aspect of early vision processing. We studied the dependence of
the output on the amplitude of the input in a series of simulations,
which showed that the peak and the plateau values of the response
are nonlinear monotonic increasing functions of J and nonlinear
monotonic decreasing functions of I. Together, these results suggest that the circuit encodes the contrast rather than the absolute
amplitude of the input. Fig. 3 shows that the peak and the plateau values of the response are approximately linear functions of
Weber contrast on a logarithmic scale. Fig. 4 shows that the peak
and the plateau values of the response are approximately linear
functions of Michelson contrast on a linear scale, in particular
when contrast is above 0.3.
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CMOS current-mode exponential-control variable-gain
amplifier is presented. It consists of a first-order current-mode
pseudo-exponential circuit and a current-mode multiplier. Based
on the Taylor’s series expansion, the pseudo-exponential circuit
can be realised by MOSFETs in saturation. The proposed circuit
has been fabricated in a 0.5pm N-well CMOS process with a gain
control range of 15dB. The experimental results confitm the
feasibility of the proposed varidble-gain amplifier.
A

A multiplier with an input signal and an exponential
input can realise a variable-gain amplifier (VGA). Traditionally,
the exponential input circuit is implemented in bipolar technology
due to the exponential characteristics. It could not be realised
directly by MOSFETs in saturation due to square-law characteristics. Thus, several pseudo-exponential functions [l - 61 have been
explored. In this Letter, a CMOS current-mode VGA,which consists of a pseudo-exponential circuit and a current-mode multiplier. is presented. The pseudo-exponential circuit is based ton the
approximated Taylor’s series. The proposed circuits have been
fabricated in a 0.5 pn N-well CMOS process and the experimental
results are given to demonstrate this proposed VGA.

Q

1.84

C.-C. Chang, M.-L. Lin and %-I. Liu

Introduction:

>
ai

CMOS current-mode exponential-control
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Fig. 4 Peak and plateau values of response against Michelson contrast
(defined as J/(J f 21))
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Fig. 1 First-order pseudo-exponential circuit and current-mode mur‘tiplier
Conclusion: Simulations of the proposed design have shown that
the circuit exhibits non-associative learning and encodes the contrast rather than the absolute amplitude of the input. These properties result from temporal and spatial adaptation achieved
through variable-gain synapses and lateral inhibition, respectively.
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Fig. 2 Photograph showing pseudo-exponential circuit ana’ multijdier
Circuit implementation: The proposed VGA consists of a currentmode multiplier and a current-mode first-order pseudo-exponential circuit. The pseudo-exponential circuit is shown in Fig. l a
[2, 61, the PMOS and NMOS transistors being in saturati” and
having the same transconductance parameters, K. The drain currents of A41 and M 2 can be given as
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and

where G = V,,
V,, - I VTpl- VTn.Furthermore, according to the
approximation of the Taylor’s series expansion (i.e. 2b2 .
b2 +
for I(a/b)xl < l), the output current, ,
Z (= ZM3 + Z,,,,
= I,,, + ZM5),can be expressed as
~

The error of the pseudo-exponential function is within 5% if
4 . 5 7 5 5 IcTRIKGZ 5 0.815 and the output dynamic range can be
15dB. Inversely, taking the output current, I y , from the two
PMOS transistors, M7 and MS, a negative exponential factor
function can be obtained as
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By subtracting eqn. 8 from eqn. 7, a multiplier can be realised as
IOUt

2I,yIi
= I d + -Iout- = KG2

(9)

The current-mode V G A can be realised by the multiplier of
Fig. lb and the pseudo-exponential circuit of Fig. la. Substituting eqn. 3 in eqn. 9, the characteristic function of the proposed
V G A can be
I,=30pA

where the input current is I, and the controlled gain is e ( 1 ~ ~ ~ i K c 2 ) .
10

Experimental results: The proposed current-mode multiplier and

first-order pseudo-exponential circuit have been fabricated in a
0 . 5 N-well
~
CMOS process and its die photograph is shown in
Fig. 2. The power supply is single, 3V,and the aspect ratios ( Wl
L) of the PMOS and NMOS transistors are 2 5 p n / l O p and
10p d l O p n , respectively. The experimental transfer curves of the
multiplier and V G A are shown in Figs. 3 and 4, respectively.
Here, the input currents were generated by AD844 [7] and off chip
3:l current mirrors were used to match the output current of the
pseudo-exponential circuit to the input of the multiplier. The
experimental results exhibited a 15dB output dynamic range when
the inputs were between 46pA and 4 O p A .
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Conclusion: The proposed circuit has been fabricated in a 0 . 5 ~
N-well CMOS process. The experimental results confirm the proposed variable gain amplifier and exhibit a 15dB output dynamic
range. The wider dynamic range can be achieved by using a
higher-order pseudo-exponential circuit, which can be implemented by cascading the first-order pseudo-exponential circuit
with squarers.

Fig. 3 Experimental transfer curves of multiplier
I 0-4
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The proposed current-mode multiplier using the same building
blocks is shown in Fig. lb. The drain currents can be given as follows:

= 1M15

Similarly, I,,,
lout-

7

Fresnel region power density levels from
Earth station antennas

The current, I,,,+, can then be obtained as
lout+

6

+ 1,4416 = 2K

K.M. Keen, R.C. Heron and K. Hodson
A method for predicting power density levels near transmitting
parabolic Earth station antennas is described. The Fresnel region
analysis applies to circular aperture antennas With an appropriate
aperture amplitude distribution, and can be used to predict power
densities along the antenna boresight or at off-boresight angles.

can be written as

= 1M25 f

1,4426

= 2K
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