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Abstract

We presentnovel methodologyfor characterizatiof sub-quartermicro€MOS
technologies. It involves processcalibration, device calibrationemplagying two-
dimensionaldevice simulationand automatedTechnologyComputerAided De-
sign(TCAD) optimization,and,finally, transientmixed-modedevice/circuitsimu-
lation. The proposednethodologywastestedon 0.25um technologyandapplied
to 0.13 um technologyin orderto estimatering oscillatorspeed.The simulation
resultsshav anexcellentagreementvith availableexperimentaldata.

1 Intr oduction

Themanufcturingprocesswith shrinkingtechnologyis becomingsocomplicatedhat
usingsimulationin a predictve mannerasbeenrecognizedasanintegral partof ary
adwancedechnologydevelopment.In orderto satisfypredictive capabilitiesthe simu-
lationtoolsmustcapturethe procesaswell asdevice physics.Beforegoingto produc-
tion onecanoptimizetheprocesstepsandestimatalevice performanceharacteristics
suchasthresholdvoltage,saturatiorcurrent,leakagecurrentandcircuit speed.

Severaltoolsfor simulationof semiconductotechnology(e.g. [1, 2]) aswell assemi-
conductordevices (e.g. [3]-[6]) arewell establishedor device engineeringapplica-
tions. The two-dimensionadevice simulatorMINIMOS-NT is equippedwith an ex-
tensive mixed-modecircuit capabilityincluding modelingof distributeddevices[7]. It
worksin anautomatedievice optimizationframenork [8]. This allowed creationof a
novel methodologyfor very deepsub-microntechnologycharacterization.

2 Methodology

The technologycharacterizatiorsystemimplementedat LS| Logic hasbeensuccess-
fully usedfor 0.25um and0.18 um technologieslt includedtechnologyprocessand
devicecalibrationusingTSUPREM4[1] andMEDICI [3], respectiely, sensitvity anal-
ysis and Monte Carlo statisticalanalysis,and, finally, gate delay estimationusing a
compaciphysicalmodelin HSPICE[9]. For 0.13um technologythe HSPICEphysical
modelfailedto fit the -V characteristicextractedby MEDICI andit wasimpossible
to estimatethe gatedelaycharacteristiof thattechnologyusingthe old methodology

In our new approachthe processcalibrationpartis keptthe samewhile device simu-
lation is performedby MINIMOS-NT in the SIESTA optimizationTCAD framework.
The samedistributed devices are then employed in a transientmixed-modedevice-
circuit simulation[7]. The gatelength L,, gatewidth W,, optical gateoxide thick-
nessT,;, andappliedvoltageVy, for theinvestigatedechnologiesaresummarizedn
Tablel.
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Technology L, Wy Tow Vaa

0.25,m 0.2-1.0um  20pm 4.7nm 25V
0.13pm 0.115-0.7um 10pm 2.3nm 15V

Table 1: Key parametersor thetechnologiesonsideredn this work

2.1 Device Calibration

WeusetheSIESTA TCAD framework to performanautomatedievice calibrationwith-
out userinteractionduring the optimizationprocess. The setupallows simultaneous
calibrationof the saturationcurrentlp s, and the thresholdvoltageV; to the mea-
suredvaluesfor several devicesof differentgatelengthswith a minimum global error
[10]. Forthe0.25um technologycalibration,11 NMOS and11 PMOSdevicesandfor
0.13umtechnologyB devicesof eachtype,respectiely, wereused.Only afew technol-
ogy dependenphysicalmodelparametersvhich canvary with the processvereused
for calibration.SuchparameteraretheworkfunctiondifferenceE,, whichis calibrated
to accounfor theunknonn densityof surfacestatespr thesurfacemobility parameters
wref, Sref and+y,. The high-field mobility modelsaretreatedcarefully, becauseheir
parametevaluese.g.the carriersaturationvelocitiesv3** at 300K generallymustnot
be usedasfitting parameters.

