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Abstract

This short note introduceBesi gnLab which includes circuit simulation packadSpi ce. This note is brief and a
detailed discussion can be found in various books prc83[6] andPSpi ce [1,5,[3].

1 Introduction

PSpi ce is a circuit simulation package. It is a commercial versidrihe legendary 8ICE3 package (81ULATION
PROGRAM WITH INTEGRATED CIRCUIT EMPHASIS) developed in the 70s. What normally goes by the n&8pi ce
is actually an integration of three packages. The first orseSshemat i cs capture program. This program enables the
user to graphically build circuits from a parts bin. The uits developed usin§chenat i cs are saved assch files. This
circuitinformation is then converted to &i r (netlist) file which forms input to the packag§Spi ce. The netlistfile. ci r
is then processed BSpi ce and the requested simulation is performed. The resultseddithulation are output to.aout
file and a. dat file. Finally Pr obe is used to plot the data frondat file. MicroSim, the vendors and developers of these
packages, have named the suite of these packadeesagnLab.

To useDesi gnlLab effectively, the user must first and foremost knehat they wanto do and then they must know how
to use theDesi gnLab to dowhat they wanto do. This document is an attempt to give a start in the u@eef gnLab.

1.1 Installation

To install the package is simple. The p distribution comes with a self-extracting and self-inétgl binary. The cd-rom
distribution has many more features in it; particularly g format manuals. To install from itlbl - cl k onset up. exe
and choose th®Spi ceA D option. The program&chenmat i cs, PSpi ce, andPr obe are normally installed in the
Desgi nLab folder.

1.2 Suffixes

For a quick reference power-of-ten suffixes usedPBpi ce are given in TablE]1.

SpICE3 | Metric Prefix Value
F femto- 10~
P pico- 1012
N nano- 10~°
U micro- 106
M milli- 10-3
K kilo- 103

MVEG mega- 108
G giga- 10°
T tera- 1012
M L milli-inch 25.4 x 107%m

Table 1: $1cE3 Prefix Notation

Spice3 suffixes are cas@sensitive k andK mean the same. Also note thatstands fofemto-and not Farads; aF
capacitor to ®1ce3 is 10~!° Farad capacitor. Also note that bdthandmmeanmilli; mega- isMEG or meg. Alphabets
other than the ones used as suffixes (TRble 1) are ignoredewkethey follow a number, also alphabets following a suffix
are ignored; e.glmH is 1073 Henry,1uF is 10~° Farads, butOF for SPICE3 is 10 x 10~1° Farads, 10hm resistor 15).

The normal sequence of programs to simulate a circuit is sHmlow. It is not necessary to uSehenat i cs to create
the. ci r file; the netlist file can be created just as easily using agditor.

" Sch i . PSpi Prob . N
Schemati cs|— . sch > ¢jr "% dat "22°|Graphical D|spla*
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2 PartsinSchenati cs

Schemat i cs has almost all the parts that you are likely to use. To dranhamatic for analysis start ttischenat i cs
program, open th®arts Browser: Draw — Get New Part or CTRL- G A dialog box as shown in Figuté 1 will
appear. Click on any part name in the left hand side box argidtare appears in the right hand side box and its descriptio

appears in the box above it. If you can't see the picture cd'rm and the picture should appear.

Part Browser Advanced
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Figure 1: Parts Selection Dialog Box

You will see that the parts are listed in an alphanumericor@ie go to a particular part, click on the part list box and
type the first letter of the part name and the selection diaitigake you to the first part in the list starting with thatmber
or alphabet. To learn how to locate the part you are Iookimgr;o inthePart Browser. A list of a few often
needed parts is given in Taljlke 2.

