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Abstz ac t

A 30 GHZnumllth IC lW m ise balamxd mixet has been developed
usirm an inteacated ‘tcw tie’ antennzwtK ti ansit ion d b

para~it lC Fbtt d;des. The dicdes ad mixe[ circuit here developd
on (kneral EIEcti ic gzom WE material ti wece fabcicatsd USMX3 a
plated aif bci~e techmlcqy. Measurements cn tbe dicde at EC d

w sbcwd that the zero bias jurction cqxcitame was 0.025 PF ard
the seK ies Iesistarce WFS 10 *. A conversion 10SS of 6 ds was
measured at 30 Qiz with a 1 Glz IF.

Intf c&c tion

This paper will descc ibe the design ad F focnkme of a
mmlithic XI GHZ mixer ad .an&n?a/?W ti ansit ion cn GAs. The
mixer was intends3 for use in SW phased m~ay ncdules foc ap=e

appllcat ions * a va~ iety of designs wre cnnsideted bear& in
mind the requirement for high p?t foc nkxre ard 3.CW a6t. Althcmqh

the a iginal requirenmt =s for a crlnmmication link at 30 G!iz, it
was decldsd at the cut=t to select dn apprcach that cmld be easily
scaled to higher frequencies smh as 44, 60 ard 94 r2iz withcut any
significant ccanprcmise in F.F pe~formure. P~eviws +1 ience at
higher fcequerc ies has ?Jmm that it was often difficult to mke a
sat is fac km y ti ansit ion to an M.lIC with repeatable PSI foL marce. It
was the~efore decid63 b investigate an approach where the
tcansltion was irccxpxabxl onto the dip in the folm of a teceiviw
elenent cx antenna which -Id =t as a free -e ~ecelvi~ elerrent
or as part of a transition to a rectangular =vaguide. A S&Cd
consideration =s that the t.cansmission lines be readily cmrpatible
with the mplanar ~ealization of the dicdes. Studies w=Le made Of
diffe[ent forrre of tiar!snussion lines irrludirq ndcrostcip, ccplerar
wav~uide ad mplanac str ips, ad a canpat ison was mde k?tween
them in bstnti of impfda=e rawe, rrmnalized guide wavelength SI13
com3uc kx ad dielecti ic lcsses. In genetal it was fcmrd that from

an electi ical sta@oint the mst significant diffe~ence was in the
@dame rarqes vhid mld te realizd with =ceptable loss. It
was fard that the @ge -pled lines sush as coplanar wavequide ad
CWISMC stt ips had practical impedame rarges that were tit twice
those fof btmdside cmpled lines smh as n!icrcxstf ip for givcm
values of 10ss. In view of the csplamar fof mat of the diciie W the

coplanar cece ivirq elarents *i& shcmed ptcmise the main paI t of
the mixer circuit was designed us.irq coplan?ir ti ansrnisslon lines.

Mixer Ci[c uit Design

A plarac circuit foL the mixel ad anb=ma was *Si9* -
this is .shcwm in Figure 1. AW t fr~ a grcxxdplane for the
microstc ip elemsmtsr all the rretallization for cc it Ical ccductcx
gmti ies ad the devices was m cne side of the substfate. A
balamed dipole ‘b%-tie’ antenna was sel=ted fsedir?g a 100 *

bal.amed coplanat strip tt ansmission line a-d the mixer design was
assessed with a ‘b%-tie’ as a ftee -e rece ivirg elemnt ad .%s a
t.tansition to wavsquide as sham in Figufe 2.

The two nest imp tant facbxs in a mixer design ate: 1) tie
rmnllnear elarent, ad 2) tie dddirg *..cti.e a ciccuit

suKIcMn3mg the device, The t!.o ace interdepcrdent ard the~efo~e it

is usual to SFLfY me am3 design the othe~ arcnrd it. A device
was desigrd whld had optimum d=actecistics fot o~ration in the
100 b cqlanat xtr ip tiantission line at 30 GHz. The t~ IID*

imp ~nt Panr?tecs in the dmice aze: 1) the zero bias jurction
cap= Itarce, ad 2) the =K ies resista~e. The ti adeoffs bet-
the b wsre establlshd Gan previcus WI k ad a j ux t ion
cap=itame of O.025pF determined.

A !bttdicde -s &osen fcx tbe ronlirr=u device. The M2tt

dicde is a foLm of Schottky dicde in which the ~ tive layer is made
very thin m that it temaina vti tually fully depleted ae~ a wide

~arge of jurction voltages ard h=e ever the ID cycle. This factlx

is fi~ ~nt *en the fixeI ~ cpetated with a LYA tL3 per ken

p.aramti ic effects, smh as ae fflcomtemd in a conwntioral
S&ottky dicde, can cause a significant irnrea= in the mixer wise
figuce.

