
Full-Band Monte Carlo Transport Calculation in anIntegrated Simulation PlatformU. Krumbein D. Yoder A. Benvenuti A. Schenk W. FichtnerIntegrated Systems Laboratory, ETH{Z�urich, SwitzerlandPhone: +41 1 632 65 44, FAX: +41 1 632 11 94E-mail: krumbein@iis.ethz.ch, yoder@iis.ethz.ch,augusto@iis.ethz.ch, schenk@iis.ethz.ch, fw@iis.ethz.chThe Monte Carlo method of charge trans-port simulation o�ers the possibility to ex-tract information about all quantities deriv-able from the semiclassical distribution func-tion, whose accuracy is limited explicitly bystatistical convergence and implicitly by thequality of the physical models. To date, muche�ort has been devoted to improving mod-els for bandstructure and scattering mecha-nisms, such as electron-phonon scattering, im-pact ionization and other carrier-carrier scat-tering [1]. However, the practical usefulnessof Monte Carlo device simulation has not en-tirely lived up to its promise, as evidenced bythe observed propensity to simulated simpli-�ed or imaginary device structures.A unique device simulation environmenthas been developed which unites the capa-bilities of process, drift-di�usion/hydro, andMonte Carlo simulation into a single platform.One may use Dios�ISE [2] to begin with aprocess simulation. Drift-di�usion or hydro-dynamic simulations can be performed withthe mixed-modemulti-dimensional device sim-ulator Dessis�ISE [3, 4] as a preprocessingstep. The full-band Monte Carlo simulatorVegas�ISE [1] was imbedded into Dessis�ISEby a window technique. The domain of theMonte Carlo simulation may be chosen eitheras the entire device, or as a simply connectedsubregion. When the Monte Carlo simulationis invoked, it uses the precise device structurewhich has been generated by the process simu-lation. Former implementations of the windowtechnique used the drift-di�usion informationas initial and boundary conditions [5, 6]. Inthis paper initial and boundary conditions areextracted from a hydrodynamic solution cal-culated by Dessis�ISE. Carrier densities, ve-locities and temperatures are passed to theMonte Carlo part. The Monte Carlo simu-lations can be performed self-consistently or

using a frozen �eld from Dessis�ISE, either inone or two dimensions.doping.col.ps49 � 28 mm
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GateFigure 1: 0.5�m nMOSFET with arbitrarilyshaped Si-SiO2 interface from process simula-tion.We present three examples: a 0.5�m MOS-FET, a 40nm MOSFET and a 0.5�m ninstructure.The 0.5�m nMOSFET was fabricated andmeasured by Fujitsu. The process was simu-lated with Dios�ISE leading to a non
at Si-SiO2 interface (Figure 1). Figure 2 shows thatthe drift-di�usion Ansatz completely fails inthis example. sisdep.drain.epsi55 � 41 mm
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Figure 2: Drain current at Vsubs=0V andVgate=2V.The hydrodynamic simulation leads to goodagreement with the measurements until about4V drain voltage. Only the Monte Carlomethod predicted accurately the avalanchebreakdown. The terminal currents are eval-uated by a powerful domain integration tech-1



nique. The convergence of the terminal cur-rent as a function of simulation time is shownin Figure 3. After about one picosecond con-vergence is obtained also for the substrate cur-rent. cur-time.epsi52 � 41 mm
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Figure 3: Convergence of terminal currentduring the Monte Carlo simulationThe second example is a 40nm LDD-MOSFET. In Figure 4 the hydrodynamic elec-tron temperature and the Monte Carlo elec-tron average energy are compared. The rec-tangle denotes the boundary of the MonteCarlo simulation domain. While the hydrody-namic solution shows the highest temperaturesat the highly doped drain edge, the largestMonte Carlo energies are at the bottom of theLDD implant and the region of hot carriers ismuch more extended into the drain.40nm.col.hydro.T.ps67 � 34 mm
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Figure 4: Comparison of electron tempera-tures computed by the hydrodynamic and theMonte Carlo method. (Vgate=2V, Vdrain=4V,Vsub=0V)The third example is a nin structure withdoping concentrations of 5x1017 and 2x1015,where the intrinsic region has a length of 0.5�m. In Figure 5 the need for Monte Carlo sim-

ulations is demonstrated by the impact ioniza-tion rate of the hydrodynamic in comparisonwith the Monte Carlo result. The hydrody-namic rate, a function of the carrier temper-atures, cannot mirror the nonlocality neededfor this example.10.ava-�eld.epsi///PS58 � 49 mm
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Figure 5: Avalanche generation and electric�eld at 10V applied biasThe presented coupling of the hydrody-namic Ansatz with the Monte Carlo methodin the same software environment enables theuser not only to simulate deep submicron de-vices very accurately, but even to verify andadjust parameters of the hydrodynamicmodel.The mixed-mode and multi-device capabilitiesof Dessis�ISE are not limited.AcknowledgementThe authors are grateful to Dr N. Sasaki fromFujitsu, Atsugi (Japan) for providing exper-imental data. This work has been �nan-cially supported by the Swiss Research Pro-gram LESIT and the ESPRIT-6075 (DESSIS)Project.References[1] P. D. Yoder. First-Principles Monte Carlo Sim-ulation of Charge Transport in Semiconductors.Ph. D. Thesis, University of Illinois at Urbana-Champaign, 1993.[2] N. Strecker, T. Feudel, and W. Fichtner. DIOS :Manual. Technical report, ETH Zurich, IntegratedSystems Laboratory, ETH Zentrum, 1992.[3] S. M�uller, K. Kells A. Benvenuti, J. Litsios,U. Krumbein, A. Schenk, and W. Fichtner.DESSIS 1.3.6: Manual. Technical report, ISE In-tegrated Systems Engineering AG, 1994.[4] J. Litsios, S. M�uller, and W. Fichtner. Mixed-modemulti-dimensional device and circuit simulation. InSISDEP-5, pages 129{132, Vienna, Sept. 1993.[5] D. Cheng, C. Hwang, and R. Dutton. Pisces-mc:A multiwindow, multimethod 2-d device simulator.IEEE Trans., CAD-7:1017{1026, 1988.[6] Hans Kosina and Siegfried Selberher. A hybrid de-vice simulator that combines monte carlo and drift-di�usion analysis. IEEE Trans., CAD-13:201{210,1994.2


