Frequency doubling and rectification are performed by employing
the dual translinear characteristic associated within the current
conveyor, where this characteristic has been monitored from the
supply-line currents. PSPICE simulation results confirm the per-
formance of the proposed circuit.

r
'

0.54 « « « v . .

Fig. 4 Full-wave rectifier simulation response

Upper trace input: 1mA p-p
Lower trace output: 1mA p-p
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Weak inversion four-quadrant multiplier and
two-quadrant divider

Cheng-Chieh Chang and Shen-Iuan Liu

A four-quadrant multiplier and a two-quadrant divider are
presented. The proposed circuits are implemented by MOSFETs
operating in weak inversion and are therefore suitable for low
voltage and low power applications. Their performances were
confirmed by HSPICE simulation using a 0.8um CMOS process.
The multiplier can operate under a 20.75V supply voltage and its
linear input range is ~0.125uA with error < 2%. The input range
of the divider is 0.5 — 2pA and the error is < 3% for divider
current < 60nA.
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Introduction: Low power consumption techniques have become
more and more important in modern VLSI technologies. To real-
ise low power circuits, one promising solutions is to use MOS-
FETs which operate in weak inversion. Because of the exponential
law of MOSFETs in weak inversion, it is easy to implement the
various current-mode circuits, such as one-quadrant multiplier/
dividers and square-rooting circuits, etc. [1 — 4]. Moreover, several
interesting analogue signal processing circuits using MOSFETs in
weak inversion have also been developed [1 — 6]. In this Letter, we
propose a circuit which can provide four-quadrant multiplication
and two-quadrant division. Simulation results are given to verify
the theoretical analysis.

b [ 330r1]

Fig. 1 Conventional one-quadrant multiplier/divider and proposed four-
quadrant multiplier and two-quadrant divider

a Conventional one-quadrant multiplier/divider o
b Proposed four-quadrant multiplier and two-quadrant divider
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Fig. 2 Typical time-domain response of proposed multiplier

Circuit description: The conventional one-quadrant multiplier/
divider is shown in Fig. la. The drain current for a PMOS transis-
tor in weak inversion is given by [1 - 6]
/s — 1)V,
5o+ (n—1) SB) )

Ip :IDoexp< i

where 7,,, is the leakage current, n is the slope factor and U, (=kT/
q) is the thermal voltage. Assume that all the transistors in Fig. 1a
operate in weak inversion. According to eqn. 1, the relation

[011, = [1[2 (2)

can be obtained where currents 7, 7,, /, and 7, must be positive.

Fig. 16 shows the proposed multiplier and divider. The core ele-
ments are transistors mp2, mp4, mp5 and mpé. Transistors mpl,
mp3 and mp7 duplicate the currents of mp2, mp4 and mp6,
respectively, to be 1,, I,,, + I, and [, + [,. Both [, and I, can be
positive or negative (if |1, |,,] < I). The current I, in Fig. 1b
can be expressed as

[ol = [77'Lpl + ImpS = Ib + ([“11 +Ib)([m? + Ib)/Ib (3)
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and the current 7,

02

can be given by

]!72 = ImpB +]mp7 = I-mp4 +[mp6 = ([b +[ml) + ([zn2 +]b)
#)

Thus the difference between 1, and 7, can be obtained with
[ol ~dy2 = Lnllin.Q/[b (5>

Multiplication and division can be achieved by subtracting 7,
from I1,,. The output voltage V,,, can be defined as

Vour = R(Im - [oz) = RL',nl[m,Z/]b (6)

where the resistors R are shown in Fig. 15. Current source 7, and
mp8 are used to bias the back gates of mp3, mp4 and mp5
[3, 5, 6]. For multiplier operation, [ is constant and 7,, and 7, are
the input signals. For divider operation, 7, is the positive input sig-
nal and 7, (or I,,) is another input signal.
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Fig. 3 Simulated DC transfer functions for proposed multiplier
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Fig. 4 Simulated DC transfer functions for proposed divider
L= 2pA, I, = 0.2uA
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Simulation results: The operation of the four-quadrant multiplier
and two-quadrant divider in Fig. 15 is verified by HSPICE simula-
tion using a 0.8um CMOS process. The aspect ratios of the
NMOS transistors are [pum/5Sum, and those of the PMOS transis-
tors are Spum/lpm. The power supply is #0.75V and the output
resistors R are 100kQ. Figs. 2 and 3 are the transient and DC
responses of the multiplier, respectively, where both the currents 7,
and 7, are 2uA. In Fig. 2, 1, 1s a SkHz triangular wave of 0.1uA
and 7, is a 100kHz sinusoidal wave of 0.1pA. In Fig. 3, the error
is < 2% if both input currents are < 0.125pA.

The simulation results for the divider are described as follows.
Current 7, is the divisor and current 7, (or ,,) is the dividend.
The DC transfer curves of the divider are shown in Fig. 4. Current
I is 2pA and current /1, is 0.2UA. The linear input range of I, is
between (.5 and 2uA with an error of < 3% for /,, < 60nA.

in2

Conclusions: A four-quadrant multiplier and a two-quadrant
divider which use transistors in weak inversion have been pre-
sented. The operation of the circuits has been confirmed by
HSPICE simulation. The proposed circuits will be useful in the
realisation of current-mode circuits such as modulators and
demodulators.
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Application of genetic algorithm to sample
balance analysis of nonlinear circuits

S. Iezekiel and A. Feresidis

A genetic algorithm has been applied, for the first time, to the
sample balance method for nonlincar circuit analysis. Results for
a circuit containing an ideal diode show this to be a viable
approach which does not suffer from the limitations of other
techniques for solving sample balance and harmonic balance
equations. The algorithm does not requirc a good initial estimate
nor does it need a Jacobian formulation of the circuit equations.

Introduction: Hybrid methods for the analysis of nonlinear micro-
wave circuits, in which the linear elements are analysed in the fre-
quency-domain while the nonlinearities are handled in the time-
domain, have proved to be popular [1]. The harmonic balance
method, in particular, has been extensively developed [2], with
sample balance receiving less attention [3]. The difference between
the two methods lies in the interface between the frequency- and
time-domains. Harmonic balance relies on the use of Fourier
transform (FT) techniques, while sample balance uses convolution.
However, both methods are fundamentally similar in that a system
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