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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&itMKit 2.1. A Verilog-A
implementation of the PSP-model is made available as wdle 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 implementatierbben 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 modétased 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&itvKit 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 masiversion, a Verilog-A implementation of the
PSP-model is made available as well and the PSP-NQS modié¢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 includgseiminary 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 i9Backward compatible
with PSP 102.1. The main changes are:

Added JUNCAP2 Express as an optional alternative to theJidiNCAP2 model. Added related model
parameterSWJUNEXP, VJUNREF, andFJUNQ.

Added well proximity effect (WPE) model according to CMCisexi cation.

Added parameteSPSROX (local), EPSROXO (global), POEPSROX (binning) representing relative
dielectric constant of gate oxide.

Added instance parametdd&LVTO andFACTUO to local, global and binning models.
Added instance parametdF (number of ngers) to global and binning models.
Extended stress model to supplft.

Added substrate resistance network and external gatéaests

Added geometry scaling for gate resistance in global andilbbinmodels. This involved addition of
model paramete®SHG, RINT, DLSIL andRVPOLY and instance parametdd&CON andXGW.
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Added “dummy” parametedsMIN , LMAX , WMIN , WMAX to binning model, which can be used as
labels for the binning parameter sets.

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-ntodel 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 calrecte

\Y
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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 Secdb.7 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


pspmodel.asu.edu
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Figure 1.1: Simpli ed schematic overview of PSP's hieraoeth structure.

in PSP is given in Sectio.5.3 Roughly speaking, this set contains all local parametera fong/wide device
plus a number of sensitivity coef cients. From the globatgraeter set, one can obtain a local parameter set
for a speci c device by applying a set of scaling rules (seeti®a 3.6.2. The geometric properties of that
speci ¢ device (such as its length and width) enter thesérsgaules asnstance parameters

From PSP 101.0 onwards it is possible to use a set of binnileg (gee SectioB.6.2 as an alternative to
the geometrical (physics based) scaling rules. Thesermmuiles come with their own set of parameters (see
Section2.5.4. Similar to the geometrical scaling rules, the binningeswield 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 cation o&msistor properties due to stress. In PSP, this is
implemented by an additional set of transformation ruldsctvare optionally applied to the intermediate local
parameter set generated at the global level. The paranastsosiated with the stress model are consequently
part of the global parameter set (both geometrical and bgjni

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 Veriogersion 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)
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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) and stress equations, the resulting local
parameters are subjected to the clipping values as giveedtid®2.5.7.

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

V§ \% Potential applied to drain node
V§ \% Potential applied to gate node
\AS \% Potential applied to source node
Vg \Y, Potential applied to bulk node
1§ A DC current into drain node

& A DC current into gate node

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

Symbol ‘ Unit ‘ Description
1& A DC current into source node
1§ A DC current into bulk node
Se A?s | Spectral density of icker noise current in the channe
o A2s | Spectral density of thermal noise current in the channel
Sh:s A?s | Spectral density of induced gate noise at source side
Si‘;;D A?s | Spectral density of induced gate noise at drain side
Sf‘és A?s | Spectral density of gate current shot noise at source [side
5d A?s | Spectral density of gate current shot noise at drain side
Sj“;S A?s | Spectral density of source junction shot noise
S'p A?s | Spectral density of drain junction shot noise
Siid A?s | Cross spectral density betwe8f) and Sigs °r Sip )

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
Hz

Ambient circuit temperature
Operation frequency

f op

2.4 Model constants

In the following table the symbolic representation, theuesdnd 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 tempe
ture scale

2 | kg JIK 1:3806505 10 28 | 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 0 F/m 8:85418782 10 2 | Permittivity of free space

7 .Si - 11:8 Relative permittivity of silicon

8 | QMy VmsC § | 5951993 Constant of quantum-mechanical behavior
electrons

9 |QMp | VmiC 7 | 7:448711 Constant of quantum-mechanical behavior
holes

2.5 Model parameters

a_

of

of

In this section all parameters of the PSP-model are destriliee parameters for the intrinsic MOS model, the
stress model and the junction model are given in separalestabhe complete parameter list for each of the
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Figure 2.1: De nition of external electrical quantities.

model entry levels is composed of several parts, as indigatthe table below.

‘ Entry level ‘ Sections ‘

Global (geometrical scalingb 2.5.1(instance parameters)
2.5.3(intrinsic MOS)
2.5.5(stress)

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

2.5.6(well proximity effect)
2.5.8(junctions)
2.5.9(parasitic resistances)
Local 2.5.2(instance parameters)
2.5.7(intrinsic MOS)
2.5.8(junctions)
2.5.9(parasitic resistances)

2.5.1 Instance parameters for global and binning model

‘ No. ‘ Name ‘ Unit ‘ Default ‘ Min. ‘ Max. ‘ Description
0 |L m 106 |10° Drawn channel length
1 |wW m 108 |10° Drawn channel width
2 | ABSOURCE | m?> | 10 *? 0 Source junction area

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

‘ No. ‘ Name ‘ Unit ‘ Default ‘ Min. ‘ Max. ‘ Description ‘
3 | LSSOURCE m 10 © 0 STl-edge part of source junction perimeﬂer
4 | LGSOURCE m 10 0 Gate-edge part of source junction perime-
ter

5 | ABDRAIN m? | 10 *? 0 Drain junction area

6 | LSDRAIN m 10 0 STl-edge part of drain junction perimete

7 | LGDRAIN m 10 0 Gate-edge part of drain junction perimeter

8 | AS m? | 10 *? 0 Source junction area (alternative spec.)

9 | PS m 10 6 0 Source STl-edge perimeter (alternative
spec.)

10 | AD m? | 10 *? 0 Drain junction area (alternative spec.)

11 | PD m 10 © 0 Drain STl-edge perimeter (alternatiye
spec.)

12 | DELVTO \% 0 Threshold voltage shift parameter

13 | FACTUO - 1 0 Zero- eld mobility pre-factor

14 | SA m 0 Distance between OD-edge and poly |at
source side

15 | SB m 0 Distance between OD-edge and poly |at
drain side

16 | SD m 0 Distance between neighboring ngers

17 | SCA - 0 0 Integral of the rst distribution function for
scattered well dopant

18 | SCB - 0 0 Integral of the second distribution functign
for scattered well dopant

19 | SCC - 0 0 Integral of the third distribution function
for scattered well dopant

20 | sC m 0 Distance between OD edge and nearest
well edge

21 | NGCON - 1 1 2 Number of gate contacts

22 | XGW m 10 7 Distance from the gate contact to the chan-
nel edge

23 | NF - 1 1 Number of ngers; internally rounded to
the nearest integer

24 | MULT - 1 0 Number of devices in parallel

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 paramete&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 singlance (source or drain) of the JUNCAP2 model.
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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 We AD PD WEe
3 AS PS Wg WEg AD PD Wg WEg

2.5.2 Instance parameters for local model

As explained in Sectiof.4, the instance parameters for the JUNCAP2 model are used il level as well.

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

0 | ABSOURCE | m? |1 10 *? 0 Source junction area

1 | LSSOURCE m 1106 0 STI-edge part of source junction perimeter

2 | LGSOURCE m 1106 0 Gate-edge part of source junction perime-
ter

3 | ABDRAIN m? |1 10 12 0 Drain junction area

4 | LSDRAIN m 110 ° 0 STI-edge part of drain junction perimete

5 | LGDRAIN m 110° 0 Gate-edge part of drain junction perimeter

6 | AS m? |1 10 12 0 Source junction area (alternative spec.)

7 | PS m 1106 0 Source STl-edge perimeter (alternative
spec.)

AD m? |1 10 12 0 Drain junction area (alternative spec.)

9 | PD m 110° 0 Drain STl-edge perimeter (alternatiye
spec.)

10 | JW m | 1106 0 Junction width

11 | DELVTO \% 0 Threshold voltage shift parameter

12 | FACTUO - 1 0 Zero- eld mobility pre-factor

13 | MULT - 1 0 Number of devices in parallel

Also at the local level, the switching parame®8NJUNCAP is used to determine the meaning and usage of
the junction instance parameters, whag (junction area)L.S (STI-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 witlithis 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 JwW JW
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2.5.3 Parameters for global model (physical geometrical ating rules)

The physical geometry scaling rules of PSP (see Se8ti®d have been developed to give a good description

over the whole geometry range of CMOS technologies.

en
te

le

>

en

=

bp

at

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

0 LEVEL - 1020 Model selection parameter; see Sed.

1 | TYPE - 1 1 1 Channel type parametet;$ NMOS, 1
$ PmMOS

2 TR C 21 273 Reference temperature

Switch Parameters

3 SWIGATE - 0 0 1 Flag for gate current (8 “off”)

4 SWIMPACT - 0 0 1 Flag for impact ionization current (8
“off")

5 SWGIDL - 0 0 1 Flag for GIDL/GISL current (36 “off”)

6 | SWIJUNCAP - 0 0 3 Flag for JUNCAP (0$ “off”); see
Sec.25.1

7 QMC - 1 0 Quantum-mechanical correction factor

Process Parameters

8 LVARO m 0 Geometry independent difference betwe
actual and programmed poly-silicon gg
length

9 LVARL - 0 Length dependence ofL ps

10 | LVARW - 0 Width dependence of L ps

11 | LAP m 0 Effective channel length reduction per si
due to lateral diffusion of source/drai
dopant ions

12 | WVARO m 0 Geometry independent difference betwe
actual and programmed eld-oxide ope
ing

13 | WVARL - 0 Length dependence of Wop

14 | WVARW - 0 Width dependence of Wop

15 | WOT m 0 Effective reduction of channel width pe
side due to lateral diffusion of channel-st¢
dopant ions

16 | DLQ m 0 Effective channel length offset for CV

17 | DWQ m 0 Effective channel width offset for CV

18 | VFBO V 1 Geometry-independent at-band voltage
TR

19 | VFBL - 0 Length dependencérB

20 | VFBW - 0 Width dependence ofFB

21 | VFBLW - 0 Area dependence &fFB

22 | STVFBO V/IK 5 10 4 Geometry-independent temperature (¢
pendence of/FB

le-

1See Sectios.3.1for more information on usage @tYPE in various simulators.
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

23 | STVFBL - 0 Length dependence &TVFB

24 | STVFBW - 0 Width dependence STVFB

25 | STVFBLW - 0 Area dependence &TVFB

26 | TOXO m 2 10° |10 %0 Gate oxide thickness

27 | EPSROXO - 3.9 1 Relative permittivity of gate dielectric

28 | NSUBO m 3 3 102 | 100 Geometry independent substrate doping

29 | NSUBW - 0 Width dependence of substrate doping due
to segregation

30 | WSEG m 108 |101%0 Characteristic length for segregation pf
substrate doping

31 | NPCK m 3 1074 0 Pocket doping level

32 | NPCKW - 0 Width dependence dfPCK due to segre-
gation

33 | WSEGP m 108 |10 %0 Characteristic length for segregation pf
pocket doping

34 | LPCK m 108 |10 %0 Characteristic length for lateral doping
pro le

35 | LPCKW - 0 Width dependence dfPCK due to segre-
gation

36 | FOL1 - 0 First order length dependence of short
channel body-effect

37 | FOL2 - 0 Second order length dependence of short
channel body-effect

38 | VNSUBO V 0 Effective doping bias-dependence parame-
ter

39 | NSLPO \% 0:05 Effective doping bias-dependence parame-
ter

40 | DNSUBO v 1! 0 Effective doping bias-dependence parame-
ter

41 | DPHIBO \% 0 Geometry independent offset'of

42 | DPHIBL Y 0 Length dependence &fPHIB

43 | DPHIBLEXP - 1 Exponent for length dependence pf
DPHIB

44 | DPHIBW - 0 Width dependence dPHIB

45 | DPHIBLW - 0 Area dependence @PHIB

46 | NPO m 3 106 Geometry-independent gate poly-silicon
doping

47 | NPL - 0 Length dependence dfP

48 | CTO - 0 Geometry-independent part of interface
states facto€T

49 | CTL - 0 Length dependence &fT

50 | CTLEXP - 1 Exponent describing length dependence of

CT

10
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

51 | CTW - 0 Width dependence 2T

52 | CTLW - 0 Area dependence &T

53 | TOXOVO m 2 10° |10 %0 Overlap oxide thickness

54 | LOV m 0 0 Overlap length for gate/drain and
gate/source overlap capacitance

55 | NOVO m 3 5 10%° Effective doping of overlap region

DIBL-Parameters

56 | CFL v 1 0 Length dependence of DIBL-parameter

57 | CFLEXP - 2 Exponent for length dependence@F

58 | CFW - 0 Width dependence &ZF

59 | CFBO v 1! 0 Back-bias dependence 6F

Mobility Parameters

60 | UO m?/V/s | 5 10 2 Zero- eld mobility at TR

61 | FBET1 - 0 Relative mobility decrease due to rst lat-
eral pro le

62 | FBET1W - 0 Width dependence ¢fBET1

63 | LP1 m 108 |10 %0 Mobility-related characteristic length qf
rst lateral pro le

64 | LP1W - 0 Width dependence dfP1

65 | FBET2 - 0 Relative mobility decrease due to second
lateral pro le

66 | LP2 m 108 |10 %0 Mobility-related characteristic length gf
second lateral pro le

67 | BETW1 - 0 First higher-order width scaling coef cient
of BETN

68 | BETW2 - 0 Second higher-order width scaling coefi-
cient of BETN

69 | WBET m 10° |10 %0 Characteristic width for width scaling of
BETN

70 | STBETO - 1 Geometry independent temperature depen-
dence oBETN

71 | STBETL - 0 Length dependence &TBET

72 | STBETW - 0 Width dependence STBET

73 | STBETLW - 0 Area dependence &TBET

74 | MUEO m/V 0:5 Geometry independent mobility reductian
coefcientatTR

75 | MUEW - 0 Width dependence dflUE

76 | STMUEO - 0 Temperature dependenceMUE

77 | THEMUO - 1.5 0 Mobility reduction exponent atR

78 | STTHEMUO - 1.5 Temperature dependenceldiEMU

79 | CSO - 0 Geometry independent Coulomb scattering
parameter atR

continued on next page. . .
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description
80 | CSL - 0 Length dependence &S
81 | CSLEXP - 0 Exponent for length dependence@$
82 | CSW - 0 Width dependence &S
83 | CSLW - 0 Area dependence @S
84 | STCSO - 0 Temperature dependence@$®
85 | XCORO v 1 0 Geometry independent non-universalty
parameter
86 | XCORL - 0 Length dependence XICOR
87 | XCORW - 0 Width dependence cfCOR
88 | XCORLW - 0 Area dependence fCOR
89 | STXCORO - 0 Temperature dependenceXOR
90 | FETAO - 1 Effective eld parameter
Series Resistance Parameters
91 | RSW1 2500 Source/drain series resistance for channel
width Wegy at TR
92 | RSW2 - 0 Higher-order width scaling of source/drajn
series resistance
93 | STRSO - 1 Temperature dependenceR$®
94 | RSBO v 1 0 Back-bias dependence BS
95 | RSGO v 1 0 Gate-bias dependenceRS
Velocity Saturation Parameters
96 | THESATO v 1! 0 Geometry independent velocity saturatipn
parameter atR
97 | THESATL v 1 0.05 Length dependence GHESAT
98 | THESATLEXP - 1 Exponent for length dependence T E-
SAT
99 | THESATW - 0 Width dependence GTHESAT
100 | THESATLW - 0 Area dependencEHESAT
101 | STTHESATO - Geometry independent temperature depen-
dence ofTHESAT
102 | STTHESATL - 0 Length dependence &TTHESAT
103 | STTHESATW - 0 Width dependence S TTHESAT
104 | STTHESATLW - 0 Area dependence &TTHESAT
105 | THESATBO v 1! 0 Back-bias dependence BHESAT
106 | THESATGO v 1! 0 Gate-bias dependence DHESAT
Saturation Voltage Parameters
107 | AXO - 18 Geometry independent linear/saturatipn
transition factor
108 | AXL - 0:4 0 Length dependence &iX

Channel Length Modulation (CLM) Parameters

12
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

109 | ALPL - 510 4 Length dependence of CLM pre-factor
ALP

110 | ALPLEXP - 1 Exponent for length dependenceAlfP

111 | ALPW - 0 Width dependence &ALP

112 | ALP1L1 Vv 0 Length dependence of CLM enhancemeént
factor above threshold

113 | ALP1LEXP - 0:5 Exponent describing the length depe
dence ofALP1

114 | ALP1L2 - 0 0 Second order length dependencéaP1

115 | ALP1W - 0 Width dependence &ALP1

116 | ALP2L1 V 0 Length dependence of CLM enhancemeént
factor below threshold

117 | ALP2LEXP - 0:5 Exponent describing the length depgn-
denceALP2

118 | ALP2L2 - 0 0 Second order length dependencébaf2

119 | ALP2W - 0 Width dependence &LP2

120 | VPO \% 0:05 CLM logarithmic dependence parametel

Impact lonization (Il) Parameters

121 | A10 - 1 Geometry independent part of impagt-
ionization pre-factoAl

122 | A1L - 0 Length dependence #éf1

123 | AIW - 0 Width dependence &l

124 | A20 \% 10 Impact-ionization exponent @R

125 | STA20 \% 0 Temperature dependenceAil

126 | A30O - 1.0 Geometry independent saturation-voltage
dependence of Il

127 | A3L - 0 Length dependence &f3

128 | AW - 0 Width dependence &3

129 | A40O V oz 0 Geometry independent back-bias depen-
dence of Il

130 | A4L - 0 Length dependence é#4

131 | AdW - 0 Width dependence &4

Gate Current Parameters

132 | GCOO - 0 Gate tunneling energy adjustment

133 | IGINVLW A 0 Gate channel current pre-factor for a chan-
nel area ofVgNy Len

134 | IGOVW A 0 Gate overlap current pre-factor for a chan-
nel width of Wgy  Len

135 | STIGO - 2 Temperature dependence of gate current

136 | GC20 - 0:375 Gate current slope factor

137 | GC30 - 0:063 Gate current curvature factor

138 | CHIBO V 31 Tunneling barrier height

13
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description
Gate-Induced Drain Leakage (GIDL) Parameters

139 | AGIDLW A/V3E 0 Width dependence of GIDL pre-factor

140 | BGIDLO Vv 41 GIDL probability factor afTR

141 | STBGIDLO V/K 0 Temperature dependenceR®&IDL

142 | CGIDLO - 0 Back-bias dependence of GIDL

Charge Model Parameters

143 | CGBOVL F 0 Oxide capacitance for gate—bulk overlap
for a channel length df gy

144 | CFRW F 0 Outer fringe capacitance for a channel
width of Wgy

Noise Model Parameters

145 | ENTO - 1:0 Thermal noise coef cient

146 | NFALW V m* | 8 107 First coef cient of icker noise for a chan-
nel area oMWgy LEen

147 | NFBLW VvV Ym? | 3 10/ Second coef cient of icker noise for a
channel area ofVgn Len

148 | NFCLW v1? 0 Third coef cient of icker noise for a chan-
nel area ofVgy Len

Other Parameters

149 | DTA K 0 Temperature offset w.r.t. ambient circuit

temperature

14
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2.5.4 Parameters for binning model

October 2007

The binning scaling rules of PSP (see SecBdaf.2 have been developed as a exible but phenomenological
alternative to the geometrical scaling rules.

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

0 | LEVEL - 1021 Model selection parameter; see Sed.

