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FFIELDIELD MMOBILITY OBILITY CCHARACTERIZATIONHARACTERIZATION

 Challenges with conventional commercial Challenges with conventional commercial
TCAD

 MobilityMobility modelingmodeling divideddivided intointo:: ((ii)) lowlow--fieldfield behavior,behavior, (ii)(ii)
highhigh fieldfield behavior,behavior, (iii)(iii) bulkbulk semiconductorsemiconductor regionsregions andand
(iv)(iv) inversioninversion layerslayers

 Calculate equilibrium conditions mobility
 Using some fitting parameters
 Lot of Hits & Trials require
 Continuum Model’s proposed by others

InIn reality,reality, carrierscarriers acceleratedaccelerated byby electricelectric fields,fields, loselose momentummomentum asas aa resultresult ofof variousvarious scatteringscattering processesprocesses..
TheseThese scatteringscattering mechanismsmechanisms includeinclude latticelattice vibrationsvibrations (phonons),(phonons), impurityimpurity ions,ions, otherother carriers,carriers, surfaces,surfaces, andand
otherother materialmaterial imperfectionsimperfections.. SinceSince thethe effectseffects ofof allall ofof thesethese microscopicmicroscopic phenomenaphenomena areare lumpedlumped intointo thethe
macroscopicmacroscopic mobilitiesmobilities introducedintroduced byby thethe BTEBTE equationequation thesethese andand areare functionsfunctions ofof thethe locallocal electricelectric field,field, latticelattice
temperature,temperature, dopingdoping concentration,concentration, andand soso onon..



TNLTNL--EM SIMULATOREM SIMULATOR

Features 
 Graphical User Interface (GUI) based Graphical User Interface (GUI) based
Windows based application
 Boltzmann transport equation solution  
 Ensemble Monte Carlo Technique
 Include standard scattering mechanisms
 Fermi Golden Rule for momentum & energy conservation
Modeled beyond the effective-mass approximation on the full electronic band structure 
obtained from FullBand Simulator
 The electron-phonon, electron-impurity, and electron-electron scattering rates included in a  The electron-phonon, electron-impurity, and electron-electron scattering rates included in a 
way consistent with the full band structure of the solid
The carrier transport on the full energy band under influence of electromagnetic forces is 
traceable for each single carrier. 
 Accurate up to a particle level



TNLTNL--EM SIMULATOREM SIMULATOR

 The equation is given asThe equation is given as The equation is given asThe equation is given as

Here f is the distribution function, E is the electric field,  F is the external electromagnetic force.Here f is the distribution function, E is the electric field,  F is the external electromagnetic force.

 Solution of 6+1 dimensional is possible through:Solution of 6+1 dimensional is possible through:

 A spherical harmonic expansion (SHE) method with initial approximations A spherical harmonic expansion (SHE) method with initial approximations 

???? accuracy of simulation results    accuracy of simulation results    ????
 TheThe ensembleensemble MonteMonte CarloCarlo (EMC)(EMC) techniquetechnique (stochastic),(stochastic), toto simulatesimulate nonnon--equilibriumequilibrium transporttransport inin

semiconductorsemiconductor..

 InIn MonteMonte CarloCarlo (MC)(MC) method,method, physicsphysics isis moremore straightforwardstraightforward andand providesprovides flexibilityflexibility inin exploringexploring
physicalphysical mechanismsmechanisms andand carriercarrier transporttransport..
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Scattering MechanismsScattering Mechanisms
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GROUPGROUP--III NITRIDES III NITRIDES 
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Comparison of simulated carrier drift velocity
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Comparison of simulated carrier drift velocity
as a function of applied electric field with the
Experimental Date.
solid lines represents – TNLTNL--EMEM SimulatorSimulator
experimental results open circles, squares
and triangles for AlN, GaN and InN
respectively.

 O’Leary, S. K., Foutzb, B. E.,  Shur, M. S.,  Bhapkar, U. V. & Eastmanb, L. 
F., Monte Carlo simulation of electron transport in wurtzite aluminum
nitride, Solid State Communications 105, 621-626, (1998). 
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nitride, Solid State Communications 105, 621-626, (1998). 
Marini, J., Bell, L. D. & Shahedipour-Sandvik, F. Monte Carlo simulation 
of III-nitride photocathodes.  J. Appl. Phys 123, 124502(1-9) (2018).  
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** Scientific Reports, Nature Journal , 2020.
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AADVANCEDVANCE LLICENSINGICENSING & P& PRICERICE VVALUEALUE

TNL’s tools support advanced and unique licensing models TNL’s tools support advanced and unique licensing models tailoring tailoring TNL’s tools support advanced and unique licensing models TNL’s tools support advanced and unique licensing models tailoring tailoring 
based on customer based on customer needs. needs. 

 ADVANCED LICENSING OPTIONS: ADVANCED LICENSING OPTIONS: 
 TermTerm--Based Based 
 Perpetual Perpetual  Perpetual Perpetual 
 TCAD Academic Suite TCAD Academic Suite 
 24x7 Technical Support for 24x7 Technical Support for Academic Institutions Academic Institutions 
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