Part Name | Description Part Name Description

R Resistance C Capacitance

L Inductance K Mutual Coupling

VSRC Voltage Source (DC, AC, & Transient) ISRC Current Source (DC, AC, & Transien
E \oltage-Controlled Voltage Source | F Current-Controlled Current Source
G \oltage-Controlled Current Source | H Current-Controlled Voltage Source
Dxxx Diode QxxX Bipolar Transistor

S Voltage-Controlled Switch w Current-Controlled Switch

BUBBLE Node Label @bl - cl k to label) AGND or EGND | Ground (node 0)

Table 2: Parts Table with Some Frequently Used Parts

Select the part you want and click ® ace. The part now attaches itself to the cursor; take the cucsthre schematic
sheet and click on it to place the part; click the right mousttdm to release the part. In this way pick up all the partsceéOn
the parts are picked they can be copied, cut, and pastedlikerimal editorsDescr i pti on Sear ch box in Figurd 1 is
very useful. Suppose you want to see all the parts with ‘geltén their description; type ‘voltage’ in the box and sdarc
All the parts which match the description will appear. To lgatk to the master list of the parts, type **’ intRart Name
box.

2.1 \oltage & Current Source

Components/SRC and| SRC can be used for DC, AC, or transient analysis. For these twiocss, three values can be
specified —DC, AC, and TRAN, whereDC value can be used for DC analysi; value can be used for AC analysis,
andTRAN can be eitheEXP, SFFM SI N, PULSE, or PWL.



2.2 Controlled Sources

As an illustration two controlled-source circuits are greted. Figurél2 shows a circuit with voltage-controlledrent
source. This circuitirschemat i ¢s is shown in Figurgl3. The parts you need to pick amec, IDC, BUBBLE, GND_ANALOG,
R, G. To connectthem, g& r e fromDr aw — W r e or CTRL- W

10 10
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Figure 2: Circuit with Voltage Controlled Current Source

To set value of resistors, current, and voltage soudbé- cl k on the value, a box will open up, fill the value you want
and close the box. To set the gain (day= 2) of the controlled source in Figufé 3, select the so@@nd therEdi t —
Attri but es ordbl - cl k on the parG A dialog box opens up; set the value@&i n = 2 andSave Attri butes.
Note how bubbles are used to label the terminals. Two terlsenre labelled ‘a’ and ‘b’ each. All the terminals with the
same label have the same potential. This means that in FBjowén the terminals labelled ‘a’ have the same potentiails Th
feature keeps the schematic clean.

<‘ i 1 R1 2 i R3 1
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Figure 3: AVCCS CircuitirSchemat i cs

To analyse the circuit draw it as shown in Figlte 3 and thempstite analysis. In this case it will be tBeas Poi nt
Detail : Anal ysis — Setup — clickonthe box nexttd®i as Poi nt Detail, OK, etc. Thenrun the simu-
lationAnal ysi s — Si mul at e orF11. If you have drawn the schematic correctlgpi ce window will appear on the
screen. Once the simulation is complete g&itd e — Exami ne Qut put in PSpi ce or Anal ysis — Exani ne
Qut put Schemat i cs and have a look at the analysis.

Figure[4 shows a circuit with current-controlled currentie@. This circuit inSchemat i ¢s is shown in Figuréls. As
an exercise perform an analysis similar to the one abovénéocircuit Figuréb. What i¥,?
Next we discuss four most important type of analyses. Egoh ¢of analysis is demonstrated using an example.

3 AC Sweep and Frequency Response

Figurel® shows a simple RC circuit. Hevg is a sinusoidal voltageé x sin(27 ft). We would like to know the relationship
between the input voltaglé; and the output voltage across the capacipmls a function of the input sinusoidal voltage
frequency at steady-state.
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Figure 4: Circuit with Current Controlled Current Source