1 | TYPE - 1 1 1 Channel type parametet;$ NMOS, 1
$ PMOS

2 | TR C 21 273 reference temperature

Switch Parameters

3 | SWIGATE - 0 0 1 Flag for gate current (8 “off”)

4 | SWIMPACT - 0 1 Flag for impact ionization current (&
“off")

5 | SWGIDL - 0 0 Flag for GIDL/GISL current (& “off”)

6 | SWIJUNCAP - 0 0 Flag for JUNCAP (0$ “off”); see Sec.
25.2

7 | QMC - 1 0 Quantum-mechanical correction factor

Labels for binning set

8 | LMIN m 0 Dummy parameter to label binning set

9 | LMAX m 1 Dummy parameter to label binning set

10 | WMIN m 0 Dummy parameter to label binning set

11 | WMAX m 1 Dummy parameter to label binning set

Process Parameters

12 | LVARO m 0 Geometry independent difference between
actual and programmed poly-silicon gate
length

13 | LVARL - 0 Length dependence of difference between
actual and programmed poly-silicon gate
length

14 | LAP m 0 Effective channel length reduction per sigle
due to lateral diffusion of source/drain
dopant ions

15 | WVARO m 0 Geometry independent difference between
actual and programmed eld-oxide open-
ing

16 | WVARW - 0 Width dependence of difference be-
tween actual and programmed eld-oxide
opening

17 | WOT m 0 Effective reduction of channel width per
side due to lateral diffusion of channel-stop
dopant ions

18 | DLQ m Effective channel length reduction for C\,

19 | DWQ m Effective channel width reduction for CV

2See Sectio$.3.1for more information on usage @tYPE in various simulators.
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

20 | POVFB \% 1 Coef cient for the geometry independeint
part of at-band voltage aTR

21 | PLVFB Vv 0 Coef cient for the length dependence of
at-band voltage affR

22 | PWVFB Vv 0 Coef cient for the width dependence g
at-band voltage alfR

23 | PLWVFB \% 0 Coef cient for the length times width def
pendence of at-band voltage @R

24 | POSTVFB V/IK 510 4 Coef cient for the geometry independeint
part of temperature dependencevB

25 | PLSTVFB VIK 0 Coef cient for the length dependence of
temperature dependence\tFB

26 | PWSTVFB V/K 0 Coef cient for the width dependence g
temperature dependence\tFB

27 | PLWSTVFB VIK 0 Coef cient for the length times width def
pendence of temperature dependence
VFB

28 | POTOX m 2 10 ° Coef cient for the geometry independeint
part of gate oxide thickness

29 | POEPSROX - 3.9 1 Coef cient for the geometry independent
part of relative permittivity of gate dielec
tric

30 | PONEFF m 3 5 1073 Coef cient for the geometry independent
part of substrate doping

31 | PLNEFF m 3 0 Coef cient for the length dependence of
substrate doping

32 | PWNEFF m 3 0 Coef cient for the width dependence d
substrate doping

33 | PLWNEFF m 3 0 Coef cient for the length times width de}
pendence of substrate doping

34 | POVNSUB \% 0 Coef cient for the geometry independeint
part of effective doping bias-dependence
parameter

35 | PONSLP \% 5 10 2 Coef cient for the geometry independent
part of effective doping bias-dependence
parameter

36 | PODNSUB v 1! 0 Coef cient for the geometry independent
part of effective doping bias-dependence
parameter

37 | PODPHIB \% 0 Coef cient for the geometry independeint
part of offset of g

38 | PLDPHIB V 0 Coef cient for the length dependence of
offset of g

39 | PWDPHIB V 0 Coef cient for the width dependence d
offsetof g

-
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‘ No. ‘ Name Unit ‘ Default ‘ Min. ‘ Max. ‘ Description

40 | PLWDPHIB Y 0 Coef cient for the length times width det
pendence of offset ofg

41 | PONP m 3 1078 Coef cient for the geometry independent
part of gate poly-silicon doping

42 | PLNP m 3 0 Coef cient for the length dependence of
gate poly-silicon doping

43 | PWNP m 3 0 Coef cient for the width dependence af
gate poly-silicon doping

44 | PLWNP m 3 0 Coef cient for the length times width def
pendence of gate poly-silicon doping

45 | POCT - 0 Coef cient for the geometry independeint
part of interface states factor

46 | PLCT - 0 Coef cient for the length dependence of
interface states factor

47 | PWCT - 0 Coef cient for the width dependence of in-
terface states factor

48 | PLWCT - 0 Coef cient for the length times width def
pendence of interface states factor

49 | POTOXOV m 2 10 ° Coef cient for the geometry independent
part of overlap oxide thickness

50 | PONOV m 3 5 10% Coef cient for the geometry independent
part of effective doping of overlap region

51 | PLNOV m 3 0 Coef cient for the length dependence of
effective doping of overlap region

52 | PWNOV m 3 0 Coef cient for the width dependence of ef-
fective doping of overlap region

53 | PLWNOV m 3 0 Coef cient for the length times width def
pendence of effective doping of overlap re-
gion

DIBL Parameters

54 | POCF v 1! 0 Coef cient for the geometry independent
part of DIBL parameter

55 | PLCF v 1 0 Coef cient for the length dependence of
DIBL parameter

56 | PWCF v 1! 0 Coef cient for the width dependence qf
DIBL parameter

57 | PLWCF v 1! 0 Coef cient for the length times width de}
pendence of DIBL parameter

58 | POCFB v 1! 0 Coef cient for the geometry independent
part of back-bias dependence@F

Mobility Parameters

59 | POBETN m2/V/s 7 102 Coef cient for the geometry independent
part of product of channel aspect ratio and
zero- eld mobility at TR

continued on next page. . .
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No. ‘ Name

Unit

Default ‘ Min. ‘Max. Description

60

PLBETN

m2/\V/s

0 Coef cient for the length dependence of
product of channel aspect ratio and zefo-
eld mobility at TR

61

PWBETN

m2/Vls

—h

0 Coef cient for the width dependence g
product of channel aspect ratio and zefo-
eld mobility at TR

62

PLWBETN

m2/V/s

0 Coef cient for the length times width de}
pendence of product of channel aspect ra-
tio and zero- eld mobility afTR

63

POSTBET

1 Coef cient for the geometry independent
part of temperature dependenceBEHTN

64

PLSTBET

0 Coef cient for the length dependence of
temperature dependenceRETN

65

PWSTBET

—h

0 Coef cient for the width dependence d
temperature dependenceRETN

66

PLWSTBET

0 Coef cient for the length times width de}
pendence of temperature dependence of
BETN

67

POMUE

m/V

5101 Coef cient for the geometry independeint
part of mobility reduction coef cientaiR

68

PLMUE

m/V

0 Coef cient for the length dependence of
mobility reduction coef cient alfR

69

PWMUE

m/V

—h

0 Coef cient for the width dependence d
mobility reduction coef cient alfR

70

PLWMUE

m/V

0 Coef cient for the length times width det
pendence of mobility reduction coef cient
atTR

71

POSTMUE

0 Coef cient for the geometry independent
part of temperature dependenceMiflE

72

POTHEMU

1.5 Coef cient for the geometry independent
part of mobility reduction exponent &R

73

POSTTHEMU

1.5 Coefcient for the geometry indepen-
dent part of temperature dependence| of
THEMU

74

POCS

0 Coef cient for the geometry independeint
part of Coulomb scattering parameter |at
TR

75

PLCS

0 Coef cient for the length dependence of
Coulomb scattering parameterTeR

76

PWCS

-

0 Coef cient for the width dependence g
Coulomb scattering parameterieR

77

PLWCS

0 Coef cient for the length times width de}
pendence of Coulomb scattering parameter
atTR

continued on next page. . .
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

78 | POSTCS - 0 Coef cient for the geometry independeint
part of temperature dependenceas

79 | POXCOR v 1! 0 Coef cient for the geometry independent
part of non-universality parameter

80 | PLXCOR v 1! 0 Coef cient for the length dependence of
non-universality parameter

81 | PWXCOR v 1 0 Coef cient for the width dependence d
non-universality parameter

82 | PLWXCOR v 1! 0 Coef cient for the length times width de}
pendence of non-universality parameter

83 | POSTXCOR - 0 Coef cient for the geometry independeint
part of temperature dependencexa@@OR

84 | POFETA - 1 Coef cient for the geometry independent
part of effective eld parameter

Series Resistance Parameters

85 | PORS 30 Coef cient for the geometry independent
part of source/drain series resistanc&t

86 | PLRS 0 Coef cient for the length dependence of
source/drain series resistancd &

87 | PWRS 0 Coef cient for the width dependence g
source/drain series resistancd &

88 | PLWRS 0 Coef cient for the length times width de}
pendence of source/drain series resistance
atTR

89 | POSTRS - 1 Coef cient for the geometry independeint
part of temperature dependenceRs

90 | PORSB v 1! 0 Coef cient for the geometry independent
part of back-bias dependenceR$

91 | PORSG v 1! 0 Coef cient for the geometry independent
part of gate-bias dependenceRf

Velocity Saturation Parameters

92 | POTHESAT v 1! 1 Coef cient for the geometry independent
part of velocity saturation parameterfaR

93 | PLTHESAT v 1! 0 Coef cient for the length dependence of
velocity saturation parameter 8R

94 | PWTHESAT v 1! 0 Coef cient for the width dependence of ve
locity saturation parameter aR

95 | PLWTHESAT v 1! 0 Coef cient for the length times width de}
pendence of velocity saturation parameter
atTR

96 | POSTTHESAT - 1 Coef cient for the geometry independeint
part of temperature dependenceTdE-
SAT

19
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

97 | PLSTTHESAT - 0 Coef cient for the length dependence
temperature dependenceTtiESAT

98 | PWSTTHESAT - 0 Coef cient for the width dependence d
temperature dependenceTdtiESAT

99 | PLWSTTHESAT - 0 Coef cient for the length times width def
pendence of temperature dependence of
THESAT

100 | POTHESATB v 1! 0 Coef cient for the geometry independe
part of back-bias dependence of veloc
saturation

101 | PLTHESATB v 1! 0 Coef cient for the length dependence
back-bias dependence of velocity satu
tion

102 | PWTHESATB v1? 0 Coef cient for the width dependence af
back-bias dependence of velocity satu
tion

103 | PLWTHESATB v 1! 0 Coef cient for the length times width de}
pendence of back-bias dependence of
locity saturation

104 | POTHESATG v ! 0 Coef cient for the geometry independe
part of gate-bias dependence of veloc
saturation

105 | PLTHESATG v 1 0 Coef cient for the length dependence
gate-bias dependence of velocity saturat

106 | PWTHESATG v 1! 0 Coef cient for the width dependence d
gate-bias dependence of velocity saturat

107 | PLWTHESATG v 1! 0 Coef cient for the length times width def
pendence of gate-bias dependence of
locity saturation

Saturation Voltage Parameters

108 | POAX - 3 Coef cient for the geometry independe
part of linear/saturation transition factor

109 | PLAX - 0 Coef cient for the length dependence
linear/saturation transition factor

110 | PWAX - 0 Coef cient for the width dependence d
linear/saturation transition factor

111 | PLWAX - 0 Coefcient for the length times width
dependence of linear/saturation transiti
factor

Channel Length Modulation (CLM) Parameters

112 | POALP - 10 2 Coef cient for the geometry independe
part of CLM pre-factor

113 | PLALP - 0 Coef cient for the length dependence
CLM pre-factor

20
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

114 | PWALP - 0 Coef cient for the width dependence d
CLM pre-factor

115 | PLWALP - 0 Coef cient for the length times width def
pendence of CLM pre-factor

116 | POALP1 \% 0 Coef cient for the geometry independe
part of CLM enhancement factor abo
threshold

117 | PLALP1 \% 0 Coef cient for the length dependence
CLM enhancement factor above thresho

118 | PWALP1 \% 0 Coef cient for the width dependence d
CLM enhancement factor above thresho

119 | PLWALP1 \% 0 Coefcient for the length times width
dependence of CLM enhancement fac
above threshold

120 | POALP2 v 1! 0 Coef cient for the geometry independe
part of CLM enhancement factor belo
threshold

121 | PLALP2 v 1! 0 Coef cient for the length dependence
CLM enhancement factor below thresho

122 | PWALP2 v 1 0 Coef cient for the width dependence d
CLM enhancement factor below thresho

123 | PLWALP2 v ! 0 Coef cient for the length times width def
pendence of CLM enhancement factor
low threshold

124 | POVP \% 5 10 2 Coef cient for the geometry independe
part of CLM logarithmic dependence p
rameter

Impact lonization (Il) Parameters

125 | POAl1 - 1 Coef cient for the geometry independe
part of impact-ionization pre-factor

126 | PLAL - 0 Coef cient for the length dependence
impact-ionization pre-factor

127 | PWAL - 0 Coef cient for the width dependence d
impact-ionization pre-factor

128 | PLWAL - 0 Coef cient for the length times width def
pendence of impact-ionization pre-factof

129 | POA2 \% 10 Coef cient for the geometry independe
part of impact-ionization exponent @R

130 | POSTA2 \% 0 Coef cient for the geometry independe
part of temperature dependencer@f

131 | POA3 - 1 Coef cient for the geometry independe
part of saturation-voltage dependence o

132 | PLA3 - 0 Coef cient for the length dependence
saturation-voltage dependence of Il

21
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

133 | PWA3 - 0 Coef cient for the width dependence d
saturation-voltage dependence of Il

134 | PLWAS - 0 Coefcient for the length times width
dependence of saturation-voltage dep
dence of Il

135 | POA4 v 05 0 Coef cient for the geometry independe
part of back-bias dependence of Il

136 | PLA4 v 05 0 Coef cient for the length dependence
back-bias dependence of Il

137 | PWA4 v 05 0 Coef cient for the width dependence d
back-bias dependence of Il

138 | PLWA4 v 05 0 Coef cient for the length times width def
pendence of back-bias dependence of Il

Gate Current Parameters

139 | POGCO - 0 Coef cient for the geometry independe
part of gate tunneling energy adjustment

140 | POIGINV A 0 Coef cient for the geometry independe
part of gate channel current pre-factor

141 | PLIGINV A 0 Coef cient for the length dependence
gate channel current pre-factor

142 | PWIGINV A 0 Coef cient for the width dependence g
gate channel current pre-factor

143 | PLWIGINV A 0 Coef cient for the length times width de}
pendence of gate channel current p
factor

144 | POIGOV A 0 Coef cient for the geometry independe
part of gate overlap current pre-factor

145 | PLIGOV A 0 Coef cient for the length dependence
gate overlap current pre-factor

146 | PWIGOV A 0 Coef cient for the width dependence d
gate overlap current pre-factor

147 | PLWIGOQV A 0 Coef cient for the length times width def
pendence of gate overlap current pre-fag

148 | POSTIG - 2 Coef cient for the geometry independe
part of temperature dependence of g
current

149 | POGC2 - 375 101 Coef cient for the geometry independe
part of gate current slope factor

150 | POGC3 - 6:3 10 ? Coef cient for the geometry independe
part of gate current curvature factor

151 | POCHIB \% 31 Coef cient for the geometry independe
part of tunneling barrier height

nt

Gate-Induced Drain Leakage (GIDL) Parameters

22
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

152 | POAGIDL A/V3E 0 Coef cient for the geometry independeint
part of GIDL pre-factor

153 | PLAGIDL ANV3 0 Coef cient for the length dependence of
GIDL pre-factor

154 | PWAGIDL A3 0 Coef cient for the width dependence g
GIDL pre-factor

155 | PLWAGIDL A/V3E 0 Coef cient for the length times width def
pendence of GIDL pre-factor

156 | POBGIDL \% 41 Coef cient for the geometry independeint
part of GIDL probability factor alfR

157 | POSTBGIDL VIK 0 Coef cient for the geometry independeint
part of temperature dependencd3@3 DL

158 | POCGIDL - 0 Coef cient for the geometry independent
part of back-bias dependence of GIDL

Charge Model Parameters

159 | POCOX F 10 4 Coef cient for the geometry independent
part of oxide capacitance for intrinsic
channel

160 | PLCOX F 0 Coef cient for the length dependence of
oxide capacitance for intrinsic channel

161 | PWCOX F 0 Coef cient for the width dependence d
oxide capacitance for intrinsic channel

162 | PLWCOX F 0 Coef cient for the length times width de}
pendence of oxide capacitance for intring
channel

163 | POCGOV F 10 15 Coefcient for the geometry indepen
dent part of oxide capacitance for gate-
drain/source overlap

164 | PLCGOV F 0 Coef cient for the length dependence of
oxide capacitance for gate-drain/source
overlap

165 | PWCGOV F 0 Coef cient for the width dependence qf
oxide capacitance for gate-drain/source
overlap

166 | PLWCGOV F 0 Coef cient for the length times width def
pendence of oxide capacitance for gate-
drain/source overlap

167 | POCGBOV F 0 Coef cient for the geometry independeint
part of oxide capacitance for gate-bulk
overlap

168 | PLCGBOV F 0 Coef cient for the length dependence of
oxide capacitance for gate-bulk overlap

169 | PWCGBOV F 0 Coef cient for the width dependence g
oxide capacitance for gate-bulk overlap

-

23

continued on next page. . .



October 2007 PSP 102.2

...continued from previous page

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

170 | PLWCGBOV F 0 Coef cient for the length times width de}
pendence of oxide capacitance for gate-
bulk overlap

171 | POCFR F 0 Coef cient for the geometry independent
part of outer fringe capacitance

172 | PLCFR F 0 Coef cient for the length dependence of
outer fringe capacitance

173 | PWCFR F 0 Coef cient for the width dependence qf
outer fringe capacitance

174 | PLWCFR F 0 Coef cient for the length times width de}

pendence of outer fringe capacitance

Noise Model Parameters

175 | POFNT - 1 Coef cient for the geometry independent
part of thermal noise coef cient

176 | PONFA VvV m? 8 10?2 Coef cient for the geometry independent
part of rst coef cient of icker noise

177 | PLNFA VvV m? 0 Coef cient for the length dependence of
rst coef cient of icker noise

178 | PWNFA VvV m? 0 Coef cient for the width dependence qf
rst coef cient of icker noise

179 | PLWNFA VvV Ym* 0 Coef cient for the length times width def

pendence of rst coef cient of icker noise

180 | PONFB V P 3 10 Coef cient for the geometry independent
part of second coef cient of icker noise

181 | PLNFB V P 0 Coef cient for the length dependence of
second coef cient of icker noise

182 | PWNFB V 0 Coef cient for the width dependence g
second coef cient of icker noise

183 | PLWNFB VvV m? 0 Coef cient for the length times width def
pendence of second coef cient of ickef
noise
184 | PONFC v 1! 0 Coef cient for the geometry independent
part of third coef cient of icker noise

185 | PLNFC v 1! 0 Coef cient for the length dependence of
third coef cient of icker noise

186 | PWNFC v 1! 0 Coef cient for the width dependence g
third coef cient of icker noise

187 | PLWNFC v 1! 0 Coef cient for the length times width def
pendence of third coefcient of icker
noise

—h

-

Other Parameters

188 | DTA K 0 temperature offset w.r.t. ambient circy
temperature

it
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2.5.5 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 R&htons 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
0 | SAREF m 10 6 10 ° Reference distance between
OD edge to Poly from one
side
1 | SBREF m 106 |10° Reference distance betwegn
OD edge to Poly from othef
side
WLOD m 0 Width parameter
KUO m 0 Mobility degrada-
tion/enhancement coef-
cient
4 | KVSAT m 0 1 1 Saturation velocity degradg-
tion/enhancement parametger
5 | TKUO - 0 Temperature coef cient of
KUO
6 | LKUO m-LODKUO 0 Length dependence &UO
7 | WKUO mWLODKUO 0 Width dependence d€UO
PKUO mtLOPKUO +WLODKUO 0 Cross-term dependence of
KUO
9 | LLODKUO - 0 0 Length parameter for mobilt
ity stress effect
10 | WLODKUO - 0 0 Width parameter for mobil;
ity stress effect
11 | KVTHO vm 0 Threshold shift parameter
12 | LKVTHO mtLOBVTH 0 Length dependence af
KVTHO
13 | WKVTHO mWLODVTH 0 Width  dependence  of
KVTHO
14 | PKVTHO mL-LODVTH + WLODVTH 0 Cross-term dependence of
KVTHO
15 | LLODVTH - 0 0 Length parameter for threg-
hold voltage stress effect
16 | WLODVTH - 0 0 Width parameter for threst
hold voltage stress effect
17 | STETAO m 0 ETAO shift factor related tq
threshold voltage change

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

‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description
18 | LODETAO - 1 0 ETAO shift modi cation
factor
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2.5.6 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&htons 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.

The parameters in the following table are part of PSP's dlpheameter set.

‘ No. ‘ Name ‘ Unit ‘ Default ‘ Min. ‘ Max. ‘ Description
0 | SCREF m |1 106 0 Distance between OD-edde
and well edge of a referende
device
1 | WEB - 0 Coef cient for SCB
WEC - 0 Coef cient for SCC
KVTHOWEO - 0 Geometry independent
threshold shift parameter
4 | KVTHOWEL - 0 Length dependence of thres-
hold shift parameter
5 | KVTHOWEW - 0 Width dependence of thres-
hold shift parameter
6 | KVTHOWELW - 0 Area dependence of thres-
hold shift parameter
7 | KUOWEO - 0 Geometry independent mo-
bility degradation factor
8 | KUOWEL - 0 Length dependence of mo-
bility degradation factor
9 | KUOWEW - 0 Width dependence of mobil-
ity degradation factor
10 | KUOWELW - 0 Area dependence of mobil-
ity degradation factor
The parameters in the following table are part of PSP's Inigparameter set.
‘ No. ‘ Name ‘ Unit ‘ Default ‘ Min. ‘ Max. ‘ Description
0 | SCREF m 110° 0 Distance between OD-edge
and well edge of a reference
device
WEB - 0 Coef cient for SCB
WEC - 0 Coef cient for SCC
3 | POKVTHOWE - 0 Coef cient for the geometry
independent part of thres-
hold shift parameter

continued on next page. . .

