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Abstract: In this paper we present a new design of current mode full adder cell, which uses two threshold 
detectors based on majority function. The proposed new full adder demonstrates better performance 
compared to the conventional current mode full adder, especially in delay, accuracy and area. Both of the 
new and the conventional full adders are simulated at 0.18 µm CMOS technology with 1.8v Vdd, using 
Hspice. We considered that the unit of current is equal to 20µA. To have a realistic simulation environment, 
we cascaded five full adder cells and focused on one of the middle cells. The simulation results show that 
the delay of the new current mode full adder cell has about 51% reduction, compared to the best existing 
counterpart.
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INTRODUCTION

The demand and popularity of portable electronics 
is driving designers to strive for smaller silicon area, 
higher speeds, longer battery life and more reliability. 
Full adders are fundamental units in various circuits, 
especially in circuits used for performing arithmetic
operation such as compressors, comparators, parity 
checkers and so on [1]. Full adders are often in the 
critical paths of complex arithmetic circuits for
multiplication and division. These in turn form the core 
of any system and thereby influence the overall
performance of the entire system. Enhancing the
performance of the full adder can significantly affect 
the system performance, therefore, careful design and 
analysis is required for these units to obtain optimum 
performance [2].

The voltage-mode approach has been a common 
practice in the design of both digital and analogue parts 
of arithmetic circuits. However, with the increasing
need to develop more advanced circuits using reduced 
wiring complexity and lower device count per function, 
interest in current-mode design methods has been
revitalized [3].

It is well known that the binary number system is a 
logical and dominant choice for conventional voltage-
mode design of digital computers. However, there are 
also critical drawbacks to binary numbers in traditional 
system implementations. For instance, in a typical
VLSI circuit, about 70% of the chip area is occupied by 
the interconnections, 20% by insulation and the

remaining 10% is devoted to the devices [4]. The
interconnections occupy a large portion of the physical 
area even when it is not in use. Hence, the
interconnections will be of higher efficiency if several 
levels of logic are injected into a single wire with the 
use of multiple valued logic (MVL) [4]. MVL requires 
more than two discrete logic levels, which are better 
represented in current mode (CM) by specific current
values, hence resulting in the birth of current-mode
multiple-valued logic (CMMVL) [3]. Current mode
circuits operate on a limited number of current values, 
which are multiple of a current unit, I. They are based 
on a set of operators: the analog sum of currents, the 
current sources, the current duplication to get multiple 
values of the current unit and the current threshold 
detectors [7].

Operating with current mode has many advantages, 
for example the direction of the current can be used to 
show the sign, eliminating the necessity of using
additional bits to show the sign. Another interesting 
feature in current mode circuits is the ability of creating 
various circuits by changing only the threshold detector 
transistors dimensions and sometimes by increasing or 
decreasing the number of inputs solely [10]. 

The design of high speed adders and multipliers has 
always played a primary role in computer arithmetic 
[8]. Some comparisons between the current mode CSA 
have been presented in [9] for ECL technology and in 
[6] for CMOS technology. 

In this paper we present a new design of current 
mode full adder using multiple valued logic. The 
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proposed current mode full adder has better results 
compared to the conventional one. In the next section 
(Materials and Methods) we explain our new design of 
current mode full adder cell. We present the
conventional one and the simulation results for both 
circuits in a realistic simulation environment in the
section of (Results and Discussion). At the end of this
section, a comparison between the proposed full adder 
cell and the conventional one is demonstrated.

MATERIALS AND METHODS

At the core of the current-mode circuits required to 
implement an MVL expression is a CMOS inverter
with a current input. In Fig. 1, the nMOS device M1 
operates in saturation because VDS = VGS and VDS > Vt
[5]. Ignoring the Early voltage and bulk effects which 
are minimal, the saturation value of the drain current is 
given by:

ID = 1/2µncox (W/L) (VGS-Vt)2 (1)

Since the drain current ID is the input current, then 
the operating point at which the nMOS device M1
becomes saturated is found by:

Isw = 1/2µncox (Vsw-Vt)2 (W/L) (2)

Isw and Vsw refer to the “switching” current and 
“switching” voltage, respectively.

