PSpice Tutorial

(usage of simulator ) x (common sense) = constant

L. Pacher



SPICE

Simulation Program with Integrated Circuits Emphasis

Berkeley University open source code (initially coded in FORTRAN, rewritten in C)

analog-only circuits simulator

command-line tool with a plain text input file (.cir )
* interpreted 'markup' and programming language (both UNIX and MS-DOS shells)
* inputfile = netlist + electrical models + analysis statements
° spice < 1nputFile.cir | more
* plain text output file

new SPICE-like commercial versions with graphical interfaces

PSpice, HSpice, LTSpice, Spectre efc. 2



PSpice
Personal SPICE

the SPICE version for personal computers with MS Windows operating systems

analog, digital and mixed-signals simulator

initially developed by MicroSim and then bought by OrCAD
at present purchased by Cadence Design Systems

free versions:

® PSpice Student 9.1 - max. 10 transistors

® OrCAD PCB Designer 16.5 Lite (demo) - max. 20 transistors

industry standard PCB development suite



Tools overview

) Mozilla Firefox k

) Python 3.2 3

) PSpice Student »

fﬁ Cadence fﬁ OrCaD 16,5 Like  k uj PSpice Accessaries k
) Motepad++ r [ Tutorials r
) MiKTex 2.9 2 B cadence Help

uﬂ Wideal Al k E% orCaD Capture CIS Lite

uﬂ Micrasaft 0L Server 2008 k E PSpice AD Lite

uﬂ Micrasaft Wisual C++ 2008 Express Edition ¥ E P3pice Advanced Analysis Like
) doPOF 7 v @ ReadMe

0 7-Zip »

) FileZila FTP Client »

) ZipGenius & »

Capture - schematic entry tool

PSpice A/D - analog, digital and mixed-circuits simulator

PSpice Advanced Analysis - Monte Carlo, sensitivity/worst case etc. analyses
PSpice Model Editor - edit text SPICE models or extract models from data sheets

PSpice Stimulus Editor — graphical editor for time-based waveform



Getting started
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Working with projects

OrCAD Capture CIS - Lite

File ‘iew Tools Edit Options ‘Window Help

&l

Mew » Project. ..
Dpen r Diesign
Save Chrl+3 Library
Save As... ¥HDL File
Yerilog File
Text File
Frint... ChFl-P
Prink Sekup...
Impart Design. ..
Hew Project
1 Cipsp
e
Mame
MO5-characteristics
Exit

" your work is organized into projects ( .opj main file)
" specify anewfolderin C:\pspicel\designs
with the same name of the project

" simulations with PSpice are available only if you
choose the Analog or Mixed A/D option

[ ] \['EP () Programmable Logic Wizard
a
() Schematic

Location

C:\pezpicehdesignz' 05 -charactenstics

Help

Create PSpice Project

Tip for Mew Users

(") Create baszed upon an existing project ok,
Create a new Analog or
tised A/D project. The
new project may be blank,

or copied from an existing
template.

Cancel

(®)iCreate a blark projeck

1

Help

Browse...




Running SPICE programs

you can run SPICE programs with PSpice at the Windows command-line by using
pspice.exe or psp_cmd.exe executables

® ©pspice [options] [input file(s)]
®* write the SPICE program with a simple text editor and save it as a .cir file

® atthe command line type one of the following:

pspice -r inputFile.cir (interactive mode)

psp cmd -r inputFile.cir (batch mode)
® PSpice produces a plain text .out file containing simulation results

® the .cir file must be placed in the same directory where you run the command

$CDSROOT%\tools\pspice must be in the PATH environment variable



Input file example

NMOS I-V characterist

* this 1s a comment

ic title line

* circult description
VGS 1 0 DC 1.5
VDS 2 0 DC 2.5
M1 2 1 0 0

(netlist)
netlist

nfet W=50u L=1u

* device SPICE model
.MODEL nfet NMOS (
LAMBDA 0.002

VTO 0.424

KP 250e-6

GAMMA 0.37

PHI 0.7 )

+ + + + +

device SPICE model

* analyses
.OP
.DC

VDS 5

analysis statements
Om

* output results
.PRINT DC ID(M1)

.END

output results



B Command Line

Microsott Windows P [Wersion 5.1.2600]
(T Copyright 1985-2001 Microsoft Corp.

hpsplcenSPICE:
SwpspicesSPICE:
twpspicenSPICEsmkdir test

thwpspicenSPICE-cd test
thwpspicenSPICENtests
nwpspicenSPICENtests
hwpspicenSPICELtest»notepad test.cir

hpspicedSPICENtests

Pt e Bt =1 DL ot

CwDocuments and Settingshlucascd “pspicesSPICE

Bl T a T e A A ata]

:\5551cE\SPICE\testbpsp_cmd - test.cir
weww PSpice 16.5.0 (Aprdil 20117 *=%%%

MNMO= I-% characteristic

Reading and checking circuit

Zircuit read in and checked, no errors
DC Analysis

OC Analysis finished

Calculating bias point

Eias point calculated

Simulation complete.