27



October 2007

...continued from previous page

PSP 102.2

‘ No. ‘ Name

‘ Unit ‘ Default ‘ Min. ‘ Max. ‘

Description

4

PLKVTHOWE

0

Coef cient for the length de-|
pendence of threshold shi
parameter

PWKVTHOWE

Coef cient for the width de-
pendence of threshold shi
parameter

PLWKVTHOWE

Coefcient for the length
times width dependence d
threshold shift parameter

POKUOWE

Coef cient for the geometry|
independent part of mobility
degradation factor

PLKUOWE

Coef cientfor the length de-
pendence of mobility degra
dation factor

PWKUOWE

Coef cient for the width de-
pendence of mobility degra
dation factor

10

PLWKUOWE

Coef cient for the length
times width dependence d

mobility degradation factor
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2.5.7 Parameters for local model

The set of local parameters valid for an individual tramsistith a speci c channel width and length are given
in the table below. Since the local parameter set is validbfar device with a speci c geometry, it does not
contain the channel length and width as instance parameters

‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description
0 | LEVEL - 102 Model selection parameter; see Sed.
1 | TYPE - 1 1 1 Channel type parametet;$ NMOS, 1
$ PMOS
2 | TR C 21 273 Reference temperature
Switch Parameters
3 | SWIGATE - 0 0 1 Flag for gate current (8 “off”)
SWIMPACT - 0 0 1 Flag for impact ionization current (8
“off")
5 | SWGIDL - 0 0 1 Flag for GIDL/GISL current (& “off”)
6 | SWIUNCAP - 0 0 3 Flag for JUNCAP (0$ “off”); see
Sec.2.5.2
7 | QMC - 1 0 Quantum-mechanical correction factor
Process Parameters
8 | VFB \Y, 1 Flat-band voltage afR
STVFB VIK 5 10 4 Temperature dependence\éFB
10 | TOX m 2 10° |10 %0 Gate oxide thickness
11 | EPSROX - 3.9 1 Relative permittivity of gate dielectric
12 | NEFF m 3 5 10 | 10?° | 10°° | Substrate doping
13 | VNSUB \% 0 Effective doping bias-dependence parame-
ter
14 | NSLP \% 0:05 10 3 Effective doping bias-dependence parame-
ter
15 | DNSUB v 1 0 0 1 Effective doping bias-dependence parame-
ter
16 | DPHIB Y, 0 Offset of' g
17 | NP m 3 108 0 Gate poly-silicon doping
18 | CT - 0 0 Interface states factor
19 | TOXOV m 210° |10 1 Overlap oxide thickness
20 | NOV m 3 5 10°° | 10°° | 10?7 | Effective doping of overlap region
DIBL Parameters
21 | CF v 1 0 0 DIBL parameter
22 | CFB v 1 0 0 1 Back-bias dependence GF
Mobility Parameters
23 | BETN m2/V/s | 7 10 ? 0 Product of channel aspect ratio and zefo-
eld mobility at TR
24 | STBET - 1 Temperature dependenceRETN
25 | MUE m/V 0.5 0 Mobility reduction coef cient afTR

continued on next page. . .

3See Sectios.3.1for more information on usage @tYPE in various simulators.
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description
26 | STMUE - 0 Temperature dependenceMUE
27 | THEMU - 1.5 0 Mobility reduction exponent atR
28 | STTHEMU - 1.5 Temperature dependenceTtiEMU
29 | CSs - 0 0 Coulomb scattering parameterieR
30 | STCS - 0 Temperature dependence@$
31 | XCOR v 1 0 0 Non-universality parameter
32 | STXCOR - 0 Temperature dependenceXtOR
33 | FETA - 1 0 Effective eld parameter
Series Resistance Parameters
34 | RS 30 0 Source/drain series resistancd &
35 | STRS - 1 Temperature dependenceR$
36 | RSB v ! 0 0:5 1 | Back-bias dependence BS
37 | RSG v ! 0 0:5 Gate-bias dependenceRS
Velocity Saturation Parameters
38 | THESAT v 1 1 0 Velocity saturation parameter @R
39 | STTHESAT - 1 Temperature dependenceTtiESAT
40 | THESATB v 1 0 0:5 1 Back-bias dependence of velocity satura-
tion
41 | THESATG v 1 0 0:5 Gate-bias dependence of velocity satufa-
tion
Saturation Voltage Parameter
42 | AX - ‘ 3 ‘ 2 ‘ ‘ Linear/saturation transition factor
Channel Length Modulation (CLM) Parameters
43 | ALP - 0:01 0 CLM pre-factor
44 | ALP1 \% 0 0 CLM enhancement factor above thresho|d
45 | ALP2 v 1 0 0 CLM enhancement factor below threshold
46 | VP \Y 0:.05 | 10 0 CLM logarithmic dependence paramete
Impact lonization (Il) Parameters
47 | Al - 1 0 Impact-ionization pre-factor
48 | A2 \% 10 0 Impact-ionization exponent &R
49 | STA2 \% Temperature dependenceAi
50 | A3 - 0 Saturation-voltage dependence of Il
51 | A4 V oz 0 0 Back-bias dependence of II
Gate Current Parameters
52 | GCO - 0 10 10 | Gate tunnelling energy adjustment
53 | IGINV A 0 0 Gate channel current pre-factor
54 | IGOV A 0 Gate overlap current pre-factor
55 | STIG - 2 Temperature dependence of gate current
56 | GC2 - 0:375 0 10 | Gate current slope factor
57 | GC3 - 0:063 2 2 Gate current curvature factor
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‘ No. ‘ Name ‘ Unit ‘ Default ‘ Min. ‘ Max. ‘ Description
58 ‘ CHIB ‘ \% ‘ 31 ‘ 1 ‘ ‘ Tunnelling barrier height
Gate-Induced Drain Leakage (GIDL) Parameters
59 | AGIDL AINV3 0 0 GIDL pre-factor
60 | BGIDL \% 41 0 GIDL probability factor afTR
61 | STBGIDL VIK 0 Temperature dependenceRGIDL
62 | CGIDL - 0 Back-bias dependence of GIDL
Charge Model Parameters
63 | COX F 10 4 0 Oxide capacitance for intrinsic channel
64 | CGOV F 10 15 0 Oxide capacitance for gate—drain/soul
overlap
65 | CGBOV F 0 Oxide capacitance for gate—bulk overlap
66 | CFR F 0 Outer fringe capacitance
Noise Model Parameters
67 | FNT - 1.0 0 Thermal noise coef cient
68 | NFA V iYm* | 8 107 0 First coef cient of icker noise
69 | NFB V iYm? | 3 10 0 Second coef cient of icker noise
70 | NFC v ! 0 0 Third coef cient of icker noise
Other Parameters
71 | DTA K 0 Temperature offset w.r.t. ambient circyi
temperature
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2.5.8 Parameters for source-bulk and drain-bulk junction nodel

The JUNCAP2 parameters are part of both the global and tfa p@zameter sets.

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

0 | TRJ C 21 Tmin Reference temperature

1 | SWJUNEXP - 0 0 1 Flag for JUNCAP2 Express;® full JUN-
CAP2 model, 1$ Express model

2 | IMAX A 1000 | 10 *? Maximum current up to which forwarg
current behaves exponentially

Capacitance Parameters

3 | CJORBOT F/m? 102 | 10 *? Zero-bias capacitance per unit-of-area |of
bottom component

4 | CJORSTI F/m 10° | 1018 Zero-bias capacitance per unit-of-length|of
STIl-edge component

5 | CJORGAT F/m 10° | 1018 Zero-bias capacitance per unit-of-length|of
gate-edge component

6 | VBIRBOT \/ 1 Vb :low Built-in voltage at the reference temperga-
ture of bottom component

7 | VBIRSTI \/ 1 Vbi:low Built-in voltage at the reference temperg-
ture of STI-edge component

8 | VBIRGAT \% 1 Vbi:low Built-in voltage at the reference tempera-
ture of gate-edge component

9 | PBOT - 0:5 0:05 | 0:95 | Grading coef cient of bottom component

10 | PSTI - 0:5 0:05 | 0:95 | Grading coefcient of STl-edge compqg
nent

11 | PGAT - 0:5 0:05 | 0:95 | Grading coef cient of gate-edge compo-
nent

Ideal-current Parameters

12 | PHIGBOT \% 1:16 Zero-temperature bandgap voltage of bpt-
tom component

13 | PHIGSTI \% 1:16 Zero-temperature bandgap voltage of STI-
edge component

14 | PHIGGAT \% 1:16 Zero-temperature bandgap voltage of gate-
edge component

15 | IDSATRBOT A/m? 10 *? 0 Saturation current density at the refererice
temperature of bottom component

16 | IDSATRSTI A/m 10 8 0 Saturation current density at the refererice
temperature of STI-edge component

17 | IDSATRGAT A/m 10 18 0 Saturation current density at the refererjce
temperature of gate-edge component

18 | CSRHBOT A/m3 107 0 Shockley-Read-Hall prefactor of bottom
component

19 | CSRHSTI A/m? 10 4 0 Shockley-Read-Hall prefactor of STI-edge
component

20 | CSRHGAT A/m? 10 4 0 Shockley-Read-Hall prefactor of gate-edge
component

32
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...continued from previous page

‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description
21 | XJUNSTI m 10 7 10 ° Junction depth of STI-edge component
22 | XJUNGAT m 10 7 10 ° Junction depth of gate-edge component
Trap-assisted Tunneling Parameters

23 | CTATBOT A/m?3 107 0 Trap-assisted tunneling prefactor of bot-
tom component

24 | CTATSTI A/m? 10 4 0 Trap-assisted tunneling prefactor of STI-
edge component

25 | CTATGAT A/m? 10 4 0 Trap-assisted tunneling prefactor of gate-
edge component

26 | MEFFTATBOT - 0:25 01 Effective mass (in units ofmg) for trap-
assisted tunneling of bottom component

27 | MEFFTATSTI - 0:25 01 Effective mass (in units ofng) for trap-

assisted tunneling of STI-edge componént

28 | MEFFTATGAT - 0:25 :01 Effective mass (in units ofmg) for trap-
assisted tunneling of gate-edge compongent

Band-to-band Tunneling Parameters

29 | CBBTBOT AV 3 10 12 0 Band-to-band tunneling prefactor of bat-
tom component

30 | CBBTSTI AV ®m | 10 18 0 Band-to-band tunneling prefactor of ST|-
edge component

31 | CBBTGAT AV 3m | 10 18 0 Band-to-band tunneling prefactor of gate-
edge component

32 | FBBTRBOT vm ! 10° Normalization eld at the reference tem-

—
1

perature for band-to-band tunneling of bg
tom component

33 | FBBTRSTI vm 1! 10° Normalization eld at the reference tem
perature for band-to-band tunneling of
STIl-edge component

34 | FBBTRGAT vm ! 10° Normalization eld at the reference tem
perature for band-to-band tunneling pf
gate-edge component

35 | STFBBTBOT K1t 10 3 Temperature scaling parameter for band-
to-band tunneling of bottom component
36 | STFBBTSTI K1t 10 3 Temperature scaling parameter for band-

to-band tunneling of STI-edge compongnt

37 | STFBBTGAT K1t 10 3 Temperature scaling parameter for band-
to-band tunneling of gate-edge component

Avalanche and Breakdown Parameters

38 | VBRBOT \% 10 0:1 Breakdown voltage of bottom component
39 | VBRSTI \% 10 0:1 Breakdown voltage of STl-edge compop-
nent

continued on next page. . .
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‘ No. ‘ Name Unit Default ‘ Min. ‘ Max. ‘ Description

40 | VBRGAT \% 10 0:1 Breakdown voltage of gate-edge comp
nent

41 | PBRBOT Vv 4 01 Breakdown onset tuning parameter of b
tom component

42 | PBRSTI Vv 4 01 Breakdown onset tuning parameter of ST
edge component

43 | PBRGAT \% 4 0:1 Breakdown onset tuning parameter of gate-
edge component

JUNCAP Express Parameters

44 | VJUNREF \% 2.5 0:5 Typical maximum junction voltage; usy
ally about2 Vgyp

45 | FJUNQ \% 0:03 0 Fraction below which junction capacitanc¢
components are neglected

e
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2.5.9 Parameters for parasitic resistances

The parameters in the following table are part of PSP's dlabd binning parameter sets.

‘ No. ‘ Name ‘ Unit ‘ Default ‘ Min. ‘ Max. ‘ Description
0 RGO 0 Gate resistancBgate
1 | RINT = 0 0 Contact resistance between silicide and
ploy
RVPOLY = 0 0 Vertical poly resistance
RSHG = 0 Gate electrode diffusion sheet resistance
DLSIL m Silicide extension over the physical gate
length
5 | RBULKO 0 Bulk resistancéRpyik
6 | RWELLO 0 Well resistanceéR e
7 | RJUNSO 0 Source-side bulk resistan&gns
8 | RJUNDO 0 Drain-side bulk resistand®jung

The parameters in the following table are part of PSP's Ipaadmeter set.

‘ No. ‘ Name ‘ Unit ‘ Default ‘ Min. ‘ Max. ‘ Description
0 | RG 0 0 Gate resistancBgate
1 | RBULK 0 0 Bulk resistancéRpyik
2 | RWELL 0 0 Well resistanceR el
3 | RJUNS 0 0 Source-side bulk resistan&gns
4 | RJUND 0 0 Drain-side bulk resistand®jung
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The parameters in the following table are part of PSP-NQ®Bbaj and binning parameter sets.

‘ No. ‘ Name ‘ Unit ‘ Default ‘ Min. ‘ Max. ‘ Description
0 | SWNQS - 0 0 9 Switch for NQS effects / number of collg
cation points
1 | MUNQSO - 1 Relative mobility for NQS modeling

The parameters in the following table are part of PSP-NQfallparameter set.

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

0 | SWNQS | -

0

0

9

Switch for NQS effects / number of collg
cation points

1 | MUNQS | -

Relative mobility for NQS modeling
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Section 3

Geometry dependence and Other effects

3.1 Introduction

The physical geometry scaling rules of PSP (Sec8d2 have been developed to give a good description
over the whole geometry range of CMOS technologies. As anrgdtive, the binning-rules can be used (Sec-
tion 3.6.9 to allow for a more phenomenological geometry dependelidpte that the user has to choose
between the two options; the geometrical scaling rules lam#inning scaling rules cannot be used at the same
time.) In both cases, the result is a local parameter sea(fansistor of the speci ed andW ), which is fed

into the local model.

Stress and well proximity effects are included in PSP. Usheftress model (Secti@b) and/or well prox-
imity effect model (SectiorB.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 possibldiaation of the stress equations in Sect&#),
clipping is applied according to Secti@)5.7.

Effective length and width

w
W; = — 1

= NE (3.1)
LEN =10 6 (32)
Wgy =10 © (3.3)

L w
Lps = LVARO 1+ LVARL % 1+ LVARW —N (3.4)
f
L w
Wop = WVARO 1+ WVARL % 1+ WVARW —N (3.5)
f
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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+ Wep 2 WOT (3.7)
Leev =L+ Lps 2 LAP + DLQ (3.8)
Weey = Wi+ Wop 2 WOT + DWQ (3.9)
Locv =L+ Lps+ DLQ (3.10)
We.cv = Wr+  Wpp + DWQ (3.11)

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 = VFBO 1+ VFBL &V 1+ VFBW VEN
E WEe
1+ vFBLW WEn Len (3.12)
e Le
STVFB = STVFBO 1+ STVFBL -—&% 1+ STVFBW Ven
E E
Weny L
1+ STVFBLW ——~ —EN (313)
e Le
TOX = TOXO (3.14)
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EPSROX = EPSROXO (3.15)
WEen WEe 3
- = + + . .
Nsubo:e NSUBO MAX 1+ NSUBW We In 1 WSEG 110 (3.16)
WEen WEe 3
Npck-e = NPCK MAX 1+ NPCKW | 1+ —— 01 A7
pek;e c c we wsegp 10 (3.17)
WEen WEe 3
Lpk:e = LPCK MAX 1+ LPCKW | 1+ —— 01 A
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
NsubOe + Npcke LE forl—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
!
L Len 2
NEFF= Ngsw 1 FOL1 -2 FoL2 =—EM (3.22)
Le Le
VNSUB = VNSUBO (3.23)
NSLP = NSLPO (3.24)
DNSUB = DNSUBO (3.25)
|
L DPHIBLEXP
DPHIB = DPHIBO + DPHIBL %
E
Wen Wen Len
1+ DPHIBW 1+ DPHIBLW ———M 3.26
WEe We Le ( )
_ 6. Len
NP = NPO MAX 10 °;1+ NPL . (3.27)
E
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|
CTLEXP

CT= CTO+CTL =BV 1+cTw Wen
LE VVE
Wen Len
1+ CTLW —EN_—EN
We Le
TOXOV = TOXOVO
NOV = NOVO
DIBL Parameters
CFLEXP
Len Wen
CF=cFL -—-EY 1+ CFW
LE VVE
CFB = CFBO
Mobility Parameters
W,
F e = FBETL 1+FBETIW — "
E
_ Wen ., 3
Lpie = LP1 MAX 1+ LP1W 10
E
Lpy. L
Gpe=1+F e —=% 1 exp £
Le Lpie
LP2 Le
+ FBET2 —— 1 ex —
Le P P2
Wen Wen We
Gwg =1+ BETW1 + BETW2 In 1+
WiE We We WBET
Uo Weg
BETN = E G
Gee Le 'F
STBET = STBETO 1+ STBETL Ll_ﬂ 1+ STBETW Ven
E E
Wen Len
1+ STBETLW ——1 —EN
We Lg
WEenN

MUE = MUEO 1+ MUEW

E
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STMUE = STMUEO (3.39)
THEMU = THEMUO (3.40)
STTHEMU = STTHEMUO (3.41)
CSLEXP!
CS= CSO+ CSL EV 1+ csw Wen
LE WE
Wen Len
1+ CSLW —EN_“EN 42
cS T (3.42)
STCS= STCSO (3.43)
XCOR = XCORO 1+ XCORL Ll_ﬂ 1+ XCORW \VEN
E E
Wen Len
1+ XCORLW —EN_—EN 44
co T (3.44)
STXCOR = STXCORO (3.45)
FETA = FETAO (3.46)

Series Resistance Parameters

RS= RSW1 WEN 1. pswz Wen (3.47)
E E
STRS= STRSO (3.48)
RSB= RSBO (3.49)
RSG= RSGO (3.50)
Velocity Saturation Parameters
G- L THESATLEXP °
THESAT = THESATO + THESATL —W:E ZEN
Gp:E Le
1+ THESATW WVen 1+ THESATLW Wen Len (3.51)
WEe We Lg
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STTHESAT = STTHESATO 1+ STTHESATL Ll_ﬂ

E

w Wey L
1+ STTHESATW vaEN 1+ STTHESATLW H (3.52)
THESATB = THESATBO (3.53)
THESATG = THESATGO (3.54)
Saturation Voltage Parameter
AX = LOL (3.55)
1+ AXL %
E
Channel Length Modulation (CLM) Parameters
L ALPLEXP Y
ALP = ALPL LLEN 1+ ALPW vaEN (3.56)
L ALP1LEXP
ALP1L1 % W
— E EN
ALP1 = ——APIEeT L+ ALPIW (3.57)
1+ ALP1L2 %
E
L ALP2LEXP
ALP2L1 % W
— E EN
ALP2 = G L+ ALP2W (3.58)
1+ ALP2L2 %
E
VP = VPO (3.59)
Impact lonization (II) Parameters
L w
Al= A10 1+AlL - 1+a1W N (3.60)
LE WE
A2 = A20 (3.61)
STA2 = STA20 (3.62)
L w
A3= A30 1+A3L LL; 1+ A3W va; (3.63)
L w
Ad= AA0 1+ A4L LLEN 1+ AAW vaEN (3.64)
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Gate Current Parameters

GCO = GCOO
We Lg
IGINV = IGINVLW @——M—
Wen Len
We LOV
IGOV = IGOVWW & ———
Wen Len
STIG = STIGO
GC2= GC20
GC3= GC30
CHIB = CHIBO

Weg LOV

AGIDL _—
Wen  Len

AGIDLW

BGIDL = BGIDLO

STBGIDL = STBGIDLO

CGIDL = CGIDLO

Charge Model Parameters

ox = o EPSROX

We.cv LEecv

COX= ox TOX
~ We.cy LOV
CCOV = o TOXOV

CGBOV = CGBOVL &

Len
CFR= CFRW eiev.
EN
Noise Model Parameters
Wey L
NFA = NFALW —cN —EN
e Le
NFB = NFBLW VEN Len
e Le
NFC = NFCLw Uen Len
e Le

Gate-Induced Drain Leakage (GIDL) Parameters
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(3.65)

(3.66)

(3.67)

(3.68)
(3.69)
(3.70)

(3.71)

(3.72)
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(3.74)

(3.75)

(3.76)

(3.77)

(3.78)

(3.79)

(3.80)

(3.81)

(3.82)
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WPE parameters

L W
K vthowe = KVTHOWEO + KVTHOWEL % + KVTHOWEW 2N
E E
Len W,
+ KVTHOWELW —EN EN (3 84)
Le We
_ Len WEenN
K uowe = KUOWEO + KUOWEL —EN + KUOWEW
LE WE
Len W,
+ KUOWELW —E¥_""EN (3 g5)
Le WE
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3.3 Binning equations

The binning equations are provided as a (phenomenologittaihative 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 Section3.6.2are 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.

