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Abstract—This paper presents the design of a fourquadrant analog CMOS multiplier for neural network
applications. The input range is 100% of the power
supply voltage. The circuit has been designed and tested
in Cadence Virtuoso environment with the HCMOS9A
(ST Microelectronics) 130-nm technology. In this type of
multiplier, there are two voltage inputs and a single ended
current output. The power supply is  0.9 V, and the
power dissipation is approximately about 4 μW.

II. CURRENT EQUATIONS OF DIFFERENTIAL AMPLIFIERS
In the proposed design depicted in Fig. 1, the multiplier is
based on the equation iout= √𝛽𝐼0 𝑣i where Io and vi are
respectively the biasing current and input of the pair [8].

Keywords— Signal Processing, Analog Multiplier, Neural
Network;

I. INTRODUCTION
The multiplier is an important block in neural networks
especially if it is implemented in analog CMOS circuits [1].
Depending on the transistor biasing, i.e. linear or saturation
region, weak or strong inversion, subthreshold region, many
topologies are available to realize such a circuit [2]. The main
features of a multiplier are the linearity and the bandwidth
[2]. So, we can propose different designs of multipliers based
on the mathematical equations and depending on different
combinations of voltage and current for inputs and output [3].

Fig. 1. Differential pair amplifier.

Simple calculation shows that
iout=iD1-iD2= √𝛽𝐼0 𝑣𝑖 √1 −

𝛽𝑣𝑖2
4𝐼0

(1)

However, this type of multiplier offers a differential
output voltage with a tiny range of linearity [4].

4𝐼0

(2)

iout is linear with vi (cf. Fig. 2) if

For example, according to the equation (1) we can design
a four-quadrant analog CMOS multiplier. In this structure,
the inputs and output are voltages.
V0= [(V1+V2)2-(V1-V2)2] = 4V1V2

𝛽𝑣𝑖2

(4)

≪ 1, i.e. √

2𝐼0
𝛽

< 𝑣𝑖 < √

2𝐼0
𝛽

(3)

then, relation (2) becomes iout= √𝛽𝐼0 𝑣 i

Another method is based on square-law approximation
relation of the saturated MOS transistor between drain current
and gate voltage. In this type of circuit, and we cannot benefit
from the whole power supply range [5]. Sawigun proposed a
four-quadrant multiplier with a power supply of 1.5 V but
with relatively high power dissipation of about 290 μW [6].
In this paper, we propose to design a wide range analog
CMOS multiplier which exhibits very low power
consumption. One of the input voltages of this multiplier will
correspond to the weight, Vw, used in the Artificial Neural
Network (AAN) algorithm for cancer detection and
classification [7]. The other input corresponds to the biopsy
image we have to process.
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Fig. 2. Output current versus differential input voltage.
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III. CMOS DIFFERENTIAL AMPLIFIER WITH ACTIVE LOAD
A single-ended output differential amplifier can be
implemented by loading a PMOS current mirror on the top of
the circuit of Fig. 1 to achieve figure below (cf. Fig. 3). Iout
flows in the load (not shown).
Thus, the first input for the multiplier is the differential
voltage vi= v1 -v2 (where we have there a small range e.g.
[0,100 mV] that we can use as the cancer input value [7]).
The other input is the weight Vw. The circuit, depicted in
Fig. 4, generates a bias current I0 proportional to 𝑉𝑤2 . Thus,
and based on equation (4), Iout will be proportional to the
product 𝑣𝑖 𝑉𝑤 . A simple current mirror realizes this function.
Thanks to the AAN algorithm, Vw has a range dynamic,
chosen to 100% of the power supply.

Fig. 5. Multiplier Block diagram.

IV. MULTIPLIER BLOCK DIAGRAM
Fig. 5 depicts the block diagram of the multiplier. First,
the differential inputs of the weight (Vw+ and Vw) generate a
current which is proportional to the square value in order to
assume a wide dynamic range. Vinput represents the cancer
input value. The transistor level implementation of this circuit
is illustrated in Fig. 6 and the dimensions are listed in Table
1.

TABLE 1: DIMENSION OF THE TRANSISTORS OF FIG. 6.
Transistor

Type

Width (nm)

M1

NMOS

150

Length (um)
10

M2

NMOS

150

1.6

M3

NMOS

580

6

M4

NMOS

300

2.2

M5

NMOS

300

2.2

M6

PMOS

180

3

M7

PMOS

500

0.5

M8

PMOS

640

0.9

M9

NMOS

500

1

M10

NMOS

150

0.16

M11

NMOS

300

2.2

M12

NMOS

300

2.2

M13

PMOS

150

0.45

M14

PMOS

150

0.45

V. DC ANALYSIS
Fig. 3. Single-ended output differential amplifier.

To measure Iout, a 1 k resistor is connected between the
output Iout of Fig. 6 and ground. Fig. 7 shows Iout DC vs. vi
with Vw as parameter. vi ranges from -100 mV to + 100 mV,
and Vw from -900 mV to +900 mV. As it can be seen in this
figure, we have a tiny linearity range between Iout and vi.√𝐼0 .
So, we can use the first input for the multiplier, and in our
case the cancer input, where it changes between 0 and 1,
corresponding to 0 and 100 mV [7]. The second input is the
weight [7] through the circuit of Fig. 4.
Fig. 8 shows the linearity of Iout in function of Vw for Vw
between -900 mV and +900 mV with vi as parameter that
ranges from -100 mV to +100 mV.
Comparison with ideal linear lines shows a maximum
error of 10.83 %. The comparison with ideal linear lines using
MATLAB or Excel shows a maximum error of 4.37 %.

Fig. 4. Quadratic relation circuit.
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Fig. 6. Schematic of the multiplier

VI. TRANSIENT ANALYSIS AND POWER CONSUMPTION
The transient analysis has been performed for an
amplitude of Vw of 900 mV and a frequency of 1 MHz, while
vi has an amplitude of 100 mV and a frequency of 100 kHz.
The result is shown in Fig. 9. Fig. 10 shows the results after
swapping the frequencies. Discrete Fourier Transforms of the
Fig 9 and 10 are shown in Fig. 11a & b respectively.
The results will be applied to the system built in [7] to
verify its validity.

Fig. 7.
Linearity of Iout versus vi for -0.1 < vi < 0.1 V with different
values of Vw (-0.9 < Vw < 0.9V).

Fig. 9. Vw (lowermost graph, 900 mV, 1 MHz), vi (middle graph, 100
mV, 100 kHz) and Iout (uppermost graph) in transient analysis.

Fig. 8.
Linearity of Iout versus Vw; for -0.9 < Vw < 0.9 V and different
values of vi (-0.1 < vi < 0.1V).
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Fig. 11. AC analysis result. The current remains constant for frequencies
up to 1 MHz.
Fig. 10. Vw (lowermost graph, 900 mV, 100 kHz), vi (middle graph, 100
mV, 1 MHz) and Iout (uppermost graph) in transient analysis.

(a)

VIII. CONCLUSION:
We have presented the design of a CMOS multiplier. The
main advantages for this multiplier are a wide range input to
benefit from the full power supply, and elimination of the
adder block if we want to use it in neural network. The
frequency ranges up to 1 MHz which is acceptable for our
application.
In future work, the results will be validated then the circuit
will be integrated in neural network for breast cancer
detection application.
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Discrete Fourier Transforms of the Fig 9 (a) and 10 (b).
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Simulation showed that the power consumption doesn’t
exceed 4 W.
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