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Abstract—This paper presents a 20 GHz 8-bit carry-lookahead
adder (CLA) using all-N-transistor (ANT) logic. By using the
proposed ANT logic, an auxiliary current path through NMOS
transistor is provided such that the speed limitation caused by
PMOS is avoided. Besides, the FinFET device is used to improve
the speed with the enhanced mobility. Moreover, the analysis of
the delay time for the critical path of the 8-bit CLA is also carried
out to improve the PDP (Power-Delay Product) by considering
the parasitic R-C in FinFET devices. The proposed design is
implemented with a typical 16 nm FinFET process. The core area
is 206.403 × 152.506 µm2. Based on post-layout simulations, the
delay time is 931 ps at a 20 pF capacitive load. The simulated
PDP is only 21.67 pW at 20 GHz clock rate.

Keywords— dynamic logic, CLA, All-N-transistor, PDP,

FinFET CMOS

I. INTRODUCTION

High speed and low power consumption are important

design driving force for digital arithmetic processing circuits.

Traditionally, CMOS process is preferred because of the low

power consumption due to its low static current [1]- [4]. Re-

cently, CNT-FET (Carbon Nanotube Field-Effect Transistor)

[5]- [6] and FinFET (Fin Field-Effect Transistor) [7]- [8]

offer another choices for high speed applications because of

their higher carrier mobility and lower device area. To reduce

the power consumption, the pass-transistor logic [1], and the

XOR/XNOR logic [2]- [4] are widely used. However, the

operation speed is sacrificed due to the increased equivalent

resistance of the series transistors. On the other hand, the

dynamic logic circuits are considered as one of the solutions

for the GHz applications [9]- [12]. In traditional Domino logic,

only non-inverting logic operation is provided [13]. Thus, the

NP logic [13] and the complementary all-N-transistor (ANT)

logic [10] were reported to provide both the inverting and non-

inverting logic operations. However, the operating speed would

be limited because of the current path through the slow PMOS

devices. Thus, the all-N-logic (ANL) [9] circuit was proposed

to provide another assistant driving current path through the

NMOS transistor to increase the operation speed. However,

the speed is reduced when number of the series transistors is

increased.

† Prof. C.-C. Wang is the contact author. (e-mail: ccwang@ee.nsysu.edu.tw)

To overcome all the mentioned problems, this paper demon-

strates the 8-bit CLA (Carry-Lookahead Adder) using the ANT

logic carried out with 16-nm FinFET process. Based on the

post-layout simulation results, the operating frequency is 20

GHz with 20 pF load given. Moreover, the rise time, fall time,

and delay time are 562 ps, 464 ps, and 931 ps, respectively.
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Fig. 1. FinFET features: (a) The 3D structure, (b) the top view, (c) the cross-
section view, and (d) the parasitic resistors and capacitors.

II. CLA REALIZED BY ANT LOGIC USING FINFET

To enhance the operation frequency, the FinFET device is

used in this design. According to the 3D structure of FinFET,

as shown in Fig. 1 (a) and (b), the drain current in the

saturation region could be expressed as follows [14]- [15].

ID = µnCox(
Weff

L
)(VGS − VTH)2 (1)

Weff = NF · (2HF +WF ), (2)

where Weff denotes the effective width of the FinFET, and

NF is the number of the fins. Referring to Fig. 1 (b) and (c),

the parasitic gate-drain and gate-source capacitors are com-

posed of various overlap and fringe capacitors. These parasitic

capacitors could be modeled as five parasitic capacitors, as

shown in Fig. 1 (d). The gate-drain capacitor is expressed as

the function of the fin numbers in Eqn. (3).

Cgd = NF · (C′
gd,ov + C′

gd,fr) (3)
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Fig. 2. Proposed 8-bit CLA, (a) the block diagram; (b) the schematic of the ANT logic; (c) the illustrated waveforms.

where C′
gd,ov and C′

gd,fr refer to the joint overlap and fringe

unity capacitance, respectively. The equivalent switching resis-

tance of transistor in the digital application could be approxi-

mated to the reciprocal slope of the line from Vds = VDD to

Vds = 0 in the I-V curve [13].

