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Abstract —UALVBandUreconfigurableIsinglestub
impedance funer hasbeen(developed which [issuitable tobe
integrated(insideanRF [probe. Thetuner has[(10 RFIMEMS
switched[] capacitors] producing’ 10241 (29[ different
impedances. The tuner(is thefirst publishedintegrated (V[
Bandimpedance [tunerhaving(goodimpedancelcoverage for
thelwhole (50 to75GHz(frequency (range(with [a[measured [of
Tmax|=0.90[at[60(GHz.[Measurement(results verifying the
tuner performancelarepresented.

1.INTRODUCTION

Impedance(tuners(dre used(in noise parameter/andload (!
pull (measurements| ofl transistors [and [amplifiers. Tuners
arel typically[Waveguide[ components[ at[ V Band[ (5075
GHz)lor(W Band[(75(110(GHz)(and they dre tuned[éither
with motorized([1]ormanual([2](methods. Wsuallylinlon]
wafer[measurement, (imechanical [tuners/havefobeplaced
electrically(farlawayfrom[aldevice under[test (DUT)(in
measurement(set ups(becauseltheylare largelin[size. This
limitsthe maximum achievableldeflection/coefficientland
the[Jaccuracy(ofl]the[/measurements.[]In[laddition[]to
measurement applications, impedance [tuners[¢an [beused
as[reconfigurablematchingmetworks(for power @amplifiers
(PA)landlantennas.

Both MMIC ]3] and [RFIMEMS 4,5][based lintegrated
matching[ networks(land[limpedancetuners[ havelbeen
published [previouslyfor[ lower[ frequencies.[ lWelhave
presented @dmovellcapacitiveloadingbased [funing(method
forlimpedance(tuners [and(applieditto X (Band triple stub
impedancetuners([S].[Thel¢lectrical [lengthloflstubsland
distance between[ them[ were[tuned[with switched '[RF
MEMST] capacitors.[ Using[] N[ (number[] of | switched
capacitors) [ switched ¢apacitors[it/is[possible to get 2V
different[impedances. This[imethod3was[applied [ for[the
designingoflalteconfigurable[V [Band[singlestub tuner.
InlthisCwork, [ welshow! thatlit[is possible[ to achieve
wideband(good[Smith(¢harticoverage [with[the single stub
topology.

II.[TUNER DESIGNIAND FABRICATION

Impedance(] coveragel| and[] maximuml[| achievable
reflection[coefficient 'are[ limportant[Jdesign/Jissues|Jin
impedance(tuner/design. A [switched(capacitor(is[used (as(a
unit(cell[for [the(designing(oflthelsingle[stubtuner. [Several
parameters affect(to[the(design/oflimpedancetuners. The
numberland[dapacitance values(ofitheswitched [dapacitors
havelthelmostlimportant[ effect(tothe tuning[range and
bandwidth [oflthe[tuner. Other selectablel parameters are
thelspacinglof thelswitched[capacitors((s), transmission
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linelproperties(Zo, €rfr),and [the lengths(oflthe stubs. The
switched (MEMS | ¢apacitorlislal$eries combination[ofla
capacitive[RFIMEMS (switchand (fixed MAM [(metal(air[]
metal) [ capacitors.[ Fig.[ /1 [lshows[Jal[ lfabricated[IMEMS
switched [capacitor[with[Jcross(sectional [ view[ ‘and[ the
equivalent(¢ircuit.[1t[is[based on al coplanar waveguide
(CPW)(transmission(linehaving dimensions [ofl60/60/60
umlonlalglass[ substrate.[ Thellcomponent values|lare
presented(in(Table(1.[Thelswitched[capacitors/hasipand
downlstate[¢capacitances Cy[=[31fFlandl] Cp[*=[101{F
resulting[ Xy=j86 Qland Xp=[j26 Q[atl 600 GHz.[The
quality[Ifactor[ofl Ithe[Iswitched [IMEMS ! Icapacitorl]is
calculated (with Q=[Q2RfC(Ryvems T [Ryvam)) 1, Cand [Tesults
inluplanddownl(statesvaluesiof Oy =[144[and QOp=[44[at
60GHz, respectively.
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Fig.[. a)[A[photographland @cross(sectional WiewofltheV[]
Bandlswitched [dapacitor.b) Equivalent Circuitofthe[switched
capacitors.

Dimensions[]  ofl]  thel] titanium/gold/titanium
(100A/8000A/300A) MEMS [switch/dre[250 umX[60 um
x[10.84 um, land[itllis[lsuspended( /1.3 um[abovelthe
transmission line. (A 2000 (A [silicon mitride layer(was iised
aslaldielectriclinterlayer. The[fabrication process/isbased
on/standard [techniquesland/(isdescribedin[[4]. Thecircuit
islelectroplated[to[ B wml[thickness[(except theLMEMS
bridges)[to[teducel thelt(lineland(MAM! tapacitor[loss.
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SiCr(biaslines [with [vesistance [6f 700 €)/squarelare(uised
forlactuating[ the MEMS /[ switches. Thelineasured pull[]
down[Voltage Wwas[22[V,[and[a[bipolaractuation voltage
ofl+/-35[V [was[used forobtaininglanéxcellentmetal to ]
dielectric(dontactlin(the down [state[position, [and [to [dvoid
charging/ofithe(dielectriclayer.

