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TABLE I 
FILTER COEFFICIENTS Wi 

1 

APPENDIX 
SOLUTIONTO (3) 

Formally the soluti’on to (3) is 

Ak 
Ak,N= x. 

[2] M. F. Fahmy, “Maximally flat non-recursive digital filters,” Int. J. 
Circuit Theory Appl., vol. 4, pp. 311-313, 1976. 

[3] J. F. Kaiser, “Comments on maximally flat nonrecursive digital filters,” 
Int. J. Circuit Theory Appl., vol. 5, p. 103, 1977. 

[4] T. Muir, and W. H. Met&r, A Treatise on the Theory of Deferminants. 
New York. Longmans, Green and Co., 1933, pp. 321-322. 

Muir [4] has shown tlhat the determinant A can be expanded as 
the difference products of the x$. When the ratio Ak/A is thus 
formed and the common factors are cancelled we obtain 

A 
][ k-1 l-xi-, 

k,N=--1 II fi- -. 
xi’ - 1 

(Al) 
xk i=, x;-xi-j j=k+, .$-x; 

After substituting xk ==2k+ 1 into (Al) and performing the prod- 
ucts indicated, it can be readily seen that 

A Grounded Constant Current Source with 
Improved Bandwidth 

A. BUDAK AND R. GEIGER 

Abstract-A grounded constant current source employing a single oper- 
-- j; >; -2y, = &g i (2kk+ 1). (A9 ationd amplifier is discus&. It is shown that improved bandwidth and 

k k I reduced slew rate limitations are obtained with this: circuit. 

Similarly the second product can be shown to be given by I: INTR~DUCDON 

fi 
xj’ - 1 - 2k+l 

( > 

N!(N+ l)! Circuit 1 of Fig. 1 is a commonly used single OP AMP 

j=k+ 1 X,‘-Xk’ k (IV- k)!(N+ k+ l)! . (A3) voltage-controlled current source that has a grounded terminal. 

Combining (A2) and (A3) we finally obtain the solution 
It is listed in many texts and application notes, some of the more 
recent of which are [ l]-[5]. At low frequencies, this circuit acts as 

N!(N+ l)! 
Ak7N=(-1)k(2k+l)(N-k)!(N+k+1)! ’ 644) 

an ideal current source. However, at high frequencies, the load 
current tends toward zero if the OP AMP gain is characterized 
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Fig. 2. Normalized current versus normalized frequency of circuits 1 and 2 
for different values of RJR. 

RL 

and bandwidth given by 

Circuit 2 

Fig. 1. Single OP AMP current sources. 

by a single pole. Circuit 2 of Fig. 1 [5] has the same circuit 
topology as that of circuit 1 except that the input is applied at a Since the pole structure of the circuit is independent of where 
differen node. The load current for circuit 2 decreases monotoni- the input is applied, circuit 1 and circuit 2 have identical poles. 
tally to a constant value rather than zero as the frequency Because circuit 1 has an all-pole transfer function, Z,, tends to 
increases. This constant can often be chased quite close to the zero as the frequency goes to infinity. However, from (4), the 
value based on an ideal amplifier. The improved frequency zero in the transfer function of circuit 2 assures that for all 
response of circuit 2 is obtained at the expense of increased frequencies 
current drawn from v [5]. -1 

In what follows, the term bandwidth will refer to the half- IL2 (0) > IL* > IL* (0) [ 1 1+ q (6) 
power frequency (in radians per second) of the current source. 
Further, the OP AMP is assumed to have infinite input imped- 
ante and a gain function given by 

where Z,,(O)= Vi/R is the dc load current of circuit 2. From (6) 
it follows that circuit 2 is an ideal current source at low 

A(s)= F (1) 
frequencies and at least as good as a passive current source with 
a source impedance of value R/2 at high frequencies. The 

where GB is the gain-bandwidth product of the OP AMP in normalized frequency response of circuits 1 and 2 are compared 
in Fig. 2 for several values of R,/R. It is clear that the circuit 
should be designed with as high an R as possible. 