CihvpspicenSPICENtestdir
Vvolume in driwe € has no Tabel.
volume Serial Number is AQ30-8387

Directory of CihwpspicewSPICEWtest

04 ,30,/2012 0F:598 PM <DIE=
0430,/2012 08:56 PM <DIR:=
04302012 08:56 PM
04 ,/30/2012 08:56 FPM

2 File(s2

CinpspicenSPICENtestrnotepad test.out

CihwpspicenSPICENtests

389 test.cir
6,977 test.out
r.366 bhytes
2 Mr{s) 42,950,0F8,484 bytes free

l=JBEs

2 test.out - Notepad
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A little SPICE primer

basic syntax:
® SPICE is not case-sensitive, upper case and lower case letters are equivalent
® comments begin with *
® all statements begin with adot, e.g. .OP .TRAN .PRINT .PLOT
® leading + characters indicate a line continuation

® netlist elements and analysis statements can be written in any order
netlist and analysis directives are automatically generated by a shematic entry tool
(Capture in PSpice)

you are not required to learn SPICE programming, but you should be able to read
and understand the PSpice text output file !

more knowledge about SPICE is useful to better understand Capture symbols
parameters and PSpice simulations and options 10



Netlist

'schematic' is a meaningless word for SPICE, just a human graphical visualization
of the circuit

a netlist is the SPICE description of a circuit using a simple description language

each component has two or more terminals attached to nodes

®* each circuit node is identified by a unique name (a number, a character or a string)

®* atleast one node MUST be named 0 for the ground (common reference)

®* no simulations can be performed with a missing 0 node (floating-node error)

circuit components are identified by letters (e.g. R for resistors, M for MOSFETSs etc.)

each component line follows the simple syntax:

component nodel node2 node3 .. value(s)

11



component basic SPICE syntax
resistor Rxx nodel nodeZ [model name] value [TC= ]
capacitor Cxx nodel node2 [model name] value [IC= ]
inductor Lxx nodel node?Z2 [model name] value [IC= ]
diode Dxx nodel node2 model name
BJT Oxx C B E [sub] model name
MOSFET Mxx D G S B model name [L= ] [W= ]
+[AD= ] [AS= ] [PD= ] [PS= ]
vDC '] Vxx nodel node2 [DC] wvalue
VAC Vxx nodel node?2 [[DC] wvalue] AC value
VSIN [?! Vxx nodel node2 SIN(VOFF VAMPL FREQ
+[TD] [DF] [PHASE])
VPULSE Vxx nodel node2 PULSE (V1 V2 TD TR TF PW PER)
VPWL 3 Vxx nodel node2 PWL(t0O VO tl V1 tn Vn)

[ ] indicate optional terms
[1] current sources ( IDC, IAC, ISIN, IPULSE, etc.) follow the same syntax
[2] more in general an exponential-dumped sinusoidal waveform

[3] piece-wise linear



PSpice netlist generation

OrCAD Capture CIS - Lite

File Edit Wiew Tools Place Macro PSpice  Accessories  Options  Window  Help

|_L| l_L E = [ Mew Simulation Profile ;V @-L EL @’ a‘ &

|@ MOS-chara. *| @ NMOS* |

Create Metlist |
] Wigw Metlist HEMATICT : HMOS)
ﬁ
Anala Advanced Analysis k
|I=__| File IE;_E Hierarchy Markers k
=] Design Resources Bias Points 3

= Amos-charackeristics, dsn
B SCHEMATIC
B mmos




& 0rCAD Capture CIS - Lite

File Edit Wwiew Tools Place Macro PSpice  Accessories  Opbions  Window  Help

Bl =R & ﬁ N i Mews Simulation Profile % % ﬂ Q @® 1

Edit Sirulation Profile

i M - " R Iv 8o

Wi Simulakion Resulks  F1z

Bl ~mos* Wiew Output File
Create Netlist _
iz [ anuehhngnﬂmﬂﬂﬁ| Wiew Metlist | { - (SCHEMATICT : MMOS)

Ana Advanced Analysis r I
£ File |E'-L=. Hierarch_l,l| Markers 3
E}I=__| Design Resources Bia | == . 0 ) —_— S . .
T Em . 29 | 1 C:\pspice\designs\MOS-c haracteristics\mos-c haracteristics-pspicefiles\sc hematic 1\sc hematic 1. net uw
= Jmos-characteristicsasm™
E* SCHEMATIC! * source MOZ-CHARACTERISTICS [i]
! Eﬂ NMOS MMl I G 00 nfet
....... TLe1n
+ W=50u
VW1 G 0O {Vgs}
VWV D O {vds}

PARLM wgs=1.5 wds=2.5

**% Wrapper definitions for AL legacy support *%

model nfet nmos

theta=0.175405
kp=0.000z250105
vmax=82878.5

+ lewvel=3

+ tox=5.7e-009
+ nzub=1e+017
+ gamma=0.431731
+ phi=0.7

+ wto=0.423825
+ delta=0

+ uo=425.647

+ eta=0

+

+

+

=+

kappa=0.168678 M




Placing grounds

" remind: at least one node must be named 0 (floating-node error otherwise)

" goto Place > Ground or press G

" use CAPSYM/ 0 or any other CAPSYM /GND symbol (GND, GND_EARTH, etc )
but change Name into 0

Place Ground Flace Ground
Swumbal; Surnbal
GHD GMD

/h\ Cancel /’\ Cancel
$0_HI/SOURCE s $0_HIASOURCE ”
$0_LOASOURCE A@L Add Library... $0 LO/SOURCE A@L Add Library...

