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Abstract

We presenta novel methodologyfor characterizationof sub-quartermicronCMOS
technologies.It involves processcalibration,device calibrationemploying two-
dimensionaldevice simulationand automatedTechnologyComputerAided De-
sign(TCAD) optimization,and,finally, transientmixed-modedevice/circuitsimu-
lation. Theproposedmethodologywastestedon 0.25 � m technologyandapplied
to 0.13 � m technologyin orderto estimatering oscillatorspeed.The simulation
resultsshow anexcellentagreementwith availableexperimentaldata.

1 Intr oduction
Themanufacturingprocesswith shrinkingtechnologyis becomingsocomplicatedthat
usingsimulationin a predictive mannerhasbeenrecognizedasan integral partof any
advancedtechnologydevelopment.In orderto satisfypredictivecapabilitiesthesimu-
lationtoolsmustcapturetheprocessaswell asdevicephysics.Beforegoingto produc-
tion onecanoptimizetheprocessstepsandestimatedeviceperformancecharacteristics
suchasthresholdvoltage,saturationcurrent,leakagecurrentandcircuit speed.

Severaltoolsfor simulationof semiconductortechnology(e.g. [1, 2]) aswell assemi-
conductordevices(e.g. [3]–[6]) arewell establishedfor device engineeringapplica-
tions. The two-dimensionaldevice simulatorMINIMOS-NT is equippedwith an ex-
tensivemixed-modecircuit capabilityincludingmodelingof distributeddevices[7]. It
works in anautomateddevice optimizationframework [8]. This allowedcreationof a
novel methodologyfor verydeepsub-microntechnologycharacterization.

2 Methodology
The technologycharacterizationsystemimplementedat LSI Logic hasbeensuccess-
fully usedfor 0.25 � m and0.18 � m technologies.It includedtechnologyprocessand
devicecalibrationusingTSUPREM4[1] andMEDICI [3], respectively, sensitivity anal-
ysis and Monte Carlo statisticalanalysis,and, finally, gatedelay estimationusing a
compactphysicalmodelin HSPICE[9]. For 0.13 � m technologytheHSPICEphysical
modelfailed to fit the I-V characteristicsextractedby MEDICI andit wasimpossible
to estimatethegatedelaycharacteristicof thattechnologyusingtheold methodology.

In our new approachthe processcalibrationpart is kept the samewhile device simu-
lation is performedby MINIMOS-NT in theSIESTA optimizationTCAD framework.
The samedistributed devices are then employed in a transientmixed-modedevice-
circuit simulation[7]. The gatelength ��� , gatewidth ��� , optical gateoxide thick-
ness	�

� , andappliedvoltage ����� for theinvestigatedtechnologiesaresummarizedin
Table1.
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Technology ��� ��� ����� �����
0.25 � m 0.2-1.0� m 20 � m 4.7nm 2.5V
0.13 � m 0.115-0.7� m 10 � m 2.3nm 1.5V

Table1: Key parametersfor thetechnologiesconsideredin this work

2.1 DeviceCalibration

WeusetheSIESTA TCAD framework to performanautomateddevicecalibrationwith-
out userinteractionduring the optimizationprocess.The setupallows simultaneous
calibrationof the saturationcurrentI � � !#"
$ and the thresholdvoltageV % to the mea-
suredvaluesfor severaldevicesof differentgatelengthswith a minimumglobalerror
[10]. For the0.25 � m technologycalibration,11NMOSand11PMOSdevicesandfor
0.13 � m technology8devicesof eachtype,respectively, wereused.Onlyafew technol-
ogy dependentphysicalmodelparameterswhich canvary with theprocesswereused
for calibration.Suchparametersaretheworkfunctiondifference&(' whichis calibrated
to accountfor theunknown densityof surfacestates,or thesurfacemobility parameters
�*)#+-,. , /0)#+-,. , and 1 . . Thehigh-fieldmobility modelsaretreatedcarefully, becausetheir
parametervalues,e.g.thecarriersaturationvelocities24365 %. at 300K generallymustnot
beusedasfitting parameters.

NMOS andPMOSdevicecalibrationsareperformedseparatelybecausethemodelpa-
rametersaredifferent. Theproposedmethodologyof device calibrationwastestedon
0.25 � m technology. Thenew approachcomprisingof processcalibration(TSUPREM4
- MEDICI) anddevice calibration(SIESTA - MINIMOS-NT) wasappliedto 0.13 � m
technology. Devicecalibrationwascompletedin about8 CPU-hours.Goodagreement
with measureddatawasachievedbothfor theNMOS(Fig.1) andfor thePMOS(Fig.2)
devices.Thefinal physicalparametersfrom theoptimizationprocedurearesummarized
in Table2.

0.25 � m 0.13 � m
Parameter NMOS PMOS NMOS PMOS798

[eV] -0.372 0.551 -0.433 0.407��:<;>=? [cm@ /Vs] 582 78 573 82A :<;>=? [V/cm] 5.4e5 6.6e5 6.3e5 6.2e5B ? 7.1 8.0 6.0 8.7C ? 1.18 1.06 1.1 1.1DFEHG�I? [cm/s] 9.8e6 9.8e6 1.2e7 1.18e7

