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of PSP lie in both MOS Model 11 (developed by Philips Resdaacid SP (developed
by Penn State University). PSP is a surface-potential b&&@8 Model, containing
all relevant physical effects (mobility reduction, veltycsaturation, DIBL, gate current,
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model, is an integrated part of PSP. This report containdlaéscription of the PSP
model, including parameter sets, scaling rules, modeltens and a description of the
parameter extraction procedure.

In December 2005, the Compact Model Council (CMC) has eteB8P as the new
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History of model and documentation

History of the model

April 2005 Release of PSP 100.0 (which includes JUNCAP2 200.0) as p&iMKit 2.1. A Verilog-A
implementation of the PSP-model is made available as wdie FSP-NQS model is released as Verilog-A
code only.

August 2005 Release of PSP 100.1 (which includes JUNCAP2 200.1) as p&iMKit 2.2. Similar to
the previous version, a Verilog-A implementation of the R8&del is made available as well and the PSP-
NQS model is released as Verilog-A code only. Focus of tHsase was mainly on the optimization of the
evaluation speed of PSP. Moreover, the PSP implementatisrbben extended with operating point output
(SiMKit-version only).

March 2006 Release of PSP 101.0 (which includes JUNCAP2 200.1) as p&itMKit 2.3. PSP 101.0 is
not backward compatible with PSP 100.1. Similar to the previarsion, a Verilog-A implementation of the
PSP-model is made available as well and the PSP-NQS moddtased as Verilog-A code only. Focus of this
release was on the implementation of requirements for CN@dstrdization, especially those which could not
preserve backward compatibility.

June 2006 Release of PSP 102.0 (which includes JUNCAP2 200.1) as p&itMKit 2.3.2. PSP 102.0 is
backward compatible with PSP 101.0 in all practical casesjiged a simple transformation to the parameter
set is applied (see description below). Similar to the pmasiversion, a Verilog-A implementation of the
PSP-model is made available as well and the PSP-NQS mod¢ased as Verilog-A code only.

Global parameter sets for PSP 101.0 can be transformed ta 5@ by replacindpPHIBL (in 102.0 param-
eter set) byDPHIBO DPHIBL (from 101.0 parameter set). After this transformation,dimeulation results
of PSP 102.0 are identical to those of PSP 101.0 in all pradituations.

October 2006 Release of PSP 102.1 (which includes JUNCAP2 200.2) as p&itviKit 2.4. PSP 102.1
is backward compatible with PSP 102.0. SiMKit 2.4 includgs@iminary implementation of the PSP-NQS
model. Similar to the previous version, a Verilog-A implemtegion of the PSP-model is available as well.

October 2007 Release of PSP 102.2 (which includes JUNCAP2 200.3). PSR i©®Backward compatible
with PSP 102.1. This release provides an express versiddNCAP2.

April 2008 Release of PSP 102.3 (which includes JUNCAP2 200.3) as p&itMKit 3.1. PSP 102.3 is
backward compatible with PSP 102.2. Focus of this release ke implementation of asymmetric models for
both junction and overlap regions of the drain side.

November 2008 Release of PSP 103.0 (which includes JUNCAP 200.3) as p&itviiit 3.2. PSP 103.0 is
notfully backward compatible with PSP 102.3. The main changes a

Global, local and binning models are uni ed. WhBMVGEO = 1 (default) global model is used. When
SWGEO = 0 local model is selected. The binning model is invoke8BWGEO is set to 2.

Added non-uniform doping (NUD) model. The model can be ireabkn by settinggWNUD = 1 or 2.
WhenSWNUD = 1, a separate surface potential calculation is carried cditteetNUD model does not

affect the CV results. This avoids non-reciprocal capacis. WherSWNUD = 2, the extra surface
potential calculation is skipped and this may result in meciprocal capacitances.

Added related model paramet&BACNUDO, GFACNUDL , GFACNUDLEXP , GFACNUDW, GFACNUDLW ,
VSBNUDO andDVSBNUDO to global GFACNUD, VSBNUD andDVSBNUD to local and>OGFACNUD,
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PLGFACNUD, PWGFACNUD, PLWGFACNUD , POVSBNUD andPODVSBNUD to binning mod-
els.

Added Vi, -adjustment model for CV. It can be turned on by sett8\y DELVTAC = 1. Note that
this requires extra computation of surface potentials. ektictlated model parametdfACNEFFACO,
FACNEFFACL , FACNEFFACW , FACNEFFACLW , DELVTACO , DELVTACL , DELVTACLEXP ,
DELVTACW andDELVTACLW to global, FACNEFFAC andDELVTAC to local and®OFACNEFFAC,
PLFACNEFFAC , PWFACNEFFAC, PLWFACNEFFAC , PODELVTAC , PLDELVTAC , PWDELVTAC
andPLWDELVTAC to binning model.

Added external diffusion resistances to source and draintdedl instance parametédfRkS andNRD;
added model parametdRSH to global and binningRSE andRDE to local model.

Modi ed the geometrical scaling rules of following parareet: VFB, STVFB, DPHIB, STBET and
STTHESAT.

Modi ed the binning rule ofBETN.
Removed the effect &FETA from CV.
Added local parameter values to OP-output.

Some minor bug- xes and implementation changes.

History of the documentation

April 2005 First release of PSP (PSP 100.0) documentation.
August 2005 Documentation updated for PSP 100.1, errors corrected andtems added.

March 2006 Documentation adapted to PSP 101.0. Added more detailsisa-nwodel implementation and
a full description of the NQS-model.

June 2006 Documentation adapted to PSP 102.0 and some errors catrecte
October 2006 Documentation adapted to PSP 102.1 and some errors catrecte
October 2007 Documentation adapted to PSP 102.2 and some errors catrecte
April 2008 Documentation adapted to PSP 102.3 and some errors cafrecte

November 2008 Documentation adapted to PSP 103.0 and some errors catrecte
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Section 1

Introduction

1.1 Origin and purpose

The PSP model is a compact MOSFET model intended for digited|ogue, and RF-design, which is jointly
developed by NXP Semiconductors Research (formerly pathdips) and Arizona State University (formerly
at The Pennsylvania State University). The roots of PSPnlieathMOS Model 11(developed by Philips)
and SP (developed by Penn State University). PSP is a surfacepatdased MOS Model, containing all
relevant physical effects (mobility reduction, velocigtgration, DIBL, gate current, lateral doping gradient
effects, STI stress, etc.) to model present-day and upapdeep-submicron bulk CMOS technologies. The
source/drain junction model, c.g. the JUNCAP2 model, ilyfintegrated in PSP.

PSP not only gives an accurate description of currentsgelsaand their rst order derivatives (i.e. transcon-
ductance, conductance and capacitances), but also of gherhorder derivatives, resulting in an accurate
description of electrical distortion behavior. The laigeespecially important for analog and RF circuit design.
The model furthermore gives an accurate description of theerbehavior of MOSFETS. Finally, PSP has an
option for simulation of non-quasi-static (NQS) effects.

The source code of PSP and the most recent version of thisrdadation are available on the PSP model web
site: pspmodel.asu.edu  and the NXP Semiconductors web sitewvw.nxp.com/models

1.2 Structure of PSP

The PSP model has a hierarchical structure, similar to this@S Model 11 and SP. This means that there is
a strict separation of the geometry scaling in the globalehadd the model equations in the local model.

As a consequence, PSP can be used at either one of two levels.

Global level One uses a global parameter set, which describes a wholeeffgorange. Combined
with instance parameters (suchlaandW), a local parameter set is internally generated and further
processed at the local level in exactly the same way as arustade local parameter set.

Local levelOne uses a custom-made local parameter set to simulatesestoanvith a speci ¢c geometry.
Temperature scaling is included at this level.

The set of parameters which occur in the equations for thewsrelectrical quantities is called thecal
parameter set. In PSP, temperature scaling parameterscarded in the local parameter set. An overview of
the local parameters in PSP is given in Sec2ob.2 Each of these parameters can be determined by purely
electrical measurements. As a consequence, a local paeseegives a complete description of the electrical
properties of a device afneparticular geometry.

Since most of these (local) parameters scale with geonadtriyansistors of a particular process can be de-
scribed by a (larger) set of parameters, calledglobal parameter set. An overview of the global parameters
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Figure 1.1: Simpli ed schematic overview of PSP's hieraoeth structure.

in PSP is given in Sectio®.5.2 Roughly speaking, this set contains all local parametera fong/wide device
plus a number of sensitivity coef cients. From the globalgraeter set, one can obtain a local parameter set for
a speci ¢ device by applying a set of scaling rules (see $8@&i2). The geometric properties of that speci ¢
device (such as its length and width) enter these scalimg mdnstance parameters

From PSP 101.0 onwards it is possible to use a set of binnileg {see SectioB.3) as an alternative to the
geometrical (physics based) scaling rules. These binnileg rcome with their own set of parameters (see
Section2.5.9). Similar to the geometrical scaling rules, the binningesield a local parameter set which is
used as input for the local model.

PSP is preferably used at global level when designing aitiica speci ¢ technology for which a global
parameter set is available. On the other hand, using PSRatl&vel can be advantageous during parameter
extraction.

As an option, it is possible to deal with the modi cations@tisistor properties due to stress and well proximity
effect (WPE). In PSP, this is implemented by additional sdttransformation rules, which are optionally
applied to the intermediate local parameter set generatid aylobal level. The parameters associated with
the stress and WPE models are consequently part of the glabaheter set (both geometrical and binning).

The model structure described above is schematically tegpin Fig.1.1

The JUNCAP2 model is implemented in such a way that the satraf & NCAP2 parameters can be used at
both the global and the local level. This is further expldiimeSection6.4.
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1.3 Availability

The PSP model developers (The Arizona State University adB Nemiconductors Research) distribute the
PSP code in two formats:

1. Verilog-A code
2. C-code (as part of SiMKit-library)

The C-version is automatically generated from the Veri#ogersion by the software package ADM3][
This procedure guarantees the two implementations to itoideentical equations. Nevertheless—due to some
speci ¢ limitations/capabilities of the two formats—tleeare a few minor differences, which are described in
Section6.5.

1.3.1 SiMKit

SiMKitis a simulator-independent compact transistor modeltjbi@imulator-speci c connections are handled
through so-called adapters that provide the correct imt@r§ to the circuit simulator of choice. Currently,
adapters to the following circuit simulators are provided:

1. Spectre (Cadence)
2. Pstar (NXP Semiconductors)
3. ADS (Agilent)

¢ NXP Semiconductors and Arizona State University 2009 3
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Section 2

Constants and Parameters

2.1 Nomenclature

The nomenclature of the quantities listed in the followiegt®ns has been chosen to express their purpose
and their relation to other quantities and to preclude amibigand inconsistency. Throughout this document,
all PSP parameter names are printed in boldface capitatantfegers which refer to the long transistor limit
and/or the reference temperature have a name containinQ'awhile the names of scaling parameters end
with the letter L' and/or W' for length or width scaling, respectively. Parameterstéanperature scaling start
with "ST', followed by the name of the parameter to which the tempgeascaling applies. Parameters used
for the binning model start withPO', "PL', "PW', or "PLW"', followed by the name of the local parameter
they refer to.

2.2 Parameter clipping

For most parameters, a maximum and/or minimum value is givéime tables below. In PSP, all parameters
are limited (clipped) to this pre-speci ed range in ordempt@vent dif culties in the numerical evaluation of
the model, such as division by zero.

