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Abstract: New analogue divider circuits using
current feedback amplifiers (CFAs) are presented.
Basically, they consist of two CFAs, two MOS
transistors biased in the triode regiom, and a
resistor. Furthermore, an integrable divider circuit
is also presented. Experimental results are given
to' demonstrate the feasibility of the proposed
circuits. The proposed divider will be useful in
high-frequency analogue signal processing.

1 Introduction

An analogue divider is an important building block in
analogue computation, fuzzy control and instrumen-
tation, etc. [1-3]. Many analogue continuous-time and
sampled-data divider circuits have been presented in the
literature [4-8]. Most of them have used conventional
operational amplifiers as building blocks to synthesise
the division function. However, the finite-gain-bandwidth
product of the operational amplifiers will limit the high-
frequency operation and accuracy of the divider.

Current-mode circuits have been receiving significant
attention in analogue signal processing circuits [9]. A
new amplifier called the current feedback amplifier (CFA)
[10, 11] has been realised to circumvent the finite-gain—
bandwidth limitation of the conventional operational
amplifier. It can provide not only constant bandwidth
independent of the closed-loop gain but also high slew
rate (i.e. 2000 V/us) [11]. It can be also used as a second-
generation current conveyor (CCII) [12] by using its
compensation node [13]. Moreover, since a CFA was
built with a voltage buffer, it can drive external loads
casily. In this paper we propose new analogue division
circuits using CFAs. Experimental results are also given
to verify the theoretical analysis.

2 Circuit description

The simplified equivalent circuit and symbol for a current
feedback amplifier (CFA) are shown in Fig. la and b,
respectively. This circuit is equivalent to a CCII with a
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b
Equivalent circuit for a current feedback amplifier

Fig. 1

voltage buffer [12]. Its characteristics can be modelled as

Yy 1 0 0flv,
iy|=]0 0 Oflv.| and
i 00 1],

Vo=V, Y

The proposed analogue division circuit with two CFAs is
shown in Fig. 2. It consists of two CFAs, two NMOS
transistors biased in the triode region and a resistor. The
drain current of an NMOS transistor biased in the triode
region can be expressed by [14]

Ip = F(Vp, Vo) — F(Vs, V5) @
with
F(Vx, VG) = 2K(VG — Vo — Vep — ¢B)VX
— K(Vy — Va)* — §Ky(Vx — Vi + ¢p)*?
K= e, y=YCNE) y _y oy
2L Cox

where I, is the drain current in the triode region, W and
L are the channel length and width, respectively, u is the
effective mobility, V;5 is the flatband voltage, N, is the
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substrate doping concentration, C,, is the gate oxide
capacitance per unit area, ¢, is the approximate surface
potential in strong inversion, and V; and V; are the gate

o Vo

Fig. 2  Proposed divider circuit

and substrate voltages, respectively. Let us examine the
currents i, and i_ in Fig. 2. Routine circuit analysis yields

iy =34+ FO,, Vo) = FIO, Vo) (3a)
i, = F(v,, Vs +v,) — FO, Vg + v,) (3b)

Thus, the output voltage of this divider can be expressed
as

Vi

~ 2KRvy @

Vo

The even and odd nonlinearities of the MOS transistors
have been cancelled. To keep the MOS transistor in the
triode region, the following condition should be satisfied:

min (Vg, Vg + vy) > v, + Vr )

where V; is the threshold voltage of the MOS transistor.
To consider the stability of the proposed divider circuit,
assume that there is a parasitic capacitor C, at the com-
pensation node Z of the CFA. One can rewrite eqn. 4 as

Vi

Yo = R(2Kvy + sCp)

©
Hence, for the divider circuit to be stable, the pole of eqn.
6 should be in the left half-plane (LHP). That is,

vy >0 g

Similarly, one can obtain another divider circuit by
exchanging the gate voltages V; and V; + v, of Fig. 2.
Furthermore we can use MOS transistors biased in the
triode region to replace the passive resistor [4, 14, 15].
The proposed integrable divider was shown in Fig. 3. We
can express the currents i, and i, in Fig. 3 as

i, = F(vy, Vo) — FO, V5,)
+ F(v,, Vo) — F(O, Vg, ®

M

i, = F(vy, Vgp) — FO, V5p)

+ F(v,, Voua + v} — FO, Vo0 + 7)) ®
VGA
VGA E

\al

Fig. 3

Integrable analogue divider circuit

Routine circuit analysis yields

v, = KI(VGA _ VGB) v (10)
Kovx

where K is the transconductance parameter of M, and

M, and K, is that of M, and M,. Because all devices

have been assumed to be in the triode region, eqn. 10
only holds when

v, Vosmin [Vo,— Vi, Vop— Vo, Vea + v — Vel (11)

The proposed divider circuit will be suitable for mono-
lithic integration.

3 Experimental results

The characteristics of a nonideal CFA with the high-
impedance input grounded can be given by

i, =ai, (12)
v, = v, (13

where a=1—¢, and ¢ (¢, < 1) and f=1—¢, and ¢,
(g2 < 1) denote the current tracking error and voltage
tracking error, respectively. Assume that the CFAs in Fig.
2 have the same current transfer ratio a. A detailed
analysis for the transfer function of Fig. 2 yields

2 V1
) a “FIKR
T (Ve — VXL — a®B) + vy

)

The current and voltage tracking errors will result in the
denominator v, with an offset voltage in the interesting
frequency range. To demonstrate the proposed circuits,
we breadboard the circuits by using commercial CFAs
(AD844) and CMOS transistor arrays (CD4007). The
power supply is +12V, ¥V; =78V and R = 5.1 kQ. The
DC transfer functions were measured and shown in Fig.
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4a and b. The horizontal variable is v, and the vertical
one is v,. Fig. 4a and b show the v, — v, transfer curve
with vy = 1.1V and v, = — 1.1V, respectively. A ramp

Fig. 4 Transfer functions

a DC transfer function (v, against ,) of proposed divider circuit with v, = 1.1 V,
Ve = 7.8 V and R = 5.1 kQ. Horizontal scale is 1 V/div and vertical scale is 0.2 V/
div

b DC transfer function (v, against v,) of proposed divider circuit with v, =
—L1V,V; =78V and R = 5.1 kQ. Horizontal scale is 1 V/div and vertical scale
is 0.2 V/div

Fig. 5  Ramp signal and output voltage

Lower trace (1 V/div) is ramp signal of v, and upper trace (0.2 V/div) is output
voltage V, of divider. Horizontat scale is 0.5 ms/div
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signal with a positive slope was applied to vy, and Fig. 5
shows the time domain response of the proposed divider
circuit. The frequency response of the proposed divider
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Fig. 6  Gain and phase responses

a Gain (10 dB/div) and phase (45°/div) responses of proposed divider (v,/v,) with
constant v (=1.1 V). Upper trace is gain response and lower one is phase response
b Gain (10 dB/div) and phase (45°/div) responses of proposed divider (v,/v,) with
constant v,(=1.1 V). Upper trace is gain response and lower one is phase response

circuit was also measured in Fig. 6a and b. Fig. 6a shows
the frequency response of v, against v, with v, = 1.1 V.
Its —3 dB bandwidth was about 2 MHz. Fig. 6b shows
the frequency response of v, against v, with v, = 1.1 V.
Its —3 dB bandwidth was about 1.8 MHz.

4 Conclusions

New analogue division circuits using CFAs have been
proposed. Experimental results are given to demonstrate
the feasibility of the proposed circuits. The divider circuit
has a simple structure. Frequency responses show that
the proposed divider will be useful in high-frequency ana-
logue signal processing applications.
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