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INTRODUCTION TO PSP

* PSP is asurface potential based model for deep-submicron bulk MOSFET

Its development is supported by the CMC (Compact Model Coalition) : https://si2.org/cmc/

* |In December 2005, PSP has been elected a new industrial standard model by the CMC. This
Initial version was based on MM11 (from NXP Semiconductors) and SP (from Pennsylvania
State University and later at Arizona State University).

* PSP contains all relevant physical effects such as mobility degradation, velocity saturation,
DIBL, gate leakage currents, lateral doping gradient effects, STI stress, etc.

* PSP meets numerical requirements for Digital, Analog-Mixed Signal, and RF circuit designs, In
particular continuous derivation of currents and charges is insured.

* Since the first standard version, the developers have provided 16 releases.
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OVERVIEW OF RECENT PSP VERSIONS

°* Since 2015, CEA-Leti is the main developer of PSP

Website address:
https://www.cea.fr/cea-tech/leti/pspsupport

Contains:

* Release information

* Model documentation for PSP and JUNCAP?2
* Downloadable Verilog-A codes

im]

. PSPsupport - Welcome ®  +

&} 7  https://www.cea.fr/cea-tech/leti/pspsupport/Pages/Welcome.aspx 16 ¥ :

Domaines de recherche v | Centres de recherchev | Siteswebw | Vous &tes v English portal

Go to content | Go to navigation | Go to search

PSPsupport

| NEWS | DOCUMENTATION & IMPLEMENTATION | RELEASES: LEVEL 103 | RELEASES: LEVEL 102 | EXTRACTION, TESTING & BUGS | LINKS |

COPYRIGHT | CONTACT |

PSP is a Compact Model for bulk Metal-Oxide-Semiconductor Field Effect Transistors (MOSFET's).

It has been selected by the Compact Model Coalition &' (CMC) as a world standard transistor compact model for the semiconductor industry. It is available in many
of today's commercial circuit simulators.

PSP is a surface-potential based MOS Model, containing all relevant physical effects (mobility reduction, velocity saturation, DIBL, gate current, lateral doping
gradient effects, STI stress, etc.) to model present-day and upcoming deep-submicron bulk CMOS technologies. PSP not only gives an accurate description of
currents, charges, and their first order derivatives (i.e. transconductance, conductance and capacitances), but also of the higher order dervatives, resulting in an
accurate description of electrical distortion behavior. The latter is especially important for analog and RF circuit design. The model furthermore gives an accurate
description of the noise behavior of MOSFETs. Finally, PSP has an option for simulation of non-quasi-static (NQS) effects.

Distributions of PSP come with the JUNCAP2 diode model. Within PSP, either JUNCAP2, or optionally a high-speed approximation of it ( JUNCAP-EXPRESS), is
applied to describe the diodes that are formed by the source, drain, or well-to-bulk junctions in MOSFETs. The physics based JUNCAP2 model can also be used as
a stand-alone, independent diode model. JUNCAP2 accurately describes junction depletion capacitance, forward and reverse currents (in great physical detail),
avalanche, breakdown and shot noise.

Until and including 2011, the PSP model has been developed jointly by NXP Research (formerly part of Philips Research) and the group of Prof. Gildenblat at
Arizona State University (formerly at Penn State University). Until 2014, the model has been further developed jointly by NXP Research and Delft University of
Tachnology.

Since 2015, PSP is jointly developped by NXP R ch and CEA-Leti.
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OVERVIEW OF RECENT PSP VERSIONS

Major improvements/features

08/2016

04/2017

12/2017
02/2019

07/2020

PSP103.4

PSP103.5

PSP103.6
PSP103.7

PSP103.8

Modeling of edge MOSFET to reproduce the subthreshold hump effect
Improved model of the subthreshold slope degradation induced by the
short channel effects

New parameters for Coulomb scattering effect in mobility
Improvement of temperature dependence of the flatband voltage

New model of interface states for better accuracy of g,/l4

Improvement of gate leakage currents model
Possibility of charge model decoupling from IV for accurate CV of
short channel transistors in saturation

Model of Inner fringe charges
Inversion charge of overlaps



PARASITIC CHARGES INCLUDED IN PSP103.7 AND BEFORE

* Parasitic capacitances: COV, CFR, CGBQV, junction capacitances

GATE

Bias independent gate to
substrate overlap charge

ng,ov

Bias independent outer fringe
charges: Q,fsand Qyrq

Qg = Qg,i + Qs,ov + Qd,ov + Qof,s + Qof,d + ng,ov

Qs = Qs,i - Qs,ov - Qof,s :
drain/source overlap charges
Qd = Qd,i - Qd,ov - Qof,d Qs,ov and Qd,ov

0, = -0, —Q, — Qg - JNCAZ These charges model don't
g S include the inversion regime

Bias dependent gate to

In red, intrinsic charges

TCAD simulations
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PARASITIC CHARGES INCLUDED IN PSP103.7 AND BEFORE

°* Analysis of PSP103.7 versus TCAD simulations: CV for short channel MOSFET
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INNER FRINGE CHARGE MODEL

° Intrinsic MOSFET: inner fringe charges versus channel charge

9.0E-16

Accumulation
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Screening effect
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INNER FRINGE CHARGE MODEL

* Surface potential profile near to the drain and the source

by —x L/)+x
&8 ) Yop = P1p + (Wsp —Y1p) -exp\ — h + (Ysp — Y1p) rexp | — p
\ Inversion
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INNER FRINGE CHARGE MODEL

°* Modeling method of inner fringe charge

Rigorous calculation of A is very complex and depends on doping profiles, thicknesses, etc.