]
.~
(]
s

0ACAPS b _— 0/CAPS M E—
0/50URCE — Bemove Libram 0/50URCE — Bemaove Libramy
GHD/CAPSYM e GMD/CAPSYM w
Help Help
Libraries: Libraries:
CAPSYHM CAPSYH
Dezign Cache Desigh Cache

SOURCE SOURCE

Uze 0/CAPSYM symbol to place 3= Use DACAPSYM symbal bo placesedsguoynd

[ 5how Unkamed MetiGroup [15how UnM amed MetGroup




Checking the Session Log

File Edit W%ew Tools Place Macro PSpice  Acocessories

= = GMD

'SCHEMATICT-ds_vs_|v | o A A A

ERMos-charac..|pd  NMOS

Analog or Mized 4/D

Window Help

Pl Window
Cascade

Tile Horizontally
Tile Wertically

arrange Icons

1 Session Log

2 Cpspicetdesigns MOS-characteristic s MOS-characteristics, opj
3 [ - (SCHEMATIC! : MMOS)

Close All Windows

=1

=2 |exxx THCLUDING SCHEMATIC] net ®xxx

Session Log

=2 |® zource MOS—CHARACTERISTICS

(e T T T T T I T

=4 [V_¥1 G GND {Vg=}
P Sl | SR LA D GND {Vd=}
=5 [M_M1 D G GHD GND nfet

=7 |+ L=1u

(3.80, 3.40)
Creating P5pice Metlist

Ignare this warning, it this is a digital design.

<1

INFO[ORMET-1156); PSpice netlist generation complete

e3=] + W=CS0u
=4 PARAM width=50u wg==1.7 wd==2.5
Exy|

41 wxxx FESTMING Id=s ws Vds cir =xx=x

INFO{ORMET-1041) Writing PSpice Flat Metlist ChpspiceidesignsyWiOS-characteristics sz | END
WARNINGIORMET-1085): ¥our design does not contain & Ground (0) net. +=
You may not be able to run analog simulation on this design.
To run analog simulation, your design must have at [east one Ground (03 net. Use at e (|45  |[ERROR(ORPSIM-15142): Hode GHND is floating

4 [ERROR{ORPSIM-15142): NHode G is floating
145

17
e ERRORE{ORPSIHN-15142%: Hode D 1= floating
EF=)
S0
54
1l EE |

73| (T

For Help, press F1

16



SPICE Sl units prefixes

name Si SPICE C/C++ style
tera T T, t 1e12, 1E12
giga G G, g 1e9, 1E9
mega M MEG, meg 1e6, 1E6
Kilo K K, k 1e3, 1E3
milli m M, m 1e-3, 1E-3
micro "l U, u 1e-6, 1E-6
nano n N. n 1e-9, 1E-9
pico P P, p 1e-12, 1E-12
femto f F, f 1e-15, 1E-15

SPICE is not case-sensitive, upper case and lower case letters are equivalent
be careful not to use M for mega! 15Mohm are 15 milliohm for SPICE

the unit name can be neglected

numerical values and prefixes must be typed without spaces

e.g. C = 10uF, 10u, 10e-6, 10E-6f



Basic analyses

PSpice (not SPICE) can simulate circuits containing any mix of analog and digital
devices

DC analyses

® bias point ( .op)

® DCsweep (.DC)

time-domain analyses

®* transient( .TRAN)

® Fourier ( .FOUR)

frequency-domain analyses

® ACsweep( .AC)

® noise( .NOISE)

18



Bias point (.OP)

large-signal DC solution for a particular input voltage/current condition

the time is removed from the circuit

* sources with time specifications are set to zero

* all capacitors are considered open circuits, all inductors shorts

e DC analysis is a particular case of transient analysis ( dv/dt = 0, di/dt = 0)

automatically computed in any other simulation

simulation results are printed in the text output file

* |ist of all node voltages, voltage source currents and total power dissipation

* detailed bias point information for semiconductor devices

.OP

19



DC sweep (.DC)

" Jarge-signal steady-state circuit DC response when sweeping a voltage/current
source, a global parameter, a model parameter or the temperature over a range of values

* the bias point of the circuit is calculated for each value of the sweep

" nested DC sweep analysis can be performed

* asecond sweep variable can be selected after a primary sweep value
has been specified

e curve families are obtained

.DC [sweep] sourcel/parameterl START1 STOP1 STEP1
+[source?2/parameter?2 START2 STOP2 STEP2]

* parametric sweeps are available with PSpice only

* the sweep parameter can be LIN (linear) DEC (logarithmically by
decades) or OCT (logarithmically by octaves) , available with PSpice only 20



Transient analysis (.TRAN)

" large-signal response of the circuit to one or more time-dependent inputs
* numerical integration of a non linear differential equations system

e afirst DC analysis determines the initial circuit bias conditions

® voltages and currents tracked over time

* asmaller integration time step increases both the results accuracy and the
simulation duration

* sometimes convergence problems can occur

.TRAN TSTEP TSTOP [TSTART [TMAX] ]

* atransient analysis always beginsat t=0 andends at t=TSTOP

e TSTEP is the time interval for reporting simulation results in the output file

e before the time TSTART no results are recorded

e TMAX is the maximum step size in incrementing the time during transient
analysis (numerical integration time-step)

21



AC sweep (.AC)

small-signal frequency response of the circuit linearized around the bias point
sweeping one or more sources over a range of frequencies

* non-linear devices are linearized to determine their AC small-signal models

* all independent voltage and current sources that have AC specifications
are inputs to the circuit, e.g. VAC and IAC

outputs include voltages and currents with magnitude and phase

* the best way to use AC sweep analysis is to set the source magnitude to one,

(e.g. ACMAG = 1) in this way the measured output equals the gain, relative
to the input source, at that output

.DC sweep points START STOP
e the sweep option can be LIN (linear) DEC (logarithmically by
decades) or OCT (logarithmically by octaves)

* specify the number of points per decade ’



PSpice simulations (1)

"  during the schematic entry phase we use symbols, defined inside the Capture libraries
( .olb files) :

e YCDSROOT%\tools\capture\library

e $CDSROOT%\tools\capture\library\pspice

" only symbols associated with SPICE electrical models can be simulated by PSpice !

