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Abstract

A time-domain method for certain types of excitations is proposed to determine Thevenin equivalent
circuit for a circuit with resistors and dependent/independent sources. SPICE/PSpice model
descriptions for resistors at constant temperature and dependent source are used. Instead of making
the energy sources zero (as in frequency domain) the sources in time domain are described using model
description cards available for time-domain current/voltage sources at the same time evaluating circuit
for the waveforms described using built-in model cards. Further, the energy sources can be circulated,
that is, replace one with the other and obtain same Thevenin resistance. Also, different values for
current/voltage can be given. The presented technique can be applied to networks with (a) resistor in
series with parallel combination of three (or many) resistors and (b) resistors in series with a parallel
combination of a resistor, resistor parallel resistors, using analog behavior options available in PSpice
software. Time-domain sources such as pulse and piecewise linear (PWL) (both current/voltage) are
used. Examples to obtain Thevenin resistance for a circuit is given and verified with SPICE transfer
function (TF command) to calculate DC output resistance. A theoretical network is considered as an
example to implement a Thevenin resistance of another independent network in the time domain, in the
required chosen time. This circuit with Thevenin resistance is simulated and the results are verified.
This approach introduces three distinct techniques for obtaining DC Thevenin parameters: (i)
combining two different networks with two known circuits to derive Thevenin parameters, (ii) varying
individual Thevenin resistance according to voltage-current (\/I) variations in PSpice, and (iii) adding
or subtracting resistance to modify the Thevenin DC resistance for use in circuit simulation.

Keywords: Thevenin equivalent circuit, time-domain analysis, SPICE/PSpice, simulation, resistor
networks, dependent and independent sources

INTRODUCTION

In recent/coming years, a rich collection of circuit and network simulators would be available, which
are/can be used individually or simultaneously for circuit (linear and non-linear) drawing, circuit design
and analysis or both as well. It consists of well-structured free circuit simulation software (programs),
open-source circuit analysis and simulation (design) software, simple (complicated) and easy to use
simulators, nonlinear simulator, windows-based radio-frequency (RF)/microwave simulator (with
graphic display), etc. After researching through all the available list, the following are a collection of

best circuit simulation software.
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NgSpice: It is a different and very useful (popular and widely used) free, open-source circuit
circuit/package which can be obtained from Source forge. Users collectively developed NgSpice and
its code originated on three open-source software programs: known as (a) Spice3f5, (b) Cider and (c)
Xspice. Suggestions and improvements are considered in this collaborative work for improvement.

Micro-Cap 10: A demo version of this circuit analyzer and simulator is available from Spectrum
Soft. It has a friendly user compatible interface with a mixed mode digital/analog circuit simulator, and
a fast simulation and accurate reliable performance.

PECS: A free, useful for power electronics engineers, a circuit simulator created and can be download
with various printed manuals and tutorial examples. You can download the various manuals and
tutorials from the website before starting using the simulation tool A website is available and it can be
used for verification purposes.

Proteus: Prospice is a mixed mode simulator from LaCenter, and it is a Spice-based simulation
package. It consists of two different versions (a) basic, (b) advanced: basic version is freely available
and supports interactive simulation. Advanced version supports various features (and graph-based
analyses) including frequency, noise, distortion, and Fourier parameters.

QUCS: A software which can be used on operating systems such as Solaris, Apple Macintosh,
Microsoft windows, FreeBSD, NetBSD platforms — small signal and large signal universal circuit
simulator available freely.

EasyEDA: Free software available for electronic designers.

LTSpice: Another widely used, popular, free SPICE simulator from Linear Technology. Compared
to normal SPICE simulator variants, it has an advantage of carrying fast simulation of switching
regulators. LTspice gives access to more than 200 op amp models, transistor models (BJT), diode, FET,
Hemet, mesfet, MOSFET models, etc.

CircuitLogix: Available for students in electronics, electrical, electromagnetics as a free software,
from Circuit Logix. More than three thousand devices are incorporated(provided) for SPICE/PSpice
simulation users -in the professional version (access to electronic switches, linear integrated circuit (1C)
and digital IC, FET, transistors, electronic relays, displays, analog signal generators, silicon-controlled
rectifiers (SCRs), thyristors, opto isolators, photo diodes, semiconductors, AC and DC motors, etc.).

MultiSim: A simulation software from National Instruments for electronic/electrical design
engineers, academic individuals and educators, colleges, students, institutions, and professionals.
Although the student version comes with limited access for beginners this is still widely used. The
following operations can be performed: the circuit maker software enables you to capture/manage
circuits, create layouts, analyze circuits (networks) and simulation, including exploring breadboard in
3D/2D bhefore lab assignment submission, creating bread board calculation, printed circuit boards
(PCBs) availability.