N.B. After computation of the scaling rules (either physical mming), stress and well proximity effect equa-
tions, the resulting local parameters are subjected toliiyeilcg values as given in Sectidh5.2

2.3 Circuit simulator variables

External electrical variables

The de nitions of the external electrical variables arestrated in Fig2.1. The relationship between these
external variables and the internal variables used in @ndps$ given in Fig.6.1

Symbol Unit Description

V5 \% Potential applied to drain node
V§ Potential applied to gate node
VE Potential applied to source node

\%
\Y
Vg \Y, Potential applied to bulk node
18 A DC current into drain node

continued on next page. . .
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...continued from previous page

Symbol Unit Description

& A DC current into gate node

I€ A DC current into source node

Ig A DC current into bulk node

Se A?s  Spectral density of icker noise current in the channel

Sy A?s  Spectral density of thermal noise current in the channel

Si:s A?s  Spectral density of induced gate noise at source side

S0 A?s  Spectral density of induced gate noise at drain side

Sigs A’s  Spectral density of gate current shot noise at source side

Si%d A?s  Spectral density of gate current shot noise at drain side
s A2s  Spectral density of source junction shot noise

Sje;D A?s  Spectral density of drain junction shot noise

Sid A%s  Cross spectral density betwegfh and S or S )

Other circuit simulator variables

Next to the electrical variables described above, the dtiesin the table below are also provided to the model
by the circuit simulator.

Symbol Unit Description

Ta C Ambient circuit temperature
fop Hz Operation frequency

2.4 Model constants

In the following table the symbolic representation, theueadnd the description of the various physical con-
stants used in the PSP model are given.

No. Symbol Unit Value Description

1 To K 27315 Offset between Celsius and Kelvin tempera-
ture scale

2 kg JIK 1:3806505 10 23 Boltzmann constant

3 - Js 1:05457168 10 34 Reduced Planck constant

4 q C 1:6021918 10 *° Elementary unit charge

5 mo kg 9:1093826 10 31 Electron rest mass

6 o F/m 8:854187817610 2 Permittivity of free space

7 r.Si — 11:8 Relative permittivity of silicon

8 QMy VmsC 5 5951993 Constant of quantum-mechanical behavior of
electrons

9 OQMp Vm3C 5 7:448711 Constant of quantum-mechanical behavior of
holes

¢ NXP Semiconductors and Arizona State University 2009 5
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o V¢

i€ = ¢+ dQeD
e e e e D= D" dt
|gsEE ig;S ig;D EE igd
Ie — |e + dQeG
Ve e G G dt
S Vs
O . . O . dQg
: o ~ ig= 18+
ig J ( ) id AN ie dt
S o _ dQg
) iB=lg+ 5~

Figure 2.1: De nition of external electrical quantities.

2.5 Model parameters

In this section all parameters of the PSP-model are destribhe parameters for the intrinsic MOS model,
the stress and well proximity effect models and the junctimdel are given in separate tables. The complete
parameter list for each of the model entry levels is compo$edveral parts, as indicated in the table below.

Entry level Sections

Global (geometrical scaling) 2.5.1(instance parameters)
2.5.2(intrinsic MOS)
2.5.3(stress)
2.5.4(well proximity effect)
2.5.5(junctions)
2.5.6(parasitic resistances)

Binning 2.5.1(instance parameters)
2.5.2(intrinsic MOS)
2.5.3(stress)
2.5.4(well proximity effect)
2.5.5(junctions)
2.5.6(parasitic resistances)

Local 2.5.1(instance parameters)
2.5.2(intrinsic MOS)
2.5.5(junctions)
2.5.6(parasitic resistances)

6 ¢ NXP Semiconductors and Arizona State University 2009
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2.5.1 Instance parameters

The instant parameters for global, local and binning modeddisted in the table below. The last column of
Geo. shows for which value 0BWGEO the listed parameter is used. Note that, as explained inddeg:H,
the instance parameters for the JUNCAP2 model are used latcidldevel as well.

No. Name Unit Default Min. Max. Description Geo.
0 L m 10 6 10 ° Drawn channel length 1,2
1 W m 106 10° Drawn channel width (total width) 1,2
2 ABSOURCE m? 10 12 0 Source junction area 0,1,2
3 LSSOURCE m 10 6 0 STl-edge part of source junction 0,1, 2
perimeter

4 LGSOURCE m 10 © 0 Gate-edge part of source junction 0,1, 2
perimeter

5 ABDRAIN m? 10 *? 0 Drain junction area 0,1,2

6 LSDRAIN m 10 6 0 STl-edge part of drain junction 0,1,2
perimeter

7 LGDRAIN m 10 6 0 Gate-edge part of drain junction 0, 1, 2
perimeter

8 AS m? 10 *? 0 Source junction area (alternative 0, 1, 2
spec.)

9 PS m 10 © 0 Source STl-edge perimeter 0,1,2
(alternative spec.)

10 AD m? 10 *? 0 Drain junction area (alternative 0,1,2

spec.)

11 PD m 10 © 0 Drain STl-edge perimeter 0,1,2

(alternative spec.)

12 Jw m 110° 0 Junction width 0
13 DELVTO V 0 Threshold voltage shift parameter 0,1,2
14 FACTUO - 1 0 Zero- eld mobility pre-factor 0,1,2
15 SA m 0 Distance between OD-edge and 1,2

poly at source side

16 SB m 0 Distance between OD-edge and 1,2

poly at drain side

17 SD m 0 Distance between neighboring 1,2

ngers

18 SCA - 0 0 Integral of the rst distribution 1,2

function for scattered well dopant

19 SCB - 0 0 Integral of the second distribution 1, 2

function for scattered well dopant

20 scCC - 0 0 Integral of the third distribution 1,2

function for scattered well dopant

21 SC m 0 Distance between OD edge and 1,2

nearest well edge

22 NRS - 0 Number of squares of source 1,2

diffusion

23 NRD - 0 Number of squares of drain 1,2

diffusion

24 NGCON - 1 1 2 Number of gate contacts 1,2

continued on next page. . .
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...continued from previous page

No. Name Unit Default Min. Max. Description Geo.

25 XGW m 10 7 Distance from the gate contactto 1,2
the channel edge

26 NF — 1 1 Number of ngers; internally 1,2
rounded to the nearest integer

27 MULT - 1 0 Number of devices in parallel 0,1,2

Note that if bothSA andSB are set to 0 the stress-equations are not comput&LC A, SCB, SCCandSCare
all set to 0 the well proximity effect equations are not coteplu

The switching paramet&8WJUNCAP is used to determine the meaning and usage of the junctitemnices
parameters, wher&B (junction area)L.S (STI-edge part of junction perimeter), abh& (gate-edge part of
junction perimeter) are the instance parameters of a singilance (source or drain) of the JUNCAP2 model.

source drain
SWJUNCAP AB LS LG AB LS LG
0 0 0 0 0 0 0
1 ABSOURCE LSSOURCE LGSOURCE ABDRAIN LSDRAIN LGDRAIN
2 AS PS WEe AD PD WEe
3 AS PS Wg WEe AD PD Wg WEe

At the local level, the switching paramet8WJUNCAP is used to determine the meaning and usage of the
junction instance parameters, whe&B (junction area)LS (STl-edge part of junction perimeter), ah
(gate-edge part of junction perimeter) are the instancamaters of a single instance (source or drain) of the
JUNCAP2 model. Because the transistor witlthis not available at the local level, an additional instance
parametedW (junction width) is required wheBWJUNCAP = 2 or 3.

source drain
SWJUNCAP AB LS LG AB LS LG
0 0 0 0 0 0 0
1 ABSOURCE LSSOURCE LGSOURCE ABDRAIN LSDRAIN LGDRAIN
2 AS PS JW AD PD JW
3 AS PS JW Jw AD PD JW JW
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Intrinsic model

PSP 103.0

November 2008

The model parameters for the intrinsic part of the MOSFETIiated in the table below. The last column of
Geo. shows for which value 06WGEO the listed parameter is used. The convention used in thie tab
that, if a scaling rule exists for a local parameter its saliglobal and/or binning) parameters are grouped
underneath. Note also some parameters do not have thdictmoaterparts.

No. Name Unit Default Min. Max. Description Geo.
0 LEVEL - 103 Model selection parameter; see 0, 1, 2
Sec6.1
1 TYPE - 1 1 Channel type parametetr $ 0,1,2
NMOS, 1$ PMOS
2 TR C 21 273 Reference temperature 0,1,2
3 DTA K 0 Temperature offset w.r.t. ambientO, 1, 2
circuit temperature
Switches
4 SWGEO - 1 0 Flag for geometricalmodel® 0,1,2
local, 1$ global, 2$ binning)
5 SWIGATE - 0 0 Flag for gate current (8 “off”) 0,1,2
6 SWIMPACT - 0 0 Flag for impact ionization current 0, 1, 2
(0% “off”)
7 SWGIDL - 0 0 Flag for GIDL/GISL current (3 0, 1,2
“off”)
8 SWJUNCAP - 0 0 Flag for JUNCAP (06 “off”) 0,1,2
9 SWJUNASYM - 0 Flag for asymmetric junctions (0 0, 1, 2
$ “off”)
10 SWNUD - 0 0 Flag for NUD-effect (08 “off”) 0,1,2
11 SWDELVTAC - 0 0 Flag for separate charge calculationl, 2
(0% “off”)
12 QMC - 1 0 Quantum-mechanical correction 0, 1, 2
factor
Labels for binning set
13 LMIN m 0 Dummy parameter to label binning 2
set
14 LMAX m 1 Dummy parameter to label binning 2
set
15 WMIN m 0 Dummy parameter to label binning 2
set
16 WMAX m 1 Dummy parameter to label binning 2
set
Process Parameters
17 LVARO m 0 Geometry independent difference 1, 2
between actual and programmed
poly-silicon gate length
18 LVARL - 0 Length dependence ofL ps 1,2
19 LVARW - 0 Width dependence of L ps 1,2

continued on next page. . .

1See Sectios.3.1for more information on usage @tYPE in various simulators.
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...continued from previous page

No. Name Unit Default Min. Max. Description Geo.

