Increasing the Efficiency of Thyristor Spice Macromodels

Tsvetana G. GrigorovaElissaveta D. Gadje¥aKatya K. Stefanova

Abstract- In this paper an approach is proposed for efficiency In the present paper an improv8gicethyristor macro-
increasing of thyristor Spice macromodels. Taking into ac- model is developed, which leads to increasing the effective-

count the specificy of the modified nodal analysis, equivalent nags of the standard circuit simulat®8picelike programs.
transformations of the standard thyristor library Spicemacro-

models are performed leading to the decreased size of the
circuit matrix, thus accelerating the simulation. The compu-
tational time and the matrix size of the developed macromodels
are investigated. Comparison of the simulation results for The representation of the circuit elements in the circuit
the transformed and for the original macromodel is realised matrix using the modified nodal analysis (MNA) is used for
using test examples. substantiation of the macromodels. The MNA is widely used
in contemporary circut simulators to introduce a variety of
circuit components in the matrix, which do not have an ad-
mittance representation [6]. Using this approach, the compo-
nent equations of these “unsuitable” elements are added to
the nodal equations. As a result, the circut matrix is expanded
o . as shown in Fig. 1. Such an elementhis voltage controlled
Power electronics is of great importance for the electron|c o ) :
. . L . voltage source (VCVS), which is often usecb@havoiral thy-
systems ranging from wireless communication devices, pat- L :
C T Tistor macromodels to define inner model variables. The compo-
table and desktop computers, to telecommunication infra- ) i
. . nent equation of the VCVS has the form [6]:
structure, and industrial systems. The enhanced develop-
ment of power electronics technology imposes the necessity Vi = quq Q)
of effective computational tools for computer-aided analys'@r
and design. Recently, simulation methods and program tools
are of significant importance for the designers involved in Vs =V, =V, +uV, =0 )
thg power electro_nlcs area dealing with thg co.nvert|on andThe hclusion of the VCVS in the circuit matrix is presented
switching of electrical energy for power applications [1,2,3]. . T T
X . . S 0n Fig. 2. A aresult, the circuit matrix sipds increased by
The electrical simulation of the power convertor circuits is”
proved to be useful tool for analysis of circuit behaviour anfin=1. . . .
for investigating the critical operation conditions of power 1h€ Standard thyristoPSpicemacromodel shown in
semiconductor devices. It allows also the user to take intad: 3: '? based on VCVS CET’lb,‘B!-E tylpe, Whlchhcomb_lnels
consideration the circuit parasitic elements and effects whift VS © EVALL;E typ|>e a:(ndfahlmlter element. T ehva_rlab es,
often play a dominant role. mt:sdqcedl inthe, b ocI of the f'standarBSplcet yrlsk;[or '
The general-purpose circuit analysis programs such 3ghavioral macromodel, are defined by VCVS as shown in
OrCAD PSpicd4,5] are successfully used for analysis anff!9- 4a. The role of the resistBy,,,is to meet the require-
design of power electronic circuits. TR&picelike simula-
tors provide component macromodels of power control cir- vy A 3
cuits, represented as subcircuits in the model libraries. 2 U
The investigation of power electronic circuits in the time ) -
domain sets specific requirements to the simulation algo- A1 7 I E
rithms: fast simulation, accuracy control and convergence.
In this respect, it is very important to develop device macreiy 1. structure of the circuit matrix using modifiential analysis
models meeting these contradictory requirements.