Figure 5: A CCCS Circuitirschenat i cs

3.1 Schematics

To draw the circuit shown in Figufé 6 start tSehemat i cs program from within thebesi gnLab program group. Once
the schematic window comes up go to treaw menu and seledBet New Part s (short cutCTRL- G). The parts you
need to pick arevAc, BUBBLE, GND_ANALOG, R, C. Place the parts as you see in Fidure 6 and then to connectdie¢the
wi r e from theDr awmenu (alscCTRL- W. Connect the components. To label #e8BLE dbl - cl k on it and then type
the label you want that node to have. If you don’t labeBBLE theSchemati cs — netl i st program will complain.
Labels can be any alphanumeric string. You will notice thatresistor and the capacitor don't have the values you weant f
them. To set the desired valugBl - cl k on the ‘value’ of the part and then key in the desired valud@dialog box. You
will see that there is no place to set frequency of the AC galtsource V1; you can only set its magnitude. The reason being
that this source is used only f&C Sweep and the range of frequencies this source takes on have teb#isd in analysis
setup step discussed in the next section.

To get the part with “V” inside a circle and an arrow connedtedode 2, go to th&hr ker s in the menu and choose
Mar k Vol t age/ Level (CTRL-M and place it appropriately. These markers do the job oinvetérs and ammeters.

1 R1

1V V1 C1 —— 0.01uF

Lo

Figure 6: An RC circuit and\C sweep




Once the simulation is complete you can change the posifittreanarkers and the levels at the corresponding posititin wi
be displayed in th€r obe window. Now you can save the circulRemember that every schematic needs a ground with a
node label 0, without thi®Spi ce will complain of floating terminals and will not perform thiersulation.

3.1.1 Analysis Setup

With the circuit captured using tHechenat i ¢s we now need to decide how to t&lBpi ce to get the frequency response.
PSpi ce can perform several types of analyses. By choosingl ysi s — Set up you are presented with the choices
shown in Figur&l7. We need to decide which analysis will suitreeeds.

Analyziz Setup Ed |

Enabled Enabled
v AC Sweep... Options... Cloze |
|_ Load Bias Pairt... I Parametric...
' Save Biaz Paoint... H Sengitivity...
|_ DC Sweep... I Temperature...
|_ Maonte CarloSwfarzt Caze.. I Transfer Funchion...
] Biaz Paint D etail o Transient...
Digital Setup...

Figure 7:Anal ysi s Setup Menu

Before we do that let us have a quick look at the phasor arsaly&iom theory we know that the output voltage will
be of the same frequency as the input voltage frequency hiiffefent magnitude and phase. In other words to know the
steady-state output voltage completely it’s sufficienttiow its magnitude and phase shift. Phasor analysis is a siwgy
to get this information. For the circuit in Figuré 6, in thedaage of phasors (Léﬂ71 =0):

_ e V= Vi
R1 “+ 1+ ijlC’l

V2

1
JwCi

In general the complex numbgt will be a function ofw.

Vi
\/Zl + (leCl)Q)

From equatior{|1) it can be seen that magnitude and phdéeemé dependent on the frequency. An evaluatiovhdbr vari-
ous frequenciesis callesfC Sweep. On clicking theAC Sweep box of the menu in Figuid 7, a box as in Figule 8 will open.
To setup our analysis here are the stéggal ysis — Setup — AC Sweep — (Decade; Pts/Decade: 20;
Start Freq: 1k; End Freq: 100k) -> K etc.
Whenever we askSpi ce to performAC analysis it sets all the DC sources and other time-varyingcss to zero. It
considers only the sources for which an AC value has beeriftgueand sweeps the frequency of all the AC sources together.
Having setup the analysis, to run the simulatiénal ysi s — Si nul at e (F11- key).

Va| =

1)

and/V, = tan~! (M)

1

3.1.2 THE OUTPUT FILE

PSpi ce writes all its outputin out file. There is much important information there and you stidiglve a look in it after
the simulation is complete. To open theut file: in thePSpi ce windowFi | e — Exami ne Qut put or use an editor
to openit; it's a text file. If there is an error in the netlidefor the simulation doesn’t complete the first place to lomktiie
exact description of errorsis in theut file.