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, L W,
YYY = POYYY + PLYYY —E% 4+ PWYYY R+ powyyy —=- —ER (3.86)
Le WEe Le WEe
2. Typell
L \Y/ Le W
YYY = POYYY + PLYYY —5 + PWYYY —= + PLWYYY —= E_ (3.87)
Len EN Len Wen
3. Typelll
L \Y/ We L
YYY = POYYY + PLYYY ==+ pwyyy —E= +pLwyyy = =N (3.88)
Le Wen Wen LEe
4. Type IV (no binning)
YYY = POYYY (3.89)

In Table3.1 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 parametarsrie bin can be directly calculated from the
local parameter sets of the four corner devices of the bm$&e.7.6). This results in aeparate parameter set
for each bin The binning scheme ensures that the local parameters acHyeseproduced at the bin corners
and that no humps occur in the local parameter values aciog®bndaries.

Note: After calculation of the local parameters from the binninges (and possible application of the stress
equations in Sectio8.5), clipping is applied according to Secti@b.7
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Table 3.1: Overview of local parameters and binning typee fitird column indicates
whether there is a physical geometrical scaling rule fotdbal parameters.

# | parameter physical | binning || # | parameter physical | binning
scaling scaling

0 | LEVEL no no 36 | RSB no no
1 | TYPE no no 37 | RSG no no

2 | TR no no 38 | THESAT yes type |
3 | SWIGATE no no 39 | STTHESAT yes type |
4 | SWIMPACT no no 40 | THESATB no type |
5 | SWGIDL no no 41 | THESATG no type |
6 | SWIJUNCAP no no 42 | AX yes type |
7 | QMC no no 43 | ALP yes type |
8 | VFB yes type | 44 | ALP1 yes type |
9 | STVFB yes typel || 45| ALP2 yes type |
10 | TOX no no 46 | VP no no
11 | EPSROX no no 47 | Al yes type |
12 | NEFF yes type | 48 | A2 no no
13 | VNSUB no no 49 | STA2 no no
14 | NSLP no no 50 | A3 yes type |
15 | DNSUB no no 51| A4 yes type |
16 | DPHIB yes type | 52 | GCO no no
17 | NP yes type | 53 | IGINV yes type Il
18 | CT yes type | 54 | IGOV yes type llI
19 | TOXOV no no 55| STIG no no
20 | NOV no type | 56 | GC2 no no
21| CF yes type | 57 | GC3 no no
22 | CFB no no 58 | CHIB no no
23 | BETN yes type lll || 59 | AGIDL yes type 11l
24 | STBET yes type | 60 | BGIDL no no
25 | MUE yes typel || 61 | STBGIDL no no
26 | STMUE no no 62 | CGIDL no no
27 | THEMU no no 63 | COX yes type Il
28 | STTHEMU no no 64 | CGOV yes type llI
29| CS yes type | 65 | CGBOV yes type Il
30 | STCS no no 66 | CFR yes type llI
31 | XCOR yes type | 67 | FNT no no
32 | STXCOR no no 68 | NFA yes type |
33 | FETA no no 69 | NFB yes type |
34 | RS yes type | 70 | NFC yes type |
35| STRS no no 71| DTA no no
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Effective length and width

Leny =10 © (3.90)
Wgy =10 © (3.91)
Lps = LVARO 1+ LVARL L% (3.92)
Wop = WVARO 1+ WVARW WEfN (3.93)
Le=L L=L+ Lps 2 LAP (3.94)
We=W; W=W+ Wop 2 WOT (3.95)
Leeew =L+ Lps 2 LAP + DLQ (3.96)
We.cv = Wi+ Wop 2 WOT + DWQ (3.97)
Lecv = L+ Lps+ DLQ (3.98)
We.cv = Wi+ Wop + DWQ (3.99)

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

Process Parameters

L w Len W
VFB = POVFB + PLVFB —=N + PWVFB - + PLWVFB —— &N (3.100)
STVFB = POSTVFB+ PLSTVFB "EN 4 pPWSTVFB WEN , pl\WSTVFB M(&lm)
TOX = POTOX (3.102)
EPSROX = POEPSROX (3.103)
NEFF = PONEFF + PLNEFF “EY + PWNEFF WEN , prywNerp CEv Wen (3.104)

Le E Le We
VNSUB = POVNSUB (3.105)
NSLP = PONSLP (3.106)
DNSUB= PODNSUB (3.107)
DPHIB = PODPHIB + PLDPHIB =E + PWDPHIB EN . pL\WDPHIB M(&lOB)
NP = PONP+ PLNP =E 4 pwnp WEN | pyynp SN Wen (3.109)
LE WE LE WE
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CT = POCT+ PLCT SE% 4 pwer Wen | ppwer ben Wen (3.110)
LE WE LE WE
TOXOV = POTOXOV (3.111)
NOV = PONOV + PLNOV =EY 4 pwNov WEN | prywnoy DEv Wew (3.112)
DIBL Parameters
LEN WEN LEN WEN
= + —_— + + —eN TTEN )
CF = POCF+ PLCF =% + PWCF % + PLWCF =1 (3.113)
CFB = POCFB (3.114)
Mobility Parameters
L w We L
BETN = POBETN + PLBETN - + PWBETN — & + PLWBETN —— —=N (3.115)
Le EN Wen Le
— I—EN WEN LEN WEN
STBET = POSTBET+ PLSTBET —=% + PWSTBET + PLWSTBET —EN"EN (3.116)
MUE = POMUE + PLMUE =N 4 pwMmUE WEN | prywmue BEv Wen (3.117)
STMUE = POSTMUE (3.118)
THEMU = POTHEMU (3.119)
STTHEMU = POSTTHEMU (3.120)
CS= POCS+ PLCS “E + pwes WEN | pryes bEn Wew (3.121)
LE WE LE WE
STCS= POSTCS (3.122)
— LEN WEN LEN WEN
XCOR = POXCOR + PLXCOR —=Y + PWXCOR + PLWXCOR — EN (3123
STXCOR = POSTXCOR (3.124)
FETA = POFETA (3.125)
Series Resistance Parameters
RS= PORS+ PLRS =EM + pwrs WEN | plywrs LEv Wen (3.126)
LE WE LE WE
STRS= POSTRS (3.127)
RSB= PORSB (3.128)
RSG= PORSG (3.129)
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Velocity Saturation Parameters

THESAT = POTHESAT + PLTHESAT Ll_ﬂ

E

w Len W
+ PWTHESAT —SN + PLWTHESAT — —EN (3.130)
WEe Le WEe
STTHESAT = POSTTHESAT + PLSTTHESAT LLﬂ
E
w Len W
+ PWSTTHESAT —oN + PLWSTTHESAT —v —EN  (3.131)
WEe Le We

THESATB = POTHESATB + PLTHESATB Ll_ﬂ

E

w Len W,
+ PWTHESATB — N + PLWTHESATB —= —EN  (3132)
WE I—E WE

L
THESATG = POTHESATG + PLTHESATG %

E

W Len W
+ PWTHESATG —— + PLWTHESATG —~ —EN  (3.133)
WE I—E WE
Saturation Voltage Parameters
L W Len W
AX = POAX + PLAX —N + pwAX —N 4 ppwAx —=4 EN (3.134)
LE WE LE WE
Channel Length Modulation (CLM) Parameters
L W Len W
ALP = POALP + PLALP - 4+ pwaLPp —EN 4 ppwaLp —EL EN (3.135)
Le WEe Le W
L w Len W
ALP1 = POALP1+ PLALP1 —Y + pwALP1 —SN 4+ ppwaLP1l —EN BN (3.136)
L w Len W
ALP2 = POALP2 + PLALP2 —N + pwaLP2 —EN 4+ ppwaLp2 —EN TEN (3.137)
VP = POVP (3.138)
Impact lonization (II) Parameters
LEN WEN I—EN WEN
Al= POAL+ PLA1 —EN + pwAl + PLWAL —EN EN 3.139
LE WE I-E WE ( )
A2 = POA2 (3.140)
STA2 = POSTA2 (3.141)
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A3 = POA3+ PLA3 LLﬂ + PWA3

E

L
A4 = POA4+ PLA4 % + PWA4

E

Gate Current Parameters

GCO = POGCO

IGINV = POIGINV + PLIGINV

IGOV = POIGOV + PLIGOV

STIG = POSTIG

GC2= POGC2

GC3 = POGC3

CHIB = POCHIB

PSP 102.2

Wen
E

WEen

E

Le

EN
E

EN

+ PWIGINV

LL— + PWIGOV

Gate-Induced Drain Leakage (GIDL) Parameters

AGIDL

BGIDL = POBGIDL
STBGIDL = POSTBGIDL

CGIDL = POCGIDL

Charge Model Parameters

COX = POCOX+ PLCOX

POAGIDL + PLAGIDL

Le;cv

EN

Len

E

+ PWAGIDL

+ PWCOX

50

+ PLWA3

+ PLWA4

Len Wen

Le W

Len Wen

Le WE

WEe

WEe

EN

WE:cv

EN

EN

+ PLWIGOV

WEe
EN

+ PLWCOX

+ PLWIGINV

+ PLWAGIDL

Le W

WE Len
Wen Le

We Len

Le;cv WEcv

Len Wen

Len Wen

Wen Le

(3.142)

(3.143)

(3.144)

(3.145)

(3.146)

(3.147)

(3.148)

(3.149)

(3.150)

(3.151)

(3.152)

(3.153)

(3.154)

(3.155)
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CGOV = POCGOV + PLCGOV ——EN_
E;CV

We. WEe. L
+ PWCGOV ——Y + prwcGov —=Y —EN (3 156)
Wen Wen LE:cv

CGBOV = POCGBOV + PLCGBOV -GSV
EN

+ PWCGBOV V\\;\‘;?CV + puwcgBoy Loy Weiev

3.157
EN Len Wen ( )
L Wo. Ws.cy L
CFR = POCFR+ PLCFR —™_ + PWCFR —=%Y + pLWCFR >V —EN (3.158)
Le:cv EN Wen Leev
Noise Model Parameters
FNT = POFNT (3.159)
L w Len W,
NFA = PONFA+ PLNFA —=N + pwWNFA —EN 4+ pLwNFA —0 EN (3.160)
I—E WE LE WE
L W Len W,
NFB = PONFB+ PLNFB —=N + PWNFB - + PLWNFB —— _"EN (3.161)
Le E Le We
L W Ley W
NFC = PONFC+ PLNFC —=% + PWNFC —% + PLWNFC —=% —ZEN (3.162)
LE WE LE WE
WPE parameters
L W
K vihowe = POKVTHOWE + PLKVTHOWE % + PWKVTHOWE WEN
E E
Len W,
+ PLWKVTHOWE —EN EN - (3163)
Le We
L W,
K uowe = POKUOWE + PLKUOWE % + PWKUOWE —EN
E E
Len W,
+ PLWKUOWE - "EN (3 162)
Le We

51



October 2007 PSP 102.2

3.4 Parasitic resistances

PSP model contains a network of parasitic elements: a gsitgarce and four bulk resistances. Note that the
junction diodes are no longer directly connected to the brkinal of the intrinsic MOS-transistor. The com-
plete circuit is shown in Fig3.2 At this moment, only the gate resistance is scaled with gegnffacilitating

the implementation of multi- nger devices).

Li=L+ Lps (3.165)
Leif = Ly + DLSIL (3.166)
WEe;s= Wi+ Wop (3.167)
Xowe = XGW 05 Wop (3.168)

1 *RsHG sNecon * XGWE  RINT + RVPOLY ’
RG= RGO+ = 4 NGCON L, R 5 (3.169)
RBULK = RBULKO (3.170)
RWELL = RWELLO (3.171)
RJUNS = RIUNSO (3.172)
RJUND = RJUNDO (3.173)

Note: The values ot ¢, Lj.t, We.t andX gwe are clipped to a minimum value of 1 nm. The calculated local
parameters are subject to the boundaries speci ed in Se2t09

Rgate

GP

Figure 3.2: Parasitics circuit
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3.5 Stress effects

The stress model of BSIM4.4.@][has been adopted in PSP without any modi cations, excapio changes:
(1) in the original BSIM parameter names all zeros have beplaced by “O”s, in order to comply with PSP
conventions and (2) the BSIM paramet&BK2andLODK2 are not available in PSP. Some trivial conversion
of parameters BSIM PSP is still necessary, seg.[

The local PSP parameters affected by the stress equateB&aN, THESAT, VFB, andCF.
Calculation ofSA andSB for irregular layouts is given in Sectidd. 1.

Note: After modi cation of the local parameters by the stress dmumes, clipping is applied according to
Section2.5.7

Note: If both SA andSB are set to 0, the stress-equationsramecomputed.

3.5.1 Layout effects for multi- nger devices

For multi- nger devices, effective valueSA, andSB, for the instance parameters are calculated (see Fig.

3.3.

1 x 1 (3.174)
SAc +0:55 L NF ., SA+0:5 L+i (SD+L) '
I SR B 1 (3.175)
SB. +0:5 L NF ., SB+05 L+i (SD+L) '
3.5.2 Layout effects for regular shapes
1
Ra= SA +05 L (3.176)
1
Rg = W (8.177)
Raef = ————+ (3.178)
Atel T SAREF+0:5 L '
RB:ref = ! (3.179)
Bt © SBREF+0:5 L '
3.5.3 Parameter modi cations
Mobility-related equations
K= 14 LKUO . WKUO
uo (L + LPS)LLODKUO (Wf + WOD + WLOD)WLODKUO
!
. PKUO
(L+ Lps)" O (W;+  Wop + WLOD )WLODKUO
1+ TKUO 1K2 4 (3.180)
Tkr
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L
—
a2
W
SA SD SB
P > AEEEEEEE—
I—OD

Figure 3.3: A typical layout of multi- nger devices with amditional instance parametes®.

Trench 4_'—»
isolation —
edge
w
SA SB

I—OD

Figure 3.4: Typical layout of a MOSFET. Note thapp = SA+ SB+ L, where OD is the active region
de nition.
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KUO

— (Ra + Rg) (3.181)
Kuo
KUO
i ref = K (Ra:ret + Rpiref) (3.182)
uo
1+
BETN = ———— BETNf (3.183)
1+ ; ref
1+ 1+ KVSAT .
THESAT = S L THESAT e (3.184)

Threshold-voltage-related equations

K 14 LKVTHO + WKVTHO
vtho (L + LPS)LLODVTH (Wi + Wop + WLOD)WLODVTH
PKVTHO
+ (L+ Lpg)tODVTH (W +  Wop + WLOD )WLODVTH (3.185)
R=Ra+ Rs Raiet Repirer (3.186)
R
VFB = VFByes + KVTHO (3.187)
vtho
R
CF = CFret + STETAO 555720 (3.188)
Ko
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3.6  Well proximity effects

The well proximity effect (WPE) model from BSIM4.5.@,[5, 6] has been adopted in PSP with two changes
relative to BSIM4.5.0: (1) in the original BSIM parameteinmes all zeros have been replaced by "O's in order
to comply with PSP naming convention and (2) the BSIM param€2WEis not available in PSP. Except for
some trivial conversion of parameters BSIMPSP P], WPE parameters from BSIM can be used directly in
PSP.

The local PSP parameters affected by the WPE equationg=BeandBETN.
How to calculateSCA, SCB, andSCCis shown in Sectiof3.2.

Note: After modi cation of the local parameters by the WPE equasioclipping is applied according to
Section2.5.7.

Note: If SCA, SCB, SCCandSC are all set to 0, the WPE equations ag computed.

3.6.1 Parameters for pre-layout simulation

If SCA= SCB = SCC =0 andSC > 0, SCA, SCB, andSCC will be computed fronSC according to
Egs. 8.9—(B.11), as shown below. Her&C should be taken as the distance to the nearest well edgeifsee F
3.5). If any of the parametelSCA, SCB, or SCCis positive, all three values as supplied will be used &@d
will be ignored.

If SCA= SCB= SCC=0 andSC> 0

SCREF? 1 1

SCA= —
W SC SC+ W

(3.189)

Figure 3.5: A layout of MOS devices for pre-layout simulatigsing estimated value f&C.
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1 SCREF SC SCREF SC
= +
SCB= W scree 10 °C ™ 10 SGrer 100 P 10 ScReF
SCREF SC+ W
10 (SC+ W) exp 10 SCREF
, #
SCREF SC+ Wi
1 SCREF SC SCREF? sC
= 2 + 2
SCC= WscrRer 20 °C &P 20 SeReF 200 20 SGRrer
SCREF SC+ W
+ W 20 =—
20 (SC*Wi) exp 20 Jeper
, #
SCREF SC+ W
—200 exp 20 SCREF (3.191)
3.6.2 Calculation of parameter modi cations
The calculation oK yihone andK yowe iS given in Section (global model) or (binning model).
VFB = VFBet + Kyihowe (SCA+ WEB SCB+ WEC SCC) (3.192)
BETN = BETNer [1+ Kuowe (SCA+ WEB SCB+ WEC SCO)] (3.193)
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Section 4

PSP Model Equations

4.1 Internal Parameters (including Temperature Scaling)

In this section, bias-independent internal parameteidsheitalculated, including temperature scaling. These
parameters are computed from local parameters. Local gdeasmare (as usual) denoted by capital characters
in bold font, whereas the internal parameters are denotagipols in bold font.

Transistor temperature
Tkr = To+ TR (4.1)
Tkp = To+ Ta + DTA (4.2)
T=Tw Tkr (4.3)
- "E‘% (4.4)

Local process parameters

T= 1 1+cCT % (4.5)
Veg = VFB+ STVFB T + DELVTO (4.6)
Eg=q=1:179 9:025 10 ° Tgp 305 10 ' Tkp? (4.7)
rr= 1:045+4:5 10 * Txp  0523+1:4 10 3 Typ 148 10 © Typ? (4.8)
ni=2:5 107° rr3* (Tko =30017 exp Egzj (4.9)

¢ =MAX( DPHIB +2 . In[NEFF=n]; 0:05) (4.10)
ox = EPSROX ¢ (4.11)
Cox = ox=TOX (4.12)
SiT S0 (4.13)
o= 2q & NEFF=Co (4.14)
Gl= o= — (4.15)
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Polysilicon depletion parameter

% if NP=0 kp=0

8
— . \/ — 2
% NP; = MAX( NP; 8 10'=TOX*) (4.16)
§ if NP> 0 E NP, = MAX(NP ;3 10%)
" kp=2 1 C&=a si NPy)
Quantum-mechanical correction parameters
dim =10 ¢ (4.17)
8 2=3
2 04 QMC QM Cox for NMOS
g = (4.18)
04 QMC QM, C&° for PMOS
q_—
o= o g (4.19)
— cl . 2=3
8= B +t0:75 qq oy (4.20)
Go=Gf 1+0q G .2
Vsg-clipping parameters
=0:95 4 (4.22)
a =25 10°% 3 (4.23)
b =2:5 10°% 3 (4.24)
2 p—
x=05 Db (4.25)
=MINA( x %, 0;a ) (4.26)
Local process parameters in gate overlap regions
p
= 29 s NOV TOXOV= (4.27)
p —
Gw= o= 7 (4.28)
p—
w=1t Ga= 2 (4.29)
Xmrgov =10 ° o, (4.30)
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Mobility parameters
= FACTUO BETN Cox (Tkr =Tio ) T25"
= THEMU (Tkg =Tkp )5 TEMY
£ = MUE (Tkr =Twp )"™E
X cor = XCOR  (Tkg =Tip )5 ¥R
Cs=CS (Tkr=Tkp)>'®
Eefo=10 8 Cox= s

8
2 1=2 FETA for NMOS

1=3 FETA for PMOS

Series resistance parameter
Rs= RS (Tkr =Tkp)>™"°

R=2 Rs

Velocity saturation parameter

sa= THESAT (Tir =Teo)*"

Impact-ionization parameter

a,= A2 (Tkp =Tkr)>™

Gate current parameters

l ey = IGINV  (Tkp =Tkr )°"'°

| cov = IGOV  (Tkp =Tkg )°"'®

B = g Q P35 g mo CHIB =6:830909 10° TOX P chiB
Bo = B TOXOV=TOX

8

2
3 009 O for GC3< 0
2 GC3

GCQ = B

) forGC3 0

_ Eqg=q+ 3
b 2

61

October 2007

(4.31)
(4.32)
(4.33)
(4.34)

(4.35)

(4.36)

(4.37)

(4.38)

(4.39)

(4.40)

(4.41)

(4.42)

(4.43)

(4.44)

(4.45)

(4.46)

(4.47)

(4.48)

(4.49)
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Gate-induced drain leakage parameters

2

2 10 °

AcipL = AGIDL X0V
TOXOV
BooL = BOIDL MAX(1+ STBGIDL TJ;0)

Noise parameter

NT: FNT 4 kB TKD

Additional internal parameters

X1=1:25

p
Xg1= X1+ Goy  exp( X1)+ x1 1
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4.2 Model Equations

In this section, the model equations of the PSP-model aengiyse is made of the applied terminal bias values
Ves, Vbs andVsg, the local parameters listed in Sectidrh.7and the internal parameters introduced in Sec-
tion 4.1 Local parameters are denoted by capital characters infontdwhereas internal (bias-independent)

parameters are denoted by symbols in bold font.

