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Å Compact modeling of devices, subcircuits  

Å Compact modeling for process/ device characterization  

Å Subjective  survey  of parameter  extraction  methods  

Å Local methods  with based on different  ranges of experimental  data 

Å Local methods  using optimization   

Å Global methods  using evolutionary  algorithms   

Å Statistical modeling  

Å Integrated  tools  for modeling and parameter  extraction  

Å Compact modeling for IC design 

Å Summary, acknowledgments  
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Semiconductor device compact modeling  
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G.J. Coram, Tutorial : "How to 
(and How NOT to) Write a Compact 
Model in Verilog-A", BMAS2004 

 
 
 
 
 
What is a Compact Model ? 
Å A model of transistor  currents & voltages 
Å Built  from physically-motivated equations 
Å Intended for use in an analog circuit  simulator 
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Compact modeling of PDSOI MOSFETs 

D. Tomaszewski, A.Jakubowski, J. Gibki, "A Small-Signal Non-Quasistatic Model of PD SOI 
MOSFETs", Electron Technology, "A Model of I-V Characteristics of Partially-Depleted SOI 
MOSFET", Electron Technology, 1999, no. 1/2 
 
H.-K. Yu, et al., "A Physical Model of Floating Body Thin Film Silicon-On-Insulator nMOSFET with 
Parasitic Bipolar Transistor", IEEE TED 1994, No.5 
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S. E. Laux, "Techniques for Small-Signal Analysis of Semiconductor Devices", IEEE TCAD 1985. No.4 

 ÕÔ 5 ÕᶻϽÅ  ( S3A ) 
 

DC: ) ) ) ) ) ) π ᵼἤἌἡ 
AC: Éᶻ Éᶻ Éᶻ Éᶻ π ᵼἾἪἻ

ᶻ 
 
J. R. Hauser, "Small Signal Properties of Field Effect Devices", IEEE TED 1965, No.12 
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9 ɿ ϽÉᶻÖᶻϳ Ƞ    # )Í9 ʖϳ ;     ØȟÙɴ ÓȟÇÆȟÄȟÇÂ 
 
$Ȣ 4ÏÍÁÓÚÅ×ÓËÉȟ +Ȣ $ÏÍÁďÓËÉȟ ,Ȣ lÕËÁÓÉÁËȟ !Ȣ :ÁÒöÂÁȟ *Ȣ 'ÉÂËÉȟ !Ȣ *ÁËÕÂÏ×ÓËÉȟ ΅$# ÁÎÄ !# models of 
partially -depleted SOI MOSFETs in weak inversion", in "Progress in SOI Structures and Devices 
Operating at Extreme Conditions", Ed.: F. Balestra, A. Nazarov. V. S. Lysenko, NATO Science Series 
(Series II: Mathematics, Physics and Chemistry), vol 58, Springer, Dordrecht, 2002 
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M. Caccia, et al., "Characterization of hybrid pixel detectors with 
capacitive charge division" in AIP Conf. Proc., 2001, vol. 57 
 
JȢ -ÁÒÃÚÅ×ÓËÉȟ $Ȣ 4ÏÍÁÓÚÅ×ÓËÉȟ +Ȣ $ÏÍÁďÓËÉȟ 0Ȣ 'ÒÁÂÉÅÃȟ  
M. Caccia, S. Borghi, R. Campagnolo, W. Kucewicz, "Charge sharing 
modeling in pixel detectors with capacitive charge division", IEEE 
TED, 2003, No. 1 

k-th non-readout pixel: 

' ϽÖ Ô ' Ͻ6 Ö Ô # ϽÄ6 Ö Ô ÄÔϳ # ϽÄÖÔ Ö Ô ÄÔϳ π 

l-th readout pixel: 

' ϽÖÔ ' Ͻ6 ÖÔ # ϽÄ6 ÖÔ ÄÔϳ # ϽÄÖÔ ÖÔ ÄÔϳ  

# ϽÄÖȟ Ô ÖÔ ÄÔϳ π 

' ϽÖȟ Ô # ϽÄÖȟ Ô ÄÔϳ # ϽÄÖȟ Ô ÖÔ ÄÔϳ π 

Compact modeling of an ionizing  radiation  pixel  detector  with interleaved  pixels  
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O. Puscasu, et al., "An innovative heat harvesting technology (HEATec) for above-
Seebeck performance", Proc. IEDM, 2012 

C. Ucke, H.-J. Schlichting, "Revival of the jumping 
disc", Phys. Educ. 44 (6) 612-617, 2009 

DȢ 4ÏÍÁÓÚÅ×ÓËÉȟ +Ȣ $ÏÍÁďÓËÉȟ 0Ȣ Prokaryn, 
"Qucs-Based Development of an Energy 
Harvester Compact Model", 
Proc. MIXDES'2015 

T varies exp. 
with t  
 
 
 
 
const. vel. 