The mixer circuit is of sirqle balamxd design wbete the sign31
ard ID ate nutually isolatd due to the circuit gecmtiy ad mt &e
‘co the uss of filtets. The sigml is fed m the dicxles via a
balmed line in cmplarw stt ips. The mixeL pccpx is foLmed at the
j w tion between the mpla~r line (with I educed width grcmdplanes)
ad the coplanar str ips. The dicdes a[e ncunted at this j uwtion
wh id opetates in a similm m.mec b the mplamr slotline juwtion
Camwnly used in hybrid ciccuits. The slots fo[m+ eithet side of
the @+larkar line =e made kJ te an integer number of half
wavelengths lorq at the sign?il fcequemy in wde~ ‘m pcmide an cpen
circuit plane at the dides (a/2 in this case) . A ix an.sit ion
between the mic~ost[ ip line .am3 the mplanat line is ~hievcd by
gccwdi.cg the finite g[o.ndplane of the cmplamt 3ines with quattat
wavelength stubs fn microstr ip. In ad31tion to metcanirg the

lq~ew~t fil via h21es this type of tian.sition is * b“t
because It allow a IX voltage m be dwelope3 =Ioss the dicdes.
This is necessacy in cxdec @ establlsh the cptimun operating point
on the dicde VI @acacta[ ist ic @ ensu~e minimum cxmversion loss ad
roi.se figule. The !X bias is supplisd via lcw pass hi-lo filtets
realizd in micIOatr ip. The LO is cormected b the aplana fine
via a transition wheze the top cotiucbm is cunmn ad the finite
width gco.m5planes =e gccmmied b the urxfemeatb gm.mlplane using
qua tec wavelagtb microstf ip stubs nmunted at the tc ansit ion point.
A high pass quar tef wavelength apled line filter pcwides EC
isolation between the dicdes .ard tbe III ard ?JSG pfevents the LO
frcm l~dirg the IF sign+ils erm?rgimg f~an the mixer. A simple line
ati stub filter is used @ extiact the IF ad pccvide me~ 30 df3 of
IC isolation.

Fabrication

The nomlithic simgle bal.arred mixer %s fakx icatsd on Gene~al
ElectL ic grcx.m ME mste~ial. This Layet stK uctuce rmnsisted of a 3
micccn tii~ n+ layer w at 2 x IO la Un-3 fo~~ ty a 0.2
mictcm tiifi laye~ ~X at 5 x 1016 an-3 grain cn UI-LIOP IEC
shstcates. The pfccess Seqcerce is as foil.c?.rs. The cathcde
contact ws fo[md by etchirg &wn to the n+ lay= ad definicq the
tic contact metal by a Ii ft-off tschniqm. Aftec .a.lbying tie
AuQN1 contact, the d=ices w=re isolated by etching 4 micccm &p
mesds. Next, contact =eas he~e defined on the top ad at tie
bottom of the mesa ~ form the cathcxfe ax!tact pad. At the s.ams
time, the atie cxmtact -s defind on tDp of the nEsa along with a
ccmact @ on the senu-insulaticq subat.t a~. The tiottky bmr iaI
was define3 by s~ttering TiW ad Au. The Schottky netal foc md the
base metal layer foc the follwirg plating step hhicb defined the
aic bci~e between the S&ottky &z ier an3 the pd. Next, the
citcuit mtallization was defin&3 by a cxxmntior?al plating p[’ccess.
The final step in fabrication was plishirg the %fec &m b a
thickness of 100 micrcns ard cm’pleti~ the beckside n’etallization
pcccess, Wain by a platirg tebnique. This mstal prcvided the
glard plane f~ the micmstt ip seas ard did mt exist urder the
ccplawu lines feed U_E7 the antenna.

Figuces 3a ad 3b sra 92M mic~cqtaphs of a typical btt dicde

ard illustz ate the three nust ratable featwes of the techrmlcqy
errplcyd:

1. The ait bridqe intezccmnect betwean the =tive @e ard the
ccntact @ at the mesa totbm, minimizes the psrasitic
cap= itarce -nly cbse~ved tien a cunwmtio!ml dielecti ic
as.slsted c~ossmvef ix wed t13 mn the arxxfe flngef cvec the nesa
dge (Figuce 3a) .

2. The thicl nushroxn *a@ a.rcde firgez Aid is mturally
genera ted @ the plating tedmique e@JYEZ3, allcws me to have
a mll active fcotprint (1 micrcm) with a thick feed line (see
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Figute 3b) . This enables cne to have a smell cap~itame
ccupkd with a lW metal tesistarre which is n~essacy fo~ 3CW

105s .

3. A ntxe s&tle advantage of the ai.t btidgs.1 dide prmess is that
it &es m t depend on the cz it ical limed resist pcof i le which

is n=essary fOc h ft~f f. Hsnce, @ a ficst crder, the
techmlcgy dwelo@ ia indepmdent of the mesa height miploya5
*id is unti ue foc a lift-off prmess.