The de nitions of the auxiliary functions MINA(.), MAXA(.) (:) and 1:2(.) can be found in Appendi&.

4.2.1 Conditioning of Terminal Voltages

v =MINA( Vsg; Vsg + Vps; b )+ « (4.55)
Veg = Vg MINA( v;0;a )+ (4.56)
[ [ —
Vgsx =  Vps2+0:01 01 (4.58)
Vi V,
Vsbx = VSB + Dsfdsx (4.59)
Drain-induced barrier lowering:
Vo = CF Vgsx (1+ CFB Vg) (4.60)
VGB = VGS + VSB + VG Vv FB (461)
Xg = Vgg= 7 (4.62)
4.2.2 Bias-Dependent Body Factor
Dnsub = DNSUB MAXA O; Vgs + Vsg  VNSUB; NSLP (4.63)
| O
G=Gy 1+ Dpsub (4.64)
4.2.3 Surface Potential at Source Side and Related Varialde
—1+ 623 (4.65)
+
Xne = —BF Vse (4.66)
T
ns = €Xp( Xnps) (4.67)
Xmrg =10 ° (4.68)
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Yg = Xg
z=1:25 y4=
h p i

= z+410  (z 6)2+64 =2
a=(y; )?+G? ( +1)
c=2 (yg ) G?

— —2
if Xg < Xrg = +In a=G
Yo= 1(a;c ;)

0 = exp(Yo)

P=2 (Vg Yo)+G?> [ o 1+ o (1 %Uyo) 1= o)

2 q

" VRRRKARRAXRRARIIANRRKIIRRARIKANRRRRAR/ INRKIRIRKXRIIIRRIRKIRIIIXRRIRKARS/ ©O

Xs= Yo P

q=(Yg Yo)°+ G2 [yo o+tl+ ns I+ (Yo) 1= 0 2 Yol

p+ p2 2 q9gf2 G2 [ o+ ns (1= 0  Qyo)lg

e . X 1
if jXg] Xmg Xs= =2 1+G Xq Z—Bs—_

6 2
S Rg1 = X1+ G pexp( X1)+ x1 1
x=29 1axg (X1 Rg)=RL
Xo= Xg+ G?=2 G pxg+ G2=4 1+exp( Xx)
b = Xns +3
= MINA( x0; b 5) b | B 5 =2
a=(xqg )?> G? [exp( )+ 1 5 ( +1+ ()]
b=1 G?=2 [exp( ) s )

if Xg > X mrg c=2 (Xg )+ G2 [1 exp( ) ns (14 0())]

= Xnps +In a=G?

Yo= 2(a;b;c; ;)

0 = exp(Yo)

P=2 (Xg Yo)*+ G* [1 1= o+ s (0 1  %yo0))
q=(Xg ¥0)° G? [o+1= o 1+ s (0 Yo 1  (¥0))

2q
Xs = Yo+ —p
° p+ P2 2qf2 G2 [1= o+ s (0 Yo)Ig

Egs. @.72-(4.74 are only calculated faxg > 0.

Es=exp( Xs)
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Ds=[1=Es xs 1 (Xs)]  ns (4.73)
Ps=Xs 1+Es (4.74)
8
2 Xg Xs forxg O
Xgs = - (4.75)

ss= T Xs (4.76)

4.2.4 Drain Saturation Voltage

Eqgs. @.77-(4.97) are only calculated faxg > 0.

G2 1 Ds
= - T g5 .
W= e @.77)
G (1 E
=1+ 2( pp_s) (4.78)
s
hs= 1 G Ps (4.79)
8
3 1+ RSB Vg forRSB O
b = 3 1 (4.80)
8 1
® TrRsG g, TRSG O
gs = 5 (4.81)
" 1 RSG gs forRSG< 0
s= R b gs Us (4.82)
_ 1+X cor Vsbx
T 1+40:2 X cor Vabx (4.83)
Ee s = Eeffo  Ops t+ Gis (4.84)
2
1+( E Ee ;s) +CS TS + 5
Gmob:s = Gs T s (4.85)

X

8
3 1+ THESATB Vs for THESATB 0O

th = (4.86)

2 1
: <
1 THESATB Vg, for THESATB < 0

100 Gs tb
100+Gs

Wsat;s = (487)
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Gmob;s

sat;s —

8
% S8 (1+ THESATG  Waar:s)

sat 1
Gmob:s 1 THESATG Wsat:s

*
1 = 0s= st 7

8 p_
% sat:s 1= 2 for NMOS
_ p_
Ysat = . = 2
F g S for PMOS
1+ sat;s 1= 2
. 2
= —p:
R o e

1 Zz2
0= 1 Za 1+0:86 zz Ysat a s

8sat = Xgs t G?=2

T 0:98 G2 Dy
asat + 8%, 098 GZ D,

2 =

1+4 73 yZ,

for THESATG O

for THESATG < 0

2 *
— sat  sat 2 Qsat T
Vidsat = sat T In“ 1+ o2
G2 Dy
Ve = 4 Vbs .
dse — 1 F1=aX

1+ (Vos =Vasar )™

4,25 Surface Potential at Drain Side and Related Variables

Eqgs. 6.98-(4.107 are only calculated faxg > 0.

. = g+ Vgg + Vuse
nd= ———

T

Kas = exp Vdse= T
nd = ns Kds

. X 1
ifXg Xmg Xd= -2 1+G Xg Sl I

(4.88)

(4.89)

(4.90)

(4.91)

(4.92)

(4.93)

(4.94)

(4.95)

(4.96)

(4.97)

(4.98)

(4.99)

(4.100)

(4.101)
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b=1 G?=2 [exp( ) na P

c=2 (xg )+G2 1 exp( ) g @+ A

8
by = Xng +3:0
= MINA( Xo; b; 5) by pb§+5 =2
a=(xg ) G* [exp( )+ 1 g (+1+ ()]

if Xg > X mrg =Xa  *In a=G (4.102)

Yo= 2(a;b;c; ;)

0 = exp(Yo)

P=2 (Xg Yo)+ G? [1 1= o+ g (0 1  9Yyo))

q=(Xg Y0o)> G? [yo+1= o 1+ o (0 Yo 1  (Yo))I

Xd = y + sl 2 q

d — Yo

p+ P2 2qf2 G2 [1= o0+ o (0 °Wo)ldg

Xds = Xd  Xs (4.103)

gq= G? (1 kds) Ds
=1 G?22 [Es+ na(17Es  %x))] (4.104)

Xds = “72(1
ds p+r~'p2 4 q

Xd = Xs+ Xds

if xgs < 10 10

8
% P=2 Xgs+ G2 [l Es+ o (I=Es 1 O(Xs))]

Eqg=exp( Xq) (4.105)
Dg=(1=Ey xq 1 (Xq)) nd (4.106)
= 1 Xgs (4.107)
0= T Xd (4.108)

4.2.6 Mid-Point Surface Potential and Related Variables

8

Xm = (Xs + Xg) =2
% Emn= pEs Eq

D =(Ds+ Dyg) =2

if xg >0 (4.109)

Dm=D+x3=8 En 2=G?

Xgm = G po+Pm
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4.2.7 Polysilicon Depletion

Egs. 4.111-(4.125 are only calculated fdkp > 0 andxg > 0 (otherwise , = 1):

0
xQ = xm; xQ =xs; DY =Dp;

do=1 E9 +2 xgn=G?

Xom Dm
X = kp p 9
e 1+,  D9+p,
P=2 (Xgn Xpm)*+ G* 1 EQ +DY

0= Xpm (Xpm 2 Xgm)

b=1 G*=2 EQ +DO

P g

Up = —————
TP g

Xm = X9 + up

Em=EQ exp( up)

Dm=DY exp(up)

Pm=Xm 1+En
| O R —
Xgm:G Dm+Pm

©) exp(up) D+ do

PSP 102.2

EY = Em;

Xds = X
®TS T ER+2 Xgm

- *
= 1 Xds

68

p=G? +exp(u,) D

(4.110)

(4.111)

(4.112)

(4.113)

(4.114)

(4.115)

(4.116)

(4.117)

(4.118)

(4.119)

(4.120)

(4.121)

(4.122)

(4.123)

(4.124)
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4.2.8 Potential Mid-Point Inversion Charge and Related Varables

Egs. 6.126-(4.133 are only calculated faxg > 0.

G2 } Dn
= - T g7 4.126
m Xgn + G ' Pp ( )
m= p+t G—(lp_E—m) (4.127)
2 Pnm
Gn = Gm+ 1 m (4.128)
* p —
dm = 1 G Pm (4.129)
Series resistance:
8 1
5 m forRSG 0
9 3 (4.130)

1 RSG gm forRSG< 0

s= R b g Om (4.131)
Mobility reduction:

Ee = Eefio Om + Gim (4.132)

2
Yom
1+( E Ee) +CS Qim * Obm +

Gmob = (4.133)

X

4.2.9 Drain-Source Channel Current

Egs. @.134-(4.145 are only calculated faxg > 0:

Channel length modulation:

R1 = Gm=0q, (4.134)
R2= T m=0qn (4.135)
0 1
1+ Vos
=B VP & (4.136)
1+ Vdse
VP
Vdsx
T,=In 1+ 4.137
2=1n VP (4.137)
L=L = ALP T, (4.138)
G .= 1 (4.139)
LT 1+ L=l +( L=L)? '
ALP1
L;=L= ALP + Ry Ti+ALP2 gm RZ T, (4.140)

m
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FL= 1+ Li=L+( L:=L)> G
Velocity saturation:
_ 100 Gm tb
Wsat = 100+ Gm o

(1+ THESATG Wsat)

sat

8

sat
% Gmob;s G L
3

sat 1
Gmobs G L 1 THESATG Wey

8
3 (o )2 for NMOS
Zsat = 2
2 (s ) for PMOS
1+ sat
G G
Gusat = mob2 L 1+ P 1+2 Zgat
Drain-Source channel current:
8
30 forxg O
Ips =
-S F L Gm forxg > 0
GVS&I

PSP 102.2

(4.141)

(4.142)

for THESATG O

(4.143)
for THESATG < 0

(4.144)

(4.145)

(4.146)

4.2.10 Auxiliary Variables for Calculation of Intrinsic Ch arges and Gate Current

Egs. @.147-(4.149 are only calculated faxg > 0.

Voxm = T Xgm
" 2#
0 _ Zgat Gmob G L
m= m 1+ —= _—
2 Gysat
H = M q_m
Gusat %

4.2.11 Impact lonization or Weak-Avalanche

(4.147)

(4.148)

(4.149)

The equations in this Section are only calculated WB8HMPACT =1 andxq > 0.

h i
p—— P —
au=a 1+A4 VSB+ B B

Vsat = Vps A3

May =

a
Al Vsa exp 2 for Veat > 0

VS at

lav = May lps

70

8
5 0 fOI' Vsat
2

(4.150)

(4.151)
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4.2.12 Surface Potential in Gate Overlap Regions

8 8
Yg= Xg
Z= X1 yg:o\,
h p i
= z+10 (z 6)2+64 2
a=(yg )?+ G2 ( +1)
c=2 (yg ) G

— 2
X9 < Xmrgor = +In a=Gg,
Yo= (& c; ;)

0 = exp(Yo)

P=2 (yg Yo)+ G2 (o 1)

9=(Yg Yo)’+ G2 (Yo o+1)

2
Xov (Xg) = Xor = Vo 4 q (4.154)
p+ P 29 2 G o
n
if XgJ < Xmrgov ~ Xov = Xg= oy
8 h i
X= Xg= oy 1+ Xg (o X1 Xg1) XG
I'=1 exp( x)
q
Xo= Xg+ G372 Go Xg+ G3=4 !
if Xg > Xmrgov o =exp( Xo)
P=2 (Xxg Xo)* G35 (1 o)
a=(xg x0)* G& (xo+ o 1)
2
Xov = Xo * 9 d
' p+ P2 249 2 G o
V,
sov = T Xov a—— (4.155)
T
V, V
dov = T Xov < s (4.156)
T
Vove = Ves sov (4.157)
Vov, = Ves  Vbs dov (4.158)
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4.2.13 Gate Current

The equations in this Section are only calculated WR@HGATE =1.

Source/Drain gate overlap current:

8 p
VOV = VO%I + 10 6
tov = MINA(O ; Vou + D oy; 0:01)
8 v
MINA Y _-GCgq; 10 °
3 CHB' ~~%
.§ VOV
CHIB
leov (Vex; ov; Vov) = + +
Siov = EXP T ov tov
N
1+ Siov
Fsov =1In
Sov 1+ siov exp( Vex= 1)
lcov = l cov Fsov

exp By

lesov = leov (Vas;  sov; Vovo)

lepov = lcov (Ves  Vbs;  dovi Vov. )

Gate-channel current:

" I#
. X 1+ exp(x Vgse= ~
Vi = Veg + & Xds p( d52 dse= T)
p__
Voxm = Vo%(m + 10 6
8 v
oxm . . 6 <
£ MINA chig GC i 10 forGC3< 0
zg =
; —_oxm_ forGC3 0
CHIB
+V,
si=exp Xm ——r—1t
T
2 3
1+ S
FS =In E Z
Ves + V. Y/
1+ si exp 65 Tse  Tm ?B m

72

for GC3< 0

forGC3 O

3
5+ 2 (GC2+ GC3 z)

(4.159)

(4.160)

(4.161)

(4.162)

(4.163)

(4.164)

(4.165)

(4.166)

(4.167)
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leco = lenv Fs exp(B [ 3=2+2z5 (GC2+ GC3 zy)))

S Up = CHIB=[B (GC2+2 GC3 z4)]
% X= =(2 uo)

b= up=H

Bg=b (1 b=2
if xg >0

Ag=1=2 3 By

sinh(x)
X

Pec=(1 b + b cosh)

sinh(x)

Pya = p—§° By sinh(x) Ag coth(x)

Pgc =1

o

1

1 X
x§+10 6

lec = leco Pgc Sy
leep = leco Pgd Sg
lees = lec  laep

lee = leco Pgc (1 Sg)

4.2.14 Gate-Induced Drain/Source Leakage Current

The equations in this section are only calculated WB&/GIDL =1.

% Viov = v02v+ CGIDL? V2+10 6

t=V Vtov Vov
Igixl (Vov; V) =

B

% 5 AcpoL t exp  —2P5  forVy < 0
Viov

Iglxl

forVoo O
lgisl = lgixi (Vovo; Vsg)

lgial = lgixi (Vov. s Vbs + Vsg)
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(4.173)
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(4.175)

(4.176)
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4.2.15 Total Terminal Currents

Ip = Ips + lau

Is

lc

Is

Ips

| gsov

| Gbov

leep + lgial

lecs + lgisl

=lgc *+ lee + lepov + lGsov

= lay

le

I gidl

I gisl

PSP 102.2
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4.2.16 Quantum-Mechanical Corrections

8
2 Voxm forxg O
% =
" Gom * Gim forxg > 0
8
% COX forg, =0
qm _
“or cox forq,> 0
1+ qq=(Ge 2+ Qjm?)*=" d
4.2.17 Intrinsic Charge Model
8
Fj = = (2 H)
dacr=01 G L) (Gm m =2)
da.=9gL (1+G )
. (; L
if xg > 0 g): Cgr;(] Voxm + -2 2 3
§ Q= C& G L agnt g
. gm
. (DI) = C% G’ Gm+ — 6
8 (1
5 Qs = Cox Vom
if Xg 0E Q" =o
: (DI) -0
g) - I(i) Qg)
S) — Ql(i) g)

4.2.18 Extrinsic Charge Model

The charges of the source and drain overlap regions:

Qsov = CGOV  (Vgs

sov )

Qdov = CGOV  (Ves

The charge of the bulk overlap region

Vbs

Qbov = CGBOV (Vs + Vsg)
Outer fringe charge:

Qots = CFR Vgs

Qofd = CFR (Ves  Vbs)

dov)
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(4.186)

(4.187)

(4.188)

(4.189)

(4.190)

(4.191)

(4.192)

(4.193)
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4.2.19 Total Terminal Charges

Qc = QY + Qsov + Quov + Qofs + Qofd + Qbov

Qs= QY Qs  Qofs

Qp = S) Qdov  Qord

Qs = Qg) Qbov
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4.2.20 Noise Model

Eqgs. 8.199-(4.219 are Fgnly calculated faxg > 0. In these equatiorfs, represents the operation frequency
of the transistor anl = = 1.

N = Cox mooT (4.198)
q
N, = Cox Gim (4.199)
q
N = S m (4.200)
q
2
qa 2 lps ) N+ N=2
S = NFA NFB N + NFC N 2) In
fop Cox Gusat N ( ) N, N=2
#
+ NFB+NFC [N, 2 N] N (4.201)
Ho= Jm (4.202)
m
t, = dm (4.203)
Gm
2
4.204
2= 5, ( )
R= Mo (4.205)
H
le=1 12 t, R (4.206)
deal = =M F 4.207
Oideal G L ( . )
vsat
Cge = _Gua - cam (4.208)
¢ Gmob G L ox P
Mig = g“l’ja' [ti+12 t, 24 (1+t) t» R] (4.209)
C
Sia = N1 Mg (4.210)
1 ty 1 8
. S +2 12t St (t1+1 12 t) R 4.211
Mig 2 Goow 12 to tg z 2 z f2 (t1 2) ( )
2 f 2 .
Sig =Nt ( op Cce ) Mig (4.212)

1+(2 fop Coe Mig)?
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p
I

—
<l

96
Migid = 1 12 t, i, + 5 t, 12 t; t, R

onN

2 i fop Cge mMigid

Sigia = N1
Gate current shot noise:
Sigs =2 q (lecs *+ lesov)
Sigg =2 q (lecp * lepov )
Avalanche current shot noise:
Sav =2 q (1+ Mav) lav
Thermal noise for parasitic resistances (see &i9):
Sre =4 ke Tkp =Rgate
Sreux =4 ks Tkp =Rouk
Srwee =4 Ks Tkp =Ruel
Srums =4 ke Tkp =Rjuns

Sryumo =4 ks Tkp =Rjund
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(4.214)

(4.215)

(4.216)

(4.217)

(4.218)
(4.219)
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(4.222)
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Section 5

Non-guasi-static RF model

5.1 Introduction

For high-frequency modeling and fast transient simulajanspecial version of the PSP model is available,
which enables the simulation of non-quasi-static (NQaff, and includes several parasitic resistances.

