66

ENGINEERING TRANSACTIONS, VOL. 22, NO.2 (47) JUL-DEC 2019.

Single-Ended Output Class-AB Current Multiplier

Boonchai Boonchu

Mahanakorn Institute of Inovation, Faculty of Engineering,
Mahanakorn University of Technology,
Nong-chock, Bangkok, Thailand
E-mail: boonchai@mut.ac.th

and Wanlop Surakampontorn

Collage of Advanced Manufacturing Innovation,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand.
Associate Fellow of the Academy of Science, The Royal Society of Thailand.
E-mail: wanlop.ltpw@gmail.com

Manuscript received November 11, 2019,
Revised December 9, 2019.

ABSTRACT—

A new current-mode single-ended output four-
quadrant analogue multiplier, for analogue signal
processing applications, is proposed. The multiplier is
designed by based on the use of the class-AB amplifier
and the dual output second generation current
conveyor. The multiplier performance is demonstrated
through PSPICE circuit simulation using 0.25-pum
CMOS technology with £1.5 V power supply voltages.
The total harmonic distortion of about 1% for the input
signal range of £10 PA is achieved. The quiescent
power consumption is 342 uW and the -3dB bandwidth
of the proposed multiplier circuit is 5.8 MHz.

Keywords: analogue multiplier, current-mode circuit,
class-AB amplifier, CMOS square-law circuit, single-
ended output multiplier, current conveyor.

1. INTRODUCTION

It is well accepted that a Class-AB amplifier is a
useful basic circuit building blocks in the design of
analogue signal processing systems. Usually, as an
output stage, it is employ to generate the output current
that is much greater than its bias current. In addition, the
class-AB amplifiers can find applications in audio
amplifiers, motor drivers, input and output stages of
operational amplifiers [1] — [5], current conveyers [6] —
[8], rectifier/squarer circuit and analogue multipliers [9]
— [10]. The multiplier circuit topologies can be
implemented in the both of BJT and CMOS technologies.
For the bipolar technology, the Gilbert’s multiplier which

is designed by based on Gilbert’s translinear principle is
widely used. For CMOS technology, many analogue
multipliers have been recently reported, by using square-
law and sub-threshold behavior of CMOS transistor in
the week inversion [11] — [13]. However, these circuits
provide the output in the differential voltages form.
Consequently, in order to produce single-ended output
voltage that reference to ground, an external differential
to single-ended output, such as difference amplifier that
designed by using op-amp and resistors, may be used
[14]. The multiplier presented in this article also uses the
square-law characteristic of the CMOS transistor.
However, the proposed circuit structure is based on the
modified class-AB amplifier by including the parallel
output transistors to apply multiple input current
terminals. Therefore, the single-ended output voltage of
the multiplier can directly be achieved without the
requirement of an external differential to single-end
voltage converter.

2. CIRCUIT DESCRIPTION
2.1BASIC OPERATION

Fig. 1 (a) shows a CMOS class AB circuit
configuration formed by the complementary matched
pair of NMOS and PMOS transistors where M;-M,
connected in such a way that are conducted
simultaneously. The current sources lg provide the bias
currents for all transistors to be operated in the saturation
region with their individual wells are connected to their
sources. The drain current of CMOS transistor is
characterized by a square law model as
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where £, C W /2L is transconductance parameter,

(Vg =V )2 Q)

M, is electron mobility, C,, is oxide capacitance per unit

area, W and L are the channel width and length, Vy, is the
threshold voltage of the MOS transistor, respectively.
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(b) Multiple input current class AB amplifier.

Fig. 1. CMOS class AB amplifier circuits.
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(b) Circuit symbol of the multiplier circuit core.

Fig. 2. Current multiplier circuit core.

From Fig.1 (a), if a constant voltage V, = 0 is
connecting to node Y, then the loop voltage of the gate-
to-source of My - M, (Vgs) can be expressed as Vg +Vgs, =
Vgs3t+Vgsa. By applying the input current Iy for |I,| < 4lg,
the drain currents ly; of the transistors M3 and 1y, of M,
can be expressed as

(4|B—|x)2
I =
a3 161, @

(4l +1)

|, = 3
a4 161, ®)
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Fig. 1 (b) shows the basic principle of the proposed
multiplier. By considering from Fig. 1 (a), four CMOS
transistors Ms - Mg are connected to the class AB
amplifier. Assuming that all transistors M; - Mg are
matched and biased in the saturation region and by
applying three input currents Iy, Iy, and lys, the drain
currents lgs, lgs, and lgg Of the transistors Mz Mg and Mg,
can be respectively given by

(41,1,

= ° *7 4

d3 161 4)
(415 +1,)

— N B Xe) 5

46 161, )
(415 +1,)

| =87 ) 6

d8 161 (6)

If the output current |, is the sum of the drain currents
of the transistors Ms, Mg, and Mg. Therefore, the output
current I, in the form of the summing current between Iy,
lgs, and lgg can be expressed as

Io=|d3_(|d6+|d8) @)

By substituting (4), (5), and (6) into (7), and let I,; =
(13+1y), 1o = -4, 1,3 = -I,, then the output current I, can be
written as

1 2
o= Tor {~(a15)" +21,1,

IB+:31% €)]
B

Equation (8) shows that the multiplication function of
the input currents I, and I, can be achieved, however,
with the dc offset current of (-Ig). It should be noted that
from the characteristic of the class-AB amplifier as
shown in Fig. 1 (a) that the maximum value of the
summing input current should be limited to |I;+1,| < 4lg.
This means that the maximum value of the input currents
[I;| and |I,| should be less than 2lg.