20 LAP m 0 Effective channel length reduction 1, 2
per side due to lateral diffusion of
source/drain dopant ions

21  WVARO m 0 Geometry independent difference 1, 2
between actual and programmed
eld-oxide opening

22 WVARL - 0 Length dependence ofWop 1,2
23 WVARW - 0 Width dependence of Wop 1,2
24  WOT m 0 Effective reduction of channel 1,2

width per side due to lateral
diffusion of channel-stop dopant

ions
25 DLQ m 0 Effective channel length offset for 1, 2
Ccv
26 DWQ m 0 Effective channel width offset for 1, 2
Ccv
27 VFB \% 1 Flat-band voltage atR 0
28 VFBO \Y, 1 Geometry-independent part 1
29 VFBL \% 0 Length dependence 1
30 VFBW \% 0 Width dependence 1
31 VFBLW \Y, 0 Area dependence 1
32 POVFB \Y, 1 Geometry independent part 2
33 PLVFB \% 0 Length dependence 2
34 PWVFB \% 0 Width dependence 2
35 PLWVFB \Y, 0 Length times width dependence 2
36 STVFB VIK 5 10 4 Temperature dependence\tffB 0
37 STVFBO VIK 5 10 4 Geometry-independent part 1
38 STVFBL VIK 0 Length dependence 1
39 STVFBW V/IK 0 Width dependence 1
40 STVFBLW V/IK 0 Area dependence 1
41 POSTVFB VIK 5 10 ¢ Geometry independent part 2
42 PLSTVFB VIK 0 Length dependence 2
43 PWSTVFB VIK 0 Width dependence 2
44 PLWSTVFB VIK 0 Length times width dependence 2
45 TOX m 2 10° 1010 Gate oxide thickness 0
46 TOXO m 2 10° 1010 Gate oxide thickness 1
47 POTOX m 2 10 ° Geometry independent part 2
48 EPSROX - 3.9 1 Relative permittivity of gate 0
dielectric
49 EPSROXO - 39 1 Geometry independent part 1

continued on next page. ..
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No. Name Unit Default Min. Max. Description Geo.
50 POEPSROX - 39 1 Geometry independent part 2
51 NEFF m 3 5 102 10°° 10?® Substrate doping 0
52 NSUBO m 3 3 102 107 Geometry independent substrate 1
doping
53 NSUBW - 0 Width dependence of substrate 1
doping due to segregation
54 WSEG m 108 1010 Characteristic length for 1
segregation of substrate doping
55 NPCK m 3 107 0 Pocket doping level 1
56 NPCKW - 0 Width dependence dPCK due 1
to segregation
57 WSEGP m 108 101 Characteristic length for 1
segregation of pocket doping
58 LPCK m 108 1010 Characteristic length for lateral 1
doping pro le
59 LPCKW - 0 Width dependence afPCK dueto 1
segregation
60 FOL1 - 0 First order length dependence of 1
short channel body-effect
61 FOL2 - 0 Second order length dependence ofl
short channel body-effect
62 PONEFF m 3 5 10% Geometry independent part 2
63 PLNEFF m 3 0 Length dependence 2
64 PWNEFF m 3 0 Width dependence 2
65 PLWNEFF m 3 0 Length times width dependence 2
66 FACNEFFAC - 1 0 Pre-factor for effective substrate 0
doping in separate charge
calculation when
SWDELVTAC =1
67 FACNEFFACO - 1 0 Geometry independent part 1
68 FACNEFFACL - 0 Length dependence 1
69 FACNEFFACW  — 0 Width dependence 1
70 FACNEFFACLW — 0 Area dependence 1
71 POFACNEFFAC - 1 Geometry independent part 2
72 PLFACNEFFAC - 0 Length dependence 2
73 PWFACNEFFAC - 0 Width dependence 2
74 PLWFACNEFFAC — 0 Area dependence 2
75 GFACNUD - 1 0:.01 Bodyfactor change due to 0
NUD-effect
76 GFACNUDO - 1 Geometry independent part 1
77 GFACNUDL - 0 Length dependence 1
78 GFACNUDLEXP - 1 Exponent for length dependence 1

¢ NXP Semiconductors and Arizona State University 2009
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...continued from previous page

No. Name Unit Default Min. Max. Description Geo.
79 GFACNUDW - 0 Width dependence 1
80 GFACNUDLW - 0 Area dependence 1
81 POGFACNUD - 1 Geometry independent part 2
82 PLGFACNUD - 0 Length dependence 2
83 PWGFACNUD - 0 Width dependence 2
84 PLWGFACNUD — 0 Area dependence 2
85 VSBNUD \Y 0 0 Lower Vsg-value for NUD-effect 0
86 VSBNUDO \Y, 0 Geometry independent part 1
87 POVSBNUD \Y, 0 Geometry independent part 2
88 DVSBNUD V 1 01 Vsg-range for NUD-effect 0
89 DVSBNUDO \% 1 Geometry independent part 1
90 PODVSBNUD \% 1 Geometry independent part 2
91 VNSUB \% 0 Effective doping bias-dependence 0
parameter
92 VNSUBO \% 0 Geometry independent part 1
93 POVNSUB \% 0 Geometry independent part 2
94 NSLP \% 0:05 103 Effective doping bias-dependence 0
parameter
95 NSLPO \% 0:05 Geometry independent part 1
96 PONSLP \% 0:05 Geometry independent part 2
97 DNSUB v 1! 0 0 1 Effective doping bias-dependence 0
parameter
98 DNSUBO v 1 0 Geometry independent part 1
99 PODNSUB v 1 0 Geometry independent part 2
100 DPHIB \Y, 0 Offset of' g 0
101 DPHIBO \% 0 Geometry independent part 1
102 DPHIBL \% 0 Length dependence 1
103 DPHIBLEXP - 1 Exponent for length dependence 1
104 DPHIBW \Y, 0 Width dependence 1
105 DPHIBLW \% 0 Area dependence 1
106 PODPHIB \% 0 Geometry independent part 2
107 PLDPHIB \Y, 0 Length dependence 2
108 PWDPHIB \Y, 0 Width dependence 2
109 PLWDPHIB \% 0 Length times width dependence 2
110 DELVTAC \% 0 Offset of' g in separate charge 0

calculation when
SWDELVTAC =1

continued on next page. ..
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...continued from previous page

No. Name Unit Default Min. Max. Description Geo.
111 DELVTACO \% 0 Geometry independent part 1
112 DELVTACL \% 0 Length dependence 1
113 DELVTACLEXP - 1 Exponent for length dependence 1
114 DELVTACW \% 0 Width dependence 1
115 DELVTACLW \% 0 Area dependence 1
116 PODELVTAC \% 0 Geometry independent part 2
117 PLDELVTAC \% 0 Length dependence 2
118 PWDELVTAC \% 0 Width dependence 2
119 PLWDELVTAC \% 0 Length times width dependence 2
120 NP m 3 1076 0 Gate poly-silicon doping 0
121 NPO m 3 1076 Geometry-independent part 1
122 NPL - 0 Length dependence 1
123 PONP m 3 106 Geometry independent part 2
124  PLNP m 3 0 Length dependence 2
125 PWNP m 3 0 Width dependence 2
126 PLWNP m 3 0 Length times width dependence 2
127 CT - 0 0 Interface states factor 0
128 CTO - 0 Geometry-independent part 1
129 CTL - 0 Length dependence 1
130 CTLEXP - 1 Exponent for length dependence 1
131 CTW - 0 Width dependence 1
132 CTLW - 0 Area dependence 1
133 POCT - 0 Geometry independent part 2
134 PLCT - 0 Length dependence 2
135 PWCT - 0 Width dependence 2
136 PLWCT - 0 Length times width dependence 2
137 TOXOV m 210° 101 Overlap oxide thickness 0
138  TOXOVO m 210° 101 Geometry independent part 1
139 POTOXOV m 2 10° Geometry independent part 2
140 TOXOVD m 2 10° 1010 Overlap oxide thickness for drain 0
side
141  TOXOVDO m 210° 101 Geometry independent part 1
142 POTOXOVD m 2 10 ° Geometry independent part 2
143 LOV m 0 0 Overlap length for overlap 1
capacitance
144 LOVD m 0 0 Overlap length for gate/drain 1

overlap capacitance

continued on next page. . .
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No. Name Unit Default Min. Max. Description Geo.
145 NOV m 3 5 10°° 10°° 10?" Effective doping of overlap region 0
146 NOVO m 3 5 10% Geometry independent part 1
147 PONOV m 3 5 10% Geometry independent part 2
148 PLNOV m 3 0 Length dependence 2
149 PWNOV m 3 0 Width dependence 2
150 PLWNOV m 3 0 Length times width dependence 2
151 NOVD m 3 5 10° 10°° 10?7’ Effective doping of overlap region 0
for drain side
152 NOVDO m 3 5 10%° Geometry independent part 1
153 PONOVD m 3 5 10%° Geometry independent part 2
154  PLNOVD m 3 0 Length dependence 2
155 PWNOVD m 3 0 Width dependence 2
156 PLWNOVD m 3 0 Length times width dependence 2
DIBL Parameters
157 CF - 0 0 DIBL parameter 0
158 CFL - 0 Length dependence 1
159 CFLEXP - 2 Exponent for length dependence 1
160 CFW - 0 Width dependence 1
161 POCF - 0 Geometry independent part 2
162 PLCF - 0 Length dependence 2
163 PWCF - 0 Width dependence 2
164 PLWCF - 0 Length times width dependence 2
165 CFB v 1! 0 0 1 Back-bias dependence GF 0
166 CFBO v 1! 0 Geometry independent part 1
167 POCFB v 1! 0 Geometry independent part 2
Mobility Parameters
168 BETN m?/V/s 7 10 ? 0 Product of channel aspect ratio and0
zero- eld mobility at TR
169 uo m?/V/s 5 10 2 Zero- eld mobility at TR 1
170 FBET1 - 0 Relative mobility decrease dueto 1
rst lateral pro le
171 FBET1W - 0 Width dependence ¢fBET1 1
172 LP1 m 108 1010 Mobility-related characteristic 1
length of rst lateral pro le
173 LP1W - 0 Width dependence dfP1 1
174 FBET2 - 0 Relative mobility decrease dueto 1
second lateral pro le
175 LP2 m 108 1010 Mobility-related characteristic 1
length of second lateral pro le
continued on next page. . .
14 ¢ NXP Semiconductors and Arizona State University 2009