« symbols of the pspice Capture library can be simulated with the
standard PSpice model libraries ( .lib files) listed in the nomd.lib file

e $CDSROOT%\tools\pspicel\library

" models of semiconductor devices can be modified using the PSpice Model Editor

" custom PSpice model libraries must be included by hand (see later) ’3



PSpice simulations (2)

" for each simulation you have to create a new simulation profile (.cir file)

" you can define multiple simulation profiles, but PSpice can run only one simulation

at a time

Simulation Settings - test

General | Analysis

Analysis type:

Time Domain [Transzient] |

Tirme Domain [Transient]
DC Sweep

AL Sweep/Moize
Biaz Paint

[ [MontE Canos wWorst Lage
[]Parametric Sweep

[ ] Temperature [Sweep]

[ ]Save Biaz Paint
[]Load Bias Paint

[ ]5ave Check Paints
[]Restart Simulation

Configuration Files | Optionz | Data Collection

Bun bo time; 1000n=

Start zaving data after, [0
Transzient options

M awinum step zize:

[ ] Bur in resume mode

] [ Cancel

Frobe “findow

gseconds [TSTOF)

seconds

zeconds

[ ] 5kip the initial transient bias point calculation [SKIPEP)

[ Cutput File Options. . ]

PSpice > New Simulation Profile

The Simulation Settings window
is a graphical user interface that
automatically generates the SPICE
analysis directives and writes them
in a .cir simulation file

24



PSpice simulation file example

* k& % CIRCUIT DESCRIPTION

R I I A b S A b A A b db A b Ib i b db b b I b b db b b dh b b dh b b A 2 b A b b A b b d b b d b A g b b d b I d b A b b A S b A b b g b A b b g b b g b

falao N+ o ~a 2N
e ===

** Creating cirgeit Eran
** WARNING: THIY AUTOMATICALLY GENERATED FILE [MAY BE OVERWRITTEN BY SUBSEQUENT SIMULATIONS

E
=

*Libraries:

* Profile Libraries

* Local Libraries

* From [PSPICE NETLIST] section of C:\pspice\OrCAD Lite\tools\PSpice\PSpice.ini file:

.1lib "nomd.lib"

*Analysis directives:
.TRAN O 50u 0 10n
LPROBE V(alijas(*)) TIT(alias(*)) W(alias(*)) D(alias(*)) NOISE (alias(*))

.INC "..\SCHEMATIC1l.net"

**x*% TNCLUDING SCHEMATICl.net ***x%*
* gsource SYNTAX-TEST

C C1 0 2 100p TC=0,0 . .
R Rl 1 2 10k TC=0,0 a simple RC filter
vV V1 10

+SIN 0 10m 50k 0 0 O

****x RESUMING tran.cir **** 25
.END



MOSFET SPICE models

the simulator provides 8 MOSFET device models, which differ in the formulation
of the |-V characteristic

the LEVEL parameter selects among different models

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

LEVEL

1

2

7

8

Shichman-Hodges model
geometry-based, analytic model
semi-empirical, short-channel model

BSIM model (Berkely short-channel IGSIM model)

EKV model version 2.6 (Enz-Krummenacher-Vittoz)
BSIM3 version 2.0
BSIM3 model version 3.2

BSIM4 model version 4.1.0

present day sophisticated models become inadequate after one or two

technology generations!

26



Shichman-Hodges model (1)

" the simplest MOS SPICE model

" the |-V characteristic takes into account the channel-length modulation
and the gate overlap with source and drain implants

1 W
Ips = =-—Kp [2 (Vas — Vry) Vps — V}_%S} (1 +AVpg) linear (triode)
2 L —2Lp .
region
1 %% 5 .
Ips = =-Kp (VGS — VTH) (1 + )\VDS) saturation
2 L —2Lp region
| L | — . transconductance
b g Kp HCox parameter

ﬁ

| «—Leff—>| .
> | > |- The actual distance between the source

Lp Lp and the drain is slightly less than L 27




Shichman-Hodges model (2)

" the threshold voltage is given by the body effect formula

Vire = Vrao + 7 [\/293517 + Vs — v 2€35F}

20 = g = 2 k_T In (Nsub ) 2 x (substrate Fermi potential) - conventionally
% assumed equal to the built-in voltage

6()33

2eqN b
— V2eqNsu body effect coefficient ~0.3+0.5 V'? ( Cop = 7 )
C’O[L' ox

" the model includes MOS parasitic capacitances

" the model does nof include sub-threshold conduction or any short-channel effects

28



SPICE parameters

SPICE parameter description

vTO!H! threshold voltage without body effect
GAMMA body effect coefficient
PHI 2¢
TOX gate oxide thickness
NSUB substrate doping
LD gate-source/drain overlap
uo channel mobility
LAMBDA ' channel-length modulation coefficient
KP transconductance parameter 1 Co,
W gate width
L gate length

(1] becomes VTHO for LEVEL > 5
(2] defined only for LEVEL = 1,2

cm?/ Vs

A/ V?

