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AC analysisof real circuitswith external switching in PSpice
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Abstract: The inability to provide direct small-signal AQalysis of circuits with periodical external swiich
belongs to well-known limitations of Spice-compégilprograms. This paper refers to novel methodsiadeling
which enable the above analyses also in PSpicdatona with the aid of the so-called Simulation Mgar.
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1 Introduction 2 Conception of AC analysis of

A direct small-signal AC analysis of switched-caiparc switched circuitsin PSpice
(SC), switched-current (SI) and other circuits with consider a linear switched circuit with two-phase
periodically controlled analog switches belong tellw  gyjitching, i.e. a circuit that can be modeled byair
known limitations of Spice-compatible programs. of linear circuits, separately for switching phageand

A method of direct AC analysis of idealizedotw 2. Let the lengths of switching phases 1 and 2 be
phase SC filters in PSpice has been described.ififie ~ denotedT, and T, respectively. Their sum is equal to
frequency responses are acquired neither via thdéhe switching period=1/Fs, whereF; is the switching
repeated TRANSIENT analysis nor by the method offrequency.

multi-tone  excitation [2], but through a direct Exclusion of the so-called inconsistent iditia
application of the conventional AC analysis to asgl  conditions (IIC) [4] is a basic assumption of PSpic
model of switched circuit. simulation of real switched circuits. The IIC carsa

in the case of idealized modeling, e.g. when two
taking into consideration influences of real pheeam capacitors with different initial voltages are cected

e.g. nonzero switch on-resistances, parasitic iitoes, " Parallel by an ideal switch with zero on-resiste.
frequency dependent OpAmp gains, etc., is hardvb\cceptmg this assumption is a necessary conseguenc
applicable in Spice-compatible programs. The method®f the fact that the internal algorithms of PSpteenot
described in [1] is based on the assumption of idiate resolve numerical pro.blems'whlch are assomatgt_i wit
changes of capacitor voltages at the switchingaitst e 1IC. One can easily avoid the IIC, e.g. by defy
That is why it cannot be used for such cases when t npn;ero on-resistances of all the switches inshde t
lengths of transient phenomena caused by switching!"CUlt

processes cannot be neglected. The new method Let us define state variables within each shiitg
presented below can be used only on the assunth@n phase of the circuit such that they are continuious
the PSpice features will be extended by the utibraof time at instants between the switching phasesthest
the so-called Simulation Manager (SiM) [3]. SiMas vectors of such state variables for phases 1 ahd 2
special program which controls — on the basis efsb  denotedx; andx,, respectively. In the case of avoiding
called Manager Control File (MCF) — the operatidn o the I1IC, the vectors of state variables can be
OrCAD PSpice program in the sequential mode. leoth compounded of capacitor voltages and inductor
words, PSpice is run repeatedly for various typés o currents.

analyses, when the results generated by a givdgsima
serve as input data for subsequent analyses [3].

AC analysis of general linear switched cirsuithile

As shown in [5], the behavior of real switched
networks is also affected by variations of the inpu
The paper is confined to circuits with two-pha signals within the relatively short switching phase
switching. However, the method described is easilyHowever, when the real phenomena are not extremely
applicable also to circuits with multiphase switai significant, then such an influence on the freqyenc
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response can be neglected, which substantially When the TRANSIENT analysis of circuit in pkas
simplifies the subsequent computer analysis. Thisl is performed under the condition gf = 0 and with
neglecting is implemented by introducing the state variable Na. being set to one, then the veckar
assumption that the input signa} is of the Sample- at the end of this analysis will contain the eletsenf
Hold (SH) character [5], e.g. with discontinuities column No.i of matrixA;.

switching instants. The consistence of initial
conditions and the continuity of state variablesudt

be ensured while modeling the input gate of the
switched circuit. After computing the above vectors and matrices
item 2) will be performed via behavioral modelinf o
requations (3) and (4) and the following AC analysis

An analogous procedure can be repeated fosegpha
No. 2 in order to compute vectBp and matrixA,.

Under the above assumptions, the switchediitirc
can be described in each switching phase by linea

equations (1) and (2): The sequence of PSpice simulation tasks can be
described as follows:
Eng of switching phase No. 1 at tihe kT+T, k =..0, For k=1..2
1 * computing the Bk vector
X, (KT +T,) = A X, (KT) +Bv,, (KT +T) . (1)
* Modeling the circuit within phase No. Kk,
End of switching phase No. 1 at time kT+T, k =..0, vin=1V, zero initial conditions.
1,2. « TRANSENT analysistill the time Tk.

%, (KT +T) = A,x (KT +T,) +B,v. (KT +T), (2) * Reading the values of state variables and
saving them to the Bk vector.
where A;, A,, B;, and B, are the matrices/vectors
whose elements depend on the character of transient
phenomena in the circuit within the corresponding * Modeling the circuit within phase No. Kk,
switching phases. vin=0V, zero initial conditions.
For i=1..N ; Nisthe number of state variables
Setting state variable No. i to one.
TRANSENT analysistill the time Tk.
* Reading the values of state variables and
X, =AX,Z VT BV, (3) saving them to the ith column of Ak matrix.
end

* computing the Ak matrix

Utilizing the theory of generalized transfer
functions [5], equations (1) and (2) can be coregktb
the z-domain:

X, = Alez_TZ/T +B, Voo (4) end
where X3, X5, Vin1, andVi,, are thez-transforms of
signalsxy, X,, Vin, Sampled at time instants in which the
switching phases 1 or 2 are terminated.