PSP 103.0 November 2008
...continued from previous page
No. Name Unit Default Min. Max. Description Geo.
176 BETW1 - 0 First higher-order width scaling 1
coef cient of BETN
177 BETW2 - 0 Second higher-order width scaling 1
coef cient of BETN
178  WBET m 10° 101 Characteristic width for width 1
scaling ofBETN
179 POBETN m?/V/s 7 10 ? Geometry independent part 2
180 PLBETN m2/V/s 0 Length dependence 2
181 PWBETN m2/V/s 0 Width dependence 2
182 PLWBETN m2/V/s 0 Length times width dependence 2
183 STBET - 1 Temperature dependenceRETN 0O
184 STBETO - 1 Geometry independent part 1
185 STBETL - 0 Length dependence 1
186 STBETW - 0 Width dependence 1
187 STBETLW - 0 Area dependence 1
188 POSTBET - 1 Geometry independent part 2
189 PLSTBET - 0 Length dependence 2
190 PWSTBET - 0 Width dependence 2
191 PLWSTBET - 0 Length times width dependence 2
192 MUE m/\V 0.5 Mobility reduction coef cient at 0
TR
193 MUEO m/V 0:5 Geometry independent part 1
194 MUEW - 0 Width dependence 1
195 POMUE m/\V 0:5 Geometry independent part 2
196 PLMUE m/V 0 Length dependence 2
197 PWMUE m/\V 0 Width dependence 2
198 PLWMUE m/\V 0 Length times width dependence 2
199 STMUE - 0 Temperature dependenceMUE 0
200 STMUEO - 0 Geometry independent part 1
201 POSTMUE - 0 Geometry independent part 2
202 THEMU - 1.5 Mobility reduction exponentafR 0
203 THEMUO - 1.5 Geometry independent part 1
204 POTHEMU - 1.5 Geometry independent part 2
205 STTHEMU - 1.5 Temperature dependence of 0
THEMU
206 STTHEMUO - 1.5 Geometry independent part 1
207 POSTTHEMU - 1.5 Geometry independent part 2
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No. Name Unit Default Min. Max. Description Geo.
208 CsS - 0 0 Coulomb scattering parameterat 0
TR
209 CSO - 0 Geometry independent part 1
210 CSL - 0 Length dependence 1
211 CSLEXP - 1 Exponent for length dependence 1
212 CsSwW - 0 Width dependence 1
213 CsLw - 0 Area dependence 1
214 POCS - 0 Geometry independent part 2
215 PLCS - 0 Length dependence 2
216 PWCS - 0 Width dependence 2
217 PLWCS - 0 Length times width dependence 2
218 STCS - 0 Temperature dependence@$ 0
219 STCSO - 0 Geometry independent part 1
220 POSTCS - 0 Geometry independent part 2
221 XCOR v 1! 0 0 Non-universality parameter 0
222 XCORO v 1! 0 Geometry independent part 1
223 XCORL - 0 Length dependence 1
224 XCORW - 0 Width dependence 1
225 XCORLW - 0 Area dependence 1
226 POXCOR v 1 0 Geometry independent part 2
227 PLXCOR v 1! 0 Length dependence 2
228 PWXCOR v 1 0 Width dependence 2
229 PLWXCOR v 1 0 Length times width dependence 2
230 STXCOR - 0 Temperature dependenceXX@OR 0
231 STXCORO - 0 Geometry independent part 1
232 POSTXCOR - 0 Geometry independent part 2
233 FETA - 1 0 Effective eld parameter 0
234 FETAO - 1 Geometry independent part 1
235 POFETA - 1 Geometry independent part 2
Series Resistance Parameters
236 RS 30 0 Source/drain series resistance at 0
TR
237 RSwW1 50 Source/drain series resistance for al
channel widthWgy
238 RSW2 - 0 Higher-order width scaling 1
239 PORS 30 Geometry independent part 2
240 PLRS 0 Length dependence 2
continued on next page. . .
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241 PWRS 0 Width dependence 2
242 PLWRS 0 Length times width dependence 2
243 STRS - 1 Temperature dependenceR® 0
244 STRSO - 1 Geometry dependent part 1
245 POSTRS - 1 Geometry independent part 2
246 RSB v 1! 0 0:5 Back-bias dependence BfS 0
247 RSBO v 1! 0 Geometry independent part 1
248 PORSB v 1 0 Geometry independent part 2
249 RSG v1? 0 0:5 Gate-bias dependenceR6 0
250 RSGO v 1 0 Geometry independent part 1
251 PORSG v 1 0 Geometry independent part 2
Velocity Saturation Parameters
252 THESAT v 1! 1 0 Velocity saturation parameterat 0
TR
253 THESATO v 1 0 Geometry independent part 1
254 THESATL v 1 0:05 Length dependence 1
255 THESATLEXP - 1 Exponent for length dependence 1
256 THESATW - 0 Width dependence 1
257 THESATLW - 0 Area dependence 1
258 POTHESAT v 1! 1 Geometry independent part 2
259 PLTHESAT v 1! 0 Length dependence 2
260 PWTHESAT v 1! 0 Width dependence 2
261 PLWTHESAT v 1 0 Length times width dependence 2
262 STTHESAT - 1 Temperature dependence of 0
THESAT
263 STTHESATO - 1 Geometry independent temperaturel
dependence
264 STTHESATL - 0 Length dependence 1
265 STTHESATW - 0 Width dependence 1
266 STTHESATLW - 0 Area dependence 1
267 POSTTHESAT - 1 Geometry independent part 2
268 PLSTTHESAT - 0 Length dependence 2
269 PWSTTHESAT - 0 Width dependence 2
270 PLWSTTHESAT - 0 Length times width dependence of 2
temperature dependence
271 THESATB v 1! 0 0:5 Back-bias dependence of velocity 0

saturation
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No. Name Unit Default Min. Max. Description Geo.
272 THESATBO v 1 0 Geometry independent part 1
273 POTHESATB v 1! 0 Geometry independent part 2
274 PLTHESATB v 1! 0 Length dependence 2
275 PWTHESATB v 1 0 Width dependence 2
276 PLWTHESATB Vv ! 0 Length times width dependence 2
277 THESATG v1? 0 0:5 Gate-bias dependence of velocity 0
saturation
278 THESATGO v 1! 0 Geometry independent part 1
279 POTHESATG v ! 0 Geometry independent part 2
280 PLTHESATG v 1! 0 Length dependence 2
281 PWTHESATG v1? 0 Width dependence 2
282 PLWTHESATG V ! 0 Length times width dependence 2
Saturation Voltage Parameter
283 AX - 3 2 Linear/saturation transition factor 0
284 AXO - 18 Geometry independent 1
285 AXL - 0:4 0 Length dependence 1
286 POAX - 3 Geometry independent part 2
287 PLAX - 0 Length dependence 2
288 PWAX - 0 Width dependence 2
289 PLWAX - 0 Length times width dependence 2
Channel Length Modulation (CLM) Parameters
290 ALP - 0:01 0 CLM pre-factor 0
291  ALPL - 510 4 Length dependence 1
292 ALPLEXP - 1 Exponent for length dependence 1
293 ALPW - 0 Width dependence 1
294 POALP - 0:01 Geometry independent part 2
295 PLALP - 0 Length dependence 2
296 PWALP - 0 Width dependence 2
297 PLWALP - 0 Length times width dependence 2
298 ALP1 \Y, 0 0 CLM enhancement factor above 0
threshold
299 ALP1L1 \Y, 0 Length dependence 1
300 ALP1LEXP - 0:5 Exponent for length dependence 1
301 ALP1L2 - 0 0 Second order length dependence 1
302 ALP1W - 0 Width dependence 1
303 POALP1 \% 0 Geometry independent part 2
304 PLALP1 \Y, 0 Length dependence 2
305 PWALP1 \% 0 Width dependence 2

continued on next page. . .
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306 PLWALP1 \% 0 Length times width dependence 2
307 ALP2 v 1 0 0 CLM enhancement factor below 0

threshold
308 ALP2L1 \Y, 0 Length dependence 1
309 ALP2LEXP - 0:5 Exponent for length dependence 1
310 ALP2L2 - 0 0 Second order length dependence 1
311 ALP2W - 0 Width dependence 1
312 POALP2 v 1 0 Geometry independent part 2
313 PLALP2 v 1 0 Length dependence 2
314 PWALP2 v 1! 0 Width dependence 2
315 PLWALP2 v 1 0 Length times width dependence 2
316 VP \% 005 101° CLM logarithmic dependence 0

parameter
317 VPO \% 0:05 Geometry independent part 1
318 POVP 0:05 Geometry independent part 2

Impact lonization (Il) Parameters

319 Al - 1 0 Impact-ionization pre-factor 0
320 Al10 - 1 Geometry independent part
321 AlL - 0 Length dependence 1
322 A1W - 0 Width dependence 1
323 POAl - 1 Geometry independent part 2
324 PLA1 - 0 Length dependence 2
325 PWA1 - 0 Width dependence 2
326 PLWA1 - 0 Length times width dependence 2
327 A2 \% 10 0 Impact-ionization exponent @R 0
328 A20 \Y, 10 Geometry independent part 1
329 POA2 \Y, 10 Geometry independent part 2
330 STA2 \% 0 Temperature dependenceAst 0
331 STA20 \% 0 Geometry independent part 1
332 POSTA2 \% 0 Geometry independent part 2
333 A3 - 1 0 Saturation-voltage dependence of 0

Il
334 A30 - 1 Geometry independent part 1
335 A3L - 0 Length dependence 1
336 A3W - 0 Width dependence 1
337 POA3 - 1 Geometry independent part 2
338 PLA3 - 0 Length dependence 2

continued on next page. ..
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339 PWA3 - 0 Width dependence 2
340 PLWA3 - 0 Length times width dependence 2
341 A4 V oz 0 0 Back-bias dependence of Il 0
342 A40 V oz 0 Geometry independent part 1
343 A4L - 0 Length dependence 1
344 A4W - 0 Width dependence 1
345 POA4 V oz 0 Geometry independent part 2
346  PLA4 V oz 0 Length dependence 2
347  PWA4 V oz 0 Width dependence 2
348  PLWA4 V oz 0 Length times width dependence 2
Gate Current Parameters

349 GCO - 0 10 10 Gate tunnelling energy adjustment 0
350 GCOO - 0 Geometry independent part 1
351 POGCO - 0 Geometry independent part 2
352 IGINV 0 0 Gate channel current pre-factor 0
353 IGINVLW 0 Gate channel current pre-factor for 1

a channel area Wy Len
354 POIGINV A 0 Geometry independent part 2
355 PLIGINV A 0 Length dependence 2
356 PWIGINV A 0 Width dependence 2
357 PLWIGINV A 0 Length times width dependence 2
358 IGOV A 0 0 Gate overlap current pre-factor 0
359 IGOVW A 0 Gate overlap current pre-factor for 1

a channel width oWgy
360 POIGOV A 0 Geometry independent part 2
361 PLIGOV A 0 Length dependence 2
362 PWIGOV A 0 Width dependence 2
363 PLWIGOV A 0 Length times width dependence 2
364 IGOVD A 0 0 Gate overlap current pre-factor for 0

drain side
365 IGOVDW A 0 Gate overlap current pre-factor for 1

a channel width o¥Wgy for drain

side
366 POIGOVD A 0 Geometry independent part 2
367 PLIGOVD A 0 Length dependence 2
368 PWIGOVD A 0 Width dependence 2
369 PLWIGOVD A 0 Length times width dependence 2

continued on next page. . .
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370 STIG - 2 Temperature dependence of gate 0
current
371 STIGO - 2 Geometry independent part 1
372 POSTIG - 2 Geometry independent part 2
373 GC2 - 0:375 0 10 Gate current slope factor 0
374 GC20 - 0:375 Geometry independent part 1
375 POGC2 - 375 10 ! Geometry independent part 2
376 GC3 - 0:063 2 2 Gate current curvature factor 0
377 GC30 - 0:063 Geometry independent part 1
378 POGC3 - 6:3 10 ? Geometry independent part 2
379 CHIB \% 31 1 Tunnelling barrier height 0
380 CHIBO \Y, 31 Geometry independent part 1
381 POCHIB \Y, 31 Geometry independent part 2
Gate-Induced Drain Leakage (GIDL) Parameters
382 AGIDL ANV 0 0 GIDL pre-factor 0
383 AGIDLW ANV 0 Width dependence 1
384 POAGIDL ANV 0 Geometry independent part 2
385 PLAGIDL ANV 0 Length dependence 2
386 PWAGIDL ANV3 0 Width dependence 2
387 PLWAGIDL ANV 0 Length times width dependence 2
388 AGIDLD ANV 0 0 GIDL pre-factor for drain side 0
389 AGIDLDW ANV 0 Width dependence 1
390 POAGIDLD ANV3 0 Geometry independent part 2
391 PLAGIDLD ANV3 0 Length dependenceof 2
392 PWAGIDLD ANV3 0 Width dependenceof 2
393 PLWAGIDLD ANV 0 Length times width dependence 2
394 BGIDL \Y, 41 0 GIDL probability factor afTR 0
395 BGIDLO \Y, 41 Geometry independent part 1
396 POBGIDL \Y, 41 Geometry independent part 2
397 BGIDLD \% 41 0 GIDL probability factor afTR for 0
drain side

