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ABSTRACT. This paper presents a simple design of a 1-bit pass transistor logic
based ’Fast Adder’ module implemented using carbon nanotube field-effect tran-
sistors (CNFETs). ’Sum’ and ’carry’ outputs of the fast adder circuit has been
generated using the XOR function and hence, the module uses only 6 transis-
tors. This Fast adder module is implemented in Cadence with 32 nm CNFET
technology with 0.9 V as supply. The switching power of this adder has been
observed at different states through the simulations using Cadence at 100 MHz
input frequency. 0.8 nW is found to be the average switching power in case of
no load. Although there is degradation in the outputs for one/two states owing
to circuit behavior and CNFET properties, the implemented fast adder is more
cost-effective than the conventional adders.

1. INTRODUCTION

Carbon nanotube field effect transistors (CNFET) have increasing potential
to replace the conventional MOSFETs and hence, increasing demand to be the
root of future integrated circuits. This is due to CNFET’s reduced short-channel
effects, good electrical conduction [1], large on current [2] and low fabrication
cost compared to the silicon based MOSFETs. Also, the 10-fold increase [3]
of the worldwide production of carbon nanotube (CNT) over the past decade
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reflects the huge interest in the commercial market. However, researchers got
increasingly attracted on CNFETs because of its capability of device performance
variation by using various physical phenomenon within the channel [4] and
also, by varying the threshold voltage through the CNT diameter variation (1-3
nm) [5].

In the literature, many brilliant designs of full adder circuits are found, some
of which shows faster speeds and some shows lower power consumptions. An
adder using 28 transistors has been implemented using conventional CMOS in
[6]; although it has a low power consumption, it uses larger area and hence, be-
comes costly. The design with Transmission Gate Adder of 20 transistors [5] has
the advantage of lower power consumption and less cost. High speed perfor-
mance can be possible if CNFETs are used in the design for which less transistor
count and less stages are required. Such design examples include full adder
design using 14 transistors and 3 capacitors [7] and using 12 transistors and
3 capacitors [8] based on majority-not function. Full adder circuits with less
number of transistors can be implemented using pass transistor logic. This de-
sign has the merits of reduced power consumption [9-11], lower chip area, less
voltage supply [12] and less delay [13].

In this work, a six-transistor (6T) pass transistor logic based full adder module
using CNFET has been designed and implemented using Cadence tool suite.
So far seen in the literature, there are no works which particularly determine
the switching power, although there are a number of research works which are
related with the determination of total power consumed. Therefore, the aim
of this work is to determine the switching power as well as to investigate its
physical insight. The MOSFET-like CNFET has planar gate structure and uses
zigzag single-walled CNT material of chirality (19, 0). In order to implement
the CNFET in Cadence the Stanford CNFET Verilog-A model [14] has been used.
32 nm process technology has been chosen to match with the current trend of
conventional Si-based process.

2. PRELIMINARIES

2.1. Structure of Fast Adder. The proposed full adder using CNFET is shown
schematically in Fig. 1.
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FIGURE 1. 6T Full Adder circuit implemented using CNFET. C1,
C2, C3 are capacitances formed at various nodes.

A basic full adder cell has three 1-bit inputs ’a’, ’b’ and ’c’ and two 1-bit outputs
known as ’sum’ and ’carry’. The logical Boolean expressions using truth table
between the logic inputs and logic outputs based on ’Exclusive OR’ logic can be
expressed as:

sum = (a⊕ b)c+ (a⊕ b)c

carry = (a⊕ b)a+ (a⊕ b)c

Where Exclusive–OR shown by ’⊕ ’ performs the following Boolean Function-

(a⊕ b) = ab+ ba

In this design ’(a ⊕ b)’ signal is passed through the pass transistor multiplexer
of the first stage made of two transistors (T1, T2) In the second stage, ’(a ⊕ b)’
signal is sent to the bottom multiplexer (made of T3, T4) to choose between ’c
’ and ’c’ to generate ’sum’ and is sent the top multiplexer (made of T5, T6) to
choose between ’a’ and ’c’ to generate ’carry’.

2.2. Switching Power. Switching power is occurred when a FET is switching
its state and is due to the non-ideality of MOSFET. Also known as dynamic
power, this power is the sum of transient power consumption (Ptransient) and
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capacitive load power (Pcap) consumption. Ptransient represents the amount of
power consumed when the device changes logic states, i.e. "0" bit to "1" bit
or vice versa. The necessary power to charge the load capacitance is called
capacitive load power consumption. Therefore, the switching power can be
expressed as [15]:

(2.1) Pswitching = Pcap + Ptransient = (CL + C)V dd2fN3,

where CL is the load capacitance, C is the internal capacitance of the CNFETs,
f is the frequency of operation and N is the number of bits that are switching.
Equation (2.1) reveals that as performance increases the speed and frequency of
the IC increases and hence, the amount of switching power also increases. From
equation (2.1), it is also observed that the switching power is data dependent
and is, in fact, closely tied to the number of transistors that change states.