It should be noted that PSpice cannot proviue
above algorithm independently, without the user’s
interventions. That is why a demonstration of the

We can conclude that the AC analysis of thecooperation between PSpice and the so-called
switched circuit should be accomplished in the Simulation Manager (SiM) [3] is described. SiM
following consecutive steps: should provide an automated run of the analyses
according to the above algorithm. The user willtevri
this algorithm into the Manager Control File (MCF),
which is a generalization of the well-known PSpice
circuit file.

1) Computing the elements of matrices and vectqrs
A,, B; aB..

2) AC analysis of equations (3) and (4), utilizitige

well-known substitutiorz = exp(jeoT). 3 Demonstration of AC analysis of

A possible method of computing tH& vector SampIeHoId circuit
implies from Eq. (1): The conventional TRANSIENT A simple model of the Sample-Hold circuit is shoiun
analysis is executed during switching phase Nonl o Fig. 1 together with the waveforms of input andputt
the assumption oWy, = 1V and under zero initial voltages and switching impulses. Also the so-called
condition x,(KT). Then the vectok, at the end of this equivalent signals’® andv?*® are indicated here. They
analysis will contain the elements of vecBar represent the continuous-time equivalents of disere
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time signals at time instants at the ends of swigh 9: #beginnet SH2

phases 1 and 2, respectively [5]. The frequencyl0:Rs 2 3 10m

responses for the selection of output samples asph 11:C 30 1n

1 or 2, computed in AC analysis, are defined by thel2:Rz 2 0 100k

frequency dependence of the magnitude ratios amd th13:#endnet

differences of initial phases of the corresponding14:#defsim tranl .TRAN 0 #$T1$ 0 #$T1/100$ skipbp
equivalent signal and the input signal.

We select the only state variable in the dirdue.
the capacitor voltage. The matrices and vectors Af
and B types in equations (1)-(4) are then reduced to

scalarsa;, ay, by, andb,. Since the switch in Fig. 1

separates the entire circuit from the input sighaing

phase 2, the relatiol, = 0 holds and thus there is no
need to compute this quantity.

A list of the MCF is given below. The individuahks

are numbered for clarity (these numbers are ndtgfar
the MCF). The syntax details of the SiM are desdib

in [3], [6].
||
O L 2
Vi) “Tc g R
o ® v(t)

1 1
l D N n N T

KT+T

KT+T

Fig. 1: Model of SH circuit and a demonstration of
circuit waveforms.

1
2
3
4
5:
6
7
8

: *AC analysis of Sample-Hold circuit

. #set Ron 5k fs 100k T1 0.1/fs T2 1/fs-T1
. #beginnet SH1

: Ron 1 2 #3Ron$

Rs 2 3 10m

: C301n
: Rz 2 0100k
. #endnet
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15:#defsim tran2 .TRAN 0 #$T2$ 0 #$T2/100$ skipbp
16: #defsim AC .AC dec 100 10 #$fs*2$
17:#assemblycir runl.cir

18:Vin10 1V

19:#use SH1

20:#runsim tranl

21:#endassembly

22:#getprobe b tranl V(3) #$T1$

23: #assemblycir run2.cir

24:Vin10 0V

25:#use SH1

26:.1IC V(3) 1V

27:#runsim tranl

28: #endassembly

29:#getprobe al tranl V(3) #$T1$

30: #assemblycir run3.cir

31:#use SH2

32:.1ICV(3) 1V

33:#runsim tran2

34:#endassembly

35: #getprobe a2 tran2 V(3) #$T2$
36:#assemblycir run4.cir

37:Vin10AC1

38:Eclclx

+LAPLACE {V(c2)} {#$al$*exp(-s*#$T1$)}
39:Ex x 0 value={V(1)*#$b$}

40:Ec2c20

+LAPLACE {V(c1)} {#$a2%*exp(-s*#$T2$)}
41:#runsim AC/nocsdf

42:#endassembly

The MCF starts by a header (line 1). The diedin
of variables via #set command is on line 2. This
command is an analogy with the PSpice command
.param and serves for the definition of the Manager
global variables. These variables can form formulas
which are bordered by a pair of symbols $, and SiM
converts the formulas to numerical values. The SiM
commands start with the # symbol and they can be
combined with the PSpice commands and syntax. The
subcircuits SH1 (SH2), defined within the linesrigl 88
(9 and 13), model the SH circuit as two linear @its
at phases 1 and 2. Three types of analyses anmedefi
on lines 14 to 16. They will be used later in thanie
of automatically generated PSpice input files: the
TRANSIENT analysis within switching phase 1 or 2
(line 14 or 15), and the AC analysis within the
frequency range from 10Hz to the double of switghin
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frequency, i.e. to 200kHz (line 16). The commanals f 4 Conclusions

the generation of PSpice input file RUN1.CIR are onThe Sjmulation Manager (SiM) increases the
lines 17 to 21. This circuit file is for the traset  gpplication range of the OrCAD PSpice such that we
analysis of SH circuit within switching phase 1r ¥ can program an arbitrary algorithm and combine the
= 1V and zero initial cor_1d|t|(_)ns._ A]_‘ter_executlnlget results of basic PSpice analyses (DC, AC, and
c_ommand_on line 21, th|_s circuit file is createtle U TRANSIENT). Such combining can be used for
simulator is run automatically and the correspogdin agyanced analyses of special electronic systems. Th
analysis is performed. The value of output voltage paper demonstrates how this approach can be used fo

time T1, i.e. at the end of the analysis, is sal@d programming atypical simulation tasks, namely th@ A
variable b (see line 22). This variable is labedsdbl  znalysis of real switched circuits.

in equations 1 and 3. The other circuit fle RUNIRC
is defined on lines 23 to 28 for computing the able
al (Al matrix reduced to a scalar). Here the inputAcknowledgment
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