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Abstract—Low power and high-speed carry look-ahead adder
(CLA) is one of the most demanded digital computation units.
This paper demonstrates a CLA based on single-phase ANT logic
to achieve low power and high speed. It is featured with load
capacitance reduction and no internal loop to enhance the speed
and reduce switching activity at the same time. The proposed
design is proved to work at the clock frequency of 20 GHz with
a load of 60 pF implemented using 40 nm CMOS technology by
post-layout simulations, where the power dissipation is observed
with a normalized 0.071 mW and the normalized PDP is 0.08
pJ.

Index Terms—CLA, effective path, high-speed, low-power, no
internal loop.

I. INTRODUCTION

Because of the popularity and demand for portable gadgets,
designers aspire for smaller silicon areas, faster speeds, longer
battery life, and more dependability [1]. Adders are one of
the essential building computation blocks of the CPUs in
those mentioned applications so that many researchers were
focused on this special topic. There are two major logic styles
in designing full adders, namely dynamic and static. Static
style usually results in high consumption of power, large area,
and high complexity in integrated circuits. To precise these
parameters, the dynamic style seems to be a better solution. It
has a faster switching speed and less transistor count, which
leads to higher density compared to conventional static logic
style. However, the major concern of dynamic circuits is the
excessive power dissipation due to higher switching activity.

The total power dissipation in digital circuits is mainly
classified into static and dynamic power consumptions. Static
power is dominated by the leakage. Dynamic power is dissi-
pated when the circuit is in an active mode. N-block of prior
All-N-Transistors (ANT) contains stacked series of NMOS [2].
Due to the series of NMOS devices, the speed is slowed down
[3]. In the ANL circuit, the charge and discharge of voltage
are effected by the larger gate capacitance and leading to the
glitch problem [4]. This paper demonstrates a single-phase
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Fig. 1. Schematic of prior ANT logic [2]

ANT logic design without internal loop, where the power and
delay of the circuit are mainly associated to achieve a low
power delay product (PDP) solution.

II. THEORY OF SINGLE-PHASE ANT.

A. Prior design ANT logic

Referring to Fig. 1, the prior ANT block with an internal
feedback loop was reported [2]. The following factors may
affect the performance of this logic circuit.

• Besides the N-block, the logic occupies a large area
because of 7 transistors are needed in the block.

• The P3-N3 feedback loop may cause additional delay and
hysteresis to the logic evaluation.

• Since CLK signal drives 3 transistors for each block,
clock loading is high to cause setup time or hold time
issues.

In order to improve the performance of the prior ANT
design, the following ways are proposed.

• Voltage at node A can be lowered to further decrease the
energy consumption.
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Fig. 2. (a) Schematic of proposed single-phase ANT logic; (b) Output
waveforms;

• The internal loop may be removed to reduce the transistor
count of auxiliary circuits in the block. It can also remove
the possible hysteresis to speed up the circuit evaluation.

• The output stage of the block can be switched off along
with N-block to further reduce the energy consumption.

B. Operations of single-phase ANT logic

Referring to Fig. 2 (a), the proposed single-phase ANT
logic removes the internal loop to fasten the charge-discharge
operation of the output inverter composed of MP2 and MN3.
Besides, MN2 is inserted on the top of the N-block to provide
a resistor-like function such that an RC delay is generated
to kill the possible glitches at the gate drives of MP2 and
MN3. The node voltage at Va attains the voltage VDD-Vth

to maintain the low voltage swing to the input of the inverter
to reduce the power dissipation.

Fig. 2 (b) is the working waveforms for the proposed single-
phase ANT cell.

1) : When the CLK=0, the cell is in a precharge phase.
MP1 is on and MN4 is off. Since the gate drive of MN2 is
VDD, this transistor is always on. The node voltage Va will
be VDD-Vth. Thus, MP2 is off and MN3 is on. The output
VY follows the previous state.

2) : When the CLK input is high, the cell enters an
evaluation phase. The operation consists of 4 cases depending
on the previous state of the output VY and the on/off state of
the N-block. The different cases are discussed as follows.

Case 1: When the N-block is turned on, Va is discharged
through the N-block voltage to GND. Thus, MP2 will be
turned on and MN3 is off. Output Y is then charged to VDD.

Case 2: If the N-block is turned off and Va= VDD-Vth,
MP2 is off and MN3 is on to drive VY to 0. By contrast, if
the N-block is turned on, the node voltage Va is discharged
to GND through N-block and MN4. MP2 will then be turned
on and MN3 is off to pull high the output VY .

Fig. 3. Block diagram of 8-bit CLA;

Case 3: When N-block is turned off, and the node Va is
VDD-Vth, MP2 will be turned off and MN3 is on causing VY

to be discharged from VDD to 0.
Case 4: When N-block is turned off, the voltage Va turns

off MP2 and turns on MN3 to pull down VY .

Table I summarizes the transistors state and the outcome of
proposed single-phase ANT logic in the above scenarios.