AC Sweep and Noise Analysis |
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Figure 8:AC sweep Analysis Setup Menu

3.2 Probe

After PSpi ce successfully completes the simulation it should sRirbbe automatically. In case it doesn’t then start
Pr obe from the ‘program control window’ and theFi | €) — Open the correspondingdat file. In Pr obe the fol-
lowing sequence of commands will generate the plot showngare[9. From thé’r obe menu:

Trace — Delete Al

Trace — Add — P() (right panel) — V(2) (left panel)

Pl ot — Add Pl ot

Trace — Add — M) (right panel) — V(2) (left panel)

Fr equency

Figure 9: RC circuit andC sweep output usingr obe

4 Transient Analysis

Transient analysis is performed to simulate the time respofcircuits. A familiar example is when a square wave idiagp
to a circuit with energy storage elements. In the followirgwill simulate the response of an RC circuit shown in Figulle 1
due to a square wave.



4.1 Schematics
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Figure 10: An RC circuit andr ansi ent Analysis

Draw the schematic shown in Figlire 10:
Draw — Get New Part — VPULSE
Select the voltage sourdé then eitheledit — Attri but es ordbl - cl k and set the attribute values as follows:
DC=0; AC=0; V1=0; V2=5V; TD=0s; TR=1ns; TF=1ns; PWt5ns; PER=10ns
The pulse voltage waveform is shown in Figuré 11. Drawing@otmmponents in the schematic Figluré 10 is by now familiar

to you.
PW

“FMQMJ L, |

PERIOD .

Figure 11: Pulse Voltage Source Specifications

4.2 Analysis Setup

Anal ysis — Setup — Disable all the previously selected analyses (except mdi las Poi nt Detai |l ). Then
setup théTr ansi ent analysis as follows:
Transient — (Print Step: 0.1ns; Final Tine: 20ms) -> K etc.

While performing the transient analy$tSpi ce sets all the AC voltage sources to zero. For a transient aisalyere
must be at least one DC source or a time varying source. Tageitel voltage on a capacitatbl - cl k on the capacitor
plates; a dialog box will open; change the value ofltiattribute to the value you want to set. Similarly th& attribute of
an inductor can be set to any initial current.

Now start the simulation by either pressiffjl-key orAnal ysi s — Si mul at e.

4.3 Probe

The plot in Figuré_ IR should now show inPa obe window once the simulation is complete. If it doesn’t showitsrown

then:
Trace — Add — V(1) — OK — Trace — Add — V(2)



= V(1) - V(2)

Ti ne

Figure 12: RC circuit andr ansi ent analysis output usingr obe

5 DCSweep

To simulate a circuit for several values of DC voltage or eatyDC sweep can be use®C sweep is used in the following
example to trace the transfer characteristics of an imgamplifier shown in Figude13.

5.1 Schematics
Draw the schematic shown in Figuire 13.
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Figure 13: Direct coupled amplifier afdC sweep

5.2 Analysis Setup

Setup theDC analysis as follows:
Anal ysis — Setup — DC Sweep — (Swept Var. Type: Voltage Source; Nane: V1; Sweep Type:
Start Value: -1.5; End Value: 1.5; Increnment: 0.1) -> K etc.

5.3 Probe

In Pr obe the following sequence of commands will generate the plot e in Figuré_14. AftePSpi ce successfully
completes the simulation it should st&rtobe automatically. In case it doesn't, sté#t obe and(Fil e) — Open the
corresponding dat file. Then from thePr obe menu:

10

Li ne



Trace — Delete AIl — OK — Trace — Add — V(2)

V_Vi

Figure 14: Direct coupled amplifier afdC sweep output usingr obe

6 PARAMPart — Parametric Analysis

At times it is desirable to simulate the circuit behaviour ébanging component valueRar anetri ¢ Anal ysi s can

be used in conjunction witAC Sweep, DC Sweep, andTr ansi ent Anal ysi s. To do so we must first declare it to
PSpi ce that a particular component’s value is to be varied durimgathalysis and then setup an appropriate analysis. This
is illustrated in the next example. In this example we warfirtd the value of the resistdR, for maximum power transfer
across it from the circuit.