The basic cells used to implement the current mode 
logic consist of the current-input CMOS inverter with 
the output connected to a single nMOS or pMOS
transistor (Fig. 1) [5]. Threshold voltage of the inverter
is described with TD. Setting W and L of transistors 
making the inverter, we can reach the desired TD. The 
output function of the circuit changes by various values 
for TD, as an example, in Fig. 1, we have OR gate with 
TD= 0.5 or we can obtain the majority function by 
setting the threshold equal to 1.5 [6, 10-13].

Now, let us consider addition of two binary
numbers X = [xn-1 xn-2…x0. x-1x-2… x-m] and Y= [yn-1 yn-

2…y0.y-1y-2… y-m]. We can perform addition by
calculating the sum at the i-th position, si and the carry 

Fig. 1: CMOS inverter with current input and current 
output

to the next higher position ci+1 from xi, yi and the carry 
from the lower position ci according to the truth table 
shown in Table 1.

Looking carefully on the truth table, we can find 
out sum is equal to carry-not, except having 000 or 111 
in inputs, which in two mentioned cases sum and carry 
are equal. The main idea is obtaining sum using carry-
not. It is clear that we can reach carry simply by using 
an inverter with TD = 1.5 and a pMOS transistor to 
pass the output current. Actually, we obtain carry by 
using a majority function of three inputs as it is clarified 
from truth table of Table 1, if we use a nMOS transistor 
(instead of the pMOS M2 in Fig. 1) to pass the output
current we reach carry-not in the output.

Now we extend the inputs of the truth table with 
repeating carry-not, two times as new inputs, actually 
we consider the double of carry-not and xi, yi, ci, as the 
inputs of a majority function of five and then we have 
sum in the output as it is shown in Table 2.

To implement this majority function of five, we use 
an inverter with threshold TD equal to 2.5 (Fig. 1). In 
fact when the current value of the input is greater than 
2.5 times of the current unit, the output is high
otherwise the output is low.

By combining these two steps in one circuit and 
using an nMOS transistor after the second threshold 
detector, we reach carry-not and sum-not, as it is shown 
in Fig. 2.

Table 1: The truth table of a one-bit full adder cell

Xi Yi Ci Ci+1 Si

0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 1 0
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

Table 2: The new truth table with five inputs

Xi Yi Ci Ci+1 Ci+1 Si

0 0 0 1 1 0
0 0 1 1 1 1

0 1 0 1 1 1
0 1 1 0 0 0
1 0 0 1 1 1
1 0 1 0 0 0
1 1 0 0 0 0
1 1 1 0 0 1
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Fig. 2: The proposed full adder cell

In this new design of full adder cell, we use double 
of carry-not to create sum-not, as it is clarified from 
Fig. 2. The proposed circuit consists of just 9
transistors, hence occupies a small area. On the other 
hand our new full adder cell has less delay compared to 
previous current mode full adder cells because it only 
uses two inverter gates to reach sum and carry.

In the next section the simulation results of our 
circuit and also the conventional full adder cell in the 
same condition are presented and then we offer a
comparison between two circuits.

RESULTS AND DISCUSSION

Evaluation of the proposed current mode full adder
cell: The proposed current mode full adder is simulated 
at 0.18 µm CMOS process technology using Hspice. 
We consider carry-not and sum-not as the circuit 
outputs. The circuit performance is evaluated in terms 
of worst-case delay for 1.8 V power supply and almost 
20µA as current unit. The delay is calculated from 50% 
of the input current swing to 50% of the output current 
swing for all the rise and fall transitions. Worst-case
delay is chosen to be the larger delay amongst the two 
outputs.

By optimizing the transistor sizes of the considered 
full adder, it is possible to reduce the delay of adder 
without significantly increasing the power
consumption.

Knowing that MOS transistors with connected
drain and gate act like resistors, to implement the
proposed full adder cell which is shown in Fig. 2, we 
use resistors instead of input transistors as it is shown in 
Fig. 3. We arrange W and L of M3 to have the double 
of current unit when it is ON; hence it gives us the dual 
of carry-not.