5.2 NQS-effects

In the PSP-NQS model, NQS-effects are introduced by applyia one-dimensional current continuity equa-
tion(@l=@ @ =@to the channel. A full numerical solution of this equatisriao inef cient for compact
modeling, therefore an approximate technique is used. faerel is partitioned intdl + 1 sections of equal
length by assigningN equidistantcollocation points The charge density (per unit channel area) along the
channel is then approximated by a cubic spline through tbelsecation points, assuring that both the charge
and its rst and second spatial derivatives are continudosgthe channel. Within this approximation, the
current continuity equation reduces to a systerhlotoupled rst order ordinary differential equations, from
which the channel charge at each collocation point can bedou

8
d
E % = f1(Q1;::5;Qn)
: : (5.1)
_E dQN f (Q ..... Q )
ot = In(Qaiiii]

Here,Q; is the charge density at theth collocation point and; are functions, which contain th@omplete
PSP-charge model. These equations are implemented by tiigaeof appropriate subcircuits (see left part
of Fig. 5.1) and solved by the circuit simulator. Finally, the four témal charges are calculated from the
channel charges, using the Ward-Dutton partitioning se&hfemthe source and drain charges.

A full description of the PSP-NQS model is given in Secttb8 More background information can be found
in literature [7, 8].

5.3 NQS Model Equations

In this section, several symbols and notations are usedwindce de ned in Sectiod. Moreovery denotes
the (normalized) position along the channglX O is source sidey = 1 is drain side), whilex denotes the
surface potential (normalized to;) at a certain position.
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Vi

ES I | Cnos Rnos

Figure 5.1: The subcircuit used to solve one of the diffee¢mguations of Eq.5.1). The current is set to

li = Cnos f(Vi;:::; W), where the voltag®/; represents the charge densiy at thei-th collocation
point and is solved by the circuit simulatdd of these circuits are de ned and they are coupled through the
dependence df on the voltages of the other circuits. The resisteRggs has a very large value and is present
only for convergence purposdgight: The full network of parasitic elements in the PSP-NQS modet large

full dots indicate the ve additional internal nodes.

5.3.1 Internal constants

Egs. 6.2—(5.7) are independent of bias conditions and time. Consequéeh#dy have to be computed only
once.

Note: In PSP 102.1 and before, orBWNQS=0; 1, 2; 3; 5; 9 are allowed!

n= SWNQS+1 (5.2)
h=1=n (5.3)
The matrixA is a squargn + 1)  (n + 1) -matrix with elementAi; (0 ] n), which are used in

Eq.5.25 They are computed using the following algorithm (adaptedf[9]):

1. Initial values:

Ay =0 for0 i;j n (5.4)
vi =0 forO i n (5.5)
2. First loop:

9
p= 2+ Vi 1:2
vi= 152 p)
Ai;i 1= 1=h =2

fori=1::: 1 .

Ay = 2=h ori (n ) (5.6)
Aji+1 =1=h

1
Ai; :F_J (3 Aij=h A 1j=2) forj=0:::n
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3. Second loop (back substitution):

IV ©

Aij = Vi Aisrg + A forj=0:::n _ fori=(n 1):::0

5.3.2 Position independent quantities

The following quantities depend on the bias conditions @ratconstant along the channel:

8 o,
%y"“z 4 H
if xg> 0 — _ Xgm
9 §pd Xg  Xm
" Gp= Gy
8
Eszlzz
if Xq oE pg =1
" Gp=G
P

a=1+ Gp= 2

Pmrg =10 ° ap

5.3.3 Position dependent surface potential and charge

Interpolated (quasi-static) surface potential along themnael:

r !

2
1 1 Y v

H

(y)=Xm+ *
T

Normalized bulk-charge and its rst two derivatives as ftios of surface potential:

G(X) = sgn) Gp pexp( X)+x 1

G3 [1 exp( X)]
2 op(X)

B(x) =

P(x)? G3=2
b (X)
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Surface potential as a function of normalized inversionrgeanote that these equations are identical to
Eq. 4.159, despite the different notation and physical background)

8

a=(yg )+G2 ( +1)

c=2 (yg ) G}

8
Yg= Xg
z2=1:25 yg=a,
h p [
= z+10 (z 6)2+64 =2

P=2 (Xg Xo)+ G5 (1 o)

q=(xg X0)> Gj (Xo+ o 1)

= +In a=Gj
if Xg <
9 P ys yac )
o = exp(Yo)
=1 G2 o=
P=2 (Yyg Yo)+ G35 (o 1)
= 2+ G2 +1
( %)= a=(yg Yo) s (Yo 0t1) (5.16)
.y, _p 2
p+r P 4q
if jXgj P = 2
g mrg
8 A
Rg1 = X1+ G exp( X))+ x1 1
X
X = i [1+Xg (X1 ap=Rg1 1)=Rq]
q
Xo= Xg+ G5=2 Gp  Xg+ G3=4 1+exp( X)
o =exp( Xo)
if >
IT Xg = X mrg 3 -1 Gg 0:2

p+ P2 4 q
X (XgiGnv) = ( Xg *+ Gy =pu) (5.17)
Auxiliary functions:
ax)= pa (Xg X) G(x) (5.18)
(95 1) = 94 (5.19)
Ok1
(@G5Go) = 1 12 =g, (5.20)

s
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Normalized right-hand-side of continuity equation:

8
Xz = X (Xg;0)

Gi= o= e x)

Ok2 = %(Xz) = qg(txz)

fo= (da1) o+ (a;g1; %) o

@x
Xy1 = @: =01
. 2
f (Xg; q; q(); qO(a = % sat T Xy1 for NMOS
Zsat = X 5
§ sat T Xyl
for PMOS
1+ o
=P
Fusat =2=(1+ )
4
f=Fwsa fo Fusa ~sal (9; 1) (q00+ X)2/1 qg((xz))

Normalization constant:

MUNQS ;
Cgr)? Gmob G L

Tnorm -

5.3.4 Cubic spline interpolation

October 2007

(5.21)

(5.22)

Using cubic spline interpolation, the spatial derivati\%t) and@@;)—gg(t) can be expressed as functions of the

G (1)
#=0
@=0
X
q°= A; g forl i n 1
j=0
o= 7Q+1h 9 %(2 %+ ) for1 i n 1

5.3.5 Continuity equation

Initial value fortheg (0 i n). These values are used for the DC operating point.

Xio= (i h)
G0 = a(Xi;0)
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Note: Xo.0 = Xs andxn.o = X4. Moreover, these values coincide with those in the quasiegpart of PSP.

The core of the NQS-model is the solutionggly/; t) from the charge continuity equation along the channel.
By approximating the/-dependence by a cubic spline through a number of collatgtionts, the problem is
reduced to solving thg (t) from the following set of coupled differential equations.

@t

3 @q @q

() + Thorm T Xg; G (1); @ t);

Gg(@©)= g0

@(t)

ay? ~°

forl i n 1 (5.29)

Note that the boundary pointg(t) = q(xs) = gs andg, (t) = q(Xq) = Gg remain xed to their quasi-static
values; they are not solved from the equation above.

The set of differential equations de ned above is solvedHhsy ¢ircuit simulator via the subcircuits shown in
the left part of Fig5.1

5.3.6 Non-quasi-static terminal charges

Once theg are known, the NQS terminal charges can be computed:

X
So=

1

G

i=1

NQS
q'°

Uo:

U2=

NQS
QDQ

NQS _

qs =

Zl 2

h
y q(y)dy=h® Up+ 5 [@+@n Lun]
0

NQS

4% &

h3
12

(5.30)

(5.31)
(5.32)

(5.33)

(5.34)

h4
— U,

- (5.35)

(5.36)

Currently, onlySWNQS= 0;1; 2; 3;5; 9 are allowed. For odd values 88W/NQSthe gate charge is integrated
along the channel using “Simpson’'s rule”. 3'IWNQS = 2, “Simpson's3=8-rule” is used.

If SWNQSis odd (that isn is even):

NQS _

%

h
= Pd Xg é

X (Xg; o) +4

%2

i=1
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If SWNQS=2 (thatis,n = 3):

NQS

h
= p xg g (XK ®) 3 X(Xgi@)+3 X(Xgik)* X (i) (5.39

Convert back to conventional units:

NQS = cam  r gNes (5.39)
NQS = cam  r gNQs (5.40)
NQS = cam  r gNes (5.41)
NQS = (QQQS + QNOs 4 QgQS) (5.42)
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Section 6

Embedding

6.1 Model selection

Circuit simulators have different ways for the user to dafae which model must be used for simulation.
Typically, model selection is either done Imameor by assigning a value to the paramelt&VEL . The
method to be used is prescribed by the circuit simulator end

If selection is done by name, the value of the paramdBEL is generally ignored. When Verilog-A code is
used, model selection is always done by name.

For the SiMKit and the Verilog-A code provided by the PSP matévelopers, the method and values to be
used are given in the table below. For other implementatibesnethod/value provided by the circuit simulator
vendor is to be used.

Simulator | Model selection by‘ Global (geom.)‘ Global (binning) ‘ Local

Spectre name psp1020 pspl021 pspl02e
Pstar LEVEL 1020 1021 102

ADS name psp1020 pspl021 pspl02e
| Verilog-A | name | PSP102VA | PSP102BVA | PSP102EVA

6.2 Case of parameters

Throughoutthis document, all parameter names are printegpercase characters. Similarly, in the Verilog-A
code provided by the PSP model developers, the parameteis apper case characters. However, in other
PSP implementations a different choice can be made. For@rathe parameter names may be in lowercase
characters (possibly rst character capitalized) if tigonform the conventions of the circuit simulator.

6.3 Embedding PSP in a Circuit Simulator

In CMOS technologies both- and p-channel MOS transistors are supported. It is convenienist the
same set of equations for both types of transistor instedd@fseparate models. This is accomplished by
mapping ap-channel device with its bias conditions and parameter s&t an equivalenh-channel device
with appropriately changed bias conditions (i.e. currem#tages and charges) and parameters. In this way
both types of transistor can be treated internally as-ahannel transistor. Nevertheless, the electrical benavi
of electrons and holes is not exactly the same (e.g., thelityoaind tunneling behavior), and consequently
slightly different equations have to be used in case-ajr p-type transistors.

Designers are used to the standard terminology of soure@),drate and bulk. Therefore, in the context of
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a circuit simulator it is traditionally possible to addresay, the drain of MOST number 17, even if in reality
the corresponding source is at a higher potentiatifannel case). More strongly, most circuit simulators
provide for model evaluation values f¥ps, Vgs, andVsg based on an a priori assignment of source, drain,
and bulk, independent of the actual bias conditions. Sirfgeé Bssumes that saturation occurs at the drain
side of the MOSFET, the basic model cannot cope with biasitond that correspond t¥ps < 0. Again

a transformation of the bias conditions is necessary. kdase, the transformation corresponds to internally
reassigning source and drain, applying the standard Elalctmodel, and then reassigning the currents and
charges to the original terminals. In PSP care has been takameserve symmetry with respect to drain and
source al/ps = 0. In other words, no singularities will occur in the higheder derivatives atps = 0.

In detail, for correct embedding of PSP into a circuit sinboiiathe following procedure—illustrated in Fi§.1—
is followed. It is assumed that the simulator provides théat@otentialsvs, V§, V§ andVg based on an a
priori assignment of drain, gate, source and bulk.

Step 1 The voltaged/s, Vs, andVs; are calculated from the nodal potentials provided by theugisimu-
lator. In the same step, the value of the param€&WPE is used to deal with the polarity of the device.
From here onwards, all transistors can be treated-@sannel devices.

Step 2 Depending on the sign ofY, “source-drain interchange' is performed. At this levek woltages
comply to all the requirements for input quantities of PSP.

Step 3 All the internal output quantities (i.e. channel currengak-avalanche current, gate current, nodal
charges, and noise-power spectral densities) are evdluateg the standard PSP equations (Seetjon
and the internal voltages.

Step 4 The internal output quantities are corrected for a possiblece-drain interchange.

Step 5 External output are corrected for a possiplehannel transformation alULT is applied. The quan-
tities of the intrinsic MOSFET and the junctions are combine

In general, separate parameter sets are used-fand p-channel transistors, which are distinguished by the
value of TYPE. As a consequence, the changes in the parameter valuesagdes ap-channel type transistor
are normally already included in the parameter sets on |ke Thanges should therefore not be included in
the simulator.

6.3.1 Selection of device type

In the SiMKit-based and built-in version of PSP in certaircait simulators, the selection of device type (nmos
or pmos) is done using a different parameter, or using diffeparameter values. The correct values for some
circuit simulators are given in the table below.

Simulator | Parameter | Value NMOS | value PMOS

Spectre type n p
Pstar type 1 1
ADS gender 1 0

‘ Verilog-A ‘ type ‘ 1 1

6.4 Integration of JUNCAPZ2 in PSP

Introduction

The JUNCAP2 model 200.3 is an integral part of PSP 102.2. titiad, it is available as a stand-alone
model. A complete description of the JUNCAP2-model (inahgdall model equations) can be found in the
documentation of JUNCAP2's stand alone versidf[ In this section, only the integration of JUNCAP2 in
PSP is described.
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V5, VE VE VS
Y
Vs = TYPE (V§ V&)
V& = TYPE (V& V§)
Vs = TYPE (V¢ V&)
yes no
VDS = V[())S VDS V[?S
Ves = Vs Ves = Vs Vs
Vse = Vs Vss = Vs + Vis

l

Y

Y

Calculatelp, I's, I, I8, Qp, Qs, Qs, Q8. S , Sid, Sig
Sigs» andSigq as a function oVps, Ves, andVsg
according to the model equations in Sectibn

Calculatelj;s, Qj:s, andS;;s as a function of Vg
andlj.p, Qj;p, andS;;p as a functionofVg V)
using the JUNCAP2 equationBYPE, andMULT

Vs)

yes no
1S=1p 2=0Qo 13=1s Q% = Qs
13=1s ¢=Qs 12=1p Q%= Qo
12=1le ¢ =Qe 12=1c Qg = Qe
13=1s 2=Qs Ig=ls QR = Qs
s'=s SY = Si s°=s SY = Sg
Si%;s = Sig Si%s = Sigs Si% s=0 Si(g);s = Siga
Si%;D =0 si%d = Sigd si%;D = Sy Si(c_);d = Sigs
l |
A
1§ = MULT TYPE 1§ Ijp
€= MULT TYPE 12 Ijs
1§ = MULT TYPE 13
I§ = MULT TYPE I3+ ljp+ Ij:s
e = MULT TYPE QY% Qjp
Q%= MULT TYPE Q2 Qs
Qg = MULT TYPE QY
Qg = MULT TYPE Q%+ Qjp + Qj:s
S = MULT S°
St.s= MULT S
S.p = MULT S7,
e = MULT SO
24 = MULT S0,
€ = MULT S%
Sje;s = Sjs
SfD = Sip

Figure 6.1: Schematic overview of source-drain intercleaagd handling of YPE and MULT . Note that
TYPE andMULT are included in the JUNCAP2 model equations.
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Figure 6.2: Topology of the PSP modédleft: n-channel MOSFETRIght: p-channel MOSFET. In PSP, the
correct diode polarity is automatically chosen via TMPE -parameter.

Topology

In a MOS transistor, there are two junctions: one betweercgoand bulk, and one between drain and bulk. In
case of am-channel MOSFET, the junction anode corresponds to the MEJSkilk terminal, and the junction
cathodes correspond to the source and the drain. In casp-ohannel MOSFET, it is the other way around:
now the junction cathode corresponds to the MOSFET bulkiteainand the junction anodes correspond to
the source and the drain. The connections are schematipedly in Fig.6.2 In PSP, this change of junction
terminal connections in case opaMOSFET is handled automatically via ti&/ PE parameter.

In most cases, the MOSFET is operated in such a way that tictigus are either biased in the reverse mode
of operation or not biased at all. In some applications, hvaneghe source-bulk junction has a small forward
bias. This is also the case in partially depleted SOI (PDSOI)

As indicated in Fig6.1, the interchange of source and drain Ygis < O (as explained above for the intrinsic
MOS model) doesot apply to the junctions. For exampl&BDRAIN always refers to junction between the
bulk and the terminal known as “drain’ to the simulator, ipeledent of the sign dfps .

Global and local model level

As explained in the introduction, the PSP model has a locdlaglobal level. The JUNCAP2 model is a
geometrically scaled model, i.e. it is valid for a range afgtion geometries (as described by the geometrical
parameter#\B, LS, andLG). It has turned out that it is very unnatural to create a Igezahmeter set for
JUNCAPZ2, valid for one particular junction geometry: sugbamameter set would have as many parameters
as the global parameter set, and would be of no use. (Noteithedntrast, the local model for the intrinsic
MOSFET is very useful in, e.g., parameter extraction; thisat the case for JUNCAP2.)

Therefore, the JUNCAP2 model is connected in exactly theesaay to both the local and global model levels
of PSP. That means that the resulting PSP local model isfaalelMOSFET with one particular channel width
and length, but with arbitrary junction geometry.

Parameters

Both junctions in the MOSFET are modeled with the same sdtBCUAP2 parameters. In the PSP model, the
geometrical parametefsB, LS, andLG need to be speci ed for both source and drain. They will beoted
asABSOURCE, LSSOURCE, andLGSOURCE for the source junction, andBDRAIN , LSDRAIN, and
LGDRAIN for the drain junction. For compatibility with BSIM insta@@arameters, there is also an option
to useAS, AD, PS, andPD. The complete list of instance parameters (PSP and JUNCé&2pe found in
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Section.5.1and2.5.2

The parameteMULT is merged with the paramet®tULT of the intrinsic MOSFET model. In other words,
both intrinsic currents, charges, and noise as well as ipma@urrents, charges and noise are multiplied by
one single paramet®ULT . BesideMULT , also the parameteBBTA andTYPE are shared by the intrinsic
MOSFET model and the junction model. For clarity, we menti@ne that the reference temperatures of the
intrinsic MOSFET model and junction model amet merged; they each have their own value and nahfie (
andTRJ, respectively). The currents, charges and spectral neissities of the source and drain junctions are
Iabeledlj;s, Qj;S, Sj;s, Ij;D; Qj;Dv andS,-;D in Fig. 6.1

6.5 Verilog-A versus C

As mentioned in Sectioh.3, two implementations of the PSP-model are distributed:anlyg-A language and
in C-language (as part of the SiMKit). The C-version is awutinally generated from the Verilog-A version
by a software package called ADM3][ This procedure guarantees that the two implementationsam
identical model equations.

Nevertheless, there are a few minor differences betweetwithewvhich are due to certain limitations of either
the Verilog-A language or the circuit simulators supporitethe SiMKit-framework. These differences are
described below.

6.5.1 Implementation of GMIN

In both implementations, there is an additional term in E44.79 and @.180, resulting in

lop=1lps+ law lepoov leep + lgidl + Gmin  Vbs (6.1)

and

Is= Ips lgsow lecs + lgsi  Gmin Vbs: (6.2)

In the SiMKit, Gmin is a variable which is accessible by the circuit simulatdiisTallows the circuit simulator
to improve the convergence properties of a circuit by makisg of so-calledGn, -stepping'.

In the Verilog-A version of PSR3nin is setto a xed valu€mi, =1 10 St

6.5.2 Implementation of parasitic resistances

From PSP 102.2 onwards, a network of parasitic resistorbdas inserted around the intrinsic MOSFET. If
the user sets one or more of these resistance values to lze@sgtociated internal node(s) could be shorted to
one of its neighbors, reducing the size of the matrix in theuii simulator. This phenomenon is called "'node
collapse' and is supported by most major circuit simulators

From SiMKit 3.0 onwards, the SiMKit architecture allows fexible topologies and therefore supports node
collapse in PSP. This functionality is therefore availahleircuit simulations with PSP using Spectre, Pstar,
and ADS.

Flexible topology (and thus node collapse) is currently (yet) fully supported by all Verilog-A compilers.
This is not a limitation of the Verilog-A language, but rattue to immaturity of present-day Verilog-A
compilers. As a result, the of cial PSP 102.2 Verilog-A caday not be (fully) functional in some Verilog-A
compilers.

Please refer to the release notes for more details.

L1f supported by the circuit simulator, Verilog-A versior22allows the value o, to be accessed by the circuit simulator. Once
this feature is generally available in Verilog-A compilgitswill be included in PSP as well.
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Figure 6.3: The two subcircuits used in PSP's Verilog-A igmpkntation to model the correct frequency de-
pendence of induced gate noise and its correlation withhhamel thermal noise.

6.5.3 Implementation of the noise-equations

First, the Verilog-A implementation of the noise equati@described in this section. Then, the C-implementation
is derived from this by a sequence of approximations.

Verilog-A

In Verilog-A, the possibilities to directly model the fregucy-dependence of noise spectral density are lim-
ited. Moreover, the only way to include correlation betweaeise sources is by using (extra) internal nodes.
Consequently, the calculation for the description of tremoise in the channel, induced gate noise, and their
correlation is implemented using the subcircuits depiatdelg. 6.3 The rst subcircuit (a) contains a parallel
connection of a white noise current soui$g and a resistoR;. The voltage over the elements is denoted
by V1. The second subcircuit (b) contains a parallel connectfaa wltage-controlled current sourte, a
white-noise current sourc®, a resistoR,, and a capacito€,. The nodal voltage i¥,. The parameters of
these components are given in the table below.