TopSpice: Both Pspice and Hspice compatible simulation of circuits can be obtained. A demo version
circuit simulator from Penzar. This electronic simulation tool is tailored to work with Windows only
and it is compatible with Windows XP/Vista/7. TopSpice is a mixed mode, digital signal, analog signal,
behavioral simulation/modeling software.

Circuit Simulator 1.5: This is a freeware circuit simulation tool. It is just a basic circuit tool with very
basic functions, created for starters’/students’ purpose.
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Micro-Cap 10: A demo version circuit analyzer and simulator from Spectrum Soft. And is claimed
as a mixed mode digital/analog circuit simulator with an intuitive user interface, fast simulation and
great performance can be achieved.

Proteus: Two versions of Prospice are a mixed mode (basic and advanced) simulation tool from Lab
Center. Basic version is free, which supports interactive simulation only while advanced supports a
range of useful functions options and features like graph-based analysis which includes frequency,
noise, distortion, Fourier parameters, etc.

QUCS: In GNU/Linux environment (Quite Universal Circuit Simulator) is a free simulation software.
This software works on other operating systems such as Solaris, Apple Macintosh, Microsoft windows,
FreeBSD, NetBSD etc. User can simulate large signal, small signal and noise behavior of the circuit
using this simple circuit simulator.

MacSpice: It can perform simulation ranging from a single resistor to an integrated circuit with
thousands of devices and components packed together and a free circuit simulation software for Apple
Macintosh users. This network (circuit simulation), derived from Berkeley Spice, is compatible with
PowerPC and Intel architecture Apple Macintosh (Mac PC).

SimScale: A cloud-based simulation software for interested internet users.

Solve Elec: User friendly software enabling to draw and analyze circuits in electrical and electronic
representation: free version, which is developed for Macintosh OS and Windows (functioning in direct
current or alternating current, get formulas, verify equations, get equivalent circuits etc.).

Several circuit modeling software available for users in the market are:

PSPICE Orcad: This can be used in conjunction with SPICE text books. Once the student develops
interest in Mixed signal, it is an industry standard circuit simulator and is used by many professionals,
engineers for electronic circuit/network system design and development (developed by the same
company, Cadence).

SiMetrix: In addition to products like Simples, Micron VX, DVM, etc., it is a circuit simulation tool
with enhanced Spice specifically developed for professional electronic design engineers.

TINA: Powerful tool in mathematical functions. Circuit simulation can be obtained — cost-effective
and also with circuit design. A basic version of TINA design suite (versions) for low and medium prices
is for buyers.

PowerSim: Several simulation tools for power electronics are available. This simulation tool
(simulation software) is developed for high voltage power electronics circuits, motor/generator control
and other requirements such as dynamic system simulation.

Thevenin’s theorem [1-3] can be used in requirements such as to determine the current through or
voltage across any one circuit element/component without the need for the usual complex method of
solving a set of network equations, using matrices and other algebraic methods.

THEVENIN’S THEOREM

A DC network (two terminal bilateral linear DC circuit) can be /represented by an equivalent
circuit/network consisting of voltage energy source in series with a resistance, the energy source being
the open circuited voltage across the open circuited load terminals and the resistance being the input
resistance directly looking into the disconnected (with all energy sources made zero) circuit for which
the Thevenin equivalent is desired.
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THEORY: CIRCUIT EQUIVALENT

e Step 1: First, remove the load resistor (R.) and find the open circuited voltage (Voc = V) across
the open circuited load terminals using Kirchhoff's Voltage Law(KVL)/ Kirchhoff's Current Law
(KCL).

e Step 2: Constant ideal and non-ideal sources (for voltage source, remove it by internal
resistance/short and for current source replace the source by open circuit/source admittance) and
find the back resistance (Rtn) looking through the open circuited disconnected load terminals.

e Step 3: The circuit can be seen as a (Thevenin’s) equivalent circuit by placing Ry in series with
V. The load resistor (R.) across the load terminals is again connected, and the required current
through (voltage across) the load is determined.