6.1 Schematics

PARAMETERS:
R 10
R1 R2 R3
V2 o+ 12 {RI} 5 I
20V — R4 — 8 RS — 6 2A

T " -
<

0

IDC

Figure 15: Maximum Power TransfBar anet r i ¢ analysis

Pick the parts from th@art Br owser to set most of the circuit as you see in Figluré 15. PARAVETERS: block
on the top is the pafPARAM Get this part and put it somewhere on the schematic. Mol cl k on thevalueof the R2
resistor. This default value is normally 1k. In the dialogltgpe {Rl }. You can type any name there but it has to be within
curly braces. The curly braces t&8thenat i ¢s that this is a parameter whose value will be set byRARAVETERS:
block. Nowdbl - cl k on thePARAMETERS: block and a dialog boML PARTNAME: PARAMopens up. In that box
set the value oNAME1=Rl andVALUE1=10 (no curly braces arourld here). This value of ‘10’ is known as the nominal

11



value. If any analysis is performed where tRle parameter is not varied then the nominal value is used fdrahalysis.
From thePML PARTNAME: PARAMdialog box it can be seen that we can declare upto three p&iamparts using one

PARAMDblock.

6.2 Analysis Setup

e N |

— Swept Yar, Tupe

" Woltage Source Heme "
" Temperature Hodel Tupe

" Cumrent Source :

i~ Model Parameter rAEE N &S

' Global Parameter Earan Hame;

T

— Sweep Type
. Start Walue: 01
% Linear
= Octave End W alue: a0
" Decade Increment; 01
T Walue Ligt

(e I

(k. I Eancell

Mested Sweep... |

Figure 16:Par aret r i ¢ Analysis Setup Menu

Anal ysis — Setup — DC Sweep — (Swept Var. Type: d obal Paraneter; Nane: R ; Sweep
Type: Linear; Start Value: 0.1; End Value: 50; Increnent: 0.1) -> OK etc. as shown in
Figure[16.

6.3 Probe

In Pr obe the following sequence of commands will generate the plot e in Figuré17. AftePSpi ce successfully
completes the simulation it should st&tobe automatically. In case it doesn’t stdft obe and( Fi | €) — Open the
corresponding dat file. Then from thePr obe menu:

Trace — Delete AIl — OK — Trace — Add — I (R2)*I1(R2)*R (intheTrace Expressi on box)
Tools — Cursor — Display

Tool s — Cursor — Max

7 Probe

Pr obe is a plotting package which comes bundled widnsi gnLab. In aPSpi ce script (. ci r file) you can either give
a command to save the entire simulation data or a few speeifikages and currents. For example

. probe

will save the entire simulation data and

.probe v(2) v(5) I(R1)

will save the data for voltages at nodes 2 and 5 and the cutremigh resistor R1. If you are usi8ghemat i cs to build
the. ci r file then it will automatically include statements to writeetentire simulation data to.alat file.

12



[]1(R2) * I(R2) * R

B1l: (15. 800, 6. 3291) B2: (100. 000m 158. 222m) DI FF(B): (15. 70. . .

Figure 17: Maximum Power TransfBar anet r i ¢ analysis output usingr obe

7.1 Trace — Add

Pr obe automatically plots the data on which you have either attd@hvoltage or a current marker in the schematic. Often
you would want to plot data and functions of data at othertiooa. Pr obe Trace — Add brings up the dialog box
shown in Figuré_18. On the right panel it displays the funwiavailable to the user. Let us assume that we have just
performed an AC sweep and now the data from that sweep hasptotbed. The currents and voltages at each node are
stored in separate arrays. In the languageraibe, V( 2) is an array of voltages at node 2 for different frequenciethef
AC sweep.cl k onDB() in the right hand panel of Figule 118 ab&( ) appears in thd&r ace Expressi on dialog box
and the cursor is in between the round brackets. Now ifglok onV(2) theTrace Expressi on dialog box shows
DBV( V(2)) . This means tha®r obe will take each individual element &f( 2) take its201log 10() and then plot it as a
function of frequency.

