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Compact modeling of devices, subcircuits
Compact modeling for process/ device characterization
Subjective survey of parameter extraction methods
A Local methods with based on different ranges of experimental data
A Local methods using optimization
A Global methods using evolutionary algorithms
A Statistical modeling
Integrated tools for modeling and parameter extraction
Compact modeling for 1C design
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Semiconductor device compact modeling

A
gate-level
©
G.JCoram Tutorial: "How to Q model
(and How NOT tpWrite a Compact & compact
Model inVerilog-A', BMAS2004 n model
TCAD
model
accuracy
What is a CompacModel ?
A A model oftransistor currents & voltages
A Built from physically-motivated equations
A Intended for usein ananalogcircuit simulator
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Compact modeling of PDSOIMOSFETs
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Compact modeling of anionizing radiation pixel detector with interleaved pixels

b) Vend a) M. Cacciaet al.,"Characterizationof hybrid pixel detectorswith
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Compact modeling of a device for the thermal energy harvesting

charged electret films

_ O Puscasuet al.,"Aninnovative heatharvestingtechnology(HEATeg for above
capacitor - Seebeclperformance”, ProclEDM, 2012

for charge
| storage

diode rectifier

cold conductive plate

hot conductive plate

M. E. Brinson, Kuznetsoy "Anewapproachto compact semiconductodevice
vibrating bimetallic plate modellingwith QucsVerilog-A analoguemodulesynthesis, IINM 2016; Vol. 282016

Equstion |Equstion |Equstion Time beee BE
Eans Eané Eqn2 -_u=u_
. . " . . . qzlnem=1 €e-19 t|::(] 0 t|;=nl|hﬂ\sm:.ﬂ|n+t\sm m THetip
C Ucke H:J.Schlichting "Revival of the jumping webaneiz 00 s T
. . te=23.0 tih2=tih+ishe 4@-
disc', Phys Educ44 (6) 612-617,2009 T — it inz i
oY ! TS e B @
che0 903 ye_=yothpc U=1 i T TLtibd
hase "c¢" T Varles ex yy:"FO'BEa el uz=0.5 fomu OO |\[:2=€V3<‘=Ud)?leed|.{\f4<==lih}'?’ h-fteh-teschexpl-Valtauh) - 7 teshc : (Vée=
YC'tpx S -_l_)__ p' ::::: :xz:::ﬁ Eia:b @vz FF [ 15={va==tig) 7 yh_: (va==tin) 7 yh_s+coeh"(I1-tesch) : [V4==tih+tishc) 7 yshotusher (Va-tin) : (V4
g with t s T dee e
- il —yo -
g Ys.c-h < sheo0e. ::::::::2 Td=tid G baidihlengthe{IE/spse=1icphisigh=VE V(|2/epso=1 cehe icgh]
8 = vshe=0.0625 :z’l‘:i"::;"em ]
idth=0.1 TH=tihv3
% 'E o T:nﬂlh:D.OE f‘ﬂ"z""‘_"'“'em Tt |
s 7 pser=10 in=taun"Ini{teh-teschyteh-teshc)) Tantia P - —
=1 W < epepr=10 tished=(yc_yshclivshe I’J [|]H=1
ﬁ = = :DWSEB tishe2=sqrt{Z*(yc,_-yshc)iashc) Temp Bridge1
° ) [ iy tio=tauc’In((teshoteck(teschtec)) - w ls=1e-4
=) y. @ {nmﬂ e tisch1={ysch-yh_)ivsch Cl0=ded |Equstion
b5 s:h-c = thehet Des tisch2=sqrt{2"(ysch-yh_Vssch) Rp=1es Eqné
= =] ncho=1 0e14 cosh1={yshoyh_iteshotesch) et losg=1e12
s A P o el D14 coehI=lyshoyh lisariteshotesch] Area=1e8 Cload=1e8
Jh [ R ————— cosct=jye,_-ysch)/{teshotesch) vin
P phase "h" COI']St. Vel. ::Pril :':: me.ﬁ:(yc;ﬁmvsqnneshumm) . E‘
";1 oee tishe=tisnet — Ra o1
- ::11 _:]wa ::Z:;':‘; I dc simulation tr.ansierlll —= 5 e frftioad T\C;‘:g‘ﬁd .
T -} T h-c cosc=coscl ret] simulation FF‘E‘E] iin T R Vioad
seh temperature s, TR =
Type=lin w
harge densi tential S
= T=1
charge dens ty—l l_po ¢ Points=600001
IntegrationMethod=Gear
Order=8
InitialStep=1e-5
YC+te,c lectret E E Vc Mn:n‘;le::p;eJZ Se-04 5
Maxiter=150 <]
Ye cleclie (Ee) 126 00 o.. VP eitoin0.01
¢ ® ec ec
abstol=1e-5
404 \U P
air gap (g,) { ‘
< 5
= 3e-04 39
. ] 8
bimetal. membr. i1 AOUA N EEB Vg R g
3 e AE D8 47 1 AOUAx OE Efrokang, $ 13 L
Y+lse =8 v n § 2004 22
t"y parylene (g,)\ v QucsBasedDevelopment oan Energy = ] 2
b
¥, parylene (g;) End | Eon ¥ HarvesterCompact Modé| e.04 .
“p.h p.h .
air gap (6) Proc MIXDES'2015
o
EL},h Ee,h [} \p 0 05 1 15 2 25 0
¥ g eh eh Time (s)
electret (g,)
Yiten Vi

