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Quick SPICE Introduction
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e SPICE = Simulation Program with Integrated Circuit Emphasis

» Netlist = text-based description of circuit

* netlist does not use symbols or graphical elements
* makes it simple to learn
 but hard to visualize - usually need a companion schematic

* netlist describes
e circuit elements (resistors, capacitors, etc.)
* power supplies, input voltages, bias currents, etc.
» connections between circuit elements
 analysis method; defines data to be calculated
e Example netlist

Example 1
P 2

V11010 3
A 5L9 T < DC voltage supply 1 R1 R2

R2 20 30  Resictive o

R3 2 3 200 esistive elements

R4 3 0 4k R3 R4
.PROBE & Analysis statements

_TRAN 1 200 0 1 0

-END nodes, values

D i i N i AN i N i i i iV i iV i i AN TN TN iTiNin

ECE 445: Biomedical Instrumentation SPICE.p.1



MICHIGAN STATE

UNIVERSITY

Op Amp SPICE Simulation

e Subcircuits: circuit block referenced as a single element

» element line description
e EX: Xopam\pl vin vref vdd gnd vout opamp741

— J In most SPICE
subcircyr || UMS Sement Surf’gg;“t\| subcircuit 1D simulators, can
use numbers or

. . i out text strings to

e subcircuit definition T RL B nagdes
.SUB_CKT Ipfilter \in out\, v— le1
R1 in out 1k nodes PSpice requires
Cl out gnd 1u 1 ground defined
.ENDS Sulesie 1D gnd as node 0.

e Subcircuits for opamp simulation

e commercial opamps often provide a model subcircuit netlist
* include opamp model subcircuit in your SPICE file
“call” opamp model with single subcircuit element line
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Example Inverting Amp Using Subcircuits

* Main circuit

XOP467 Vpos Vneg VDD GND Vout OP467

*above line calls the subcircuit; node order defined in subcircuit
R1 Vin Vneg 100

R2 Vneg Vout 100k

* define sine input (0OV offset, 1mV amplitude, 1kHz frequency) at Vin
VS Vin agnd AC 1 SIN(OV 1mV 1KHZ)

* define positive and negative supply and analog ground
Vpossupply VDD GND 10V

Vagnd agnd GND 5V

* connect Vneg op-amp input to agnd

V1 Vpos agnd 0V

Vg GND 0 oV

* OP467 SPICE Macro-model

non-inverting input

| inverting input

| | positive supply

| | | negative supply
| 1 | | output
I

.SUBCKT OP467 1 2 99 50 27

<long subcircuit omitted>

.ENDS

¥ X X X X X

* define analysis type: .AC for frequency response, .TRAN for time response
.AC DEC 5 10 1MEG

*.tran 3m

.PROBE

.END

* End Main circuit

medica

VDD
. Vneg J?En
Vin ¥
R,
A (-)P467
— Vout
Vpos /> o QFD
agnd - \)‘e.gpél GND
Vg
Notes 0

* = comment line
first line of netlist is always circuit description
always end with .END
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SPICE Analysis Types
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 .AC: sweeps frequency for all defined AC sources
 used for frequency response analysis, most common type for ECE445

 must have at least one AC source in circuit
« Example AC source: Vs 1 0 AC 1
e source name, output node, reference node, AC (not DC), amplitude
» Example .AC analysis statement

« ACDEC 10 100 1le6
e DEC 10 = logarithmic range with 10pts per decade
» 10 = starting frequency, 1e6 = stop frequency (1MHz)

« . TRAN: analyze circuit over time

 generally for time-varying sources like sinusoidal signals
« Example SIN source: Vs 1 0 SIN(2V 10mV 1k)
« 2V = DC offset, 10mV = AC amplitude, 1k = frequency
 Example .TRAN analysis statement
e .TRAN 20u 20m
e 20u = step time, 20m = stop time

* More details? http://www.uta.edu/ee/hw/pspice/
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OrCAD PSplce

. PSplce version of SPICE by Cadence
« available in DECS labs
* free student version available through the internet

e Create new f|le = _—7-_: =— 1B | e
* File >> New >> Text File | J o o o e \

~Mm&ﬂ@“jxha|ﬂo|] b |
RAaa [ MExE [MEP S ||[ANFURABAEE 2 |
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» PSpice: version of SPICE by Cadence
 available in DECS labs

* free student version available through the internet
() Create neW 'ﬁle 4] 245hw - OrCAD PSpice EilﬂEAfDD-‘—ﬂno—[MShw.cir(acEi:e)]“— ‘—.‘ — i

Eile Edit View Simulation Trace Plot Tools Window Help ﬁ‘; - = L
- Flle =>> NEW >> Text Flle A~ SsEEE [ 445w >