TABLE I
STATE OF TRANSISTORS IN EACH CASE

Transistor state Outcome

Precharge, CLK=0
MP1 on

VY =previous stateMN2 on
MN4 off

Evaluation, CLK=1

case 1

VY =VDD
N-block on

MP2 on
MN3 off
MN4 on
case 2

VY = 0 to VDD
N-block off N-block on

MP2 off MP2 on
MN3 on MN3 off
MN4 on MN4 on

case 3

VY = VDD to 0N-block off
MP2 off
MN3 on
MN4 on
case 4

VY = 0N-block off
MP2 off
MN3 on
MN4 on

C. 8-bit CLA using single-phase ANT logic

The block diagram of the 8-bit CLA taking advantage the
proposed single-phase ANT logic is shown in Fig. 3. The
schematic of Generation (Gi) and propogation (Pi) blocks are
shown in Fig. 4 and Fig. 5, respectively. The equations for Gi

and Pi, i = 0 ∼ 7, are governed by Eqn (1).

Pi = Ai ⊕Bi, Gi = AiBi (1)

The proposed carry and sum generation circuits using the
single-phase ANT logic are shown in Fig. 6 and Fig. 7,
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Fig. 4. Schematic of Gi generation circuit.

Fig. 5. Schematic of Pi propagation circuit.

respectively. The equations for carry generation (Ci) and sum
(Si) signals are presented in Eqn. (2) and (3), respectively.

Ci = Gi + PiGi−1 + . . .+ PiPi−1..P0Cin (2)

Si = Pi ⊕ Ci−1 (3)

The output from sum generation is coupled through 3 stages
of tapered buffers to drive the capacitive load of 60 pF.

III. IMPLEMENTATION AND SIMULATION

The 8-bit CLA single-phase ANT is realized using TSMC
40-nm CMOS technology. Fig. 8 shows the layout, where the
core area is 154.776 µm2 × 179.165 µm2, and the chip area
is 797.565 µm2 × 804.395 µm2. The worst delay by all-PVT-
corner post-layout simulations is observed in SS corner with
VDD = 0.82 V, 0◦C at clock frequency of 20 GHz with load
60 pF, where the worst case of power and delay are 69.7 mW,
1.5 ns, respectively.

Certain simulation input patterns and corresponding ex-
pected outputs to test the functionality of the 8-bit CLA
are shown in Table II. Fig. 9 shows the worst-case post-
layout simulation results, where the inputs are given as those
in Table II. Notably, output waveform and expected output
provide the same values, which proves the functionality of
8-bit CLA using proposed single-phase ANT logic. Table III

Fig. 6. Schematic of 8-bit carry generation circuit.

Fig. 7. Schematic of 1-bit sum generation circuit.

shows the comparison of several prior works with our design.
The proposed design attains the best normalized power and
PDP with values of 0.071 mW and 0.08 pJ, respectively.

IV. CONCLUSION

This paper showcased an 8-bit CLA using single-phase
ANT logic simulated at a clock frequency of 20 GHz with
a load of 60 pF. The proposed circuit incorporates effective
capacitance reduction that improves signal transduction and is
implemented in 40 nm CMOS technology. Referring to Table
III, the proposed adder outperforms the prior works in terms
of normalized power and PDP.

TABLE II
SIMULATION INPUT PATTERN AND EXPECTED OUTPUT

Inputs Outputs
Xi A7 ∼ A0 B7 ∼ B0 Cout, S7 ∼ S0
X1 00011010 10110010 0, 11001100
X2 11010010 00101101 0, 11111111
X3 01000011 11100001 1, 00100100
X4 10101000 10001010 1, 00110010
X5 11000011 01100100 1, 00100111
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TABLE III
COMPARISON OF SEVERAL PREVIOUS WORKS

[5] [6] [7] [8] [2] This work
Year 2013 2018 2019 2020 2021 2022
Publications ISOCC TVLSI SEC TN APCCAS
Technology (nm) 16 65 28 45 16 40

CN-MOSFET CMOS CMOS CNFET FinFET CMOS
Verification Post-layout Post-layout Post-layout Post-layout Post-layout Post-layout

sim. sim. sim. sim. sim. sim.
Supply voltage (VDD) 0.7 1.2 0.9 1.0 0.8 0.9
Max. Freq (GHz) 1.5 1 0.5 0.1 20 20
Length (bits) 32 1 8 1 8 8
Delay (ns) 0.299 0.0518 0.001117 0.027 0.931 1.52
Power consumption (mW) 0.01982 0.00444 0.008865 0.0024 23.28 69.7
Load Capacitance (pF) 0.00025 0.01 0.01 0.001 20 60
Core area (mm2) 1.47 X 10−6 6.84 X 10−7 N/A N/A 0.0313 0.027
aNor. Power (mW) 107.86 0.308 2.189 24 0.091 0.071
bNor. PDP (pJ) 0.17 2.58 3.85 0.32 0.51 0.08
Note: aNor. power = P

Freq·CLoad·V DD2 .

bNor. PDP = Nor.Power×Delay
(Process)2×(V DD)2

.

Fig. 8. Layout of proposed design.

Fig. 9. Post-layout simulations waveforms in SS Corner, VDD = 0.82 V and
0◦ C.
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