
Q10 5 4 BJTP 
.ENDS 
.MODEL MOSN NMOS(IS=20N KP=26 VT0=5.55V RD=OSm 

.MODEL BJTE’ PNP(BF=0.26 TF=l.SU CJC=0.6N RE=lm BRz0.44 
CGSO= 160u) 

IS=2e-15 NF=2 XTI=6 XTBz.5) 

model 

Table 1: Comparison of different models 

, Equation New Device 
model model 

7.2 time, s 

350 950 950 950 
t,, ns 150 150 150 

108 11 

y3 2 2  

Results and compurison: A PT-IGBT with a breakdown voltage of 
1200V and die size of 12mm square is modelled in PSpice based 
on three models: the BJT-MOSFET composite model, the equa- 
tion model and the new model. The output characteristics of the 
different models are compared in Fig. 2 together with the experi- 
mental results. All these models satisfactorily reproduce the static 
performance of the IGBT. Dynamic performance is tested in a 
hard-switched circuit with a clamped inductive load. The switching 
performance parameters and the computational times of the differ- 
ent models are listed in Table 1. The new model simulates the 
dynamic performance as accurately as the equation model, but its 
computational time is significantly less. In addition, convergence 
with the new rnodel is better than with the more complex equation 
based model. 

100 1 i 

0 1.0 2.0 3 0  L.0 5.0 
v c  ,v 1088121 

Fig. 2 Static characteristics comparison 

. . . . . . . . . . . equation model 
~ composite model and new model 
_ _ _ -  experiment 

Conclusion: In this Letter, a new IGBT model for PSpice has been 
proposed and compared with the BJT-MOSFET composite model 
and the equation based model. The new model possesses the 
advantages of the two and is efficient, accurate and reliable. The 
new method fix modelling is also applicable to other high-voltage 
power devices where PSpice usually inaccurately models capaci- 
tance high-voltage dependence. 
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Higher-order immittance function synthesis 
using CCllls 

Shen-Iuan Liu and Ching-Yuan Yang 

Indexing terms: Current conveyors, Current-mode circuits 

Two general methods for synthesising higher-order immittance 
functions using CCIIIs are presented. One of the advantages of 
these methods is that the proposed circuits require only grounded 
resistors and grounded capacitors. Moreover, the proposed 
immittance functions can be applied to realise higher-order fdter 
applications. Simulation results are given to verify theoretical 
analysis. 

Circuit description: The port relations of a CCIII can be character- 
ised by the following matrix: 

(1) 

where the positive and negative signs of the current I, denote the 
non-inverting CCIII and inverting CCIII, respectively. A possible 
implementation of a CCIIIk has been presented recently [7] and, 
therefore, the circuit complexity of a CCIII can be reduced fur- 
ther. Considering the first basic building circuit in Fig. la, it con- 
sists of a non-inverting CCIII, an inverting one and three 
grounded admittances. Its driving-point admittance function can 
be expressed as 

The second building block is shown in Fig. 1 b, which consists of a 
non-inverting CCIII, an inverting one and three grounded imped- 
ances. Its driving-point impedance can be given as 

( 3 )  
21 2 3  z,, = 2 1  + ~ 

v,, - 
I,, 2 2  
-- 

It has been found that the circuits of Figs. l a  and b can simulate 
two kinds of immittance elements in parallel and in series, respec- 
tively, by suitably choosing passive elements. Two methods are 
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proposed to synthesise the higher-order immittance functions by 
using the basic blocks in Figs. la and b. The higher-order immit- 
tance function can be realised by using the circuit, which is similar 
to Fig. l a ,  in place of Y, in Fig. l a  or by using the circuit, which 
is s d a r  to Fig. lb, in place of Y, in Fig. la. For example, the 
higher-order immittance circuit is shown in Fig. 2 by using the 
basic block in Fig. la. Its immittance function can be given as 

(4) 

By connecting similar stages, we can realise the higher-order 
immittance function which can be expressed by the following 
equation: 

Similarly, the higher-order immittance functions can be realised by 
using the circuit, which is similar to Fig. lb, in place of Z, in Fig. 
lb  or by using the circuit, which is similar to Fig. lb,  in place of 
Z, in Fig. lb. All the proposed circuits use only grounded resistors 
and grounded capacitors which are suitable for monolithic 
integration [8]. 

I * I  
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Fig. 2 Higher-order admittance function using circuit in Fig. l a  
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Fig. 4 Comparisons between theoretical and simulated results for third- 
order highpass filter 
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Simulation results: To verify theoretical analyses, a proposed 
immittance function is used to realise a third-order highpass filter. 
The CCIII is constructed by two CMOS CCIIs [9]. As an example, 
a thd-order highpass filter can be realised by inserting a 

2296 ELECTRC 

capacitor C, to the immittance function as shown in Fig. 2 with y1 
- llR1, y,  = sC,, y3 = llR3, y4 = sC, and ys = llR5. According to 
eqn. 4, its driving-point admittance can be 

1 1  1 y. - -+-+-  
Re sLe s2Me 

- 

(6) zn - 

where Re = R,, Le = R,C,R, and Me = R,C,R,C,R,. Its equivalent 
circuit is shown in Fig. 3. And its transfer function can be 
expressed as 

(7)  
s3 

s 3  + s 2 1  +s’- + 1 T ( s )  = 
CO% COL,  C O M ~  

This third-order highpass filter is realised with R, = 10kQ R, = 
20kQ R5 = 40kQ and C, = C, = C, = 1nF. Fig. 4 shows the simu- 
lation results which confirm with results of the theoretical analysis. 

Conclusions: In this Letter, the general higher-order immittance 
functions using CCIIIs have been presented. One of the advan- 
tages of this proposed circuit is that it only requires grounded 
resistors and capacitors. Two methods are also presented to syn- 
thesise the higher-order immittance. Moreover, the proposed 
immittance circuit can be also applied to realise higher-order filter 
applications and it has been verified by simulations. The proposed 
circuits are expected to be useful in analogue filtering applications. 
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D. Sanchez-Hernandez, G. Passiopoulos, M. Fer rando,  
E. de 10s Reyes and I D .  Robertson 

Indexing terms: Microstrip antennas, Antenna feeds, Band-pass 
filters 

The authors present a novel technique for obtaining circularly 
polarised (CP) dual frequency operation by using two spur-line 
band-stop filters within the perimeter of a microstrip patch 
antenna with optimum feed point location and aspect ratio. This 
circularly polarised dual frequency operation can be obtained 
without increasing either the size or the thickness of the patch. 
Furthermore, through several experiments the authors also 
demonstrate that the location of the feed point establishes and 
controls a trade-off between axial ratio and impedance 
bandwidth. 
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