29



SPICE modeling

.MODEL <model name> XMOS ( <parameters> )

" equations show that 8 parameters are required to specify the I-V device characteristic:

® 3 geometric parameters (W, L, LD)

® 5 electrical parameters (KP, LAMBDA, VTO , GAMMA, PHI)

" another possibility is to use process and technology-related parameters

® TOX, UO, NSUB + VTO, LAMBDA + geometric parameters

® this represents the SPICE default choice ( if also KP, GAMMA and PHI are
specified in the code the simulator re-evaluate them from TOX, UO and NSUB

values)

" W and L can be specified for each transistor, using a common device model for the

other parameters
30



Examples

.MODEL nfet NMOS (

+ LEVEL = 1 VTO = 0.7 GAMMA = 0.45 PHI = 0.9

+ NSUB = 9el4 LD = 0.08e-6 UO = 350 LAMBDA = 0.1

+ TOX = 9e-9 PB = 0.9 Cd = 0.56e-3 CIJSW = 0.35e-11
+ MJ = 0.45 MJIJSW = 0.2 CGDO = 0.4e-9 JS = 1.0e-8 )
.MODEL pfet PMOS (

+ LEVEL = 1 VTO = -0.8 GAMMA = 0.4 PHI = 0.8

+ NSUB = beld LD = 0.09%9e-6 UO = 100 LAMBDA = 0.1

+ TOX = 9e-9 PB = 0.9 Cd = 0.94e-3 CIJSW = 0.32e-11
+ MJd = 0.5 MJSW = 0.3 CGDO = 0.3e-9 JS = 0.5e-8 )

= capacitive parameters are not described in this lecture

m B. Razavi, Design of Analog CMOS Integrated Circuits, ch 2, pp. 36-37

31



Higher level models

= the LEVEL = 1 model maintains reasonable |-V accuracy for channel lengths as
small as 4 um

= high-order effects must be considered for more accurate simulations

* the threshold voltage is not constant along the channel, neither for long-channel
devices

e sub-threshold conduction

* the modelization of the channel-length modulation with only A is far from accurate !

= empirical constants and parameterizations are introduced to improve the accuracy
of models for short-channel devices (L <1 um)

m  for more information see :
* B. Razavi, Design of Analog CMOS Integrated Circuits, ch 16, pp. 591-599
* PSpice Reference Guide, ch. 2 pp. 222-269 32



Edit SPICE models in PSpice

OrCAD Capture CIS - Lite

BE]

cadence - 9 x

a

PSpice Model Editor

write or edit here a custom
SPICE model and save it

File 'Edit “iew Tools Place Macro P3pice  Accessories  Ophions  Window  Help
i Und Chrl+Z 1
1 G VMR ] A G @
Label Skate »
B | cut Chrl+¥
G Copy Chrl+iC
| . Del mos-characteristics:Mbreakn - PSpice Model Editor Lite - [Model Text]
elete & —
= File Edt Yiew Model Plot Tools Window Help
Select Al ChrlHa - — -
] = = A I
Properties. .. Ckrl+E — L E = i‘- L E
Link Diatabase Part,..  Chrl+L [ | .model Moreakn HMOS
Derive Database Part. ., Model Mame Twpe Modified [
Mbreakn® MOS
,I'CI_IL ‘
PSpice Model >
N —— —
Mirror r
Rotate R
Lok,
Eind. .. Ckrl+F
Global Replace. ..
Add Partis) To Group
Remoye Park(s) From Group
ra— D)
Ready




mos-c haracteristics:Mbreakn - PSpice Model Editor Lite - [Model Text]

BEX]

File Edit  Wiew Maodel Plab Tools  Window  Help

cadence - 9 x

U &2 ds
Model Mame Tvpe
Mbreakn® MOS
<
Feady

%]

Modified [

W

w O IO

LMODEL nfet WNHOS |
T = 5. .7E-9
FHI = 0.7
T = 4256466519
EFP = 2.5010458E-4
R3H = 4 . 062439E-3
X1 = JE-7
CED = (.2E-10
CJ = 1.81211E-3
CJaW = 5.341337E-10

++++ + 4+ ++ +

NMOS

W3UE
VT
ETL
VHMLE
NF3
LD
CG30
FE
MI3W

LEVEL = 3
1E17 GAMMA = 0.4317311
0.3238252 DELTA = 0O
a THETA = 0.1754054
g.Z875851E4 KAPPAL = 0.1656779
1E1Z TFG =1
J.162278E-11 WD = 1.232881E-5
6.2E-10 CGEO = 1E-10
0.5 MJ = 0.3282553

0.5 ]

boe =8:7 DM
Ny =2 107 em ™3
v = 0.43 Vvi/2
20 = 700 mV

http://www.mosis.com/requests/test-data

VTH() = 424 mV
ty, = 426 cm? / Vs

Ju'n,com = 250 ,LLA /V2
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http://www.mosis.com/

[ test.tib:Mbreakp - PSpice Model Editor Lite - [Model Text] M=)

[ File Ed view Model Plot Tools Window Help cadence - 9 x
b P ds B~ I s
[] | .MODEL pfet PMOS | LEVEL = 3
Model Mame Type Modified Datey| | + TOX = 5.7E-9 NSUE = 1E17 GAMML = 0.6348369
Mbreakp* MOS + PHI = 0.7 VTO = -0.5536085 DELTL = 0O
+ U0 = 250 ETL =0 THETL = 0.1573195
+ EP = 5.194153E-5 VMAY = 2.295325ES KAPPL = 0.7445494
+ RSH = 30.07765952 NFS = 1E12 TPG = -1
+ %I = 2E-7 LD = 0.968346E-13 WD = 5.475113E-9
+ CGDO = 6.66E-10 CGS0 = 6.66E-10 CGEO = 1E-10
+ CJ = 1.893569E-3 PE = 0.9906013 I = 0.4664287
+ CJISW = 3.625544E-10 MISW = 0.5 i

T = 9s( TITND
PMOS Nt = 10 @™
< > v =0.63 V/?