In depletion, we can write the inner fringe capacitance as:

Model parameter for dependence with
the channel depletion thickness
/

Cys,inr = Csginr = CINR - (FCINRDEP - (finrgqep — 1) + 1) s
Cyainr = Caginr = CINRD - (FCINRDEP - (finqep — 1) + 1) 1 \
o 08
~ 1 z
f‘ dep — " ‘9: 0.6
o 1+exp|— Yz — DVFBINR £ 04 FCINRDEP=0, 0.3, 0.6
With, '< ¢r - Ainr,dep o
0.2
1 (¢ G
Ai‘nr,dep=_'< *+_+1> 0 ' ' '
- 2 \2-¢7 V2 2 1.5 -1 0.5 0
Gate voltage (V)
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INNER FRINGE CHARGE MODEL

°* Modeling method of inner fringe charge

In accumulation, the decrease of inner fringe charges due to screening effect is done by:

Cgs,inr = ng,inr = CINR - finr,acc

ng,inr = Cdg,inr = CINRD - finr,acc

1.2
~ _ 1 \
Veinr = Vi oo — DVFBINR + Vigrmax
o 08
Irr:v:l,:ilnr =MAXA [v;;,lnn Vinr,,m.u‘. I']'inr]' s 0.6
finr,acc 1S @ Vg ine = Virine - (2 Vitine — Vianma — Viine) 04 FCINRACC=0, 0.6, 4
mathematical -
function to < Ve = Vg,in{r' Vi, maax Pfc';lrameter for sclreening '
o x1,inr effect in accumulation 0
reprOd_uce the -2.000 -1.500 -1.000 -0.500 0.000
behaVIOr fq:in:r = \.,."Irl — FCIP\RA.CL‘ I"rg,jnr:eﬂ:' Gate voltage (V)
finr,m:-.: _ ( 1 B 1) ] I""I-J-:E:ilnr +Vg,inr : I[“"‘Il-mr.nm:t - I"'r:m:l:ilnrw,.l' . Vfl:ll’,.‘l:l:l.ﬂ 11
2. fq,inr I""I-:m:z,'u'u:' I""I-Jv:l:iru'
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INNER FRINGE CHARGE MODEL

°* Modeling method of inner fringe charge

In general case, by combining both effects:
Cgs,inr = ng,inr = CINR : fin,
ng,inr = Cdg,inr = CINRD - finr

“Channel” depletion Screening effect in
/ / accumulation

In PSP, the calculations of the inner fringe charges are based on these equations
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INNER FRINGE CHARGE MODEL

* Parameter description of inner fringe charge model
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INNER FRINGE CHARGE MODEL

° Introduction and validation of inner fringe charge model
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Charges induced by the inner fringes are introduced as:
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Qa = Qa,i + Qainr — Qa,ov — Qofa
Qp =_Qg_Qs_Qd
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INVERSION CHARGES OF OVERLAPS

°* Analysis from TCAD simulations: partial inversion of overlaps

0T T T T T T T T T
= C (Vo) at V=0V

=
=
=

Capacitance (fF)

o
=
=

Accumulation
charge

R R T R
-1 0

Gate voltage (V) Depletion

Overl
1 region

»

New parameter to define the
accumulated area of overlaps:

A,, = FCGOVACC:-W - L,, (used only
for bulk charge calculation of overlaps)
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INVERSION CHARGES OF OVERLAPS

° Introduction of overlap charges in inversion (channel in accumulation)

Charges induced by the inversion of overlaps are added at the gate and the bulk

Qg = Qg,i + Qg,inr + Qs,ov + Qd,ov + Qof,s + Qof,d + ng,ov + Qg,ov + Qg,dov
Qs = Qs,i + Qs,inr - Qs,ov - Qof,s

— .+ , — — . .
CQa = Qai* Qajmr = Caov ~ Qosa The calculation of these charges is based on the use of
Qp =—CQg — Qs —CQa Lambert W-function:

Vap — V.
Tgb eff oy = In (1 L exp (EG{WAEEG : (GE—WFB + amgum) ))

Qp oy = —2- dr - FCGOVACC - CGOV . ——gbeflor (1_

In {1 - Igl:-:eﬁ:cn.rjl
CGOVACCG

24 gh.eff,ov

Ve — V
Tgh,off dov = In (1 +exp (ctcnmccc : (GE—WFB + amh,ﬂm)))

Qp dow = —2- 61 - FCGOVACC - CGOVD) - —Luefldox (1_

) In {1 + Igb,eﬁ',duv:]
CGOVACCG

2+ Frh,eff,dov

MOS-AK ESSDERC/ESSCIRC event | O. Rozeau et al. | September 61, 2021 | 16
O



—
LL
Nt
()
(S]
C
@©
=
Q
@®
o
@
O

INVERSION CHARGES OF OVERLAPS

Improvement of gate-bulk capacitance for short channel transistors
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CONCLUSION

°* Model validation using experimental data
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Better description of CV characteristics in accumulation and depletion regimes for short channel
MOSFET (here L=35nm)
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CONCLUSION

* Validations of Source-Drain symmetry and capacitance reciprocities
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* PSP103.8 is a significant release for the modeling of short channel CV in accumulation
regime

* Where to find PSP releases

* Verilog-A versions of PSP are free downloadable at https://www.cea.fr/cea-tech/leti/pspsupport

* PSP can be used in most of commercial circuit simulators
* PSP103.8.0 has been released in July 2020

* PSP103.8.1, containing minor bug fixes and new parameters for temperature control, has been
released in Avril 2021
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