398 BGIDLDO \% 41 Geometry independent part 1
399 POBGIDLD \Y, 41 Geometry independent part 2
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400 STBGIDL VIK 0 Temperature dependence of 0
BGIDL
401 STBGIDLO V/IK 0 Geometry independent part 1
402 POSTBGIDL V/IK 0 Geometry independent part 2
403 STBGIDLD VIK 0 Temperature dependence of 0
BGIDL for drain side
404 STBGIDLDO V/IK 0 Geometry independent part 1
405 POSTBGIDLD V/IK 0 Geometry independent part 2
406 CGIDL - 0 Back-bias dependence of GIDL 0
407 CGIDLO - 0 Geometry independent part 1
408 POCGIDL - 0 Geometry independent part 2
409 CGIDLD - 0 Back-bias dependence of GIDL for 0
drain side
410 CGIDLDO - 0 Geometry independent part 1
411 POCGIDLD - 0 Geometry independent part 2
Charge Model Parameters
412 COX F 10 14 0 Oxide capacitance for intrinsic 0
channel
413 POCOX F 10 14 Geometry independent part 2
414 PLCOX F 0 Length dependence 2
415 PWCOX F 0 Width dependence 2
416 PLWCOX F 0 Length times width dependence 2
417 CGOV F 10 15 0 Oxide capacitance for 0
gate—drain/source overlap
418 POCGOV F 10 1° Geometry independent part 2
419 PLCGOV F 0 Length dependence 2
420 PWCGOV F 0 Width dependence 2
421 PLWCGOV F 0 Length times width dependence 2
422 CGOVD F 10 15 0 Oxide capacitance for 0
gate—drain/source overlap for drain
side
423 POCGOVD F 10 15 Geometry independent part 2
424 PLCGOVD F 0 Length dependence 2
425 PWCGOVD F 0 Width dependence 2
426 PLWCGOVD F 0 Length times width dependence 2
427 CGBOV F 0 0 Oxide capacitance for gate—bulk 0
overlap
continued on next page. ..
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428 CGBOVL F 0 Oxide capacitance for gate—bulk 1
overlap for a channel length of
Len
429 POCGBOV F 0 Geometry independent part 2
430 PLCGBOV F 0 Length dependence 2
431 PWCGBOV F 0 Width dependence 2
432 PLWCGBOV F 0 Length times width dependence 2
433 CFR F 0 0 Outer fringe capacitance 0
434 CFRW F 0 Outer fringe capacitance for a 1
channel width ofWgyn
435 POCFR F 0 Geometry independent part 2
436 PLCFR F 0 Length dependence 2
437 PWCFR F 0 Width dependence 2
438 PLWCFR F 0 Length times width dependence 2
439 CFRD F 0 0 Outer fringe capacitance for drain 0
side
440 CFRDW F 0 Outer fringe capacitance for a 1
channel width ofVgy for drain
side
441 POCFRD F 0 Geometry independent part 2
442 PLCFRD F 0 Length dependence 2
443 PWCFRD F 0 Width dependence 2
444 PLWCFRD F 0 Length times width dependence 2
Noise Model Parameters
445 FNT - 1 0 Thermal noise coef cient 0
446 FNTO - 1 Geometry independent part 1
447 POFNT - 1 Geometry independent part 2
448 NFA VvV im* 8 107 0 First coef cient of icker noise 0
449 NFALW VvV I/m* 8 10?2 First coef cient of icker noise for 1
a channel area Wy Len
450 PONFA VvV I/m* 8 10?2 Geometry independent part 2
451 PLNFA VvV m? 0 Length dependence 2
452  PWNFA VvV im# 0 Width dependence 2
453 PLWNFA Vv im# 0 Length times width dependence 2
454 NFB VvV m? 3 107 0 Second coef cient of icker noise 0
455 NFBLW VvV m? 3 10 Second coef cient of icker noise 1
for a channel area 0Vgny Len
456  PONFB VvV im? 3 10 Geometry independent part 2
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457 PLNFB VvV m? 0 Length dependence 2
458  PWNFB V lm? 0 Width dependence 2
459 PLWNFB V 1m? 0 Length times width dependence 2
460 NFC v 1! 0 0 Third coef cient of icker noise 0
461 NFCLW v1? 0 Third coef cient of icker noise 1

for a channel area 0Vgny Len

462 PONFC v 1 0 Geometry independent part 2
463 PLNFC v 1 0 Length dependence 2
464  PWNFC v 1 0 Width dependence 2
465 PLWNFC v 1! 0 Length times width dependence 2
466 EF - 1 0 Flicker noise frequency exponent 0
467 EFO - 1 Geometry independent part 1
468 POEF - 1 Geometry independent part 2
469 LINTNOI m 0 Length offset for icker noise 1
470 ALPNOI - 2 Exponent for length offset 1
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2.5.3 Parameters for stress model

The stress model of BSIM4.4.0 has been adopted in PSP witttlasiodi cations as possible. Parameter
names have been copied, but they have been subjected to BR&Fhtons by replacing every zero by &@'.
Moreover, the paramete8TK2 andLODK2 are not available in PSP. Except for these changes, stremspa
eters determined for BSIM can be directly applied in PSP. &trivial conversion of parameters BSIMPSP

is still necessary, se@]

The parameters in this section are part of PSP's global peteareet (both geometrical and binning).

No. Name Unit Default Min. Max. Description Geo.
0 SAREF m 10°% 10° Reference distance between OD 1, 2
edge to Poly from one side
1 SBREF m 10°% 10° Reference distance between OD 1, 2
edge to Poly from other side
2 WLOD m 0 Width parameter 1,2
3 KUO m 0 Mobility degradation/enhancement, 2
coef cient
4  KVSAT m 0 1 1 Saturation velocity 1,2
degradation/enhancement
parameter
5 TKUO - 0 Temperature coef cient oKUO 1,2
6 LKUO mL-LODKUO 0 Length dependence 6fUO 1,2
7  WKUO mWLODKUO 0 Width dependence &€UO 1,2
8 PKUO m-LODKUO +WLODKUO g Cross-term dependenceO 1,2
9 LLODKUO - 0 0 Length parameter for mobility 1,2

stress effect

10 WLODKUO - 0 0 Width parameter for mobility stresg, 2
effect

11 KVTHO vm 0 Threshold shift parameter 1,2

12 LKVTHO ~ mttobvTH 0 Length dependence 6lVTHO 1,2

13 WKVTHO  mWLODVTH 0 Width dependence d€VTHO 1,2

14 PKVTHO  mttODVTH +WLODVTH 0 Cross-term dependence of 1,2
KVTHO

15 LLODVTH - 0 0 Length parameter for threshold 1, 2
voltage stress effect

16 WLODVTH - 0 0 Width parameter for threshold 1, 2

voltage stress effect
17 STETAO m 0 ETAO shift factor related to 1,2
threshold voltage change
ETAO shift modi cation factor 1,2

|
=
o

18 LODETAO
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2.5.4 Parameters for well proximity effect model

The WPE model of BSIM4.5.0 has been adopted in PSP with &s titbdi cations as possible. Parameter
names have been copied, but they have been subjected to R&Fhtons by replacing every zero by &@'.
Moreover, the parameté&2WE is not available in PSP. Except for some trivial conversiémparameters
BSIM! PSP P], WPE parameters from BSIM can be used directly in PSP. Th&\W&ameters have both
geometrical and binning rules included as explained ini8e@&.6.2 Consequently one of the following

parameter sets can be used depending on which scaling sdéeiged.

No. Name Unit Default Min. Max. Description Geo.
0 SCREF m 110° 0 Distance between OD-edge and 1,2
well edge of a reference device
1 WEB - 0 Coef cient for SCB 1,2
2 WEC - 0 Coef cient for SCC 1,2
3 KVTHOWEO - 0 Geometry independent threshold 1
shift parameter
4  KVTHOWEL - 0 Length dependence 1
5 KVTHOWEW - 0 Width dependence 1
6 KVTHOWELW - 0 Area dependence 1
7 POKVTHOWE - 0 Geometry independent part of 2
threshold shift parameter
8 PLKVTHOWE - 0 Length dependence 2
9 PWKVTHOWE - 0 Width dependence 2
10 PLWKVTHOWE - 0 Length times width dependence
11 KUOWEO - 0 Geometry independent mobility 1
degradation factor
12 KUOWEL - 0 Length dependence 1
13 KUOWEW - 0 Width dependence 1
14 KUOWELW - 0 Area dependence 1
15 POKUOWE - 0 Geometry independent part of 2
mobility degradation factor
16 PLKUOWE - 0 Length dependence 2
17 PWKUOWE - 0 Width dependence 2
18 PLWKUOWE - 0 Length times width dependence
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2.5.5 Parameters for source-bulk and drain-bulk junction nodel

The JUNCAP2 parameters are part of both the global and tfa p@azameter sets. The last columnAsfym.
shows for which value oSWJUNASYM the listed parameter is enabled: i.e., wH8WIUNASYM = 0,
parameters No. 3-45 are used for both source-bulk and @rdinjunctions and parameters No. 46-88 are
ignored; wherSWJUNASYM = 1, parameters No. 3-45 are used for source-bulk junction and4§-88 are
used for drain-bulk junction; parameters No. 0-2 are usdmbth situations.

No. Name Unit Default Min. Max. Description Asym.
0 TRJ C 21 Tmin Reference temperature 0,1
1  SWJUNEXP - 0 0 1 Flag for JUNCAP2 Express;$ 0,1

full JUNCAP2 model, 1$
Express model
2  IMAX A 1000 1012 Maximum current up to which 0,1
forward current behaves
exponentially

Capacitance Parameters

3 CJORBOT F/m? 10 % 10 *? Zero-bias capacitance per 0,1
unit-of-area of bottom component
for source-bulk junction

4  CJORSTI F/m 10° 1018 Zero-bias capacitance per 0,1
unit-of-length of STl-edge
component for source-bulk
junction

5 CJORGAT F/m 10° 1018 Zero-bias capacitance per 0,1
unit-of-length of gate-edge
component for source-bulk
junction

6 VBIRBOT \% 1 Voi:low Built-in voltage at the reference 0,1
temperature of bottom component
for source-bulk junction

7 VBIRSTI \/ 1 Vbi:low Built-in voltage at the reference 0,1
temperature of STl-edge
component for source-bulk
junction

8 VBIRGAT \/ 1 Voi:low Built-in voltage at the reference 0,1
temperature of gate-edge
component for source-bulk
junction

9 PBOT - 0:5 0:05 095 Grading coef cient of bottom 0,1
component for source-bulk
junction

10 PSTI - 0:5 0:05 (095 Grading coef cient of STl-edge 0,1
component for source-bulk
junction

11 PGAT - 0:5 005 095 Gradingcoefcient of gate-edge 0,1
component for source-bulk
junction

Ideal-current Parameters

continued on next page. . .
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...continued from previous page

No. Name Unit Default Min. Max. Description Asym.

12 PHIGBOT \% 1:16 Zero-temperature bandgap voltage 0, 1
of bottom component for
source-bulk junction

13 PHIGSTI Vv 1:16 Zero-temperature bandgap voltage 0, 1
of STI-edge component for
source-bulk junction

14 PHIGGAT \% 1:16 Zero-temperature bandgap voltage 0, 1
of gate-edge component for
source-bulk junction

15 IDSATRBOT A/m? 10 12 0 Saturation current density atthe 0, 1
reference temperature of bottom
component for source-bulk
junction

16 IDSATRSTI A/m 10 8 0 Saturation current density atthe 0, 1
reference temperature of STl-edge
component for source-bulk
junction

17 IDSATRGAT A/m 10 8 0 Saturation current density atthe 0, 1
reference temperature of gate-edge
component for source-bulk

junction

18 CSRHBOT A/m?3 107 0 Shockley-Read-Hall prefactor of 0, 1
bottom component for source-bulk
junction

19 CSRHSTI A/m? 10 4 0 Shockley-Read-Hall prefactor of 0, 1

STIl-edge component for
source-bulk junction

20 CSRHGAT A/m? 10 4 0 Shockley-Read-Hall prefactor of 0, 1
gate-edge component for
source-bulk junction

21  XJUNSTI m 107 10° Junction depth of STl-edge 0,1
component for source-bulk
junction

22  XJUNGAT m 107 10° Junction depth of gate-edge 0,1
component for source-bulk
junction

Trap-assisted Tunneling Parameters

23 CTATBOT A/m3 107 0 Trap-assisted tunneling prefactor of0, 1
bottom component for source-bulk
junction

24  CTATSTI A/m? 10 4 0 Trap-assisted tunneling prefactor of0, 1

STIl-edge component for
source-bulk junction
25 CTATGAT A/m? 10 4 0 Trap-assisted tunneling prefactor of0, 1
gate-edge component for
source-bulk junction

continued on next page. . .
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...continued from previous page

November 2008

No.