Rn =
V DD

1

2
µnCox(

Weff

L
)(V DD − Vthn)2

= R′
n ·

L

Weff

(4)

where R′
n refers to the effective resistance.

Fig. 2 (a) shows the block diagram of the proposed 8-bit

CLA. The input signals, A0 ∼ A7, and B0 ∼ B7, are received

by the two sets of 8-bit TSPC (True Single-Phase Clock) DFFs

for synchronization. The synchronized signals are then coupled

to the 8-bit CLA G/P generator block.

In order to achieve the requirement of the low power-delay

product (PDP) and avoid the addditional 3 times area penalty

caused by the PMOS transistors, the ANT logic is utilized.

Referring to Fig. 2 (b), the schematic of the ANT logic is

shown. When clk is logic 0, the circuit is in the pre-charge

phase. In this phase, VA is charged to Vdd, such that P2 is

turned off. Besides, N1 and N4 are turned off. Therefore, the

output is the same as the previous state. When clk is logic

1, the circuit is in the evaluate phase. The logic value of the

output is determined by the operation of the N-block, and is

expressed as Y = f(X1, X2, · · ·, Xn). In the evaulate phase,

the ANT logic works in 4 different cases according to the

operation of the N-block and the previous state of the output,

VY,pre.

Case 1: When the N-block is on and VY,pre = Vdd, the ANT

logic works in the case 1. Firstly, VA is discharged from Vdd

to Vdd - |Vthp| through the N-block and the weak operation

of N3, because VB is at 0 V immediately when clk changes

to Vdd and VC is clamped at 0 V initially by the pre-charge

phase. VY is pulled a little lower by N4 in this step. When VA

< Vdd - |Vthp|, VA is pulled down quickly by the N-block

and the loop of P3 and N3. Therefore, VY is then pulled back

to Vdd by P2 and N4. The illustraded waveforms are shown

in Fig. 2 (c). The delay in this case could be expressed by the

following equation.

τ11 = k1 ·R
′
n4 ·

L

Weff

· CA (5)

τ12 = k2 · (R
′
p2||(R

′
n4 +R′

p3)) ·
L

Weff

· CY (6)

where the parameters, k1 =
|Vthp|
V dd

and k2 =
V dd−|Vthp|

V dd
,

refer to the ratio of the duration for the two-step operation,

respectively. CA and CY include parasitic capacitance at node

A and node Y, respectively.

Case 2: When the N-block is on and VY,pre = 0 V, the

function of the ANT logic is in the case 2. Similarly, VA is

discharged from Vdd to Vdd - |Vthp| in the first step by the

N-block. When VA becomes lower than Vdd - |Vthp|, VA is

pulled down quickly by the N-block and the loop of P3 and

N3. Then, VY is then charged to Vdd by P2 and N4. The delay

in the first step, τ21, is

τ21 = k1 · (R
′
N−block) ·

L

Weff

· CA (7)

The delay of the second step, τ22, is the same as Eqn. (6),

thus, τ22 = τ12.

Case 3: When the N-block is off and VY,pre = Vdd, VY

is discharged from Vdd to 0 V by N4, because VC is 0 V

initially. The delay for case 3 is derived as

τ3 = (R′
N4) ·

L

Weff

· CY . (8)

Case 4: When the N-block is off and VY,pre = 0 V, VY

is kept at 0 V without any transition required. Fig. 3 shows

the schematic of the Generation and Propogation circuit with

ANT logic, where i is 0∼7 referring to the 8 stages in parallel.

Fig. 4 shows the schematic of the 8-bit carry generator

circuit, which is composed of two cascaded stages of the

inverters and the ANT logic circuits. The ANT blocks in gray

background color refer to the ANT logic shown in Fig. 2 (b),

while the remaining NMOS transistors become the N-block for

each ANT logic circuit. It generates the output signals with

the boolean operation as follows.

Ci = Gi + PiGi−1 + PiPi−1Gi−2 + ...+ PiPi−1..P0Cin (9)
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Fig. 3. Schematic of the proposed Generation and Propogation (G/P) circuit.