‘ Name‘ Component ‘ Quantity Value
Ry Resistor Resistance 1
R> Resistor Resistance 1
S; White noise source Noise current spectral density Cigiq
S White noise source Noise current spectral densilySi% (1 Cigd)
C, Capacitor Capacitance Mg Coe
I \oltage-controlled current source Current ) % V1

The values ofmjy andCge are given by Eqs4.208 and @.211), respectively. Furthermore,

N 1

Sy = (6.3)

and
m. .
Cigid = p—200—; (6.4)
wherem;g andmigiq are given by Eqs4.209 and @.213.

Subcircuit (a) contains a single white noise source, froncivithe correlated parts of the channel noise and
induced gate noise are derived. Now, the thermal noise inlthanel is modeled by two contributions:

1. Anuncorrelated white noise source with current spedeabitySiy (1  Cigid )-

91



October 2007 PSP 102.2

2. Awhite noise source with spectral power den§ify Cigia which is fully correlated witls; .

Subcircuit (b) contains a current noise soueand a voltage controlled current soutge the current of
which is controlled byv;. The resultis thalt, acts as white noise source which is fully correlated @tHand
thus with the second component of the channel noise aboue)nfarizing, the induced gate noise is modeled
by two contributions:

1. An uncorrelated white noise source with current spedmalsityS% (1 Cigia).

2. A white noise source with current spectral denS'gfy Cigia » which is fully correlated witts; .

These two noise sources in subcircuit (b) are in series wit@irallel combination of a resistor and a capacitor.
The noise in the current througy has the correct frequency dependence and is used to deswibeluced
gate noise in the MOSFET.

The total noise current spectral density of the two noisecaas, andl; is equal toS% (1 Ciga)+ Si%
Cigia = S%. Therefore, the total noise spectral density of the cuttlotugh the capacitat; is given by

I ! C Re ~ . 6.5)

Se= I4] 1 G R, OO

(where! =2 fop andj = P 1) which is indeed exactly equivalent to E¢.212.

Similarly, the cross-correlation noise spectrum of (i) thverent througlC, induced by noise sourdeg and (ii)
the correlated part of the channel noise is given by

i ! C R

Sgd = T77 1 G R,

q — P
S4  Cigid Sida Cigid ; (6.6)

which is, in turn, equivalent to Eq4(214.

This shows that the implementation of PSP's noise model oA naturally yields the desired correlations
and frequency dependence. However, it is at the cost of twiadal internal nodes.

Note once more that the equations in Sectlah20exactly re ect the results of the Verilog-A implementation
described above.

SiMKit C-code

Contrary to the limitation of Verilog-A language, most aiicsimulators are able to directly deal with cor-
related and frequency dependent noise—without the usedifi@al internal nodes. In order to minimize
the simulation time of the model, C-implementations shdhlktefore avoid the use of such internal nodes
whenever possible.

In the frequency dependence®)j andSigiq one can roughly distinguish two regions: a frequency depend
part at low frequencies and a constant part at high freqeendihe transition between the two regions occurs
at

1

f = 6.7
Ccross 2 Coe Mig ( )

Eqgs. 4.212 and @.214 ensure a smooth transition between the two regions.

As mentioned before, circuit simulators are typically abldeal with correlated noise without using additional
internal nodes. However, to achieve this, two approxinmeti@re made:

1. The frequency dependence is split in a frequency depéifdewer law;/ f§p for Sig and/ fgp for
Sigid ) and a frequency independent part.

2. Only the imaginary part dgiq is considered.
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Applying these approximations, it is found from E4.212 that

SN fop °
g L % forfop  foross
Mig f cross
Sig = E (6.8)
N
7 for fop >  cross
Mig
Similarly, the imaginary part of Eq4(219 is approximated as
8
N 1 fop
— Migd —— for f f
% mig igid fcross op Cross
IM(Sigia ) = E (6.9)
N 1
- - >
: Mig Migid forfop > f cross

while Re(Sigiq ) is set to zero for all frequencies.

In the SiMKit-implementation of PSP, the values above agsged to the circuit simulator to be used in noise
calculations.
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Section 7

Parameter extraction

The parameter extraction strategy for PSP consists of faim steps:

1. Measurements

2. Extraction of local parameters at room temperature
3. Extraction of temperature scaling parameters
4

. Extraction of geometry scaling (global) parameters

The above steps will be brie y described in the following ees. Note that the description of the extraction
procedure is not “complete' in the sense that only the mogbitant parameters are discussed and in cases at
hand it may be advantageous (or even necessary) to use aecgapcedure.

Throughout this section, bias and current conditions arergior ann-channel transistor only; forgchannel
transistor, all voltages and currents should be multipgted 1.

As explained in the introduction, the hierarchical setuP&P (local and global level) allows for the two-
step parameter extraction procedure described in thigsethis is the recommended method of operation.
Nevertheless, it is possible to skip the rst steps and stetrtacting global parameters directly. This procedure
is not described here, but the directions below may still deful.

7.1 Measurements

The parameter extraction routine consists of six diffei2@tmeasurements (two of which are optional) and
two capacitance measuremehtdleasurement V and VI are only used for extraction of gateemir avalanche,
and GIDL/GISL parameters.

Measurement | (“idvg”): Ip vs. Vgs

Ves = 0 111 Vgyp (With steps of maximum 50 mV).
Vps = 25 or 50 mV

Ves =0 ::: Vg (3 or more values)

Measurement Il (“idvgh”): Ip vs. Vss

Ves = 0 111 Vgyp (With steps of maximum 50 mV).
Vbs = Vaup

Ves =0 ::: Vg (3 0r more values)

1The bias conditions to be used for the measurements are dqtenn the supply voltage of the process. Of course it issathié to
restrict the range of voltages to this supply voltage, . Otherwise physical effects atypical for normal transistperation—and therefore
less well described by PSP—may dominate the charactsristic
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Measurement Ill (“idvd”): Ip vs. Vps

Ves =0 :::Vsyp (3 0r more values)

Vps = 0 :::Vsyp (with steps of maximum 50 mV).
VBS =0V

Measurement IV (“idvdh”, optional)l p vs. Vps
Ves =0 :::Vgyp (3 0r more values)

Vps = 0 :::Vsyp (with steps of maximum 50 mV).
VBs Vsup

Measurement V(“igvg”): | andlg vs. Vgs

Ves = Veup 11 Vsyp (With steps of maximum 50 mV).
Vps = 0 :::Vsyp (3 or more values)

VBS =0V

Measurement VI (“igvgh”, optional): 1 ¢ andl g vs. Vss
Ves = Veup 11 Vsyp (With steps of maximum 50 mV).
Vps = 0 :::Vsyp (3 0or more values)

VBs = Vaup

Measurement VII (“cggvg”): Cee VS. Ves

Ves = Veup 11 Vsyp (With steps of maximum 50 mV).
VDS =0V

VBS =0V

Measurement VIII (“ccgvg”): Ccs VS. Vs

Ves = Veup 11 Veyp (With steps of maximum 50 mV).
VDS =0V

VBS =0V

For the extraction procedure, the transconductapcéfor Measurement | and 1) and the output conduc-
tancegps (for Measurement Il and V) are obtained by numerical difatiation of the measurddV -curves.
Furthermore] nmin is the smallest current which can reliably measured by tlséegy (noise limit) and+ is

de ned as 10% of the largest measured valud gf in Measurement |. The latter will be used to make a rough
distinction between the subthreshold and superthreskgidm.

The channel-to-gate capacitanCes in Measurement VIII is the summation of the drain-to-gatpaza-
tanceCps and the source-to-gate capacitaii@g; (i.e., source and drain are short-circuited); it is needed
to extract overlap capacitance parameters.

The local parameter extraction measurements | through ¥ tmbe performed at room temperature for every
device. In addition, capacitance measurements VIl andnéd#d to be performed for at least a long/wide and
a short/wide (i.e.l. = Lmin) transistor (at room temperature). Furthermore, for theaetion of temperature
scaling parameters measurements |, Ill, and V have to bepmeed at different temperatures (at least two extra,
typically 40 C and125 C) for at least a long wide and a short wide transistor.

7.2 Extraction of local parameters at room temperature

General remarks

The simultaneous determinationadf local parameters for a speci ¢ device is not advisable, beedhe value
of some parameters can be wrong due to correlation and sobpation. Therefore it is more practical to
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split the parameters into several small groups, where eadnpeter group can be determined using speci ¢
measurements. In this section, such a procedure will benedtl

The extraction of local parameters is performed for everyage In order to ensure that the temperature scaling
relations do not affect the behavior at room temperatueeréference temperatuf®R should be set equal to
room temperature.

Before starting the parameter extraction procedure, oneldhmake sure thaBWIGATE, SWIMPACT ,
SWGIDL, SWJUNCAP, andTYPE are set to the desired value. Moreov@iC should be setto 1, in order
to include quantum mechanical corrections in the simutetio

It is not the case that all local parameters are extracteeMery device. Several parameters are only extracted
for one or a few devices, while they are kept xed for all otlt®mvices. Moreover, a number of parameters
can generally be kept xed at their default values and nedg oacasionally be used for ne-tuning in the
optimization procedure. Details are given later in thigisec

As a special case, it is generally not necessary to extrdwesdorAX. In stead, they can be calculated from
Eqg. 3.55, usingAXO 18andAXL  0:25. It may be necessary to tune the latter value such that thie val
of AX is between 2 and 3 for the shortest channel in the technolodgnstudy.

It is recommended to start the extraction procedure withdhg(est) wide(st) device, then the shortest device
with the same width, followed by all remaining devices of s#aene width in order of decreasing length. Then
the next widest-channel devices are extracted, where tii@ugdengths are handled in the same order. In this
way, one works ones way down to the narrowest channel devices

AC-parameters
Some parameters (such8@X andNP) that do affect the DC-behavior of a MOSFET can only be exétc

accurately fromC-V -measurements.This should be done before the actual parameter extraation DC-
measurements is started. In Tabfesand7.2the extraction procedure for the AC-parameters is given.

Table 7.1: AC-parameter extraction procedure for a longnobBMOSFET.

‘ Step‘ Optimized parameters ‘ Fitted on ‘ Abs./Rel. ‘ Conditions

1 | VFB,NEFF, DPHIB, NP,COX | VII: Cgs | Relative | —
2 Repeat Step 1

Table 7.2: AC-parameter extraction procedure for a shahnkl MOSFET. The val-
ues ofVFB andNP are taken from the long-channel case.

‘ Step‘ Optimized parameters | Fittedon | Abs./Rel. | Conditions
1 NEFF, DPHIB, COX VII: Caa Relative | —

2 CGOvV, Nov VIIl: Cce | Relative | Vs < 0
3 Repeat Steps 1 and 2

Starting from the default parameter set and seffi@X to a reasonable value (as known from technology),
VFB, NEFF, DPHIB, COX, andNP can be extracted froffss in Measurement VIl for a long, wide device.

Next, NOV andCGOV can be extracted fror€@cs in Measurement VIl for a short, wide device (see also
Table7.1), whereVFB andNP are taken from the long channel case. In general, one cama§sdX0OV =
TOX.

The value ofTOX can be determined frol8OX = o L W=TOX. If the device is suf ciently long and
wide, drawn length and width can be used in this formula. Exetiter, if Measurement VIl is available for a

2Although parameteNOV canbe determined from overlap gate current, it is nonetheles® mccurately determined from Measure-
ment VIII.
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Table 7.3: Initial values for local parameter extractionddong-channel device. For
parameters which are not listed in this table, the defaulteséas given in
Section2.5.7) can be used as initial value.

‘ Parameter | Initial value

BETN 0:03 W=L
RS 0

THESAT 0.1

AX 12

Al 0

few short/wide devices of different lengths, one can extf&X and L from a series of extracted values of
COX vs. Lgraw -

Some remarks:

If C-V-measurements are not available, one could revert to vihumsn from the fabrication process.
Note thatTOX and TOXOV are physicaloxide thicknesses; poly-depletion and quantum-mechknica
effects are taken care of by the model. If the gate dieleddricot pure SiQ, one should manually
compensate for the deviating dielectric constant.

In general VFB andNP can be assumed independent of channel length and widthh@sdorig/wide-
channel values can be used for all other devices as well).y ®mo satisfactory ts are obtained,
one could allow for a length dependence () or lengthand width dependence (fovFB). Then,
one should proceed by extractivgB and/orNP from capacitance measurements for various channel
geometries, t Eq. 8.12 / Eq. (3.27) to the result and use interpolated values in the DC paramete
extraction procedure.

The value of paramet&OX profoundly in uences both the DC- and AC-behavior of the R8&del and
thus the values of many other parameters. It is thereforeimgrortant that this parameter is determined
(as described above) anded before the rest of the extraction procedure is started.

If desired (e.g., for RF-characterization), parameterséweral parasitic capacitances (gate-bulk overlagyérin
capacitance, etc.) can be extracted as igBBOV andCFR). However, this requires additional capacitance
measurements.

The obtained values &fFB, TOX, TOXOV, NP, andNOV can now be used in the DC-parameter extraction
procedure. The above valuesEFF andDPHIB can be disregarded; they will be determined more accurately
from the DC-measurements.

DC-parameters

Before the optimization is started a reasonably good stavtalue has to be determined, both for the parameters
to be extracted and for the parameters which remain congtantmost parameters to be extracted fdoreg
channel device, the default values from Sect20B.7 can be taken as initial values. Exceptions are given in
Table7.3 Starting from these values, the optimization procedulleviaing the scheme below is performed.
This method yields a proper set of parameters after theitepmeindicated as the nal step in the scheme.
Experiments with transistors of several processes showdpaating those steps more than once is generally
not necessary.

For an accurate extraction of parameter values, the paeausetfor a long-channel transistor has to be deter-
mined rst. In the long-channel case most of the mobilityated parameters (i.eMUE and THEMU ) and

the gate tunneling parametefSCO, GC2, andGC3) are determined and subsequently xed for the shorter-
channel devices.
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Table 7.4: DC-parameter extraction procedure for a lorapokel MOSFET. The pa-
rametersVFB, TOX, TOXOV, NP, andNOV must be taken fronC-V -
measurements. The optimization is either performed onlikelate or rel-
ative deviation between model and measurements, as shaia iable.

‘ Step ‘ Optimized parameters Fitted on | Abs./Rel. | Conditions
1 NEFF, BETN, MUE, THEMU 2 I:Ip Absolute | —
2 NEFF, DPHIB, CT I 1p Relative | Imin <Ip <l
3 MUE, THEMU &, CS, XCOR, BETN | I: Ip,gn | Absolute | —
4 THESAT I Ip Absolute | —
5 ALP,ALP1,ALP2, VP2 (AX) ll: gos Relative | —
6 THESAT I: 1p Absolute | —
7 IGINV , GC2?%, GC3? Vilg Relative | Ig > | min
8 IGOV, (GCO?) Vg Relative | Vos < OV, lg < lmin
9 Al, A23 A3 V:lg Relative | Vgs > 0V, g < Imin
10 A4 VI: 1g Relative | Vgs > 0V, g < Imin
11 AGIDL ,BGIDL & V:lg Relative | Vgs < 0V, Ig < Imin
12 CGIDL® VI: 1g Relative | Vgs < 0V, Ig < Imin
13 Repeat Steps 2 - 12

a0nly extracted for thevidestlong channel device and xed for all other geometries.

In Table7.4the complete DC extraction procedure for long-channelsistors is given. The magnitude of
the simulated p and the overall shape of the simulatig-Vss-curve is roughly set in Step 1. Next the
parameter?fNEFF, DPHIB, and CT—which are important for the subthreshold behavior—arénuiped in
Step 2, neglecting short-channel effects such as draimeedibarrier-lowering (DIBL). After that, the mobility
parameters are optimized in Step 3, neglecting the in uericeries-resistance. In Step 4 a preliminary value
of the velocity saturation parameter is obtained, and sub=gly the conductance parametéis?, ALP1,
ALP2, andVP are determined in Step 5. A more accurate valuEKESAT can now be obtained using Step
6. The gate current parameters are determined in Steps 7, avte8e it should be noted th&CO should
only be extracted if the in uence of gate-to-bulk tunnelisgvisible in the measurements. This is usually the
case ifVsyp & jVFB]. This is followed by the weak-avalanche parameters in Stepdd(optionally) 10, and
nally, the gate-induced leakage current parameters atieniged in Step 11 and (optionally) 12.

For short-channel devices, the extracted values of thelpager device can be used as initial values. This
includes the carrier mobility parameters and the gate timgnerobability factors of the long-channel device,
which are subsequently kept xed. Next, the extraction pahae as given in Tablé.5is executed, which
applies to all devices that are not “long'.

Note that—once the value 3HESATG andTHESATB have been determined from the shortest widest chan-
nel device—steps 4, 5, and 6 of the long-channel extractiongulure (Tablg.4) must be repeated to obtain
updated values foFHESAT, ALP, ALP1, andALP2.

7.3 Extraction of Temperature Scaling Parameters

For a speci ¢ device, the temperature scaling parametensbeaextracted after determination of the local
parameters at room temperature. In order to do so, measnteimd and IV need to be performed at various
temperature values (at least two values different from reemperature, typically 40 C and125 C), at least

for a long wide device and a short wide device. If the refeegemperatur&@R has been chosen equal to room
temperature (as recommended in Secildd), the modeled behavior at room temperature is insenstivle
value of the temperature scaling parameters. As a rstioedémate of the temperature scaling parameter
values, the default values as given in Sect®B.7 can be used. Again the parameter extraction scheme is
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Table 7.5: DC-parameter extraction procedure for a shwattnel MOSFET. Parame-
tersMUE, THEMU , VP, GCO, GC2, GC3, A2, A4, BGIDL , andCGIDL
are taken from the corresponding long-channel case. Thmiagtion is
either performed on the absolute or relative deviation betwmodel and
measurements, as indicated in the table.

‘ Step‘ Optimized parameters Fitted on | Abs./Rel. | Conditions

1 NEFF, DPHIB, BETN, RS? I 1o Absolute | —

2 NEFF, DPHIB, CT I 1p Relative | Imin <Ip <!

3 BETN, RS?, XCOR l:'1p,gm | Absolute | —

4 THESAT n: 1p Absolute | —

5 ALP, ALP1, ALP2, CF, (AX) ll: gos Relative | —

6 CFBP IV: gos Relative | —

7 THESAT, THESATGP?, THESATBP | II: 1o, gm | Absolute | —

8 IGINV , IGOV Vilg Relative | jlgj > min

9 Al, A3 V:lg Relative | Vgs > 0V, Ig < Inmin
10 | AGIDL Vilg Relative | Vas < OV, 1g < Imin
11 Repeat Steps 2 - 10

a0nly extracted for thshortestchannel of each width and xed for all other geometries.
bOnly extracted for thehortest widestlevice and xed for all other geometries.

Table 7.6: Temperature scaling parameter extraction pioesfor a long wide chan-
nel MOSFET. This scheme only makes sense if measuremengshiesn
performed at one or (preferably) more temperatures whiterdrom room

temperature.
‘ Step‘ Optimized parameters ‘ Fitted on ‘ Abs./Rel. | Conditions
1 STVFB? I 1p Relative | Ip <1t
2 STBETN?, STMUE, STTHEMU, | I: Ip Absolute | —
STCS STXCOR
3 STTHESAT? I: 1p Absolute | —
4 STIG V:lg Relative | jlgj > 1 min
5 STA2 V:lg Relative | Vgs > 0V, g < Imin
6 STBGIDL V:lg Relative | Vgs < OV, Ig < Imin

aAlso extracted for one or more longarrow devices.

slightly different for the long-channel and for the shohniaonel case.

For an accurate extraction, the temperature scaling paeasifer a long-wide-channel device have to be de-
termined rst. In the long-wide-channel case the carrietitity parameters can be determined, and they are
subsequently xed for all other devices. In Talle5 the appropriate extraction procedure is given. In Step
1 the subthreshold temperature dependence is optimizkalyénl by the optimization of mobility reduction
parameters in Step 2. Next the temperature dependenceatfityedaturation is optimized in Step 3. In the
subsequent steps, parameters for the temperature deperafeéhe gate current, the impact ionization current
and gate-induced drain leakage are determined. The detedmalues of the mobility reduction temperature
scaling parameters (i.6STMUE, STTHEMU, STCS andSTXCOR) are copied to all other devices and kept
xed during the remainder of the temperature-scaling pagtemextraction procedure. Step 1 and 2 could then
be performed on one or more long narrow devices as wellSTorFB, STBETN, andSTTHESAT only).