2.3. Implementation in Cadence. For the implementation of 1 bit 6T full adder
circuit using CNFET in Cadence, the CNFET model library was imported from
Stanford CNFET model [14] in Virtuoso Platform in cadence. Both P-type CN-
FET and N-type CNFET has three level named as Bottom , Mid and Top level
having a (.va) extension. All these three level have five basic ports of FET. For
the parameters of the CNFET model a (.vams) file was created. For FET imple-
mentation 32 nm process technology has been chosen. The library was created
in virtuoso and then a symbol for the model was created. Afterwards the cre-
ated symbol has been used to implement a fast adder circuit for simulation in
the ’Schematic XL’. The simulation is done using ’Spectre’ simulator. For tran-
sient analysis the ’Analog Design Environment L’ is used. Fig. 2 shows the fast
adder circuit implementation using CNFET in Cadence and the various parame-
ters of the CNFET are tabulated in Table I. This section presents and discusses
the results obtained using the simulations of 32 nm CNFET Verilog-a model [14]
based 1 bit fast adder circuit using the Cadence tool suite. The fast adder circuit
uses a 0.9 V as logic ’1’ and 0 V as logic ’0’ and digital inputs of 25, 50 and 100
MHz frequency. As load, a 2f F capacitive load is considered. The simulation
results are presented and analyzed for the ’sum’ and ’carry’ outputs of the fast
adder circuit. Fig. 3 shows the timing diagrams of ’sum’ outputs of the 6T CN-
FET based fast adder circuit. From this figure, it has been observed that there is
no output degradation for four input states, for the remaining four input states,
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FIGURE 2. Fast adder circuit using cadence in schematic editor.

TABLE 1. Simulation Parameters

the output has been degraded. The output degradation is caused whether an
NMOS passes a logic ’1’ and a PMOS passes a logic ’0’, since an NMOS is a poor
conductor for logic ’1’ and a good conductor for logic ’0’, whereas, a PMOS is
a good conductor for logic ’1’ and a poor conductor for logic ’0’. Table I lists
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FIGURE 3. Voltage vs. time of 6T Full Adder ’sum’ output with 2fF load.

TABLE 2. Simulation Parameters

the output levels of ’sum’ for various digital input combinations. It has been re-
vealed that the output levels listed in Table II are in well agreement with those
shown in Fig. 3. Fig. 4 Shows the timing diagrams and Table III lists the out-
put levels of ’carry’ of the 6T CNFET based fast adder circuit. Again the output
degradations for the digital input combinations of ’110’, ’101’, ’100’ and ’000’
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FIGURE 4. Voltage vs. time figure of 6T Full Adder ’carry’ output
with 2f F load.

observed in Fig. 4 are in well agreement with the corresponding listed levels in
Table III. From the ’carry’ output it is seen that there is output degradation for
100 and 110 input states. This is because of the fact that for these two states
first stage of the circuit gets degraded output and also, in the second stage (carry
branch) NMOS turns on and PMOS cannot be fully turned off [16]. All the carry
and sum outputs are obtained in 0.9 V logic level voltage and this is very low
voltage for the GDI (gate diffusion input) based circuit. So ’carry’ and ’sum’ out-
puts of the CNFET based adder are better than any other GDI based fast adder
circuit. In the 6T 1 bit FA circuit, three capacitances, namely C1, C2 and C3 are
formed at node X, Y and Z respectively as shown in Fig.1. C1 at X node contains
the drain capacitances of M1 and M2 and the gate capacitances of M3, M4, M5
and M6, whereas, C2 at Y node and C3 at Z node contain only the drain capaci-
tances of M3 and M4 and the same of M5 and M6 respectively. Hence, C1 must
be greater than both C2 and C3. Fig. 5 shows how capacitances are formed
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TABLE 3. Output logics at ’carry’

FIGURE 5. 6T Full Adder circuit’s carry network capacitance for-
mation and calculation

and calculated in a 6T Full Adder circuit’s carry network. From this figure, it
is seen that C(dm4) and C(dm3) is the combinations of several capacitances,
such as drain-to-body, drain-to-gate, drain-to-channel, channel-to-substrate etc.
C(dm4) and C(dm3) varies due to the change of combinations for various states.
The same logic holds for ’sum’ circuit. For the calculation of effective capacitance
and its variation with respect to various input states ’captab’ tool in cadence is
used. Fig. 6 plots the variations of all the three capacitances against the state
variations. From this figure, it has been observed that when a transistor turns
’ON’ strongly and passes the strong signal, the output node for that transistor
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FIGURE 6. Variation of Capacitances (C1, C2, C3) with state variation

sees the maximum capacitance for that particular node and vice versa. This fig-
ure also agrees with the fact that C1 > C2, C3, as mentioned earlier. Therefore,
in the 6T 1 bit FA, PSWITCHING must be dominated by C1 and follows closely
the variation of C1 against the input variations. Fig. 7 Shows the switching
power of 6T CNFET fast adder circuit for different input states. From this figure
it is generally observed that the switching power is high when the input major-
ity bits are ’1’ and is low when majority bits are ’0’. The output capacitance is
considered as ’1’ (High) when majority input bits are ’1’ and vice versa [17]. As
the majority bits are ’1’ , the effective capacitance increases for the input states
of ’011’, ’101’, ’110’ and ’111’. So the switching power dissipation is high for
these states. It is also observed that for the input states of ’001’ the switching
power is also high. Indeed, for this input ’sum’ switches High to Low and ’carry’
switches low to High. A close observation of Fig. 6 and Fig. 7 reveals a close
match of the variations of the capacitance and the switching power against the
state variations, as expected.
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FIGURE 7. Switching Power vs. states without load

3. CONCLUSION

This paper presents an investigative analysis of switching power for different
state variations for a pass transistor logic based fast adder module. The module
uses CNFET transistors and has been implemented in Cadence. The simulation
results show that the switching power of the implemented module varies in the
same way as the capacitance seen at the output of the first stage of the module
varies and that the outputs have degradation for one/two states. Therefore, a
better physical insight of the switching power can be obtained through this work
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