Here is a brief description of a few modifiers and the functidimat you can use witkr obe. To find out more
about the functions click on tlpox in the dialog box shown in Figuke]18 theef i ni ng Anal og Trace —

Expressi ons — functi ons.

Modifier Effect Example

M Magnitude (The default) VM(2) or M(V(2))— Magnitude of V]2
P Phase VP(2) or P(V(2)) — Phase of V(2)

R Real Part VR(2) or R(V(2)) — Real part of V(2)
I Imaginary Part VI(2) or I(V(2))— Imaginary part of V(2)
DB 20 times log of value VDB(2) or DB(V(2))— 20g,,(V (2))
Function  Expression Comment

sgn(x) lforz >0,-1forz <0,0,z=0

m(x) Magnitude ofz x may be comples

p(x) Phase ofc In degrees

r(z) Real part ofx

img(x) Imaginary part ofr

g(x) Group delay ofr

d(x) Derivative ofx With respect to X-axis
s(x) Integral ofz With respect to X-axis
avg(z) Running average af With respect to X-axis
avgz(x,d) Running average of fromz — dto z Over range of X-axis
rms(zx) Running RMS average af Over range of X-axis

db(z) Magnitude ofx in decibels

min(x) Minimum of real part ofr

maz(x) Maximum of real part of:

13
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Figure 18:Pr obe ‘Add Trace’ Dialog Box

7.2 Other Features

Many times it so happens that not all variables of interestoa plotted on the same plot. In that case you can request
Pr obe to open a new plot in the window. This is donelyot — Add PI ot . Clicking a plot window selects it and the
following Pr obe commands apply to that plot.

Pr obe has many more useful commands; you should explor@tlebe menu to find out how to label axes, annotate
the graphs etc. You will often repeat the simulateplot cycle. To plot the same combination of variables youlcarthe
Pr obe commands using theog Conmands menu item under thEi | e Menu and then replay them.

8 SPICE Model Parameters

The following description applies when creating netlisedtly without usingSchenmat i ¢s. But it will also be a great help
when using thér eak part s to simulate semiconductor devices which don’t come \Wisi gnLab.

8.1 The Model Statement

To include semiconductor devices RSpi ce or SPICE3 we have to tell the simulator what are the characteristiche
device. Different semiconductor devices have differenpprties unlike say a resistor. To specify a resistor all lyave

to do is to tell what's its resistance and the job is doneic&3 has default values for all the semiconductor devices so if
you want to do some simple analysis you can tell the progranytbu are happy with the default values and in that case
your. nodel statement can be very simple. Here are a few sample pairiighstatement gives the node connection of the
semiconductor device and the second is.thedel statement.

D1 1 2 defd ; Diode (node sequence p-side n-side)

.nmodel defd D ; default di ode nodel

QL 1 2 3 defg ; NPN transistor (node sequence C B E)

.nmodel defqg NPN ; default NPN nodel

@ 1 2 3 defg2 ; PNP transistor (node sequence C B E)

14



.nodel defg2 PNP ; default PNP nodel

J1 1 2 3 defj ; N-channel junction FET (node sequence D G S)

.nmodel defj NJF ; default NJF nodel

J2 56 7 defjp ; P-channel junction FET (node sequence D G S)

.nmodel defjp PJF ; default PJF nodel

ML 1 2 3 4 defm; N-channel MOSFET (node sequence D G Source Substrate)
.nodel defm NMOS ; default NMOS nodel

M 1 2 3 4 defnp ; P-channel MOSFET (node sequence D G Source Substrate)
.model defnp PMOS ; default PMOS nodel

Note that the in-line comments following ‘;’ are allowed only in PSpice.
There are a few important points to remember about the aliatensents.

e The first letter of every device should be exactly as givem, &hen you want to include a BJT the first letter should
be Q, etc.