To have a realistic simulation environment, we
must cascade several full adder cells and focus on one 
of the middle cells, because the adder cell is never used 

Fig. 3: Our simulated current mode full adder

Fig. 4: The output waveforms of the proposed full
adder cell

lonely, so we simulated the circuit shown in Fig. 3 as 
the middle cell of five cascaded cells.

Figure 4 shows the output waveforms of simulation 
of the proposed full adder cell.

The delay is measured for all of 12 transitions, as 
explained above (from 50% of the input current swing 
to 50% of the output current swing); the results are 
listed in Table 3. The maximum delay of these 12
transitions is taken as the delay of the cell, which in our 
case it is 170 ps.

As mentioned above, in this work we cascaded five 
full adder cells. Then we measured the simulation 
results for the third cell. The simulation results in such 
a realistic environment are presented in Table 3.

The existing counterpart of our new full adder cell 
is the CMOS current mode full adder cell presented and 
used in [6, 10, 12]. The conventional CMOS current 
mode full adder cell also uses two CMOS inverters as 
threshold detectors; it is shown in Fig. 5.

Both circuits are simulated in the same
environment and condition of 1.8v/0.18µm technology 
with 20µA as current unit. The delay results for all of 
transitions are computed as it is illustrated in Table 4. 
The worst case delay of the conventional circuit is
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Table 3: The measured delays for all of transitions of the proposed 
circuit

Transition Sum-not (ps) Carry-not (ps)

0→1 170 -
0→2 - 60-70
0→3 80 30-35
1→0 45 -
1→2 100 80
1→3 80 0
2→0 - 0
2→1 120 80
2→3 100 -
3→0 70 0
3→1 - 0
3→2 130 -

Table 4: The measured delays for all of transitions of the
conventional circuit

Transition Sum-not (ps) Carry-not (ps)

0→1 100 -
0→2 Overshoot 210
0→3 120 100
1→0 220 -
1→2 190 250
1→3 Overshoot 200
2→0 Overshoot 30
2→1 350 200
2→3 260 -
3→0 190 70
3→1 Overshoot 200
3→2 190-200 -

Fig. 5: The conventional CMOS current mode full
adder

350 ps in sum output. Figure 6 shows the output 
waveforms of this full adder cell.

This circuit has glitches in sum output for
transitions 0→2, 1→3 and 2→0, 3→1, in these
positions the output of the first inverter changes from 
low to high and from high to low, respectively. The 
delays of operating the first inverter cause the glitches 
in sum output. The propagation delays principally result 

Fig. 6: The output waveforms of the conventional full 
adder cell

on dynamic hazards (0-2, 1-3 or 0-3 transitions). They 
strongly depend on the input transition which is
occurred.

As it is explained above, sometimes current output 
overshoots must be considered about the conventional 
current mode full adder but our new circuit has not any 
overshoots or glitches in all twelve transitions so our 
circuit has more accuracy. The new full adder cell is 
about two times faster than the conventional one, as it is 
clarified from Table 3 and 4 propagation delays of new 
current mode full adder and the conventional one are 
170 ps and 350 ps in worst case, respectively. Lastly,
Our design uses 9 (Fig. 2) transistors but the
conventional design uses 11 (Fig. 5) transistors. Thus it 
consumes less chip area and the overall performance of 
our new recommended full adder cell is better than the 
conventional one.

From the above discussion we can conclude that 
the propounded full adder cell is better than the existing 
counterparts.

CONCLUSION

We have presented a new current mode full adder 
design that has better performance than the
conventional current mode full adder. The significant 
advantage of CMOS multiple valued current mode
circuit is chip density. The proposed full adder uses less 
transistors than the conventional design, so it consumes 
less chip area and hence less power. Both circuits 
simulated in 1.8v Vdd and 0.18 µm CMOS process 
technology using Hspice. Propagation delays of new 
current mode full adder and the conventional one are 
170 ps and 350 ps in worst-case, respectively. So the 
new current mode full adder is very faster than the 
conventional one. The new current mode full adder cell 
has approximately 51% reduction in delay compared to 
the conventional one.

CarrySum
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The new design output waveforms are accurate and 
have no overshoots, but in the conventional current 
mode full adder we see glitches and overshoots in some 
transitions.
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