Name

Unit Default

Min.

Description

Asym.

26

27

28

MEFFTATBOT

MEFFTATSTI

MEFFTATGAT

- 0:25

- 0:25

— 0:25

01

01

01

Effective mass (in units ahg) for 0, 1
trap-assisted tunneling of bottom
component for source-bulk

junction

Effective mass (in units ahg) for 0,1
trap-assisted tunneling of STl-edge
component for source-bulk

junction

Effective mass (in units ahy) for 0,1
trap-assisted tunneling of gate-edge
component for source-bulk

junction

Band-to-band Tunneling Parameters

29

30

31

32

33

34

35

36

37

CBBTBOT

CBBTSTI

CBBTGAT

FBBTRBOT

FBBTRSTI

FBBTRGAT

STFBBTBOT

STFBBTSTI

STFBBTGAT

AV 8 10 12
AV 3m 10 18

AV *m 10 18

Vm 1 10°

Vm 1 10°

K1 10 3

0

Band-to-band tunneling prefactor 0, 1
of bottom component for
source-bulk junction

Band-to-band tunneling prefactor 0, 1
of STI-edge component for
source-bulk junction

Band-to-band tunneling prefactor 0, 1
of gate-edge component for
source-bulk junction

Normalization eld at the reference 0, 1
temperature for band-to-band
tunneling of bottom component for
source-bulk junction

Normalization eld at the reference 0, 1
temperature for band-to-band
tunneling of STI-edge component

for source-bulk junction

Normalization eld at the reference 0, 1
temperature for band-to-band
tunneling of gate-edge component

for source-bulk junction

Temperature scaling parameter for 0, 1
band-to-band tunneling of bottom
component for source-bulk

junction

Temperature scaling parameter for 0, 1
band-to-band tunneling of

STIl-edge component for

source-bulk junction

Temperature scaling parameter for 0, 1
band-to-band tunneling of

gate-edge component for

source-bulk junction

Avalanche and Breakdown Parameters

continued on next page. . .
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...continued from previous page

No.

Name

Unit Default Min. Max. Description Asym.

38

39

40

41

42

43

VBRBOT

VBRSTI

VBRGAT

PBRBOT

PBRSTI

PBRGAT

\% 10 01 Breakdown voltage of bottom 0,1
component for source-bulk
junction

\% 10 01 Breakdown voltage of STl-edge 0,1
component for source-bulk
junction

Y 10 (041 Breakdown voltage of gate-edge 0, 1
component for source-bulk
junction

V 4 01 Breakdown onset tuning parameter0, 1
of bottom component for
source-bulk junction

V 4 01 Breakdown onset tuning parameterO0, 1
of STI-edge component for
source-bulk junction

\Y/ 4 01 Breakdown onset tuning parameter0, 1
of gate-edge component for
source-bulk junction

JUNCAP Express Parameters

44

45

VIJUNREF

FJUNQ

\% 2.5 0.5 Typical maximum source-bulk 0,1
junction voltage; usually about
2 Veyp

V 0:03 0 Fraction below which source-bulk 0, 1
junction capacitance components
are neglected

Capacitance Parameters

46

47

48

49

50

51

52

CJORBOTD

CJORSTID

CJORGATD

VBIRBOTD

VBIRSTID

VBIRGATD

PBOTD

F/m? 103 10 ' Zero-bias capacitance per 1
unit-of-area of bottom component
for drain-bulk junction

F/m 10° 1018 Zero-bias capacitance per 1
unit-of-length of STl-edge
component for drain-bulk junction

F/m 10° 1018 Zero-bias capacitance per 1
unit-of-length of gate-edge
component for drain-bulk junction

Vv 1 Voi:low Built-in voltage at the reference 1
temperature of bottom component
for drain-bulk junction

\Y 1 Voi:low Built-in voltage at the reference 1
temperature of STl-edge
component for drain-bulk junction

\Y 1 Vo :low Built-in voltage at the reference 1
temperature of gate-edge
component for drain-bulk junction

- 0:5 0:05 (095 Grading coef cient of bottom 1
component for drain-bulk junction

30

continued on next page. . .
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...continued from previous page

No. Name Unit Default Min. Max. Description Asym.

53 PSTID - 0:5 005 095 Grading coef cient of STl-edge 1
component for drain-bulk junction

54 PGATD - 0:5 0.05 095 Grading coef cient of gate-edge 1

component for drain-bulk junction

Ideal-current Parameters

55 PHIGBOTD V 1:16 Zero-temperature bandgap voltage 1
of bottom component for
drain-bulk junction

56 PHIGSTID Y 1:16 Zero-temperature bandgap voltage 1
of STI-edge component for
drain-bulk junction

57 PHIGGATD \% 1:16 Zero-temperature bandgap voltage 1
of gate-edge component for
drain-bulk junction

58 IDSATRBOTD  A/m? 10 *? 0 Saturation current density atthe 1
reference temperature of bottom
component for drain-bulk junction

59 IDSATRSTID A/m 10 18 0 Saturation current density atthe 1
reference temperature of STl-edge
component for drain-bulk junction

60 IDSATRGATD A/m 10 8 0 Saturation current density atthe 1
reference temperature of gate-edge
component for drain-bulk junction

61 CSRHBOTD A/m3 107 0 Shockley-Read-Hall prefactor of 1
bottom component for drain-bulk
junction

62 CSRHSTID A/m? 10 4 0 Shockley-Read-Hall prefactor of 1
STIl-edge component for drain-bulk
junction

63 CSRHGATD A/m? 10 4 0 Shockley-Read-Hall prefactor of 1
gate-edge component for
drain-bulk junction

64 XJUNSTID m 107 10° Junction depth of STl-edge 1
component for drain-bulk junction
65 XJUNGATD m 107 10° Junction depth of gate-edge 1

component for drain-bulk junction

Trap-assisted Tunneling Parameters

66 CTATBOTD A/m?3 107 0 Trap-assisted tunneling prefactor of 1
bottom component for drain-bulk
junction

67 CTATSTID A/m? 10 4 0 Trap-assisted tunneling prefactor of 1
STIl-edge component for drain-bulk
junction

68 CTATGATD A/m? 10 4 0 Trap-assisted tunneling prefactor of 1
gate-edge component for
drain-bulk junction

continued on next page. . .
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...continued from previous page

No. Name Unit Default Min. Max. Description Asym.

69 MEFFTATBOTD - 0:25 01 Effective mass (in units ahg) for 1
trap-assisted tunneling of bottom
component for drain-bulk junction

70 MEFFTATSTID - 0:25 :01 Effective mass (in units ahg) for 1
trap-assisted tunneling of STl-edge
component for drain-bulk junction

71 MEFFTATGATD - 0:25 01 Effective mass (in units ahg) for 1
trap-assisted tunneling of gate-edge
component for drain-bulk junction

Band-to-band Tunneling Parameters

72 CBBTBOTD AV 3 10 12 0 Band-to-band tunneling prefactor 1
of bottom component for
drain-bulk junction

73 CBBTSTID AV °m 10 18 0 Band-to-band tunneling prefactor 1
of STI-edge component for
drain-bulk junction

74 CBBTGATD AV 3m 10 18 0 Band-to-band tunneling prefactor 1
of gate-edge component for
drain-bulk junction

75 FBBTRBOTD vm ! 10° Normalization eld at the reference 1
temperature for band-to-band
tunneling of bottom component for
drain-bulk junction

76 FBBTRSTID vm ! 10° Normalization eld at the reference 1
temperature for band-to-band
tunneling of STI-edge component
for drain-bulk junction

77 FBBTRGATD vm 1! 10° Normalization eld at the reference 1
temperature for band-to-band
tunneling of gate-edge component
for drain-bulk junction

78 STFBBTBOTD K ! 10 3 Temperature scaling parameter for 1
band-to-band tunneling of bottom
component for drain-bulk junction

79 STFBBTSTID K1t 10 3 Temperature scaling parameter for 1
band-to-band tunneling of
STIl-edge component for drain-bulk
junction

80 STFBBTGATD K ! 10 3 Temperature scaling parameter for 1
band-to-band tunneling of
gate-edge component for
drain-bulk junction

Avalanche and Breakdown Parameters

81 VBRBOTD \% 10 01 Breakdown voltage of bottom 1
component for drain-bulk junction
82 VBRSTID \% 10 01 Breakdown voltage of STl-edge 1

component for drain-bulk junction

continued on next page. . .
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No. Name Unit Default Min. Max. Description Asym.
83 VBRGATD \% 10 01 Breakdown voltage of gate-edge
component for drain-bulk junction
84 PBRBOTD Vv 4 01 Breakdown onset tuning parameter 1

of bottom component for
drain-bulk junction

85 PBRSTID V 4 01 Breakdown onset tuning parameter 1
of STI-edge component for
drain-bulk junction

86 PBRGATD V 4 01 Breakdown onset tuning parameter 1
of gate-edge component for
drain-bulk junction

JUNCAP Express Parameters

junction voltage; usually about

87 VJUNREFD Vv 2.5 0.5 Typical maximum drain-bulk
2 Vsup
88 FJUNQD \% 0:03 0 Fraction below which drain-bulk

junction capacitance components

are neglected

¢ NXP Semiconductors and Arizona State University 2009

33



November 2008

PSP 103.0

2.5.6 Parameters for parasitic resistances

The parameters for parasitic resistances are listed iratile below. The last column @eo. shows for which

value of SWGEO the listed parameter is used.

No. Name Unit Default Min. Max. Description Geo.
0 RG 0 0 Gate resistancBgate 0
1 RGO 0 Gate resistancBgate 1,2
2 RINT 0 0 Contact resistance between silicide 1, 2
and ploy
3 RVPOLY 0 0 Vertical poly resistance 1,2
4 RSHG = 0 0 Gate electrode diffusion sheet 1,2
resistance
5 DLSIL m 0 Silicide extension over the physical 1, 2
gate length
6 RSE 0 0 External source resistance 0
7 RDE 0 0 External drain resistance 0
8 RSH = 0 Sheet resistance of source/drain 1,2
diffusion
9 RBULK 0 0 Bulk resistancdRpyx 0
10 RBULKO 0 Bulk resistancéRpyx 1,2
11 RWELL 0 0 Well resistanceR e 0
12 RWELLO 0 Well resistanceR e 1,2
13 RJUNS 0 0 Source-side bulk resistan&gns 0
14 RJUNSO 0 Source-side bulk resistan&gns 1,2
15 RJUND 0 0 Drain-side bulk resistand®jung 0
16 RJUNDO 0 Drain-side bulk resistand®jung 1,2
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2.5.7 Parameters for NQS

No. Name Unit Default Min. Max. Description Geo.
0 SWNQS - 0 0 9 Switch for NQS effects / number of 0, 1, 2
collocation points
1 MUNQS - 1 0 Relative mobility for NQS 0
modeling
2 MUNQSO - 1 Relative mobility for NQS 1,2
modeling
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Section 3

Geometry dependence and Other effects

3.1 Introduction

The physical geometry scaling rules of PSP (SecB@hhave been developed to give a good description over
the whole geometry range of CMOS technologies. As an altiemahe binning-rules can be used (Secog)

to allow for a more phenomenological geometry dependendgtq that the user has to choose between the
two options; the geometrical scaling rules and the binngadisg rules cannot be used at the same time.) In
both cases, the result is a local parameter set (for a ttansisthe speci edL andW), which is fed into the
local model.