Next the extraction procedure as given in Tabléis carried out for several short devices of different widths
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Table 7.7: Temperature scaling parameter extraction poee for short-channel
MOSFETSs (both wide and narrow). This scheme only makes sénsa-
surements have been performed at one or (preferably) mongeratures
which differ from room temperature.

‘ Step ‘ Optimized parameters‘ Fitted on ‘ Abs./Rel. ‘ Conditions ‘

1 STVFB I:1p Relative | Vs <Vt
2 STBETN, STRS I: 1p Absolute | Vgs > V1
3 STTHESAT Il: Ip Absolute | —

a0nly extracted for a shortarrow device and xed for all other geometries.

Preferably, the extraction is done rst for a short narrowide, such that the determined valuefRS can
be used during the extraction of the wider devices.

7.4 Extraction of Geometry Scaling Parameters

The aim of the complete extraction procedure is the detatioin of the geometry scaling parameters (global
parameters), i.e., a single set of parameters (see S&idwhich gives a good description of the MOSFET-
behavior over the full geometry range of a CMOS technology.

Determinationof L and W

An extremely important part of the geometry scaling exicacscheme is an accurate determination a@f
and W, see Eqgs.3.6) and 3.7).2 Since it affects the DC-, the AC- as well as the noise mode] ammleover,

it can heavily in uence the quality of the resulting globarameter set, it is very important that this step is
carried out with care.

Traditionally, W can be determined from the extrapolated zero-crossiBgEiiN versus mask widthV . In

a similar way L can be determined frod=BETN versus mask length. For modern MOS devices with
pocket implants, however, it has been found that the abdveextraction method is no longer valid1, 12].
Another, more accurate method is to measure the gate-koehphcitanc€gsg in accumulation for different
channellengthsl2, 13]. In this case the extrapolated zero-crossing inGig versus mask length curve will
give L. Similarly, the extracted values f@OX (from the procedure in Tableé1and7.2) vs. mask lengti
may be used for this purpose. Unfortunately for CMOS teobgieks in which gate current is non-negligible,
capacitance measurements may be hampered by gate cddenh[this case gate current paramel@iNV
plotted as a function of channel lengthmay be used to extractL [14]. If possible, L extraction from
C-V-measurements is the preferred method.

Finally, LOV can be obtained from (a series of) extracted valugs@DV from one or more short devices.

From local to global

First of all, the global parametelsYPE, QMC, and the “switch'-parameters should be set to the apprepria
value. Next, parameters for which no geometrical scalidgsrexist must be taken directly from the local set
(this applies toTR, TOXO, VNSUBO, NSLPO, DNSUBO, TOXOVO, NOVO, CFBO, STMUEO, THE-
MUO, STTHEMUO, STCSO, STXCORO, FETAO, STRSO, RSBO, RSGO, THESATBO, THESATGO,
VPO, A20, STA20, GCOO, STIGO, GC20, GC30, CHIBO, BGIDLO, STBGIDLO, CGIDLO, and
DTA). Generally, these parameters have been left at their li&tdues or they have been extracted for one de-
vice only and subsequently xed for all other devices. Theapaeterd VARO , LVARL , LVARW , WVARO,
WVARL , andWVARW should be known from technology.

SNote that Lps and Wgp are expected to be known from the fabrication process. SagcinonlyLAP andWOT are extracted
from the electrical measurements.
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Once the values of L and W are rmly established (as described aboug)P andWOT can be set and the
actual extraction procedure of the geometry scaling patensiean be started. It consists of sevardépendent
sub-steps (which can be carried out in random order), onedoin geometry dependent local parameter.

To illustrate such a sub-step, the local param€f€ris taken as an example. The relevant geometry scaling
equation from SectioB.6.2is Eq. 3.28, from which it can be seen th&@TO, CTL, CTLEXP, andCTW

are the global parameters which determine the valu€lofs a function of. andW . First, the extracte@T

of each device in a length-series of measured (preferaldgwdevices are considered as a functioh ofin

this contexiCTO, CTL, andCTLEXP are optimized such that the t of Eq3(29 to the extracte€T-values

is as good as possible, while keep@FW xed at 0. ThenCTW is determined by considering the extracted
CT-values from a length-series of measured narrow devicesllfi the four global parameters may be ne-
tuned by optimizing all four parameters to all extract&t-values simultaneously. The default values given in
Section2.5.3are good initial values for the optimization procedure.

All other parameters can be extracted in a similar mannee.ldtal parameteBETN andNEFF have quite
complicated scaling rules, particularly due to the norfammi doping pro les employed in modern CMOS
technologies. Therefore, a few additional guidelines aqgace.

The optimization procedure f@ETN is facilitated if notBETN, but BETNq def
considered.

BETN Lg=Wg is

Starting from the default values, r&O, FBET1, LP1, FBET2, andLP2 should be determined from a
length-series of wide devices. ThBETW1, BETW2, andWBET should be determined from a width-
series of long devices. FinallgBET1W andLP1W can be found by considering some short narrow
devices.

Starting from the default values, rst extragOL1, FOL2, NSUBO, NPCK, andLPCK from a length-
series of wide devices. HerBlSUBO determines the long-channel valueNdEFF. Moreover,NPCK
andLPCK determine the increase NMEFF for shorter channels (short channel effect), wki@L1 and
FOL2 are used to describe the decreasBBFF for very short channels (reverse short channel effect).

ThenNSUBW andWSEG can be determined form a width-series of long devices. BinsPCKW,
LPCKW andWEGP are determined from a width-series of short devices.

Especially foBETN andNEFF it is advisable—after completing the procedure descrilbede—to ne
tune the global parameters found by considering all ex¢caealues oBETN (or NEFF) simultaneously.

Note that in many cases it may not be necessary to use theduibility of PSP's parameter scaling, e.qg.,

for many technologiedlP and VFB may be considered as independent of geometry. If such a dgeme

independence is anticipated, the corresponding locahpetex should be xed during local parameter extrac-
tion. Only if the resulting global parameter set is not gati®ory, the parameter should be allowed to vary
during a subsequent optimization round.

Fine tuning

Once the complete set of global parameters is found, theagjtabdel should give an accurate description of
the measuretl-V -curves and capacitance measurements. Either for ne fuairto facilitate the extraction
of global parameters for which the geometry scaling of theesponding extracted local parameters is not
well-behaved, there are two more things that can be done.

Local parameters for which the tting of global parameterasncompleted satisfactorily could be re-
placed by the values calculated from the geometrical sgalifes and xed. Then one could redo (parts
of) the local parameter extraction procedure for the remgitocal parameters, making them less sensi-
tive for cross-correlations.

Small groups of global parameters may be tted directly te theasurements of a well-chosen series of
devices, using the global model.
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7.5 Summary — Geometrical scaling
Summarizing, for the determination of a full parameter g following procedure is recommended.

1. Determine local parameter se¥dB, NEFF, :::) for all measured devices, as explained in Secfigh
and7.3

2. Find Land W.

3. Determine the global parameters by tting the approprggometry scaling rules to the extracted local
parameters.

4. Finally, the resulting global can be ne-tuned, by ttirilge result of the scaling rules and current equa-
tions to the measured currents of all devices simultangousl|

7.6 Extraction of Binning Parameters

In this section, expressions will be given for the paranseierthe binning scaling rule®OYYY, PLYYY ,
PWYYY , andPLWYYY , as given in SectioB.6.2 These coef cients will be expressed in terms of parameter
values at the corners of bin (see Figl). These expressions can be easily found by substitutingahemeter
values at the bin corners into the binning scaling rules amdrting the resulting four equations. Note once

Figure 7.1. Schematic view of a bin, showing the coordinafeke four corners. Note that;, Lo, Wy, and
W, denote theeffectivdength and widthl( ¢ andWg) at the bin corners.

more that this results in separate parameter set for each bin

In the expression below, the value of paramet&ty at bin corner(L;; W;) is denoted byY; (i = 1;2,
j =1;2). Moreover, L =L, L3, W=W, W;;A=1= L W).

1. Coef cients for type | scaling

POYYY = A (L1 Wi Y Li Wo Yoo Ly Wi Yo+ Lo Wy Ya) (7.1)
L1 L2
PLYYY = A ( Wi Yiu+Wo Yo+ W Yor W, Y22) (72)
EN
W; W
PWYYY = A —= "2 ( Ly Yu+Lli Yo+Ly Yo Lo Ya) (7.3)
EN
L, Ly Wi W
PLWYYY = A =2 =2 L T2 (v, Y, Yoy + Ya) (7.4)

Len Wen

103



October 2007 PSP 102.2

2. Coef cients for type Il scaling
POYYY = A (L Wz Yi1 Ly Wi Yoo Li Wo Yo+ L1 Wi Ya)
PLYYY = A Len ( W2 Yo+ Wi Yo+ W Yar Wi Yyp)
PWYYY = A Wen ( Lz Yii+ Lo Yo+ L1 Yar L1 Yo)
PLWYYY = A Len Wen (Yiz  Yiz Y1 + Yz2)
3. Coef cients for type Ill scaling
POYYY = A ( Li Wy Yiu+Li Wi Yo+ Lo Wo Yar Ly Wi Yop)

L1 Lo
EN

PLYYY = A

(W2 Yz Wi Yo Wz Yo+ Wi Yap)

PWYYY = A WgyN (Lj_ Y11 L1 Y12 Lo Yor+ Lo Y22)

L: Lo Wen

PLWYYY = A
Len

( Yo+ Yo+ Yor  Y2)

(7.5)
(7.6)
(7.7)

(7.8)

(7.9)

(7.10)

(7.11)

(7.12)

Note: ForLq, Lo, W1, andW, in the formulas above one must take #féectivelength and widthI( ¢ and

WE) as de ned in Sectior3.2
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Section 8

DC Operating Point Output

The DC operating point output facility gives information tire state of a device at its operation point. Beside
terminal currents and voltages, the magnitudes of linedriaternal elements are given. In some cases mean-
ingful quantities can be derived which are then also giveg.(&r). The objective of the DC operating point
facility is twofold:

Calculate small-signal equivalent circuit element values

Open a window on the internal bias conditions of the deviakitbasic capabilities.

All accessible quantities are described in the table belbiae symbols in the “value' column are de ned in
Sectiond. Besides, the following notation is useée =1+ k, G=4, wherek, is de ned in Eq. 4.16.

Important note: For all operating point output the signs are such as if the devica NMOS. Moreover,
whenever there is a reference to the “drain’, this is alwhgstérminal which is acting as drain for the actual
bias conditions. This is even true for variables suclvds(which is therefore always nonnegative) and the
junction-related variables. The output varialsldint shows whether or not this “drain’ is the same as the
terminal which was named “drain' in the simulator.

‘ No. ‘ Name ‘ Unit ‘ Value Description
0 | ctype - 1 for NMOS, 1for PMOS Flag for channel-type
1 | sdint - 1if V[?S 0; 1 otherwise Flag for source-drain interchange
Current components
2 | ise A Is s Total source current
3| ige A e Total gate current
4 | ide A Ip Il Total drain current
5] ibe A Ig + I35+ lp Total bulk current
6 | ids A Ips Drain current, excl. avalanche and
tunnel currents
idb A lavi + lgia  lio Drain-to-bulk current
isb A lgiss  lus Source-to-bulk current
igs A lecs + lasov Gate-source tunneling current
10 | igd A lcep + lepov Gate-drain tunneling current
11 | igb A lce Gate-bulk tunneling current

continued on next page. . .

105



October 2007

...continued from previous page

PSP 102.2

[}

11°

‘ No. ‘ Name ‘ Unit ‘ Value ‘ Description
12 | igcs A lces Gate-channel tunneling current
(source component)
13 | igcd A lcep Gate-channel tunneling current
(drain component)
14 | iavl A | vl Substrate current due to weak-
avalanche
15 | igisl A I gisl Gate-induced source leakage cur-
rent
16 | igidl A I gid Gate-induced drain leakage current
Junction currents
17 | ijs A I35 Total source junction current
18 | ijsbot A [ 35:bot Source junction current, bottom
component
19 | ijsgat A l 35;gat Source junction current, gate-edge
component
20 | ijssti A | 3s:sti Source junction current, STl-edge
component
21| id A l o Total drain junction current
22 | ijdbot A | 30 :bot Drain junction current, botton
component
23 | ijdgat A [ 30 :gat Drain junction current, gate-edg
component
24 | ijdsti A I 3D :sii Drain junction current, STl-edg
component
\oltages
25 | vds \Y Vbs Drain-source voltage
26 | vgs V Ves Gate-source voltage
27 | vsb \% Vsg Source-bulk voltage
28 | vto \% MFB + Pb (g*+2 )+ G Zero-bias threshold voltage
T (s+2 1)
29 | vts \Y VFR+ Po (Vsg+ g+2 1) Veg+ | Threshold voltage including back
* * bias effects
G 1 (Vegt g+2 1)
30 | vth \% vts Vs Threshold voltage including back
bias and drain-bias effects
31| vgt \% vgs vth Effective gate drive voltage includ
ing drain- and back-bias effects
32 | vdss Vv Vysat Drain saturation voltage at actugl
bias
33 | vsat \Y/ Vbs  Vdsat Saturation limit
(Trans-)conductances
34 | gm AV @de=@V¥s Transconductance
35| gmb AV @de=@¥s Substrate-transconductance
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...continued from previous page

‘ No. ‘ Name ‘ Unit ‘ Value Description

36 | gds AN @de=@Vs Output conductance

37 | gjs AN Qis=@¥s Source junction conductance

38 | gjd ANV (Qd=@Ys + Qd=@¥) Drain junction conductance

Capacitances

39 | cdd F @c§>=@ys Drain capacitance

40 | cdg F @(g) =@VY¥s Drain-gate capacitance

41 | cds F cdd cdg cdb Drain-source capacitance

42 | cdb F @c§> —@¥ Drain-bulk capacitance

43 | cgd F @@ =@Vs Gate-drain capacitance

44 | cgg F @@:@gs Gate capacitance

45 | cgs F cgg cgd cgb Gate-source capacitance

46 | cgb F @(g) —@¥ Gate-bulk capacitance

47 | csd F @<§> =@Vs Source-drain capacitance

48 | csg F @<§> —@VY¥s Source-gate capacitance

49 | css F csg+ csd+ csb Source capacitance

50 | csbh F @ (§) —@¥ Source-bulk capacitance

51 | chd F @(g) =@Vs Bulk-drain capacitance

52 | cbg F @(g) =@VY¥s Bulk-gate capacitance

53 | cbs F cbb cbd cbhg Bulk-source capacitance

54 | cbb F @(g) @MW Bulk capacitance

55 | cgsol F @Qsov + Qofs)=@¥s Total gate-source overlap capaci-
tance

56 | cgdol F @Qdov + Qofd)=@Ys Total gate-drain overlap capadi-
tance

Junction capacitances

57 | ¢js F Cis Total source junction capacitance

58 | cjsbot F Cjs:bot Source junction capacitance, bat-
tom component

59 | cjsgat F Cis;gat Source junction capacitance, gate-
edge component

60 | cjssti F Cis:sti Source junction capacitance, ST|I-
edge component

61 | cjd F Cip Total drain junction capacitance

62 | cjdbot F Cip :bot Drain junction capacitance, bottom
component

63 | cjdgat F Cip;gat Drain junction capacitance, gate-
edge component

64 | cjdsti F Cip sii Drain junction capacitance, STI-
edge component

continued on next page. . .

107



October 2007

PSP 102.2

...continued from previous page

‘ No. ‘ Name ‘ Unit ‘ Value Description
Miscellaneous
65 | weff m WEe Effective channel width for geomet-
rical models
66 | leff m Le Effective channel length for geag-
metrical models
67 | u - gm=gds Transistor gain
68 | rout 1=gds Small-signal output resistance
69 | vearly \% jidej=gds Equivalent Early voltage
70 | beff AIVZ | 2 jidej=vgt? Gain factor
71| fug Hz gm=2 (cgg+ cgsol+ cgdol)] Unity gain frequency at actual bias
) o Noise
72 | sqrtsff viHz|"S (1 kH2)=gm Input-referred RMS white noise
. voltage density at 1 kHz
73 | sqrtstw | V/' Hz | " Sg=gm Input-referred RMS white noise
voltage density
74 | sid A?=Hz | Sy Channel thermal noise current den-
Sity
75 | sig A?=Hz | Sig(1 kH2) Induced gate noise current densijty
at 1 kHz
76 | cigid - ”"igid ’ Imaginary part of correlation coef-
Mig  Mid cient betweenSy andSig
77 | fknee Hz 1Hz S (1H2)=S4 Cross-over frequency above which
white noise is dominant
78 | sigs A2=Hz Sigs Gate-source current noise spectral
density
79 | sigd A?=Hz | Sigq Gate-drain current noise spectral
density
80 | siavl A2=Hz | S Impact ionization current noise
spectral density
81 | ssi A%=Hz | Sg Total source junction current noise
spectral density
82 | sdi A2=Hz | Sp; Total drain junction current noise
spectral density
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Appendix A

Auxiliary Equations

In this Appendix, some auxiliary functions which are usethia model equations are de ned.

The MINA-smoothing function:

q

MINA (x;y;8)= = x+y (x y)’+a

NI

The MAXA-smoothing function:

q _—
MAXA(x;y;a):% x+y+ (x yP+a

(A.1)

(A.2)

The functions (y), its derivatives, 1, and », which are used in the explicit approximation of surfacesptitil:

y2
2

V=735

4y

W= Gy

8 122
W= Gy

=atcC

a
+
1+(c2=8 a) ¢ = ;

a
+
2+(c?=3 a b c =,

2(@b;c ;)=

110

(A.3)

(A.4)

(A.5)

(A.6)

(A7)

(A.8)

(A.9)

(A.10)
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Appendix B

Layout parameter calculation

In post-layout simulations, various PSP instance paramsteuld be supplied either manually or by a layout
extraction tool. In this appendix, it is shown how these paters should be calculated.

Note: These equations aret part of the PSP model.

B.1 Stress parameters

B.1.1 Layout effects for irregular shapes

For irregular shapes the following effective values$# andSB are to be used (see FR)1).

X 4
1 _ SW, 1 (B.1)
SA: +05 L - W SA+05 L
X .
1 _ SWi 1 (B.2)
SB. +0:5 L W SB+05 L

i=1

B.2 Well proximity effect parameters

The values of the instance paramet®@A, SCB andSCC can be calculated from layout parameters using the
equations below.

SCREF?
fa(u)= =5 (B.3)
u u
'e(W= screr 10 Screr (B4)
u u
feW= screr ™ 20 screr (B-5)
|
ek Zosexiescy j+w '
Acomer = > fa(u)du
izm+1 SCX +SCY

]
i k W Z SCX;+SCY i+ L

+ - fa(uydu  (B.6)
ns1 2 soxgescy
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mx+ K Zscxi+scvi+w

L
Bcorner = 5 fg(u)du
i=m+1 SCX +SCY
I
LRYY Z scx;+scy i+ L '
+ — fg(u)du (B.7)
i=n+1 2 SCX; +SCY
I
Xk Z scx +SCY +W '
Ceorner = § fc(u)du
i=m+1 SCX +SCY
I
L NRYY Z scx +SCY i+ L '
+ — fc(u)du (B.8)
i=n+1 2 SCX +SCY
" I
1 X Zgc+L '
SCA= ——— Wi fa(u)du
wiL o s
I
¢ m Zscivw ' #
+ L| fA(U)dU + Acorner (B.g)
i=n+l1 SCi
" I
1 X0 Zsc+L ’
SCB= ——— Wi fg(u)du
wiL o s
I
¢ m Zsci+w ' #
+ Li fB(U)dU + Bcomer (B].O)
i=n+l1 SCi
" I
1 X Zgc+L ’
SCC= ——— Wi fc(u)du
wiL ' s
I
¢ m Z sci+w ' #
+ L; fc(u)du + Ccomer (B.11)
i=n+l SCi

Here,m andn are the number of projections of the well edge along the teagid width of the devices,
respectively. Moreovek is the number of corners selected to account for the “coaffetts.
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Swi
SA1 SB1
SA2 SB2 I sw2 | W
< > e
SW3 SA3 SB3
—”._."—
ILI

Figure B.1: A typical layout of MOS devices with more instargarametersSW;, SA; andSB;) in addition
to the traditionalL andW.
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Figure B.2: A typical layout of MOS devices witWPE instance parameters
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SCY_l: SCY,
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Figure B.3: A layout of MOS devices for corner terms caldolat
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