Compact modeling of a device for the thermal  energy  harvesting  

M. E. Brinson, V. Kuznetsov, "A new approach to compact semiconductor device 
modelling with Qucs Verilog-A analogue module synthesis", IJNM, 2016; Vol. 28, 2016 

CLoad = 0.1 mF, RLoad = 1 GW 
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Puropse of 
characterization  

Object of 
characterization  

Characterization of material  Characterization of layers  Characterization of devices  Characterization of 
interaction between the 
devices  

Si wafer resistivity, carrier mobility  ³ ³ ³ 

Diffusion/Polysilicon 
resistor  

  
sheet resistance parameters of resistors and 

groups of resistors 
³ 

Thin film induction coil  ³ ³ self inductance mutual inductance 
Capacitor  carrier lifetime;  

doping concentration in the 
substrate 

thickness of dielectric layers workfunction difference; 

charges in the MOS/MIS 
structures 

³ 

Diode carrier lifetime in the area next 
to the p-n junction; 

doping concentration in the 
base region 

³ 

parameters of p-n junctions 
and groups of p-n junctions 

³ 

Gate-controlled diode  carrier lifetime in the area next 
to the p-n junction; 

carrier lifetime below the gate 
dielectric; 

concentration of the doping in 
the substrate under the 
junction and under the gate 

thickness of dielectric layers; 

surface generation velocity 

³ ³ 

MOS transistor  concentration of the doping in 
the substrate under the 
junction and under the gate 

thickness of dielectric layers parameters of MOS transistors 
and groups of MOS transistors 

parameters characterizing 
short channel effects, latch-up 
effects, and others determining 
the design rules 

Groups of MOS transistors;  

Groups of IC cells. ³ ³ 

characteristics of the statistical 
distributions of MOS transistor 
parameters 

³ 

Typical elements in the characterization tasks 

Compact modeling for process/ device characterization  
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ÁMethods  based on information  in a single point of the electrical  characteristics  
 
ÅExtraction of the MOSFET threshold voltage Vth: Vth = VGS @ ID/( Weff/ Leff)=10-7 A 
 
ÅExtraction of the MIS structure flat-band voltage  Vfb: 

Vfb = VGB @ Cgb=Cfb where Cfb=1/(1/ Cox+1/ Cs,fb); Cs,fb = es/ LD 

 

P Simple measurement 
O Additional information  required 
O Uncertainty of the characteristics in the neighbourhood 
 
 
 

ÁMethods  using extremum of a " primary " or  "secondary " 
characteristics  
 
ÅExtraction of the ideality factor n of the I(VF) characteris- 

tics of the p-n junction: n = 1/[max(d  ln(JA)/d  VF)]  

Compact modeling for characterization  ɀ parameter  extraction  methods  
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Extraction of the MOSFET threshold voltage Vth: 
 
ÅVth=VGS @ max (d2ID/ dVGS

2) 
H. S. Wong, et al., "Modeling of transconductance degradation and extraction 
of threshold voltage in thin oxide MOSFET", Solid-State El., Vol. 30, No. 9 

P serial resistance, mobility  degradation effects eliminated 

ÅVth=VGS @ max (dCgc/ dVGS) 
C.-K. Park, et al., "A unified currentɀvoltage model for long-channel MOSFETs", 
IEEE TED, vol. 38, no. 2 

P serial resistance, mobility  degradation effects eliminated 

ÅVth = VGS @ max [ d(gm/I D)/ dVGS ] ¹ VGS @ max (dCgc/ dVGS) 
D. Flandre, et al., "gm/Id Method for Threshold Voltage Extraction Applicable in Advanced MOSFETs With Nonlinear Behavior Above 
Threshold", IEEE EDL, Vol. 31, No. 9 

Process: Dr. K.Kucharski + ITE team 

Compact modeling for characterization  ɀ parameter  extraction  methods  
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ÅExtraction of the MOSFET threshold voltage Vth: Vth=VGS @ max (dCbs/ dVGS) 
D. Tomaszewski, et al., "A method for combined characterization of MOSFET threshold voltage and junction capacitance eliminating 
channel current effect", EUROSOI-ULIS, 2016 
D. Tomaszewski, et al., "Elimination of the channel current effect on the characterization of MOSFET threshold voltage using junction 
capacitance measurements", Solid-State El., Feb. 2017 

P serial resistance, mobility  degradation effects eliminated 

Compact modeling for characterization  ɀ parameter  extraction  methods  
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ÅExtraction of the FDSOI MOSFET threshold voltage Vth: 
Vth,f=VGfS @ max [ dCgf,s(VGfS)/ dVGfS ]    Vth,b=VGbS @ max [ dCgb,s(VGbS)/ dVGbS ] 
C. Navarro, et al., "Fully Depleted SOI Characterization by Capacitance Analysis of p-i-n Gated Diodes", IEEE EDL., Vol. 36, No. 1, 2015 
S. Cristoloveanu, et al., "A review of electrical characterization techniques for ultrathin FDSOI materials and devices", Solid-State El., 
Vol. 117, No. 3, 2016 
D. Tomaszewski, et al., "FDSOI MOSFET threshold voltage characterization based on AC simulation and measurements", Proc. 2017 
EUROSOI-ULIS, Athens, April 3-5, 2017 

Compact modeling for characterization  ɀ parameter  extraction  methods  