[I. M ODIFIED THYRISTOR MACROMODEL
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Fig. 3. The standard thyristor PSpice macromodel
po s Q po s o Vs =Rl =1V,
Vo CD 0 A T R, =1
— | =pVv
e Rnoa =19 o p An, 0
O =
oL Anst -1 0 J_ 'mod
E1's 0 VALUE={V(p)*Mju} G1 0 s VALUE={V(p)*Mju}
RmodO0s 1meg RmOs 1

a) b)
Fig. 4. Transformation of VCVS to VCCS in the behavioral macromodel

ment of thePSpicesimulator for a minimum two branchesbehaioral macromodel in Fig. 3.

connected to a node. The circuit in Fig. 4a can be replaced The circuit of CCVS shown in Fig. 5a is characterised by
by the circuit shown in Fig. 4b consisting of voltage conan, =3. It can be transformed equivalently in the circuit
trolled current source (VCCS) and a resigofvalue 10.  gpqn in Fig. 5b, which does not expand the circuit matrix
The standard model in Fig. 4a increases the matrix order Pgnmod =0). The decreasing of the matrix order is defined by
Ang =1. The modified model using VCCS (Fig. 4b) has admithe differenceAn =3.

tance description and it does not expand the circuit matrix The diode group used in the blo€k of the standard
(An,,,=0). The effectiveness of the modified model ighyristor behavioral macromodel (Fig. 3) is presented in

characterised by the differencsn=Ang —An, 4 =1.
According to Fig. 3, the elemenEprodandRprodin the
standardPSpicelibrary model

Eprod prod 0 TABLEv(anode,cathode)*v(ltot)} (0 0) (1 1)
Rprod prod 0 1meg

can be replaced by the eleme@prod and Rprodin the
modified model in the form:

Fig. 6a. Itis characterized lyn,, =2. It can be equivalently

transformed combining the external resistaRgeonnected
in series with the diode, and the resistaRgedefined in the
diode model. The resulting modified circut is shown in
Fig. 6b, where the diode resistanc&js R +R, . Itis charac-

terised byAn,.4=1.The decreasing of the matrix order is

An=1,
Applying similar transformations, the modified thyristor

Gprod 0 prod TABLE {v(anode,cathode)*v(Itot)} (0 0) (1 1}nodel is obtained. ThESpicedescription of this model is

Rprod prod 0 1

shown in Fig. 7. The introduced modifications in the stan-

In order to define the cirrent controlled voltage sourcdard model are given in italic. As a result of these modifica-
(CCVS)V, = zI(V,) in thePSpicemodels, independent volt- tions, the matrix order of the obtained thyristor model de-
age source of valué = 0 is introduced to model the control-Creases byAn =10 for each thyristor element in comparison

ling branch. Such an element is used in the blQglof the

with the standard model.
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Fig. 5. Transformation of CCVS to VCCS in the behavioral macromodel
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Fig. 7. Description of the modified behavioral thyristor macromodel
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I1l. ExAmMPLE
R 0 VvV D Test circuits are simulated in order to investigate the model
X 2 effectiveness. The matrix expansion and the simulation time
P are calculated.
D, The current-fed parallel inverter with voltage limitation
t shown in Fig. 8 is simulated in the time-domain using the
An, =2 to Am=1 standard and the modified thyristor macromodel. The ob-
i tained results for the voltagé,(t) are presented in Fig. 9.
Diodel p t D1 Diodel s t D2 The standard and the modified thyristor macromodels are
R1 s p {R1} Model D2 D (Rs={Rs1+R1}) characterized by the same accuracy.
‘Model D1 D (Rs={Rs1}) Circuits of different size are simulated to investigate the

a) b)

Fig. 6. Transformation of the diode circuit in the behavior

macromodel

effectiveness of modified thyristor macromodel. The obtained
results of the simulation in the time domain are presented in
Table 1, where v is the number of nodes of the circuit, is
%he matrix order of the circuit using standard macromodel
andn_ ,is the matrix order of the circuit using the modified



l Li TABLE 1 - Effectiveness assessment of thyristor model
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Fig. 8. The current-fed parallel inverter with voltage limitation
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Fig. 10. Dependence of the matrix order on the node number
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Fig. 9. Simulation results for the voltagg(t) of the example circuit ..

macromodel. The dependence of the matrix order on the node
numberv is represented graphically in Fig. 10 and the de-}
pendence of the calculation time on the node number is shown v

in Fig. 11. The effectiveness of the modified macromodel fgi9- 11. Dependence of the calculation time on the node number

characterized by the acceleration of the simulation process:
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