Finding Thevenin’s Equivalent Resistance (Rn)

The following procedure is used for networks with independent sources, dependent sources, or or

both

e By deactivating(substituting) the sources by their internal resistance (for independent ideal
voltage source, deactivate it by shorting it and for independent ideal current source, deactivate it
by removing the source).

e The open circuit voltage Vin across the open circuited load terminals is determined. Next, the
load terminals are shorted and the short circuit current (Isc) through the shorted terminals is
determined. The Thevenin’s equivalent resistance is given by,

Rth = Vinlse

o Initially the load resistance has to be removed, and a DC test voltage (V) is applied at the open
circuited load terminals. The internal resistance can be obtained from the direct current (Ix)
(measurement) flowing in the circuit from the load terminals due to application of V. The
internal resistance or Thevenin’s equivalent resistance of the source network is obtained as,

Rrh = V1l

Thevenin and Norton equivalent circuits of networks obtained by different methods are used in circuit
simulation and modeling by designers and researchers. In the above references, different methods to
obtain the Thevenin resistance (impedance) and Norton conductance (impedance) of a network with
available substitution network theorem, the SPICE circuit simulation software has been used, different
Thevenin impedances are implemented for desired networks from other networks. the Thevenin
parameters are also calculated for impedances described by Laplace transform. Instead of DC option,
the transient analyses option of SPICE/PSpice is used to determine Thevenin/Norton
conductance/resistance to pure resistive and active circuits, using pulse, piece-wise sources for voltage
to current. The method can be extended (compatible)to personal computer software like OrCAD,
MicroCAP, also can be applied to active circuits represented by their small signal models at DC. The
results are also verified by verified by Spice/PSpice (TF) option available.

SIMULATION TECHNIQUE TO OBTAIN THEVENIN/NORTON RESISTANCE
In the present work, the Thevenin resistance is obtained either by PROBE graphic or by PSpice
Netlist run printout. Three types of sources are used in the transient analyses (with partial time scale
used in time-domain). It is different from previous works:
o Inreference [4], different Thevenin impedances from other circuits are transferred by a technique
in the frequency domain using Spice program.
e Inreference [5], DC option is used to obtain Thevenin resistance with polynomial sources.
o In reference [6], SPICE program is used to obtain two algebraic equations with solution in
frequency domain to obtain Thevenin impedance.
¢ Inthe work described in reference [7], Thevenin impedance for coupled network for a non-linear
device is obtained. The coupled network impedances are described by Laplace option of analog
behavioral modeling of PSpice.
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o In reference [8], the Thevenin resistance is obtained by dividing voltage by current using variant
of substitution theorem of network theory. The PSpice/Spice transient analyses with polynomial
sources are used for this purpose.

The network represented by Thevenin open circuit voltage (Ec) and Thevenin resistance (Ry) is
connected to a load (R.) as shown in Figure 1a. If Thevenin open circuit voltage (Ec = 0 V) then if the
network is terminated by a current source of value (-1 A), the voltage across it gives Thevenin resistance
(R7), as shown in Figure 1b [9, 10].

The Norton equivalent circuit for a linear network(active/passive) with an arbitrary load, is shown in
Figure 1c for the same network described before, whose Norton conductance (Gnor) is to be determined
between terminals C and D. If the short circuit current is made zero (Isc = 0 A), then the current through
1V DC source (l) gives Norton conductance (Figure 1d).

PRESENT SIMULATION USING TIME DOMAIN
TO DETERMINE THEVENIN RESISTANCE

Energy sources in time domain (built-in models) like piece-wise linear, pulse is connected in
a network with resistors and dependent energy sources (described in time domain) for which the
Thevenin resistance is to be determined. These sources are switched ON/OFF by describing the model
parameters in the desired time-interval where Thevenin resistance is required, and which is also DC
Thevenin resistance. Figure 2a shows a network with voltage/current independent pulse, piece-wise
linear time domain sources. The Thevenin resistance (across R, S terminals) of this circuit is 25 ohm as
calculated by (TF) command of SPICE program as described by Table 1.

Figure 2b shows a different circuit where the Thevenin resistance 25 ohm should be incorporated.
According to Figure 1b and 1d, when Thevenin voltage is zero the Thevenin resistance is the input
impedance across R, S terminals. Tables 2 and 3 show the implementation results of Thevenin resistance
using this principle in time domain with Spice/PSpice program.

Ec|+ Rt Ec=0 + Rt
( ) Ru C ) k= -lACD
B B
(a) ©)
C
Cc
+ [kk
[ !
Isc Gnor Ru lsc -0 Gnor 1v dc
(c) D (d) D

Figure 1. (a, b) Thevenin equivalent circuit with load RLR_LRL and Thevenin resistance
measurement using a current source. (c, d) Norton equivalent circuit with load RL and
Norton conductance determination using a 1 V DC source.
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nl v n2 100Q
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Figure 2. (@) Network whose Thevenin resistance (across R and S) is incorporated in Figure 2b. (b) A
circuit where Thevenin resistance is between nodes (n1 and n2).