(= 4.6
7, (Q) 36
€ reff 272

o (dB/cm)at60.GHz 1.5
Cvevs Up(Statel(fF) [42
Cwmems Down[State (fF)|800

Cmam((fF) 116
RBias (kQ) >3
LMEMS (pH) 9.5

Rvenvs+ [Rvam (€2) 0.6

TABLED
FITTEDVALUESFORITHESWITCHED MEMS CAPACITOR

The T [junctionlin the tuner(was [Simulated [Wwith[Sonnet
EM JSuite[[6]. UIts[IS [parameters [lwith [Ithe[Jequivalent
circuits[ofl the[switched[¢apacitors were used [in[Agilent
ADS[[7]forlsimulating(the(S [parameters 0f'thetuner. The
single(stubldesign[was[optimised [(ising[ Agilentl ADS [to
getlas(large(tuning range[and (bandwidth [as[possible Wwith
the[minimum[ number ofl_switched L MEMS [ capacitors.
Largeramountoflswitched ¢apacitors lyieldsbetter [Smith
chart[coverageland [more[ possible impedances[ since[ N
switched[capacitors produce 2" [different impedances.[On
thelotherhand, ¢ontrol/system[for thetuner(comes more
complicatedand[ characterization[ ofl the[ tuner[is[ more
time[¢onsuming.[Thelsingle[stub tuner was[optimized [to
have( 100 switched ] capacitors [ producing110241(2'%)
different/Jimpedances.]Spacing[Ibetween[the[Iswitched
capacitors, s,[is[280 umlin(thel[sections beforeland after
the[stub[(S1,S2,S3,54,S5,S6) and[260 pumUlin[thelstub
(S7,58,59,510). [ The schematicand[ photograph[ ofl the
fabricatedtunerare shownlin[ Fig.[ 2. Measuredland
simulated (S [parameters Lofl the[tuner with[two [ different
switch[settingare[presented[in[Fig.[3.[Good[agreement

canlbelseen.
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Fig.2.  a)SchematicsofltheVBandsinglestub(tuner.
Switched capacitors/S1[S10@re(used for [producing1024(2'%)
different impedances.B)Photograph(ofithe fabricated [V [(Band
singlestub[funer.
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Fig.3. Measuredlandsimulated[S [parametersofithe single[]

stubfuner when (@ll6fthe MEMS [Switches [@rein fhetip [State
andwhen(S1,(82,[83,(S6,[S7,and[S8 @relin[the [down [State.

III. IMPEDANCE(COVERAGE

Thelmeasured [ (90)and[simulated[(1024)[impedance
pointsloflthelsinglelstub(tuner are presentedlin(Fig.[4[at
ViBand.[In(this[case,[al 50 Q[load[was[placed[atlthe
outputlport,and[ithe[linputIreflection coefficient! iwas
measured (with different/switches [actuated intothe down[]
state[position. Thelcircuitimodel (was[used for(simulating
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all[possible[$witch[¢ombinations. The tuner[¢an[belused
aslalreflectiontypelimpedance[tuner when[the outputlis
terminated [with[@n[dpen(dircuit, [dnd[simulated impedance
coverage!/for(thelsingle(stub tuner(is[shown in[Fig.[5.The

tunerhas[goodimpedancel¢coverage over[the Wwhole[ V]

Band[with[50 Qterminationsland(¢can[belused[in[noise
parameter measurements [at[40[80(GHzwhen theloutputlis
terminated (with[anOpen [circuit.

Measured 75 (GHz IS imulated 75 (GHz

Fig.[4.MMeasured[(90 [points)[and[Simulated [(1024)[impedance
coverage [0flthe[V[Band[single[stubimpedance funer.

Simulated 80 (GHz

Fig.[5.[8imulated (1024 [points)impedance[coverage[of[the [V []
Band[Jsingle[stub [ impedancel] tuner] when(] the[] output( is
terminated With [@n[dpen[Gircuit.

Inladditiontolgoodimpedance coverage, lit(is [beneficial
tolhavelteflection[coefficients [with highlamplitude. The
highestmeasured [reflection(¢coefficients [T yax|[(from[90
measurements)[Jat[Idifferent frequenciesJare[shownlin
Table2.Measured[[I'yax|wasbetter[than[0.97at (60 (GHz
and[above. It[should[be[noted[that(less[than[10 % oflall
impedances were[ measured, andlitlis[expected[to have
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higher[ reflection(Icoefficients[lespecially[Jat[ the[ lower
frequency(Ipart[]oflIthe[] V[Band.[]Highest[ ] achievable
reflection[ toefficient at[ thel probeltip[ with imechanical
waveguideBasedlimpedance [tuner!is [@bout (0.8 [dt[V [Band
[1]Cand[0.7(at[W (Band[[2].[Ifl the[single[stubl tunerlis
integrated(insidean RF [probe(theloss between [the[tuner
and[probetip[¢an belminimized. Based[onthe[measured
Tmax|[Values ofl thelsingle(stubltuner,  higher[teflection
coefficients/areléxpected [fo [getlattheprobetip compared
tothewaveguide [tuners.

f(GHz) |Twax|
50 0.81
55 0.80
60 0.90
65 0.94
70 0.97
75 0.97
78 0.99

TABLE

MEASURED (90 IMPEDANCESOUTIOFITOTAL 1024
POSSIBLE) MAXIMUM REFLECTION[COEFFICIENTS [["yax| OF
THE SINGLE[STUBIMPEDANCE TUNER.

VI.[CONCLUSION

Almnovellimpedance[tuner forV Band[noise parameter
and[load[pullLimeasurement[applications[Wwas/ presented.
Thel tunerlis[ based on[alsinglelstubl topology and[ 110
switched [RFTMEMS | capacitors [ producing[11024(2'%)
different/impedances.[The tuner/is [the first(integrated [V []
Band[] impedance(] tuner.[] Measured[] and[! simulated
performancelover(the[50(to (75 [(GHzrangewere [presented
showing[ excellentl impedancel coverage over! thewhole
bandlandT'yjax|betterthan(0.90(at[60 GHzland a@bove.
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