Stress and well proximity effects are included in PSP. Ustheftress model (Secticb) and/or well prox-
imity effect model (Sectior8.6) leads to modi cation of some of the local parameters caltad from the
geometrical or binning scaling rules.

3.2 Geometrical scaling rules

The physical scaling rules to calculate the local pararsétem a global parameter set are given in this section.

Note:
After calculation of the local parameters (and possibldiaafion of the stress equations in Sect®&Bb),
clipping is applied according to Secti@®5.2
The geometrical scaling equations ardy calculated wheiSWGEO = 1.

Effective length and width

W
Wi = o (3.1)
Ley =10 © (3.2)
Wgy =10 © (3.3)
Lps = LVARO 1+ LVARL L% 1+ LVARW v://st (3.4)

Wen
t

L
Wop = WVARO 1+ WVARL % 1+ WVARW (3.5)
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Figure 3.1: Speci cation of the dimensions of a MOS trarwist

Le=L L=L+ Lps 2 LAP (3.6)
We=W; W=W+ W 2 WOT (3.7)
Leov =L+ Lps 2 LAP + DLQ (3.8)
Wecey = Wi+ Wop 2 WOT + DWQ (3.9)
Loy =L+ Lps+ DLQ (3.10)
We.cv = Wi+ Wop + DWQ (3.11)

Note: If the calculated_g, W, Le.cv, We:cv, Le:cv, OFr Wg.cv is smaller than 1 nm (1 m), the value
is clipped to this lower bound of 1 nm.

Process Parameters

L w Wen L
VFB = VFBO + VFBL - + VFBW N+ veBLW N BN (3112)

L w Wen L
STVFB = STVFBO + STVFBL - + STVFBW —— + STVFBLW ——+ —E%  (3.13)

TOX = TOXO (3.14)
EPSROX = EPSROXO (3.15)
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Wen

. = + + . 3 )
Nsubo:e NSUBO MAX 1+ NSUBW We In 1 WSEG ;10 (3.16)
WEen WEe 3
- + + .
Npck;e NPCK MAX 1+ NPCKW We In 1 WSEGP ;10 (38.17)
WEen WEe 3
Lpcke = LPCK MAX 1+ LPCKW n 1+ —— -1 1
pck ;e C C We n WSEGP ' 0 (3.18)
a=7:5 10% (3.19)
p : p
b= Nsubo;e +0:5 Npck:e Nsubo:e (3.20)
8
Le
NsubOe + Npck e 2 L for I—E <L pck;e
pck;e
chk;e f
NsubOe + Npcke LE Orl—pck;e I—E 2 chk;e
Nsup = (3-21)
NsubOe +
#,
chk'e b
aln 1+2 —/— exp a 1 forLe > 2 Lpek:e
E
!
Len Len 2
NEFF = Ngyp 1 FOL1 — FOL2 —— (3.22)
Le Le
FACNEFFAC = FACNEFFACO + FACNEFFACL I‘Lﬂ
E
W, L W,
+ FACNEFFACW —-N + FACNEFFACLW —=N "EN - (323)
WE I—E WE
L GFACNUDLEXP
GFACNUD = GFACNUDO + GFACNUDL %
E
W, L W,
+ GFACNUDW —N + GFACNUDLW —=N EN (3 29)
WE I—E WE
VSBNUD = VSBNUDO (3.25)
DVSBNUD = DVSBNUDO (3.26)
VNSUB = VNSUBO (8.27)
NSLP = NSLPO (3.28)
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DNSUB = DNSUBO (3.29)

DPHIBLEXP
Len

DPHIB = DPHIBO + DPHIBL .
E

W, Wen L
+ DPHIBW —N + pPHIBLW ——Y —EN (330)
WEe e Le

L DELVTACLEXP

DELVTAC = DELVTACO + DELVTACL %
E

W Wen L
+ DELVTACW —-N + DELVTACLW —— —EN  (3.31)
WE E Le

NP= NPO MAX 10 ® 1+ NPL Ll_ﬂ (3.32)
E
CTLEXP!
CT= CTO+CTL SEv 1+cTw Wen
LE VVE
Wen Len
1+CTLW  ————— .
C T (3.33)
TOXOV = TOXOVO (3.34)
TOXOVD = TOXOVDO (3.35)
NOV = NOVO (3.36)
NOVD = NOVDO (3.37)

DIBL Parameters

CFLEXP
Len

CF=CFL — 1+ CFW
LE VVE

(3.38)

CFB = CFBO (3.39)
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Mobility Parameters
W,
F e = FBETL 1+FBETIW —V
E
_ Wen .43
Lpie = LP1 MAX 1+ LP1W -10
WEe
Lpy- L
Gpe=1+F 1o —=& 1 exp £
Le Lpie
LP2 Le
+ FBET2 —— 1 ex —
Le P Ip2
Wen Wen We
=1+ + +
Gw. =1+ BETW1 . BETW2 We In 1+ s
Uo We
BETN = E Gw.
Gee Le 'F
L W,
STBET = STBETO + STBETL % + STBETW —N 4+ STBETLW
E E E
MUE = MUEO 1+ MUEW VEN
E
STMUE = STMUEO
THEMU = THEMUO
STTHEMU = STTHEMUO
[
L CSLEXP W
cS= cso+csL -V 1+ CSW —EN
E We
Wen
1+ CSLW
WEe
STCS= STCSO
XCOR = XCORO 1+ XCORL &M 1+ XCORW Vew
E E
1+ XCORLW
E

STXCOR = STXCORO

FETA = FETAO
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Len

Len

Wen

Len

(3.40)

(3.41)

(3.42)

(3.43)

(3.44)

(3.45)

(3.46)

(3.47)
(3.48)
(3.49)

(3.50)

(3.51)

(3.52)

(3.53)

(3.54)
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Series Resistance Parameters

RS= RSW1 WEN 1. Rswz Wew (3.55)
E E
STRS= STRSO (3.56)
RSB= RSBO (3.57)
RSG= RSGO (3.58)
Velocity Saturation Parameters
[
G . LEN THESATLEXP
THESAT = THESATO + THESATL —W:E L—
P;E E
W Wey L
1+ THESATW —N 1+ THESATLW —N —EN (3 59)
We We Le
Len

STTHESAT = STTHESATO + STTHESATL .
E

+ STTHESATW WEN | orrpEsaTiw WEN Len 5 60

We We Le
THESATB = THESATBO (3.61)
THESATG = THESATGO (3.62)
Saturation Voltage Parameter
AX = LOL (3.63)
1+AXL —N
Le
Channel Length Modulation (CLM) Parameters
L ALPLEXP W
ALP = ALPL % 1+ ALPW —2N (3.64)
E E
L ALP1LEXP
ALP1L1 —EN
ALP1 = Le 1+ ALPIW VeN 3.65
- L ALPILEXP +1 E ( : )
1+ ALP1L2 —EN
Le
L ALP2LEXP
ALP2L1 —EN
ALP2 = Le 1+ ALP2w NEN 3.66
- L ALP2LEXP +1 £ ( : )
1+ ALP2L2 -—EN
Le
VP = VPO (3.67)
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Impact lonization (II) Parameters
Al= AIO 1+AlL CEN 1+ AlW Nen
LE WE
A2 = A20
STA2 = STA20
A3= A30 1+A3L "EN 14w e
LE WE
Ad= AJO 1+ A4l DEN 1+ Agw Ven
Le WEe
Gate Current Parameters
GCO = GCOO
We Lg
IGINV = IGINVLW @ ——
Wen  Len
We LOV
IGOV = IGOVWW @———
Wen Len
IGOVD = IGOVDW w
Wen  Len
STIG = STIGO
GC2= GC20
GC3= GC30
CHIB = CHIBO

Gate-Induced Drain Leakage (GIDL) Parameters

AGIDL = AciDLw  VE OV
Wen Len
AGIDLD = AGIDLDW Ve LOVD
Wen Len

BGIDL = BGIDLO
BGIDLD = BGIDLDO
STBGIDL = STBGIDLO
STBGIDLD = STBGIDLDO
CGIDL = CGIDLO

CGIDLD = CGIDLDO
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(3.68)

(3.69)

(3.70)

(3.71)

(3.72)

(3.73)

(3.74)

(3.75)

(3.76)

(3.77)
(3.78)
(3.79)

(3.80)

(3.81)

(3.82)

(3.83)
(3.84)
(3.85)
(3.86)
(3.87)

(3.88)
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Charge Model Parameters

o = o EPSROX (3.89)
_ WEe.cv LEcv
COX = o — oo (3.90)
~ We.cy LOV
_ We.cy LOVD
CGOVD = o —=icen (3.92)
Le-
CGBOV = CGBOVL —=2Y (3.93)
Len
CFR= CFRW Voicv. (3.94)
WEen
_ We:cv
CFRD = CFRDW —2<V (3.95)
WEen

Noise Model Parameters

2 LINTNOI _

Lnoi = MAX 1 . :10 3 (3.96)
1
Lred = ALPNOT (3.97)
noi
Wey L
NFA = Lo NFALW % (3.98)
Wey L
NFB = Lreg NFBLW % (3.99)
Weny L
NFC = Lieg NFCLW % (3.100)
EF = EFO (3.101)

WPE parameters

L w
K vthowe = KVTHOWEO + KVTHOWEL % + KVTHOWEW 2N
E E
Len W
+ KVTHOWELW —= BN (3 102)
Le We
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Kuowe = KUOWEO + KUOWEL —LLEN + KUOWEW ven
E E
Len W
+ KUOWELW —EY_""EN (3 103)
Le We
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3.3 Binning equations

The binning equations are provided as a (phenomenologittahhative to the physical scaling equations for
computing local parameters. The physical geometricairsgaliles have been developed to give a good de-
scription over the whole geometry range of CMOS technokgi®r processes under development, however,
it is sometimes useful to have more exible scaling relatiom that case on could opt for a binning strategy,
where the accuracy with geometry is mostly determined bytimeber of bins used. The physical scaling rules
of Section3.2are generally not suitable for binning strategies, sineg thay result in discontinuities in local
parameter values at the bin boundaries. Consequentlyasp@ming geometrical scaling relations have been
developed, which guarantee continuity of the resultinglocodel parameters at the bin boundaries.

Note: The binning equations amnly calculated whelsWGEO = 2.

Only four different types of binning scaling rules are usetich are based on rst order developments of the
geometrical scaling rules in termslog, 1=Lg, Wg, and1=Wg (examples below are for a ctitious parameter
YYY):

1. Typel
L W, Len W
YYY = POYYY + PLYYY —EN 4 pwyyy ZEN 4 ppwyyy —ENTEN O (3904)
LE WE LE WE
2. Typell
L W, Le W
YYY = POYYY + PLYYY —E + PWYYY —5 + PLWYYY —5 —E (3.105)
Len WenN Len Wen
3. Type lll
YYY = POYYY + PLYYY SEN ¢ pwyyy WE L prwyyy e Len (3.106)
Le EN Wen Le
4. Type IV (no binning)
YYY = POYYY (3.107)

In Table 3.1 a survey of the binning type used for each local parameteiveng In some cases where the
geometrical scaling rule is constant, the binning rule issem to be more exible.

When using the binning rules above, the binning parametersrie bin can be directly calculated from the
local parameter sets of the four corner devices of the bmm$&e.7.6). This results in aeparate parameter set
for each bin The binning scheme ensures that the local parameters actyeseproduced at the bin corners
and that no humps occur in the local parameter values aciod®bndaries.