Table 1. Spice file to determine DC Thevenin resistance with TF command.
Fkkk 11/27/24 13:09:12 ****** pSpjce Lite (October 2012) ****** |D# 10813 ****

DC Thevenin Resistance Verified (TF) Command

**** Circuit Description

r121210

r26 20 15

1232320

r37 3010

r4545 20

R50 50 1E18

1343410

e4d040302

10101DC1

TF V() 101

.op

.PROBE

.end

*Hxx 11/27/24 13:09:12 ****** PGpjce Lite (October 2012) ****** |D# 10813 ***
DC Thevenin Resistance Verified (Tf) Command

**** Small Signal Bias Solution Temperature = 27.000 DEG C

Fhhkhkhkhhkrkrhkhkhkhkhkkhkhkhkhkhkhhkhrhkhkkhhkhkhhkhkhhkhkhkhkkhkhhkihkhkhhkkhkhhkhkkhhkkihhkhkhhkhhkhkhhkkhkihkhkhhkkhkhhkihhkikikikx

Node Voltage Node Voltage Node Voltage Node Voltage
(1) 25.0000 ( 2) 15.0000 ( 3) 15.0000 ( 4) 30.0000

(5) 30.0000

Voltage source currents
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Name Current

Total Power Dissipation 0.00E+00 WATTS

*xkk 11/27/24 13:09:12 ****** pSpijce Lite (October 2012) ****** |D# 10813 ****
DC Thevenin Resistance Verified (TF) Command

**** Operating Point Information Temperature = 27.000 DEG C

* *

**** \/oltage-Controlled Voltage Sources

Name e40

V-Source 3.000E+01

I-Source -1.500E+00

**** Small-Signal Characteristics
V/(1)/101 = 2.500E+01

Input Resistance At 101 = 2.500E+01
Output Resistance At V(1) = 2.500E+01
Job Concluded

Table 2. Spice file for Figure 2a and b implementing Thevenin resistance.
*xak 11/27/24 12:49:52 ****** pSpice Lite (October 2012) ****** |D# 10813 ***
File for figure 2, thevenin resistance is across nodes (1)&(2)

**** Circuit Description

* * % * *% *% * % * % * % * *% *% * % *kk * % *% * % * %

ri21210

r26 2 6 15

v60 6 0 pulse(0 1v 0 0 0 20us 40us)
r232320

r373710

r45 4520

R5050 1E18

v 07 pwl(0 0 10us 2 20us 0 40us 0 50us 2 60us 0)
r343410

ed040372

i05 05 pulse(0 2 0 0 0 20us 40us)
Ei01110891

VIN111

*Circuit With Thevenin Resistance Of Figure 2
VE 8 0 PULSE(0 2 0 0 0 40US 80US)
F8989 VIN 1

R910 9 10 100

R100 10 0 150

.TRAN 5US 50US 10US

PRINT TRAN V(10) V(9)

.0p

* PROBE

.end

The results obtained by running the code in Table 2 are given in Table 3. The Thevenin resistance 25
ohm (Figure 2a) is connected in the time period (2040 ps) across n1 and n2 in Figure 2b.
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Table 3. Spice results for Figure 2b in time domain.
Time V(10) V(9)

1.000E-05 -1.091E+00 -1.818E+00
1.500E-05 -2.727E-01 -4.545E-01
2.000E-05 5.455E-01 9.091E-01
2.500E-05 5.455E-01 9.091E-01
3.000E-05 1.091E+00 1.818E+00
3.500E-05 1.091E+00 1.818E+00
4.000E-05 1.091E+00 1.818E+00
4.500E-05 -2.727E-01 -4.545E-01
5.000E-05 -2.182E+00 -3.636E+00

CONCLUSIONS
After running the SPICE/PSpice netlist file the Thevenin resistance is:

The Thevenin resistance is the input voltage as the energy sources are switched OFF in 20—40 ps. It
is true for piecewise linear and pulse sources. A common method is using TF analyses in DC option of
SPICE computer program to determine Thevenin/Norton resistance. Also, how a different circuit into
which Thevenin resistance from another circuit is to be incorporated is described in the required time
scale. A different circuit where this Thevenin resistance is implemented in time-domain is also
described with results. These results are also verified by connecting DC Thevenin resistance in that time
scale (period).

The transient option of SPICE program can also be used to obtain Thevenin/Norton
resistance/conductance for resistive circuits with both independent active sources replaced by small
signal circuits and can be verified with other simulation software having only transient analyses
computation facility. The results can be obtained as a graphical display (PROBE) for visual observation.
A computer program to verify the above results using FORTRAN can also be written and extended to
different networks/ circuits.
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