Fig. 4. Schematic of the 8-bit carry generation circuit.

The output of the 8-bit carry signals are then added with

P0 ∼ P7 by the 8-bit sum generator, as shown in Fig. 5. The

summation rersults are coupled to the output buffer for driving

the large capacitive loads of 20 pF. Referring to Fig. 6 (a),

the schematic of the ouput buffer is revealed. It is composed

of 6 stages of inverters, which introduces the delay of τ4 =
0.69 ·N1 ·Rstage ·Cstage. Notably, N1 is 6 for the number of

the stages. Rstage and Cstage refer to the equivalent parasitic

resistance and capacitance at each stage.

The input TSPC DFF is revealed in Fig. 6 (b), which is a

positive-edge triggered DFF. The delay time from the positive

edge of the clk to the output is τ5 = 0.69 ·N2 ·Rstage ·Cstage.

N2 is 4 for the number of the stages in the TSPC DFF.

Based on the above analysis, the critical path delay is

expressed as τcrtl = τ21 + τ22 + τ4 + τ5.

III. IMPLEMENTATION AND SIMULATION

The proposed design is implemented with a typical 16 nm

FinFET technology. Fig. 7 shows the layout of the design,

where the core area is 206.403 × 152.506 µm2, and the

overall chip area is 618 × 618 µm2. The pre-layout simulation

waveforms of the output signals are revealed in Fig. 8, where

5 process corners of TT, SS, FS, SF, and FF for Vdd = 0.8 V,

load of 20 pF and 20 GHz clock frequency are given. The

worst case of the rise time, fall time, and the delay time
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clk

clk
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Fig. 5. Schematic of 8-bit sum generation circuit.
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Fig. 6. Schematic of (a) the output buffer and (b) the TSPC DFF.

are 70 ps, 130 ps, and 176 ps, respectively. Because of the

additional parasitic RC, the post-layout simulations show that

the rise time, fall time, and the delay time are 562 ps, 464 ps,

and 931 ps, respectively, at the same condition, as shown in

Fig. 9. Table I summarizes the performance of the proposed

design with several prior works. The power consumption is

normalized by the equation in the notation such that the

normalized PDP is calculated. The proposed design possesses

the best normalized power and PDP.

IV. CONCLUSION

This paper proposes the 20 GHz 8-bit CLA for a 20 pF load.

By using the ANT logic and the FinFET device, the power

consumption is reduced and the operation speed is enhanced.

With the analysis of the delay time, the speed performance is

estimated correctly. The simulated results show the proposed

design possesses the best performance by far.
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TABLE I
COMPARISON WITH SEVERAL PRIOR WORKS

[10] [5] [2] [3] [4] [6] This work

Year 2009 2013 2015 2018 2019 2020 2021

Publication ISCAS ISOCC TVLSI TVLSI SEC TN

Technology (nm) 90 16 90 65 28 45 16
CMOS CN-MOSFET CMOS CMOS CMOS CNFET FinFET

Verification Post-layout Post-layout Post-layout Post-layout Post-layout Post-layout Post-layout
sim. sim. sim. sim. sim. sim. sim.

Supply voltage (V) 1.0 0.7 1.2 1.2 0.9 1.0 0.8

Length (bits) 32 32 1 1 8 1 8

Max. Freq. (GHz) 7.2 1.5 0.1 1 0.5 0.1 20

Delay (ns) 0.486 0.299 0.0913 0.0518 0.001117 0.027 0.931

Power consumption (mW) 102 0.01982 0.0011766 0.00444 0.008865 0.0024 23.28

Loading Capacitor (pF) 40 0.00025 0.0205 0.01 0.01 0.001 20

Core area (mm2) 0.0483 1.47×10−6 2.584×10−5 N/A 6.84×10−7 N/A 0.0313

Norm. power¶ (mW) 0.354 107.86 0.399 0.308 2.189 24 0.091

Norm. PDP (nJ) 0.004 129005 1.777 1.595 0.245 648 0.004

Note: ¶
Pnor =

P

f ·CLoad·V
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