2pp = 700 mV
Vrgo = —554 mV
1y, = 250 cm? / Vs
ppCog = 52 pA /V?




"  NMOS and PMOS transistor symbols are defined in the TSMC_025UM_FETS.olb

Capture library

" add C:\pspiceluserLib\TSMC 025um FETs\TSMC 025UM FETS.olb
from the Place Part window (Ctrl + A)

Part

Part List:

ABM
ABMA
ABM1
ABM1/
ABMZ
ABM2A
ABM3
ABM3A

Librariez:

EvAL
EvaLas,
EVALF
SOURCE
SOURCSTH
SPECIAL

Search for Part

Fa
Par

Tug

@

Browse File

Look in: | 12 userlib

5 %] TSMC_025um_FETs.olb

e

by Recent
Documents

Dezktop

%

by Documents

=1
oL
b Computer

File name:
J

by Metwark.

Filez of type:

TSMC_025urm_FETs.ob

Capture Library(*.olb)
[] Open as read-orly

Place Part Place Part =
Part Q @ Part Q @
rfet pfet
Part List: T Part List; T
nfet nfet
plet iplet
Libraries: Libraries:

ot =
TR ] EVALAA ]
EVALP B | EWALP e |
SOURCE SOURCE
SOURCSTH SOURCSTM
SPECIAL | SPECIAL |
TSMC_025UM_FETS ™ | TSMC_025UM_FETS ™|
Fackaging Fackaging
Farts per Pka: 1 Parts per Plka: 1
M? M7
Type: Homogeneous Type: Homogeneous
nfet »p q pfet v q
(#) Mormal (*) Normal
Search for Part Search for Part



Including external PSpice libraries

Simulation Settings > Configuration Files > Category > Library

Simulation Settings - parametric Simulation Settings - parametric

General | Analysis | Configuration Files EIEtiu:uns [ata Collection | Probe Window General | Analysis | Configuration Files | Options | Data Collection | Probe Window

Detailz
Categony: Filename: Categony: Filenare:
E_‘tilmulus C\pspicebuserLib\TSMC_025um_FETs lib E_‘tilmulus C:\pspicebuserLibs T SMC_025um_FETs lib
ibrary ibrary
Include iqured Files e Include Configured Files >y fl“'l
@ romd b [ dd as Glsbal | B&H C:\pspicetuserlibh TSMC_025um_FETx.lib
@ romd i
Add to Deszign
Add to Profile
F; > <
Libram Path Libram Path
"CohpspicedOCAD_Litehtools\PSpicehLibran" "CohypspicedICAD_Litehtools\PSpicehLibran"
[ OF. ] l Cancel ] [ Apply ] [ Help ] OF. ] [ Cancel ] [ Apply ] [ Help ]

= [C1 PSpice Resources
2 Include Files In order to perform simulations, custom PSpice

— 7 Model Libraries model libraries (.lib) must appear in the Project
.................................................................................................... .\. Manager WindO‘A/’ in the Model Lib’,a’,ies folder

+- [ Simulation Profiles 37
T stimulus Files



More technicalities

PSpice always performs a bias analysis, but detailed transistor parameters
suchas V_ g g etc. areavailable in the output file only if explicitly required by

checking the Include detailed bias point information for non linear controlled

sources and semiconductors (.OP) option (select Output File Options if a Time
Domain (Transient) analysis is performed)

= some transistor defaults can be modified through

Simulation Settings > Options > Analog Simulation > MOSFET Options

m  global parameters and mathematical expressions are identified with braces { }

= add global parameters to SPECIAL /PARAM instances
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DC operating point details (1)

-~

Simulation Settings - DC_operating_points

-,

General | Analvsiz | Configuration Files | Options | Data Collection | Probe ‘Window
analysis type: utput File O phionz
Bias Point Inciude detailed biaz point information far nonlinear controlled
_ gources and zemiconductars [OP]
Qphions;

General Settings [ Ferform S&n

[ ] Temperature [Sweep]

[]Save Biaz Paint

[[]Load Bias Pairt [[] Caleulate sme

NALME
MoODEL
In
WEE
wDa
WES
wTH
WDESAT
LinO/Satl
it

ir
TATT

k., GH

DS

GHME
CED
CE3
CEEONT
CEDORT
CGBOWV
CES
CGD
CGE

—_| C:\pspiceldesigns\MOS-c haracteristics\MOS-c haracteristics -PSpiceFiles\SC. .. E]@
ot

#Fx® MOSFETS

nfet
2. 60E-03
1.Z0E+00
2. 50E+00
O.00E+00
3.z29E-01
6.09E-0O1
—1.00E+00
—1.00E+00
—1.00E+00
—-1.00E+00
.3TE-0O3
. 59E-0O5
.O9E-03
- O0OE+4+00
- O0E+00
-10E-14
. 10E-14
.O0E-16
OZ2E-13
- O0OE+00
- O0OE+4+00

]

[ w i e e

JOE CONCLUDED

39



DC operating point details (2)

.out file MOS parameter
ID
VGS
VDS
VBS
VTH
VDSAT
LinO/Sat1"
if[l]
ir[l]

TAUM!