. . |

* Type in netlist o [P A

- . &7 *this lime calls the subcircuit; node order defined in subcircuit
o SaVe aS CI r fl |e ] i;-l—‘elﬁ'? Vpos 'I';:g VDD VS5 Vout OP467 £
. cri

& | | re vneg vour 100k Ll

= * define sine input (0V cffset, 1lmV amplitude, lkHz frequency) at Vin
I VS Vin agnd AC 1 I
= *SIN(0V 1mV 1KHZ)

* define positive and negative supply and analog ground
Vpossupply VDD GND 10V

Vnegsupply V35 GND OV

Vagnd agnd GND 5V

* connect Vneg op-amp input to agnd

V1 Vpos agnd OV

Vconverge GND 0 OV

*%%%%% COPY THIS SUBCIRCUIT MODEL INTO YOUR SPICE NETLIST **+*
* QP4&7 SPICE Macro-model
* Copyright 1993 by Analog Devices -

<« [ b

< Mﬁhw.cir{a... ,

L= %

x|
2

| [\ Analyzis A Watch )\ Devices/

For Help press F1
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» PSpice: version of SPICE by Cadence
* available in DECS labs
» free student version available through the mternet

Y E 445hw - OrCAD PSpice A.l"D Demo - [445hw.dat (active]]
C reate n eW fl | e . File Edit View Simulation Trace Plot Tools Window Help g _ = L
b Flle >> New >> TeXt Flle il = =2 LHE = @

BRARAWY DE*E %

e Type in netlist 5
e save as .cir file

* Run simulation
* type specified in netlist
e check .out file if errors

netlist tab

* define analysis type: .AC for fregquency reapohae,

.Probe 16Hz 180Hz ; 180KHz 1. BHHz
LAC DEC 5 10 1MEG
* ., TRAN 3m
.4-45h\c\ air | Fg 445hw dat (a.. ’
LEND =|[ Main cretic
| Feading and checklng circLll

Circuit read in and checked, In@t ta b

Calculating bias point

Bias point caloulated Start= 10 Freq = 1.000E+06 End= 1.000E+...

AL [and Moize] Analyzis

AL Analysiz finished

Simulation complete ~ | [\ Analyzis A Watch )\ Devices/

For Help press F1 Freq= 1.000E+06 100% e
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» PSpice: version of SPICE by
* available in DECS labs
» free student version available through the internet

* Create new file PR T

= =] = |

=151 x|

Eile Edit View Simulatfpn Trace Pt Tools Window Help ﬁ‘;
 File >> New >> Text File | 2-=sus ot >
) . RQ e QA |[Mimoe S s a8 e of [ [ Gl
[ T tI t Add Traces
yp e I n n e IS I = Simulation Output ¥ ariables Functions or Macroz
. . e |x |Analog Operators and Functions j
e save as .cir file & Pain || A
> e ’ !
. A = Y[YDD)
e Run simulation i v
e Vi [~ Currents @
I f I I | I Ve ARETaN)
* type specified in netlist -
. . [~ Alias Names gﬁgy[]
e check .out file If errors T sisicaties |||
ENVMING )
 Add trace 0
100z el
[ J Trace >> Add Trace 9 variables listed :;10[?10[]
2t Ful List o i
¢ D B (V(VOUt)) ﬂ ;::é?ng[;:g okl Trace Expreg ion:lDBNNout]] ) ak. | Cancel | Help |I
Ei[TUi: r?ad‘ijr?a b t 7 4 = - I-
alculating biaz poin
Bias point cglculated . . ) Start= 10 Freq = 1.000E+06 End= 1.000E+...
i output in dB
Simulation complets i | | [\ Analysis A Wwiatch )\ Devices/
Freq = 1.000E+06 100% NENNNENEED MRE

For Help, press F1
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» PSpice: version of SPICE by Cadence

* available in DECS labs
» free student version available through the internet

T8 445hw - OrCAD PSp|ceA.|"D Demo - [445hw.dat (active)] ol 0o
® Create neW fl |e .Flle Edit View Simulation Trace Plot Tools Window Help B® o =3 X

g sEdE | 445w »

°Type In netlist Q@A Mo S |7 B (o || ¥ A CUI’SOI’

° Run Slmulatlon ;_; _______________
« Add trace |

» Trace >> Add Trace
* DB(V(Vout))

» Add cursor |
[ ] Trace >>Cursor>>D|Sp|ay 235{@_2 1086Hz . . 180KHzZ 1. BHHz

» -3dB frequency = 30.7kHz

E[ = Main circuit
| Feading and checking circuit
Circuit read in and checked, no emars

Calculating bias point
Bias point calculated Start = 10 Freq = 1.000E+06 E

[ ) u e St I O n S ’) AL [and Noize) Analpsis 3
" AL Analysis finished robe Cursor
st corlt - || TN s R D7 e i )

For Help, press F1 Freq = 1.000E+06 dif= 38.669K, —3.[11?Zl
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