e The node sequence also is fixed. For example in the BJT deolathe first node after Qxxx has to be the collector,
then the base, and finally the emitter.

e def g in the declaration of Q1 above tells the program that theadtaristics of the device connected here should be
looked up in the nodel statement fodef g. There is no restriction on the name you choose for the model.

e The. nodel statementfora particular type of device should use onlyacouéar word. For example, an NPN BJT has
to be declared by the letters NPN. The second word aftedel above is the word reserved for that particular device.
Looking at the above statements you can get an idea of whictl isased for which device. Many more devices than
shown above can be simulated wRISpi ce, for a complete list seé [5] or browse through Behemat i cs parts
library.

¢ If you want to give the device values other than the defaudischen you have to specify them following the reserved
word as done in the three scripts we presented before. Torgietea of what the default settings are look in the
. out file after performing a simulation. To find out which paramst@ean what have a look in the text-bobk [2, pp
185-187].

8.2 Break Parts

Schemat i cs makes provision for including parts which are not availablés parts library. Parts whose parameters can
be changed are calldnt eak parts. The difference between other parts and break passfadlows. Other parts cannot be
saved in a different name and when you change their chaistaterthe record in the master file eval.lib gets changed. Bu

the break parts can be saved under a different name and sbhahgecin device parameters is specific to the new part you
have created.

Vi ——
0.65V |

~0
Figure 19: BJT Characteristics

To createQl shown in Figur€ 19 choosaet New Part (Ctrl-G) from theDr awmenu from within theSchemat i cs,
then choose part ‘QbreakN’ and place it in the circuit. Noghtiight the part ‘QbreakN’ and theledi t — Model . Click
on‘ Edit instance Model (Text).{,’a window appears with the contents shown in Thble 3. You dénhe ‘.model’ command
so that it is something Tike you see in the script in Table disTanocess will save the model for you in &i b file with the
same name as the name you give to the circuit. You can eithemtlyi change the model parameters by editing thieb file
or repeat the process given above to change the model pam@smet
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Remember that theSpi ce has provided ‘break’ parts for you to copy and modify themdonrequirements.
The first time thévbdel Edi t or window will come up you will see the following.

. model Qbreakn NPN
*$

Table 3: The Model Editor Dialog Box

You can changébr eakn to sayMyBJT or any other name that takes your fancy. The values of the Bjanpeters
shown in Tablé 6 can also be keyed in as shown below in Tableofe that a comma or a newline or a space can be used
to separate two values. After you edit the parameter vahedgtidel Edi t or window might look something like seen in
Table4.

_model MyBJT NPN

I'S = le-15, BF=300
VAF=200 RB=0.01 RE=0.0001
TF=1n

CJE=1. 2f

MIE=1. 4

*$

Table 4: The Edited Model Editor Dialog Box

NestedDC Anal ysi s is used to vary VCC and V1 in Figurell9 to get the transistoradttaristics shown in Figufe 0.
In Figure[20 collector current for changing VCC is plotted; ¥ held constant for each curve in the plot. As an exerciee se
if you can setup the analysis and get a similar plot.

6. Or‘rAT ————————————————————————————————————————————————————
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I
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I
I
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I
I

2. OmA -

V_VCC

Figure 20: BJT Characteristics output usimgobe

8.3 More SPICE3

As described above you can use break-parts to simulatetsingith parts not in theSchemat i cs library. Alternatively
you can copy the models froewval . | i b which comes withPSpi ce; give models new names and change the model
parameters appropriately. If you are usiR§pi ce scripts you can create a library of your own. Let's say you ital
myl i b. |'i bthenyou can include the models in the library by using thie¥ghg line:

.LIB "path\nylib.lib"
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You can also read in BSpi ce script into the current script by including:
.INC "path\fil enane"
If you are usingSchemat i cs then the library files etc. can be set from theal ysi s Menu. The .INC and .LIB
commands are not available ir®&E3.

