.5V.

Figures 7 ad 8 abm tie t%o P tions of the wavquide fixtuce
sketchd in Figure 2. The Q&5 stistcate was muntad on alumim foc
mechanical *ength usirg a mn-ccrifuc tirg cemnt. The mrplets
cticuit was munted in the fixtu~e as sham in FiguLe 8.

Measutemmts ware mde of conve~ sion less as a fum tion of ?X3
PI with a 30 C&z tO ati a 31 GHZ sigral prcducing a 1 GHz IF.
These me shc.m in Figure 8. The vaI iable beckshor t ad inductive

tunirg ~rews were adjusted for minimm conve~ sion loss ti the m
bias voltage was optimiza5 for -h ED settirg. A sirqle sidebti
conversion 1C6S of 6 d?3 (imluding fixtute losses) was masmsd with
10 @m (lo m) of m ~1.

COrclusion

A 30 GHZ mmlithic lW wise mixe~ has baen desct ibed using an

in&gra&d “tcw-tie” antennam transition ad lcw ~asitic !.btt
dides. Althcugh the design requites fut ther dweloprent ~ ccmpa? t
anl inpcme the passive circuits, initial masuced results for the
first design me mccuragimg. This design imxx pa ates tunimg
elants in the mvsguide mxnt ad can be made omp?ct as the
cticuit is mxmted brcadside SCLOSS the wavaguide.
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FIGURE 2. A SKETCH SHOWING THE KEY FEATURESOF A WAVEGUIDETO
BALANCED LINE TRANSITION USING & CBOW.TIE9ANTENNA ELEMENT
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FIGURE 3 SEM MICROGRAPHSOF A TYPICAL MOTT DIODE
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BIAS CONDITIONS

s) V= OV, l=OmA d] V = 0.75V, I = 1.OmA
b) V = 0,6V, I zOmA e) V = 0,7 TV, i = 1.5mA
c) V = 0.72V, I = 0.5mA O V = 1,08V, I = 20.OmA

% =0.01 nH

% =1O.OQ (TYPICALLY)

C, = 0.C07 PF

Cj = 0.025 PF [Wp]CALLYI
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L = ,0 @T –1)

10 = 0.5 PA

“ = 3.076

FIGURE4 S,, OF A SHUNT MOUNTED MO’7TD1ODEAS
A FUNCTION OF DC BIAS VOLTAGE. FIGURE 5. DIODE EQUIVALENTCIRCUIT
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MONOLITHIC SINGLE BALANCED MIXER
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