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Abstract

A high frequency/low voltage CMOS adder is presented. Two main components in the proposed
adder are i) the V to I circuit which uses two MOSs and two constant current sources and ii) the [ to V
circuit which uses two MOSs. The proposed adder uses two V to I circuits and one I to V circuit for
the first adder function. The next adder functions can be obtained by increasing one V to I circuit per
one next adder function. The theory of operation is described and simulated results obtained from
PSPICE program are used to verify the theoretical prediction. Simulated adder performance with 0.8 p
m MOS technology shows that the output operating voltage range given an error voltage less than 1 %
is 775 mV when using the power supplies of + 1.5 VDC and a frequency response up to 125 MHz.

1. Introduction

Analog CMOS signal processing circuits - 2
have recei%ed signiﬁca;glt atteFr’ltion. Onge of them ]S(M”) =P (VDD IVTP| V’") M
is an analog adder that is used as an important
building block in analog computation [1-2] and
in fuzzy control [3]. A well-known adder is an B, =K WM,,
opamp adder. One advantage of the opamp Y]
adder is, it has a wide operating voltage range.
However it also has disadvantages, using many
transistors and using passive devices, which are and the drain current of M, can be expressed
the cause of the use of the large chip area. One as
way to avoid these drawbacks is the use of
CMOS adders [4-6]. The operations of these _ _ _ 2
adders are performed in current mode since the Towy) = P (V"’ Vs VTN) )
currents can be directly summed using
Kirchhoff’s law. This paper proposes a CMOS
voltage adder operating in current mode, the W
same as CMOS adders [4-6], namely it uses the By =Ky Y
V to Is to convert input voltages into input
currents and the I to V to convert the sum of
input currents into the output voltage. Let B, = f,, = [ by adjusting WM,,/LM,, and
Nevertheless the proposed adder uses the supply _ -
voltages lower than [4-5]. Additionally, owing Wi, [Lu, » and assume that Vi =Vp, =V,
to the proposed adder using 0.8 um MOS
technology, it has an operating frequency higher
than [4-6].

where

where

My

the output current of the V to ] circuit can be
obtained as

Iauz(V wiy — ]S(M,,) - ]/)(M\,)
2. Circuit Description

The proposed V to I circuit is shown in v —v.-vV-(v -v.-V.)
Fig.la. All MOSs are biased in saturation (( o =Vr =V ) =W, Vs =) )'B

region. The source current of M, can be
expressed as
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SS
(a+b) —(a—b) =4ab is recognized, then

Ir)ul(l/ tl) becomes

=V

DD formula

Setting and  the

Inul(Vlol) = —41/1}1 (VDD - VT )ﬂ (3)

The 1 to V circuit given by Wang [7] is
shown in Fig.1b. It is composed of two NMOSs
which are also biased in saturation region. The

output voltage for V. = -V, is given by

I
V — m

out W
2KN L (VDL) _VT)

4)

The proposed adder circuit with three inputs
is shown in Fig.2. It is composed of three V to |
circuits and one I to V circuit. The components
of the three V to I circuits are as follows: the

first circuit consists of M, and M ,; the second
circuit consists of M, and M; and the third

circuit consists of M, and M. Note that the V
to I circuits in the adder circuit have not the
constant current sources since M, and M, in

the 1 to V circuit are also operated as the
constant current sources at the same time. The
sum of the output currents of three V to I
circuits can be written as

1

—4(Vl + Vz + V3 )(V/)/) - V/' )ﬂ (3)

out{sum)

This sum of the output currents is the input
current (]m) of the I to V circuit which consists

of M, and M. After substitution of equation
(5) into equation (4), the output voltage of the

adder circuit can be written as

Vrlul = —(I/l + VZ + V3) (6)

Note that the output voltage in this equation
is the negative value. However, if the positive
value of the output voltage is needed, this
problem can be remedied using the positive
output circuit in Fig.3 instead. From the circuit
in Fig.3, two current mirrors and two constant
current sources are added when compared with
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the circuit in Fig.2. Because / converts

out(sum)
the direction using two increased current
mirrors, thus the output voltage of this adder
circuit can be written as
Voul = I/I + VZ + V3 (7)
3. Simulated Results
The proposed adder circuit in Fig.3 was
simulated by the PSPICE program with the 0.8
um level 3 MOS model. Two power supplies are
Voo =15V and Vg =-1.5 V. The MOS sizes

are (W/L) = 1.1 um / 0.8 um for all NMOSs

and (W/L) = 2.9 um / 0.8 pm for all PMOSs.

The simulated output voltage, ideal output
voltage, and the error between them when the

input voltages: V=1V, V,=-1Vto1V,and
V,= -1 V are shown in Fig4. It is evident in

Fig.4 that the output voltage error is lower than
1 % when the range of ¥, from —500 mV to 275

mV is used. The operating frequency of the
circuit up to 125 MHz by using the AC analysis
when V, =V, = 200 mV and V, = -200 mV is

shown in Fig.5.

4. Conclusions
A new CMOS adder has been designed,

simulated, and described. The proposed adder

circuit enjoys the following advantages:

(i) Few devices are employed when compared
with the number of summing functions.

(1) A narrow chip area is required because
short channel MOSs are used.

(iii) The circuit consumes low voltage but has a
wide output operating voltage range.

(iv) The circuit has wide operating frequency
range.

(v) The next adder functions can be increased
adding only two MOSs, one PMOS and one
NMOS, per one next adder function.
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Fig.1 VtolandItoV circuits: a) Proposed V to I circuit and b) I to V circuit [7].

L g%

My My My M
V3 V2 V1 ( Vout =-( V1+ V2+ V3)
S5 OAE E[;l
Mg | Mg | M, Mg

Vss

Fig.2 Proposed adder circuit.
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Fig.3 Proposed adder circuit with the positive value output voltage.
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Fig.5 Simulated frequency response.
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