Most of the manufacturers supply model files for the compts#rey manufacture to make it easy for people using
SPICE3 to simulate circuits with their parts. You can search thiefolemanufacturer’s site and then download the models.
One good site to check out is the MicroSim site http://wwwermsim.com.

9 Mathematical Models of Semiconductor Devices

This section gives a quick reference to the mathematicaletsaaf three often used devices. The correspondence between
the symbols used in text-books [2] and #®CE3 symbols are given in the following Tables.

9.1 Semiconductor Diode

—(V;+BV)

Vi
Liorwarg= 1Se™r andlreverse= IBVe V7

SPICE | Text Description Units | Defaults
Symbol | Symbol

IS I saturation current amp | 10716
N emission coefficient 1

BV reverse breakdown “knee” voltage amp 00
IBV reverse breakdown “knee” current volt | 10~1'°
RS parasitic resistance ohm 0
CJo Cjo zero-biagp-n capacitance farad 0

VJ oo p-n potential volt 1

EG E¢ bandgap voltage (barrier height)| eV 1.11

Table 5: Semiconductor Diode Parameters

Zener diodes are included by setting the reverse breakdoltage BV to the zener breakdown voltage value.

9.2 Bipolar Junction Transistor

e PBr. . oo Va, O A2 O
9m = VT, Tr = gm' Cb = ngmv To = IC y T = iFTO’ C]e ~2 C_]eOv
CW:Cb"FCje;CM:%;Ccs: ‘C/SO nsv
(1+%=) (1+ %)
VBE
Ic =Ige VT (1 + /\VA) (2)
9.3 Junction Field Effect Transistor
Vos\?
Ip = Ipss 1—V— (1+/\VD5) (3)
P
1
To = /\_Id (4)
—2Ipss Vas
g Jpss (1- 322 )
—2Ipss
'm = 6
gmo Ve (6)
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SPICE | Text Description Units | Defaults
Symbol | Symbol

IS 1, Transport saturation current amp | 10°1°
BF OF Maximum forward current gain 100
BR Or Maximum reverse current gain 1
VAF Va Forward Early voltage volt 00
RB Th Base Series resistance Q 0
RE Tex Emitter Series resistance Q 0
RC T Collector Series resistance Q 0
TF TR Forward transit time sec 0
TR TR Reverse transit time sec 0
CJE Cjeo Zero-bias base-emitter depletion capacitance F 0
VJE Yoe Base-emitter junction built-in potential volt 0.75
MJE Ne Base-emitter junction-capacitance exponent 0.33
CcJC Cuo Zero-bias base-collector depletion capacitance F 0
VJC Yoc Base-collector junction built-in potential volt 0.75
MJC Ne Base-collector junction-capacitance exponent 0.33
CJS Ceso Zero-bias collector-substrate depletion capacitance~ 0
VJSs Yos Collector-substrate junction built-in potential volt 0.75
MJS N Collector-substrate junction-capacitance exponent 0

Table 6: Bipolar Transistor Parameters

SPICE Text Description Units Defaults
Symbol Symbol

VTO Vp Threshold voltage (pinch-off voltage) volt -2
LAMBDA | A Channel-length modulation parameter volt™1 0
BETA ’ﬁ’,# Transconductance parameter amp/volt 10~4
RD T4 " Series drain resistance Q 0
CGS Cys0 Zero-bias gate-source junction capacitance F 0

PB Yo Gate-channel junction built-in potential volt 1
CGD Cydo Zero-bias gate-drain junction capacitance  F 0

Table 7: JFET Parameters

9.4 Metal Oxide Semiconductor Field Effect Transistor

W

Ip = WA (Vas — Vi)* (1 4+ \Vps) (7
1 Va
o) p— —_— = — 8
" N ®)
w
gm = k'f (Vas — V) 9)
K = /anoz = /Lneﬂ (10)

tOZE
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SPICE Text Description Units Defaults

Symbol Symbol

L L Channel length m 100um
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