cater

C1_oad =01 m:’ RLoad =16W

Dresden Sept.3, 2017 .

ESSDERC 6/29

ESScCIRC

-
[~
VG




Compact modeling for process/ device characterization

Typical elementsin the characterization tasks

Puropse of | Characterization of material
characterization

Characterization of layers

Object of
characterization
resistivity, carrier mobility 3
Diffusion/Polysilicon sheet resistance
resistor

Thin film induction caoil 3 3
doping concentration in the

carrier lifetime; thickness of dielectric layers
substrate
Diode carrier lifetime in the area next
to the p-n junction;
3
doping concentration in the
base region

Gate-controlled diode carrier lifetime in the area next thickness of dielectric layers;
to the p-n junction;

surface generation velocity
carrier lifetime below the gate
dielectric;

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

MOS transistor concentration of the doping in thickness of dielectric layers
the substrate under the

junction and under the gate

Groups of MOS transistors;

Groups of IC cells.
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Characterization of
interaction between the
devices

Characterization of devices

3 3

parameters of resistors and 9
groups of resistors

self inductance
workfunction difference;

charges in the MOS/MIS
structures

parameters of pn junctions
and groups of pn junctions

mutual inductance

parameters of MOS transistors parameters characterizing

and groups of MOS transistors short channel effects, latckhup
effects, and others determining
the design rules

characteristics of the statistical
distributions of MOS transistor 3
parameters
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Compact modeling for characterization z parameter extraction methods

AMethods based on information in a single point of the electrical characteristics

A Extraction of the MOSFEThreshold voltage Vy,: Vi, = Vos@ b/( W Log)=107 A

A Extraction of the MISstructure flat-band voltage V,:
Vip = Vg @ Gy=Cp where G,=1/(1/ G, +1/ G ) Gn=86J Lo

P Simplemeasurement
O Additional information required
O Uncertainty of the characteristicsin the neighbourhood

4E-4

gate-substrate cap. per unit area (F/m?)
w
m
S

AMethods using extremum of a " primary " or "secondary" . s

characteristics :iEz £ |
A Extraction of the ideality factor n of the I(V;) characteris ;|
tics of the p-n junction: n= 1/[max(d In(J,)/d V{)] P o
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Compact modeling for characterization z parameter extraction methods
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Compact modeling for characterization z parameter extraction methods

A Extraction of the MOSFETthreshold voltageV,,: Vi, =Vss@ max ([dG,¢J dVsd

D. Tomaszewsket al.,"”A methodfor combinedcharacterization of MOSFEThresholdvoltage and junction capacitanceeliminating
channelcurrent effect’, EUROSQULIS 2016
D. Tomaszewsket al.,"Elimination of the channeturrent effecton thecharacterizationof MOSFEThresholdvoltage usingjunction
capacitancemeasurementy SolidStateEl.,Feh 2017

P serial resistance mobility degradation effectseliminated
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Compact modeling for characterization z parameter extraction methods

A Extraction of the FDSOMOSFEThreshold voltage V,,:
Vin =Vers @ max [dCy (Vard/ dViis] Vinb=Vers@ max [dCy, (Vapg/ dVgps]

C. Navarro,et al, "Fully DepletedSOICharacterization by Capacitance Analysis 6f-p Gated Diodes", IEEEDL, Vol. 36, No. 22015
S.Cristoloveanyet al., "A review of electrical characterization techniques for ultrathikDSOmaterials and devices", SoliStateEl.,
Vol.117,No. 3, 2016

D.Tomaszewskiet al, "FDSOMOSFEThreshold voltage characterization based on AC simulation and measurements”, Proc. 2017
EUROSQULIS Athens, April 35,2017
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