Table2: Mobility modelparametersfor the0.25 � m and0.13 � m technologies

The agreementachieved is within 2% for V % and I � � !#"
$ versusgatelength. All six
model parametersremaincloseto their default values,while the saturationvelocity
resultingfrom the 0.13 � m technologycalibrationis J 20% higher than the default
value of 2K365 %. LNMPORQ cm/s. Therefore,we performeda comparative hydrodynamic
(HD) simulation.A significantvelocityovershootgovernsthelargerpartof thechannel
areain thenominal0.13 � m NMOS devicecomparedto theovershootobservedin the
0.7 � m device. In drift-dif fusion(DD) simulationthis overshooteffect canbeglobally
accountedfor by increasingthe 24365 %. [11]. Sucha changewill only slightly influence
thelong channeldevices,but will have a largeeffect on theshortchannelones.Thus,
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Fig. 1: Calibrationof thethresholdvoltage
V I (a) andthesaturationcurrentI V�W X<Y-Z (b)
for NMOS devicescreatedwith 0.13 � m

technology
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Fig. 2: Calibrationof thethresholdvoltage
V I (a) andthesaturationcurrentI V�W X[Y-Z (b)
for PMOSdevicescreatedwith 0.13 � m

technology

the high valueof 2 365 %. in our calibrationis justified consideringthat a DD simulation
wasperformed.

2.2 Cir cuit Simulation

Thecalibratedmodelparameterswereusedfor thecircuit simulation.Thering oscilla-
tor simulationwascarriedout in transientmixed-modeusingbasicDD equations.The
extractedgatedelayfor the0.25 � m technologyis 29.5ps/stagewhich is in very good
agreementwith the experimental32 ps/stageandwith the 28.6 ps/stageextractedby
the HSPICEphysicalmodel. To explore how many stagesaresufficient to guarantee
accurateresultsat minimumcomputationalcoststhering oscillatorcircuitswith three,
five,andseveninverterstagesweresimulated.A simulationwith fivestagesturnedout
to besufficient to achieve thesameresultsfor thecircuit speedasin simulationswith
morestages.Thenodevoltagesof thefivestagering oscillatorcircuit from the0.13 � m
technologyaredepictedin Fig. 3. Thesimulatedinverterdelaytime is 15.2ps/stage.In
Fig.4 thegatedelaytimesextractedfrom severalring oscillators,eachwith 119inverter
stages(solid line representsthemeanvalue)arecomparedwith simulations(filled cir-
cles) performedfor two calibratedwafers. The predictedgatedelaysare within the
scatteringrangeof themeasureddata.
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Fig. 3: Thesimulatednodevoltagesof a five
stagering oscillatorcreatedwith 0.13 � m

technology

0.000a 0.002a 0.004a 0.006a 0.008a
(1/IDN) + (1/IDP) [b µm/µA]

0

5

10

15

20

25

D
el

ay
 p

er
 s

ta
ge

 [p
s]

average exp. data c
simulationd

Fig. 4: Theaverageexperimentalgatedelay
comparedto simulationresultsobtainedfor

two calibratedwafers

3 Conclusion
A new methodologywasestablishedfor deepsub-quatermicrontechnologycharacter-
ization. The new approachincludesprocesscalibrationperformedby TSUPREM4-
MEDICI, devicecalibrationcarriedout by MINIMOS-NT in theSIESTA optimization
framework and,finally, mixed-modecircuit simulationwith distributeddevicesmade
by MINIMOS-NT. The methodologywastestedandthe tools werecalibratedwith a
0.25 � m technology. Theapproachwasappliedto a 0.13 � m technologycharacteriza-
tion. Predictedring oscillatorspeedis in excellentagreementwith experimentaldata.
Thenew methodologycanbeextremelybeneficialin theearlystagesof processdevel-
opmentfor estimationof deviceperformance.
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[4] ISEIntegratedSystemsEngineeringAG, Zürich,Switzerland,DESSIS-ISE, ISE TCAD Release 6.0, July
1999.

[5] T. Binder, K. Dragosits,T. Grasser, R.Klima, M. Knaipp,H. Kosina,R.Mlekus,V. Palankovski, M. Rot-
tinger, G.Schrom,S.Selberherr, andM. Stockinger, MINIMOS-NT User’s Guide. Institut für Mikroelek-
tronik, TU Wien,1998.

[6] S. Beebe,F. Rotella,Z. Sahul,D. Yergeau,G. McKenna,L. So, Z. Yu, K. Wu, E. Kan, J. McVittie,
andR. Dutton, “Next GenerationStanfordTCAD—PISCES2ET andSUPREM007,” in Intl.Electron
Devices Meeting, SanFrancisco,pp.213–216,1994.

[7] T. Grasser, V. Palankovski, G. Schrom,andS.Selberherr, ”HydrodynamicMixed-ModeSimulation”,in
Simulation of Semiconductor Processes and Devices (K. De Meyer andS. Biesemans,eds.),(Leuven,
Belgium),pp.247–250,1998.

[8] Ch. Pichler, R. Plasun, R. Strasser, and S. Selberherr, ”High-Level TCAD Task Rep-
resentation and Automation”, IEEE J.Technology Computer Aided Design, May 1997.
http://www.ieee.org/journal/tcad/accepted/ pichler-may97/

[9] Avant! Corp.,Fremont,CA, HSPICE, Elements and Models User’s Manual.
[10] T. Grasser, R. Strasser, M. Knaipp, K. Tsuneno,H. Masuda,and S. Selberherr, “Device Simulator

Calibrationfor QuartermicronCMOSDevices,” in Simulation of Semiconductor Processes and Devices
(K. DeMeyer andS.Biesemans,eds.),(Leuven,Belgium),pp.93–96,1998.

[11] J.D.Bude,“MOSFET Modelinginto theBallistic Regime”, in Simulation of Semiconductor Processes
and Devices, (Seattle,USA), pp.23-26,Sept.2000.