Fig. 2 shows the proposed multiplier circuit core CM
based on the CMOS class AB circuit that is shown in
Fig. 1 (b). The transistors Ms;-M, have been added for
generating the dc current I in order to compensate the dc
offset current (-lg). The unity gain current mirrors My; -
My, and Mys - Myg are employed to sum the drain currents
of the transistors Mz, Ms, Mg, and My,. Finally, the output
current 1, of the current multiplier circuit core can be
rewritten as
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2.2 FULLY DIFFERENTIAL CURRENT
GENERATOR

From the circuit structure of the multiplier circuit
core of the Fig. 2, this circuit requires the fully
differential input currents £, or l,. This can be created
by using the second generation dual output class-AB
current conveyor (CCII) as shown in Fig. 3. From the
characteristics of CCII [15], if port Y is connected to
ground and by applying the input current I; to port X,
then the fully differential output current can be generated
at the ports Z; and Z, as

l,,=+l;,and I, =—1, (10)
where [l] < 4lg.
o,
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Fig. 3. CMOS current conveyer (CCII).
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Fig. 4 CMOS single-end output current multiplier
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2.3 CURRENT MULTIPLIER WITH SINGLE-
ENDED OUTPUT

Fig. 4 shows the proposed current-mode single-ended
output four-quadrant analogue multiplier. The circuit
structure consists of the fully differential current
generator CCII;-CCll, and the current multiplier circuit
core CM that are shown in Fig. 2 and Fig. 3, respectively.
When the input currents I, and I, are applied, the fully
differential currents +I, and I, are created. The sum of
the input current (I;+1,) is fed to the terminal Xy, and the
negative currents (I, —I,) are applied to the terminals X,
and Xs; of the current multiplier circuit core CM,
respectively. Thus, the output current I, can be achieved
as shown in (9) and are in the form of the output voltage
V, with the resistor R, as

R
V, = ﬁ 1,1, (11)
B
which is in the form of a complete multiplier function.
Then, the proposed circuit functions as a current-mode
single-ended output four-quadrant analogue multiplier. It
should be noted that the multiplication factor of the
multiplier is independent from the design and process
parameter of the CMOS transistor, and can be controlled
by the bias current Ig and the resistor R.

3. SIMULATION RESULTS

The performance of the proposed single-ended output
current multiplier as shown in Fig. 4 has been studied by
using a 0.25-um level 3 CMOS technology parameters
with  the nominal  threshold voltages and
transconductance parameters approximately of Viyy =
0.42 V and pnCo,=250 PA/NV? for NMOS, and Ve = -
0.55 V and p,Cox = 52 uA/V2 for PMOS transistors,
respectively. In addition, the transistor sizes (in um) of
all NMOS are (W/L), = 5/5, and of all PMOS transistors
are (W/L), = 25/5. The simulation results show that the
circuit has a quiescent power consumption of only 342
MW, with a power supply voltages of +1.5 V and the bias
current of Iz = 6 pA. By using the resistor R =10 kQ, the
dc characteristic curve is shown in Fig. 5. We can see
that the circuit provides a high linearity with a wide input
current range. The maximum output voltage is about 21
mV for the input currents of 1, and I, of +10 pA.

Fig. 6 shows the application of the proposed
multiplier as an amplitude modulator. The 10 pA
sinusoidal input currents and the frequency are 1 kH, and
15 kH, have been applied to I, and I,, respectively. Fig. 7
shows the result when the both input currents have been
supplied by the same frequency 5 kH, with peak
amplitude of 10 pA. The frequency of 10 kH, at the

output voltage V, is obtained. Fig. 8 shows the frequency
response of the proposed circuit with the -3 dB
bandwidth of 5.8 MHz. To measure the total harmonic
distortion, a 10 WA dc current is applied to the input
current I, and a 1 MH, sinusoidal signal is applied to 1.
The total harmonic distortion (THD) is approximately
1.09%. The performances of the proposed circuit and the
other multipliers are summarized in Table 1.
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Fig. 5 Characteristic curve of the proposed multiplier.
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Fig. 6 Sinusoidal signal amplitude modulation.
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Fig. 7 Multiplication for two sinusoidal inputs.
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Fig. 8 Frequency response of the multiplier.
Table 1 Performance comparision.
Parameters This work [12] [13] [14]
Technology 0.25 pm 0.18um | 0.35pum | 0.5um
Supply voltage 15V 08V 15V 33V
Power 342 pW 0.78 UW | 32 pw -
consumption
Input range +10 pA 25 mv 0.2V +50 pA
Bandwidth 5.8 MH, 650kH, | 1.98GH, | 66 MH,
THD 1.09 % 1.3% 1.7% -37dB
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4, CONCLUSION

In this paper, a class AB current-mode single-ended
output four-quadrant analogue multiplier has been
presented. The multiplier circuit structure is based on the
modification of a CMOS class-AB amplifier to function
as the current multiplier circuit core. Due to the
requirement of the single-ended input to differential
output current, a class-AB current conveyer (CCII) is
employed. The performances of the proposed multiplier
have been demonstrated using PSPICE simulation
results. The circuit can provide current multiplication
function with about 1.09% total harmonic distortion and
with the -3dB bandwidth of 5.8 MHz. In addition, the
multiplication function is independent from the design
and process parameter of the CMOS transistor.
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