CC ad RF Test Results

Kth W ati RF wsfer pccbirp of discrete hbtt dmdes has
pet fotmd on appcosimately 50 dwices. W masutemmts irxl icated
the dides had a cevec se breakb of ab@t -7v, ard ty zccura tely
measuring the V-I chatactarstic tie se~ies cesistarre was determined
to be 10 cims ad the ideality fsctm abmt 1.08.

A Cascade Micmmve Mel 42 prcbe station was used to make
small sigml me p t S-paramter masucemnts fo~ shunt munted
diodes cwe~ the frequerry zarqe 2-18 GHZ.

Figure 4 sbcws Smith dat t plots of S as the forwazd bias was
irmeaad fcm OV to 1.08V where the cu~rent was 20 m. Tbe
teapmse before the dio5e atac ts @_ducting ixlicates a mall
cagw ita~e. w the bias voltage ia inxeased the tesistame
has nrxe ad tmre dmimnt ad the respcnas is esen @ rove
access the $lnith ciwt bmards a *K t-circuit. Whm the current
thrcugh the dicde was 20 ml, the plot shcws a *Lies resistawe of
abcllt 10 &lIS.

A simple equivalent citcuit for the dicde wss calculated frcm
the meqxx t s-pacamters for different bias credit ions ad a zero

biaa equivalent circuit ia skw.m in Figute 5. Tbe elemmt values in
the ciccuit were cbtaine3 by qter optimization of the nt?aaursd
versus tielld S-pet amte rs. Tbe star tirg values fol L , C ad C
wete cbtaine.i &cm the @ysical ge.cmtty of tie dewice srd
prweaai~ paIenEters ad the aeties resistance R was calculated
fcrmn X measuremmts.

The ze~o bias cut-off f~e~ of the dides was determined to
ba 640 QIZ. Figure 6 shcws the variation of jurrtion cap?citarme as

a fumtion of j umtion voltage foc both the actual Mtt dicde ad a
them eticel Schottky. Tbe I@tt dicde clearly ahcx+s flattsc

C* itarre w iat ion with mltage, bei.rKJ aPpKOxhra@ly 0.025 @
fcm -6V to +0.5V.

Figures 7 ad 8 ahm the tm FCStions of the waveguide fixture
sketched in Figure 2. The GsAa s~att ate was nmnted on slwnim for
nkxhanical strength using a mm-corrluc timg cernmt. The ccnplete

cifcuit was nmunted in the fixtuce as sham in Figule 8.

Measulem?nts kre made of mnver sion lffis as a furction of IIJ
pwat with a 33 GHz tL3 ati a 31 Qfz sig~l pccducing a 1 GHz IF.
The= ace sbm in Figute 8. The vac iable backshcx t ard tiuc tive
tunirq s?rews wece adjusted for minimum mxwer sion less ad the IX
bias voltage was cptfmizd fcx aech ID settiwg. A sirgle sidebti
conversion 1C6S of 6 d13 (imluding fixtuze lmses) was maauced with
10 all (lo m of UJ -r.

Ccrclusion

A 30 QIZ nnmlithic Lx IDise ndxe~ bss been desct ibcd using an
integta&3 %a+-tie” antenrn~ ti ansit ion ad 104 pat a sit ic M3tt
dicdes. Althcugh tie design cequi.t es fu~ ther development to ccq=t
ad imptme the passive cticuits, initial measured cesults for the
fir at design ace mccmaging. This design irccf IX abs tuning
elenmts in the wm?guide nmmt ad cm be mde ccarpect as the
circuit is nrxntd btmdside XICSS the waveguide.
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FIGURE 1. A 30 GHz MONOLITHIC PLANAR SINGLE BALANCED MIXER
INCORPORATING A SBOW.TIE, ANTENNWWG TRANSITION ELEMENT
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FIGURE 2..4 SKETCH SHOWING THE KEY FEATuRE5 OF A WAVEGUIDE TO
BAL4NCED LINE TranSitiOn USING A ‘BOW-TIE, ANTENNA ELEMENT
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FIGURE 3 SEM MICROGRAPHS OF A TYPICAL MOTT DIODE
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BIAS CONDITIONS

a) V= OV, l=OmA d) v = 0.75V, I = 1.OmA
b) V = 0.6V, I z OmA e) V = 0.77V, I = 1 .5mA
c) V = 0.72V, I = 0.5mA f) V = 1 .06V, I = 20.OmA

FIGURE 4 S,, OF A SHUNT MOUNTED MOTT DIODE AS
A FUNCTION OF DC BIAS VOLTAGE.
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Is = I. (e”kT –1)

10 = 0.5 PA

n = 1.07s

FIGURE 5. DIODE EQUIVALENT CIRCUIT
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JUNCTION CAPACITANCE (PF)
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FIGURE 6. CAPACITANCE.VOLTAGE CHARACTERISTIC OF
MOTT AND SCHOTTKY DIODES

FIGURE 8 COMPLETE EHF MIXER .~
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FIGURE S, CONVERSION LOSS VERSUS LO POWER OF 20 GHz
MONOLITHIC SINGLE BN.ANCED MIXER
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