NMOS andPMOSdevice calibrationsareperformedseparatelypecausehe modelpa-
rametersaredifferent. The proposednethodologyof device calibrationwastestedon
0.25pumtechnology Thenew approacltomprisingof procesgalibration(TSUPREMA4
- MEDICI) anddevice calibration(SIESTA - MINIMOS-NT) wasappliedto 0.13 um
technology Device calibrationwascompletedn about8 CPU-hours Goodagreement
with measuredatawasachiezedbothfor theNMOS (Fig. 1) andfor thePMOS(Fig. 2)
devices.Thefinal physicalparameterfrom theoptimizationprocedur@aresummarized
in Table2.

0.25m 0.13um
Parameter NMOS PMOS | NMOS PMOS
E, [eV] -0.372 0.551 | -0.433 0.407
it [em?/vs]) | 582 78 573 82
Sref [viem] 5.4e5 6.6e5 | 6.3e5 6.2e5
Yo 7.1 8.0 6.0 8.7
B 1.18 1.06 1.1 1.1
v3%t [cm/s] 9.8e6 9.8e6 1.2e7 1.18e7

Table 2: Mobility modelparameterfor the0.25um and0.13um technologies

The agreementchieved is within 2% for V; and|p s, versusgatelength. All six
model parametergemaincloseto their default values,while the saturationvelocity
resultingfrom the 0.13 um technologycalibrationis ~ 20% higherthan the default
value of v3** = 107 cm/s. Therefore,we performeda comparatie hydrodynamic
(HD) simulation.A significantvelocity overshoogovernsthelargerpartof thechannel
areain thenominal0.13m NMOS device comparedo the overshoobbsenedin the
0.7 um device. In drift-diffusion(DD) simulationthis overshooteffect canbe globally
accountedor by increasingthe v32¢ [11]. Sucha changewill only slightly influence
thelong channeldevices,but will have a large effect on the shortchannelones. Thus,
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Fig. 1: Calibrationof thethresholdvoltage Fig. 2: Calibrationof thethresholdvoltage

V; (a) andthesaturatiorcurrentlp st (D) V; (a) andthe saturatiorcurrentl p sat (D)
for NMOS devicescreatedwith 0.13pym for PMOSdevicescreatedwith 0.13m
technology technology

the high value of v2%¢ in our calibrationis justified consideringthata DD simulation
wasperformed.

2.2 Circuit Simulation

The calibratedmodelparametersvereusedfor thecircuit simulation. Thering oscilla-
tor simulationwascarriedout in transientmixed-modeusingbasicDD equations.The
extractedgatedelayfor the 0.25um technologyis 29.5ps/stagevhichis in very good
agreementvith the experimental32 ps/stageandwith the 28.6 ps/stagesxtractedby
the HSPICEphysicalmodel. To explore how mary stagesare sufficient to guarantee
accurataesultsat minimum computationatoststhering oscillatorcircuitswith three,
five,andseveninverterstagesveresimulated. A simulationwith five stagegurnedout
to be sufficient to achieve the sameresultsfor the circuit speedasin simulationswith
morestagesThenodevoltagesf thefive stagering oscillatorcircuit from the0.13um
technologyaredepictedn Fig. 3. Thesimulatednverterdelaytimeis 15.2ps/stageln
Fig. 4 thegatedelaytimesextractedfrom severalring oscillators eachwith 119inverter
stageqsolid line representshe meanvalue)arecomparedvith simulations(filled cir-
cles) performedfor two calibratedwafers. The predictedgate delaysare within the
scatteringangeof themeasurediata.
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technology two calibratedwafers

3 Conclusion

A new methodologywasestablishedor deepsub-quatermicrotechnologycharacter
ization. The new approachincludesprocesscalibrationperformedby TSUPREM4-
MEDICI, device calibrationcarriedout by MINIMOS-NT in the SIESTA optimization
framawork and, finally, mixed-modecircuit simulationwith distributed devicesmade
by MINIMOS-NT. The methodologywastestedandthe tools were calibratedwith a
0.25um technology The approactwasappliedto a0.13 um technologycharacteriza-
tion. Predicteding oscillatorspeeds in excellentagreementvith experimentaldata.
Thenew methodologycanbe extremelybeneficialin the early stageof procesgevel-
opmentfor estimationof device performance.
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