From (3) and (5) it can be seen that the bandwidth improve- 

radians per second. 

II. DISCUSSION 

Circuit 1 has a load current given by 
ment is given by 

and bandwidth given by 

Circuit 2 has a load current given by 

c2) SW, 
-= 
BW, 

(3) 
00, RL<;(ti -1) 

(7) 

In many applications of a VCCS, the relationship between the 
phase of the input voltage and output current is also of interest. 
From (2) and (4) it can be seen that the phase of circuit 2 is 
much closer to the value obtained by assuming the OP AMP to 
be ideal than is the phase of circuit 1. 

(4) 
It is interesting to note that for either circuit of Fig. 1, at low 

frequencies, the impedance facing the load RL is approximately 
R//-R=UL Consequently, the Norton equivalent of the 
circuit facing RL is an ideal current source. 
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Fig. 3. General current source. 

The current source given in Fig. 1 is a special case of the more 
general circuit shown in Fig. 3. It can be shown that b= a in 
order for the circuit to act as a current source. If the four 
resistors associated with the current source (R, bR, R,, aR,) were 
not appropriately m,atched, b + a, the internal resistance of the 
current source would not be infinite even for an ideal amplifier. 
Furthermore, with the one-pole rolloff model for the operational 
amplifier given in (1) the circuit would possess a right half-plane 
pole if 

RL 
;>- R+R,’ 

However, unless R, = cc, this condition does not arise without 
excessive resistor mismatch and the circuit remains stable. 

It is easy to show that if both circuits are to deliver the same 
load current, then the ratio of the output voltage of the OP AMP 
in circuit 1 to that in circuit 2 is given by 

It now follows from (9) that for low R,/ R or high frequencies 
the output voltage mtio is indeed large. Since slew rate limita- 
tions are dependent upon the magnitude of the output voltage, it 
follows that circuit ;! is much less affected by slew rate than is 
circuit 1 or, alternately, that circuit 2 is useful at much higher 
load currents than is circuit 1. 

III. EXPERIMENTALRESULTS 

Both circuits of Fig. 1 were tested for several different load 
currents using a 741 IOP AMP with a measured GB of 1.14 MHz 
and with R = R, =3.9 kB. The measured bandwidths agreed 
quite closely with those predicted by (3) and (5). The signifi- 
cantly improved current range of circuit 2 due to slew rate 
limitations of the OP AMP was also observed. 
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Realization of a Nonoriented Zn-Terminal 
Communication Network 

H.O.GUFTA 

A method for realizing a Zn-terminal nonoriented network 
which satisfies maximum two flows at a time and having the 
maximum local communication was developed by Matsui [2]. 
This method is based on the determination of cutsets taking one 
and two nodes at a time such that a condition is imposed by 
taking one more cutset between source and sink networks. 
Theorem 4 presented in [2] is not true and the given condition 
(15) is insufficient because it does not take into account the 
other cutsets; as such it must be replaced with the following 
condition, 

2 IZ &-(Pm2) x t// 
iEU,(k) jEU,(k) - 

j>i 
lEUp(k) 

> max tij, 
i,jE U,(k) 

p=3,4;*. ,n (1) 

where tg is the simultaneous flow requirement from node i and j 
and U,(k) is the kth subset of source nodes having sizep. 

Consider a requirement matrix T for maximum two flows at a 
time, which satisfied all the conditions imposed in [2] but does 
not satisfy (1). 

r 3 17/4 17/4 23/41 

T=[ttil= i 17/4 5 17/4 17/4 (2) 
23/4 23/4 23/4 3 

The realization obtained by Matsui’s method is shown in Fig. 
1. The capacity of the cutset S3 shown in Fig. 1 is 15/4, which is 

Fig. 1. Communication network obtained by Matsui’s method. 

Fig. 2. Changed communication network. 

less than the required two flows from the group of nodes (1,2,3), 
i.e., 17/4. Therefore, Theorem 4 presented in [2] is not true; 
hence, the condition (15) is insufficient and must be replaced by 
condition (1) of this letter. 
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