GM
GDS
GMB

[1] meaningless for LEVEL

description
drain current
gate-source voltage
drain-source voltage
bulk-source voltage
threshold voltage (with body-effect)
saturation voltage
operating region

drain current time delay with respect
to changes in the gate voltage

transconductance
output conductance ( ro = 1/GDS )
bulk-effect transconductance

1,2, 3

unit
A

K < << < <

40



Capture shortcut
P
Ctrl + A

ESC
R
H/V
T

| /O or Ctrl + rolling

rolling
Shift + rolling
Ctrl + X/ Ctrl +V
DEL, CANC

description
place part
add library
place ground
place power
edit component properties
place wire
place net alias
place junction
end mode
rotate component
mirror horizontally/vertically
place text
zoom in/out
scroll up/down
scroll left/right
cut/paste
delete component 41



Ex. 1—

F- 11 Design Cache
£ Library
= i Qukbpuks

Jmos-characteristics-pspicefiles)schematic 1yschematicl . net

= | PSpice Resources

£ Include Files

—-[20 Model Libraries
Amosschaes

imulation Profiles
SCHEMATICI-Ids_vs_Yds
=] SCHEMATIC1-Ids_vs_Wos
ESCHEMATICI-DC_Dperating _poinks
=| SCHEMATIC1-paramekric

NMOS characteristics

ilesimos-characteriskics. lib

B /- (SCHEMATICT : NMOS) M=
] + ] E] —
Pt
PARAMETERS:
Vis=25
Wiygs = 1.2
D
M1
G |7 w=sny
| L=1u
nfet ] W2
== DC = {vds}
oW 5 —
— DC={Vgs] B
T L
=0
W
>
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Ex. 2 - Body effect

R

Analog or Miked 4/0

T File | %8, Hierarchy

BL /- (SCHEMATIC1 : PAGET1)

Jod

= | Design Resources
+ JAbody-effect.dsn
£ Lbrary
= | Cubpuks
JAbody-effect-pspicefilesschematic 1 schematicl .ng
= | PSpice Resources
Z1 Include Files
=

ks
=) C:'I,|:|spice'l,userLib'l,TSMC_DZSum_HE'l’s'l,%_
= [0 Simulation Profiles
SCHEMATIC1-Ids_vs_vds
SCHEMATIC1-DOP

| SCHEMATIC1-Id_ws_vgs
21 stimulus Files

+

o -A-
PARAMETERS:
vi=125
Vg =125 5
We=10
~ = 300
N
L DC = {vd + s}
nd
3 g
L e = vy + vs) 5
va
N ——DC = {vs)
L =
.v.
<] (2]
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FETS

*
*
*
*

SFETS

*¥xxx M5

SFETS

*33%¥% I

J0E+
I0E+

-1
-1.

IE+I

-1.

M= =f OO

1O A A Al

OE+

E+
I0E+

CO0E+
I0E+

NE+

et o B e e

I




-~

Ex. 3 - Basic common source

Bl /- (SCHEMATIC1 : PAGE1)

| +

n Vi E
—[Dc=25

= b

YVOFF = {Wdc}
VAMPL = Am
FREQ = a0k
AC=1

OC = Mdo}

aut

PARAMETERS:

Yoo = 600m

aut

BEX)

48
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1
1
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L
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-
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*sxxx MOSFETS

HAME M_M1

HMODEL nfet

ID 4 45E-05

VES £ O0E-01

L= 1. 17E+00

VES 0. 00E+00

VTH 4 Z9E-01 ?"DRD
VDSAT 1.79E-01 A — ~ R
Lin0-Satl  —1 00E+00 V = —0m ~ —(gmitp
if —1  00E+00 T _+__I%
ir —1.00E+00 0 D
TAT —1  O0E+00

GH 4 02E-D4

GCDS 9. 28E-07

CHE 2. C4E—05

CED 0.00E+00

CES 0.00E+00

CGSOV £.18E—15

CGDOV £.18E—15

CGBOV 1.00E-16

CGS 4 03E-14

CGD 0.00E+00

CGE 0.00E+00

Rp = 30 k{2 234 mV pk-pk
v |AV,s*im|: — L = 11.7

gm = 402 uS 20 mV pk-pk
Jds — 0.928 ,u,S . .
- 30 x 10° 10
ro— a1 MQ Ay eup| = 402 x 107° —11.7

s (30 + 103)103

51



Laplace theory - refresh

EF(s) = / dt f(t)e "

S =0 + jw
0
Capacitor : Inductor :
, dq(t dvc(t , 1 fF
Ec(f) — d(i) = dﬁ( ) 17, (t) = Z / vy, (t’)dt!
1 /! :
’UC’(t) = 5 / 1C (f}f)dff VI (t) _ Ld@L (t)
S dt
1 1
Zc(s) = € jw—C Zr(s) = sL :ijL 5
sin;oidal sinusoidal
waveforms waveforms ,
5




Ex. 4 — RC frequency analysis

Bl /- (SCHEMATICT : RC) =Jloed
RZ
iy out
10k
. | V1 B
ot T
L
-0
< »
Vi (S) Vout(é’) 1
_, . an — H(s) =
Vourls) = gi17s0 /¢ Vi(s) ~ ) = T sRe

53



Voltage magnitude and phase

1

) — _ - b (w)
H(jw) T JwRC |H (jw)l| e

. 1 i 1 1
Ir7 — — L

Ho = e 2 S . Pl
1 + (i)
1 1
Jiy = 2o RC | H(jw)| = :
Vi+(£)
J I

cut-off frequency

P(w) = — arctan(wRC') = — arctan (i)

L 54




AC sources and markers

'l =

VOFF = %; VA
V1 VAMPL = V1 TR =
ACMAG = FREQ = F =
DC= D = Py =
AC = AC =
DC = Li_ =

SOURCE /VAC SOURCE /VSIN SOURCE /VPULSE

" allindependent voltage and current sources that have AC specifications
are inputs to the circuit, e.g. VAC and IAC