Note: After calculation of the local parameters from the binninotes (and possible applications of the stress
equations in SectioB.5 and well proximity equations in Sectidh6), clipping is applied according to Sec-
tion2.5.2

46 ¢ NXP Semiconductors and Arizona State University 2009



PSP 103.0 November 2008

Table 3.1: Overview of local parameters and binning typee fftird column indicates
whether there is a physical geometrical scaling rule fotdhel parameters.

#  parameter physical scaling binnidg# parameter physical scaling binning
0O VFB yes typel | 40 THESATG no type |
1 STVFB yes typel | 41 AX yes type |
2 TOX no no 42 ALP yes type |
3 EPSROX no no 43 ALP1 yes type |
4 NEFF yes typel | 44 ALP2 yes type |
5 FACNEFFAC yes typel | 45 VP no no

6 GFACNUD yes typel | 46 Al yes type |
7 VSBNUD no no 47 A2 no no

8 DVSBNUD no no 48 STA2 no no

9 VNSUB no no 49 A3 yes type |
10 NSLP no no 50 A4 yes type |
11 DNSUB no no 51 GCO no no
12 DPHIB yes typel | 52 IGINV yes type Il
13 DELVTAC yes typel | 53 IGOV yes type I
14 NP yes typel | 54 IGOVD yes type lll
15 CT yes typel | 55 STIG no no
16 TOXOV no no 56 GC2 no no
17 TOXOVD no no 57 GC3 no no
18 NOV no typel | 58 CHIB no no
19 NOVD no Typel | 59 AGIDL yes type lll
20 CF yes typel | 60 AGIDLD yes type I
21 CFB no no 61 BGIDL no no
22 BETN yes typelll | 62 BGIDLD no no
23 STBET yes typel | 63 STBGIDL no no
24 MUE yes typel | 64 STBGIDLD no no
25 STMUE no no 65 CGIDL no no
26 THEMU no no 66 CGIDLD no no
27 STTHEMU no no 67 COX yes type Il
28 CS yes typel | 68 CGOV yes type lll
29 STCS no no 69 CGOVD yes type lll
30 XCOR yes typel | 70 CGBOV yes type Il
31 STXCOR no no 71 CFR yes type lll
32 FETA no no 72 CFRD yes type lll
33 RS yes typel | 73 FENT no no
34 STRS no no 74 NFA yes type |
35 RSB no no 75 NFB yes type |
36 RSG no no 76 NFC yes type |
37 THESAT yes typel | 77 EF no no
38 STTHESAT yes typel | 78 DTA no no
39 THESATB no type |
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Effective length and width

Leny =10 © (3.108)
Wegy =10 © (3.109)
Lps = LVARO 1+ LVARL L% (3.110)
Wop = WVARO 1+ WVARW WEfN (3.111)
Le=sL L=L+ Lps 2 LAP (3.112)
We=W; W=W+ Wgop 2 WOT (3.113)
Lecy =L+ Lps 2 LAP+ DLQ (3.114)
Weey = Wi+ Wop 2 WOT + DWQ (3.115)
Leiov = L+ Lps+ DLQ (3.116)
We.cv = Wi+ Wgop + DWQ (3.117)

Note: If the calculated_g, We, Le.cv, We:cv, Le:cv, Ofr Wg.cv is smaller than 1 nm (1 m), the value
is clipped to this lower bound of 1 nm.

Process Parameters

VFB = POVFB+ PLVFB =BV 4 pwyrs WeN , pryyrg bev Wen
Le WEe Le Wg

(3.118)

L
STVFB = POSTVFB+ PLSTVFB %

E

W Len W
+ PWSTVFB —" + PLWSTVFB —=L _EN  (3.119)

We Le We
TOX = POTOX (3.120)
EPSROX= POEPSROX (3.121)
L W, Len W
NEFF = PONEFF+ PLNEFF —=¥ + PWNEFF —-" + PLWNEFF —= _EN (3.122)
Le We Le We
Len

FACNEFFAC = POFACNEFFAC + PLFACNEFFAC o
E

W, Len W
+ PWFACNEFFAC —SY + PLWFACNEFFAC — BN (3123)
WE Le We
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GFACNUD = POGFACNUD + PLGFACNUD Ll_ﬂ

E

+ PWGFACNUD WEN | piweracNup BV Wen (3.124)
WE I—E WE
VSBNUD = POVSBNUD (3.125)
DVSBNUD = PODVSBNUD (3.126)
VNSUB = POVNSUB (3.127)
NSLP = PONSLP (3.128)
DNSUB= PODNSUB (3.129)
_ Len
DPHIB = PODPHIB + PLDPHIB  —=-
E
Wen Len Wen
+ + - .
PWDPHIB % + PLWDPHIB == (3.130)
L
DELVTAC = PODELVTAC + PLDELVTAC %
E
+ PWDELVTAC WEN , piwpELvTAC BV Wen (3.131)
WEe Le We
LEN WEN LEN WEN
NP = PONP+ PLNP —EN + PWNP + PLWNP —EN EN 132
© Le We Le We (3.132)
CT = POCT+ PLCT &% 4 pwet Wen | ppwer ben Wen (3.133)
LE WE LE WE
TOXOV = POTOXOV (3.134)
TOXOVD = POTOXOVD (3.135)
L W, Ley W
NOV = PONOV + PLNOV —N + pwNOV —EN + prwNov  —EV EN (3.136)
L W, Ley W
NOVD = PONOVD + PLNOVD —=X + PWNOVD ——~ + PLWNOVD —N —EN (3.137)
DIBL Parameters
LEN WEN LEN WEN
CF = POCF+ PLCF - + pwCF + PLWCF —EN EN 3.138
LE WE I—E WE ( )
CFB = POCFB (3.139)
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Mobility Parameters

BETN = % POBETN + PLBETN Lﬂ
LE I—E
!
Wen Len Wen
+ + -—= = )
PWBETN We PLWBETN L. We (3.140)
(See Sectiof7.6.1for an explanation of this binning rule.)
STBET = POSTBET + PLSTBET Ll_ﬂ
E
Wen Len Wen
+ + _—= = )
PWSTBET We PLWSTBET Le We (3.141)
MUE = POMUE + PLMUE "% + pwmuE WEN | prywmyue  2ev Wen (3.142)
STMUE = POSTMUE (3.143)
THEMU = POTHEMU (3.144)
STTHEMU = POSTTHEMU (3.145)
CS= POCS+ PLCS SEY + pwes WEN | pryes bEn Wew (3.146)
LE WE LE WE
STCS= POSTCS (3.147)
_ Len Wen Len Wen
XCOR = POXCOR + PLXCOR —— + PWXCOR + PLWXCOR —— (3.148)
Le WEe Le We
STXCOR = POSTXCOR (3.149)
FETA = POFETA (3.150)
Series Resistance Parameters
RS= PORS+ PLRS EM 1 pwrs WeN , piywrg en Wew (3.151)
Le We Le We
STRS= POSTRS (3.152)
RSB= PORSB (3.153)
RSG= PORSG (3.154)
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Velocity Saturation Parameters

THESAT = POTHESAT + PLTHESAT Ll_ﬂ

E

w Len W
+ PWTHESAT —N + PLWTHESAT —L _EN (3 155)
WE I—E WE
STTHESAT = POSTTHESAT + PLSTTHESAT LLﬂ
E
w Len W
+ PWSTTHESAT —oN + PLWSTTHESAT —v —EN (3 156)
WE I—E WE
THESATB = POTHESATB + PLTHESATB Ll_ﬂ
E
W Len W
+ PWTHESATB — - + PLWTHESATB —=8 —EN  (3157)
WEe Le WE
L
THESATG = POTHESATG + PLTHESATG %
E
W Len W
+ PWTHESATG ——Y + PLWTHESATG —~ —EN  (3.158)
WE I—E WE
Saturation Voltage Parameters
L W Len W
AX = POAX + PLAX —N + pwAX —N 4 ppwAx —=4 EN (3.159)
Le WEe Le We
Channel Length Modulation (CLM) Parameters
L W Len W
ALP = POALP + PLALP - 4+ pwaLPp —EN 4 ppwaLp —EL EN (3.160)
Le WEe Le W
ALP1 = POALP1+ PLALP1 "B + pwaLp1 WEN | piywarpy CEM Wew (3.161)
L w Len W
ALP2 = POALP2 + PLALP2 —N + pwaLP2 —EN 4+ ppwaLp2 —EN TEN (3.162)
VP = POVP (3.163)
Impact lonization (II) Parameters
Len WEen Len Wen
Al= POALl+ PLA1 —N + pwAl + pLwAl —EN TCEN 164
© Le We Le We (3.164)
A2 = POA2 (3.165)
STA2 = POSTA2 (3.166)
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L w Len W,
A3 = POA3+ PLA3 - + pwa3 —N 4+ ppwa3z —EN EN (3.167)
Le E Le We
Len Wen Len Wen
A4 = POA4+ PLA4 —EN + pwa4 + PLWA4 —EN EN 3.168
LE WE I-E WE ( )
Gate Current Parameters
GCO = POGCO (3.169)
IGINV = POIGINV + PLIGINV ——E-
Len
W, Le W,
+ PWIGINV —F5 + PLWIGINV —E —E (3.170)
EN Len Wen
L W, We L
IGOV = POIGOV + PLIGOV —N + PWIGOV —-= + PLWIGOV - —EN (3.171)
Le Wen Wen LEe
IGOVD = POIGOVD + PLIGOVD "Lﬂ
E
w We L
+ PWIGOVD —— + PLWIGOVD - —E (3.172)
EN Wen LEe
STIG = POSTIG (3.173)
GC2= POGC2 (3.174)
GC3= POGC3 (3.175)
CHIB = POCHIB (3.176)
Gate-Induced Drain Leakage (GIDL) Parameters
_ Len
AGIDL = POAGIDL + PLAGIDL —=~
E
We We Len
+ PWAGIDL + PLWAGIDL ———=0  (3.177
WEN WEN I—E ( )
AGIDLD = POAGIDLD + PLAGIDLD "Lﬂ
E
w We L
+ PWAGIDLD —F + PLWAGIDLD —= —EN (3.178)
Wen Wen LEe
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BGIDL = POBGIDL (3.179)
BGIDLD = POBGIDLD (3.180)
STBGIDL = POSTBGIDL (3.181)
STBGIDLD = POSTBGIDLD (3.182)
CGIDL = POCGIDL (3.183)
CGIDLD = POCGIDLD (3.184)

Charge Model Parameters

Le: WEe. Le. We.
COX = POCOX + PLCOX —EY 4+ pwcox —=Y 4 ppwcox —E€v TTEiCV (3 1g5)
Len Wen Len Wen
_ Len
CGOV = POCGOV + PLCGOV
Le.cv
We. We.ev L
+ PWCGOV —Y + prwcGov —=Y —EN  (3.186)
Wen Wen LEecv
CGOVD = POCGOVD + PLCGOVD —=EV
Le.cv
We. We.ev L
+ PWCGOVD —=<Y 4+ piwcGovD —=Y —EN  (3187)
Wen Wen LEecv
CGBOV = POCGBOV + PLCGBOV LLG;CV
EN
+ PWCGBOV etV | prwegpoy beicv Weiew (3.188)
Wen Len Wen
L We; Wg.cy L
CFR = POCFR+ PLCFR —=_ + PWCFR —2 4 pLWCFR —2¢V —EN (3.189)
Gicv Wen Wen Lg:cv
L W, Wg.cv L
CFRD = POCFRD+ PLCFRD —= + PWCFRD —2<Y + pL\WCFRD —=<Y —EN (3 190)
Le;cv Wen en Le:cv