A Four-Quadrant Analog Multiplier Biased at
1.2V Working in Current-Mode
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Abstrac: - Analog multipliers are widely used in fuzzy logic, analog signal, and parallel processing
systems. The most important is that, since low-voltage applications have become popular, severa
efforts have been oriented to improve the performance of the proposed designs. In that way, a
design of a current-mode four-quadrant analog multiplier, based on the trandinear principle, and
biased at 1.2V, is presented. Simulation results using HSPICE show an improvement on the
linearity. The proposed circuit was designed using CMOS technology of 0.8um process parameters

from AMS.
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1 Introduction

Portable electronic systems have become
popular for cosmopolitan lifestyle; thus,
analog designers have been focused several
efforts towards the development of low-
voltage design methodologies. At the same
time some proposed techniques are oriented to
design low-voltage analog integrated circuits,
it has been pointed out the need of considering
higher performance and low cost. In that way,
the modern electronic industry is now
demanding for both: novel low-voltage
circuits, and novel techniques, as well as low
cost fabrication process[1] [2].

An analog multiplier can be designed by using
the trandinear principle, which is a very good
mathematical tool for synthesis processes.
Additionally, trandinear circuits have
inherently  low-sensitivity to temperature
variations, and furthermore, they are well
suited for low-voltage applications. In order to
apply the trandlinear principle to the proposed
topology, all MOSTs were biased at saturation

levels as stated in [3]. It is aso shown in this
paper, how the linearity of the proposed design
is improved. It is demonstrated by simulating
the analog multiplier in HSPICE and by
obtaining the FFT.

2 The Basic Current - Squaring
Circuit UsingMOSTs

A basic circuit implementation of an analog

multiplier using MOSTSs is shown in Fig. 1.

Basically, the multiplier is composed of two

current-squaring circuits [2][3]. The output
current |, can be expressed by equation (1).
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Equation (1) isvalid only when all MOSTs are
working in saturation, and having al the same
WI/L relationships. However, if the MOSTs
work in saturation, then the input current will
be limited. If I;, = 0, the drain currents Ip of
M1, M3, M3 and M4 will be al the same and



equal to Ig. If I, is incremented by either
positive or negative levels, then I, of M; and
M3 remain within a constant value. However,
Ip of M, increases while Ip of M, decreases,
and vice-versa. The highest value of the input-
current is reached when either I, or 14 is equal
to zero. As aresult, the input-current is limited
by the values imposed by equation (2).
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Fig. 1. A trandlinear current-squaring
MOST-based circuit.

3 Current-Squaring Circuit
Modified for L ow-Voltage

The analog multiplier circuit shown in Fig. 1
presents several drawbacks. Among the most
important is that the branch that is composed
of M3 and M5 limits the minimum supply
voltage. Therefore, the minimum supply
voltage can be calculated by

VDD min = 2\/GS +VD$aI (3)

where Ves = Vit+Vpsar. If V7= 0.6V, and
Vpsa=0.2V, then, the minimumis Vpp > 1.8V.

A modification to the circuit of Fig. 1 can be
done by replacing Ms-Ms by a low-voltage
current mirror as the one shown in Fig. 2 [1].
For this circuit, the input-current is supplied to
the source of M3, in order to obtain a low
input-impedance, and a low voltage-level at
the input. The newer power supply
requirements for Vpp are

VDD min = VGS + VD$&I (4)

inthisway: Vpp > 1V.
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Fig. 2. Low voltage current mirror.

Using this topology, the new analog multiplier
satisfies the low-voltage requirements, and it is
also suitable for systems requesting massive
processing such as: neural networks, and fuzzy
logic. The proposed current-squaring circuit
suitable for low-voltage applications is shown
in Fig. 3. For that circuit, the branch with the
higher supply voltage requirements is formed
by M; and Ms, thus, the minimum VDD is
given by:

Voomin =Ves * Mg %)

this means that the power supply should be
Vpp > 1.2V.
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Fig. 3. Low-voltage current-squaring circuit.



4 Low-Voltage Four - Quadrants
Analog Multiplier
The proposed multiplier is Dbasicaly
implemented with two low-voltage current-
squaring circuits, connected as shown in Fig.
4. For that circuit, the output current is
measured as the difference of the output-
current associated to each squarer circuit; then,
the resulting equation for the output current is:

L=+ P =00 f =401, @

The WI/L relationships of the MOSTs from the
multiplier are equal to 56um/4um. The circuits
was implemented by using the 0.8um
technology parameters from AMS, and
considering that:

VTn = 06V, VDSsat =0.2V (7)
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Fig. 4. Low-voltage four-quadrant analog multiplier.

5 Simulations Results

Figure 5 shows the frequency response of the
low voltage current mirror, which is shown in
fig. 2. It can be seen the —3dB frequency is
above than 50MHz.

The proposed design was simulated using
HSPICE. The results are shown in Fig. 6 and
Fig. 7. The DC transfer function is shown in
Fig. 6, it can be seen that the multiplier
presents a very good linearity within an input
current-range between +10pA. The transitory
analysis is shown in Fig. 7. For this simulation

the multiplier was connected as modulator, and
the frequencies for the input signals were
1IMHz and 100kHz.
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Fig. 5. Frequency response of the current mirror.

Fig.6. DC transfer function characteristics.

Figure 8, shows the Power Spectral Density
(PSD) obtained by the FFT transitory
simulation at a frequency of 1megHz. Finaly,
a resume of the simulated performance, and
bias condition are shown in table 1.



Fig. 7. Transitory analysisusing

the multiplier as a modulator.
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Fig. 8. PSD analysis at 1megHz.

Vsupply 1.2v
Input Current Range | + 10pA
THD (at 1 MHzZ) -63dB
Output Range = 10pA

Table 1. Performance

6 Conclusions

The design of a current-mode four-quadrant
analog multiplier based on the trandinear
principle has been presented. The topology is
suitable for low-voltage applications, and it
was demonstrated by biasing it at 1.2V,
however, good performance are obtained
operating with 1V. The proposed multiplier
was composed of two basic low-voltage
current-squaring cells, which results in a
simple and compact topology suitable for
massive analog processing applications, such
as adaptive filtering, neural networks and
fuzzy logic. The design was implemented with
the 0.8 um technology parameters of AMS,
and simulated with HSPICE.
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