" the best way to use AC sweep analysis is to set the source magnitude to one,

(e.g. ACMAG = 1) in this way the measured output equals the gain, relative
to the input source, at that output

"  outputs voltages and currents with magnitude and phase can be plotted using
special markers :

PSpice > Markers > Advanced > dB Magnitude of Voltage (Current)
Phase of Voltage (Current)

55



1
2
1+(F/)

0.8
_ \ = PSpice simulation

magnitude 0.6

\

0.2

| H(jw) |
|

0 L1 LIl Lo ILIll L1 LIl Lo ILIll l IIIIII\W"-‘—-—L&I—JILI Lgl L ILIIl Lgl L ILIL | gl 4 1Ll
1 10 10? 10° 10* 10° 10° 107 10° 10° 10"
f [Hz]
? -
B, Ope
g L \
=2 3
-20 — -arctan(f/f )
- PSpice simulation
40
phase 3
-60
-80 \.«

1 10 10° 10° 10* 10° 10° 107 10° 10° 10"
f [Hz]



|H(jw)|ap = 201log | H (jw)]

Add Traces

Simulation Output % ariables

Frequency
I[C1]
I[C1:1]
I[C2]
[[C2:1]
I[R1]
I[R1:1]
I[R2]
I[R21]
IM1]
I171:+]
I[2)
[[2:+]
W]
W(C1:1)
WC1:2)
WC2:1)
WC2:2)
Win_HF]
Wlin_LF]
Wout_HP]
Wout_LP]
WR1:1]
WR1:2)

Full Lizt

Trace Expreszsion:

o~ Analog
Woltages
Currents

Power

Aliaz Mames

48 vaniablesz lizted

Eunctions or M acroz

Analog Operatarz and Functions

ARCTAM()
ATAN[]
AVG[
AVGEH L)

Cas()
TR

DB[)

ENVMING ]
EXFY |

Gl

IMG[ ]
LOGI )
LOGT0[ )
M[ ]

A ]

bk Lr
T

[ (1] 4 ] [Eancel] [ Help ]

Decibel magnitude

fosaB = fL

DB (V (out)) dB operator

P (V(out)) phase operator

57



______________________________________________________________________________

-128
1.8Hz
(i DB{U{DUT_LP))

Frequency

1

= 27101109 1O K2

SL

b low_pass.txt - Notepad

Eil= Edit

3981,
4208,
4647 .
5011.
5411.
5843,
6309,
G812,
F356.
o433,
BSTG.
G26l.

10797
11659

12589,
135585,
14677,
15848,
1711=.
184785,
19952,
21544,
23263,
25118,
27122,
252886,

31622

Formmak

View Help

07170553497
65234708228
SEBE3ZZELZTE
BF233627272
69526545464
41413373518
57344480193
Q20690579461
42254459641
28234724281
O5EOE500854
18728128794

10000
LF0le2327F1
1440117583
2541179417
SGB39087853
Q926752207
93192451171
2830416178
49797422209
52314955858
34659003188
0506715363
BE43150958
F2R79332035
4456462524
L FTEE016838

-0,
-0,
-0,
-0,
-0,
-0,
-0,
-0,
-0,

-1.
-1.
-1.
-1.
-1.
-2
-2
-2.
-2.
-3.
-3.
-4,
—4.
-4 .
-5,
-5,
-G.
-6.

0. 2635719608577
30570579065 2123
354512239691 518
410629992 FF2FFT
475156012531482
540187277 AE4 987
B33957920840223
FI07380823209548
84091 7356462937
955944 070387479
1073104386867 7
2EB52383074774
44507001737 71IEE
64437465356421
BESFLE57731268
11037930693323
379210294471665
67297 721284105

3368550925651 9
FO699909582846
1021422666037 5
521585441351 80
G54 386119177Fa5
429398602270927
91531955222775
42073366834477
0441 5817457610

D0213644521 8946




Designing tips and tricks

schematics should contain only physical elements like transistors, resistors,
capacitors etc.

a real IC is biased through external PADS

* for voltage supplies use net aliases and CAPSYM /VCC,
CAPSYM /VCC_BAR etc. symbols

* use an external VDC source for the GND itself, in this way you can also
simulate ground voltage fluctuations

use net aliases and hierarchical ports/off-page connectors for input and output nets

check the Session Log and PSpice .out files for errors

always check each transistor operating region !

(usage of simulator ) x (common sense) = constant 59



Example:

OTA Miller

Wdd OTA
-
b M |
| I
| I
plet pfet

[t =3

out_diff_pair » I

I

pfet
Wi b2
H: jl 1
11
nfet nfet -
gnd_OTA IEmiller}
i hd7F
Wh | = =
| I
nfet I_ nfet I_
gnd_OTA

wvdd OTA nd_OTA
| L] M2
—[bC=25 —[bc=0

Wdd_OTA

§ R
IR bias}

out [ =ouT

{Cload}

I

W

L&
T{L

nfet

gnd_0OTA

60



Cadence VLSI tools (Virtuoso)

et 34
- met3kt

+ -

] mluatEd BU L ez
=l

+

C el o - SFblask
I L= | srhicer ey
B TR
netei32 . netd 126

Tnet@do | . netdes’

+

SE

Vdd_pg‘_ J

+ +

netd a8

e

T.A8u ——
= Ci=3y -
salf="7.5"

" netEFda

wdd_|

w

| retming
- netF1a -

salect_palh
- pelb - -
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