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Abstract

In this paper we have designed a carry look adder circuit using
CMOS technique, the low power and reduce Ground Bounce
noise Carry look Ahead Adder based on FinFET has been
proposed. A carry look ahead adder improves the speed by

reducing the time required to solve carry bits. Carry-look

Keywords: ahead adder is a major functional block in arithmetic logic unit
FINFET technology; due to its high speed operation. The arithmetic logic unit has
Leakage current; been widely used in microprocessor systems and mostly in

processing modules of embedded systems. As the speed of the
Leakage power; circuit increases the most important unwanted parameter
Full adder: exhibited by the circuits is ground bounce noise. In this

chapter, we have proposed a modified Carry look Ahead Adder
based on based on FInFET using multi-threshold CMOS
technique .Here we use MTCMOS technique to evaluate
standby leakage current, power and ground bounce noise. All
the simulation in this paper has been carried out using
Empyrean Aether” tool at 22nm technology at various voltage
and temperatures.
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1. Introduction

In the past major challenges for VLSI designer to reduce the area of chip. One of the most
important issues in VLSI design is standby leakage current with continuous down scaling in
advanced CMOS technology. The leakage current contributes 49-64% in active power [12] [13]
of digital circuit. It affects active power; standby power and performance of digital circuits
because leakage strongly depends on process variations, increase in number of transistor and
technology scaling. In this chapter, we have proposed new Carry look Ahead Adder with low
power and reduce ground bounce noise based on conventional Carry look ahead adder. Carry
look ahead adder .In recent years, various logic styles have been proposed to implement low
power adder with reduced ground bounce noise. The aim of paper is to implement the full adder
to reduce power and to increase speed [13] [14]. The main idea behind this chapter aims at
design, analysis and improvement of power efficiency and ground bounce noise reduction of the
Carry look Ahead adder at 180nm technology. The power reduction in any logic circuit cannot
be achieved with trading off performance because it can make harder to reduce leakage during
run time operation. We have seen several techniques proposed to reduce leakage power [15].
One of the most important technique Multithreshold (MTCMOS) also known as power gating
technique is used for reducing the leakage current and standby leakage power when device is in
idle mode and to improve the performance of device in active mode. The main idea behind this
technique is to turnoff device in sleep mode and cut off leakage path provides a reduced leakage
with improved power performance and reduction in ground bounce noise with proposed novel

technique with improved stacking and power gating.

2. Carry Look Ahead Adder

A carry-Look ahead adder is a fast parallel adder as it reduces the propagation delay by more
complex hardware; there are faster ways to add two binary numbers by using carry look ahead
adders. They work by creating two signals P and G known to be Carry Propagator and Carry
Generator. The carry propagator is propagated to the next level whereas the carry generator is
used to generate the output carry, regardless of input carry. The block diagram of a Carry Look
ahead Adder is shown here below the number of gate levels for the carry propagation can be

found from the circuit of full adder.
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The signal from input carry C;, to output carry Cout requires an AND gate and an OR gate.

Carry Look Ahead Adder Generate Two Signals P (Carry Propagator) and other G (Carry

Generate)
A3 B3 A2 B2 Al B1 A0 B0
1-Bit Full c3 1-Bit Full | ©? 1-Bit Full c1 1-Bit Full =
Adder Adder Adder Adder
:‘:3l .‘}2 5}1 :‘}0
A 4 Y h A h 4 h 4
P3 G3 P2 G2 P1 G1 PO GO
jor:
«— 4-Bit Carry Lool: Ahead Adder Generator
PG GG

Figure 1 Carry Look Ahead Adder

The corresponding Boolean expressions are given here to construct a carry look ahead adder. In
the carry-look ahead circuit we need to generate the two signals carry propagator (P) and carry

generator (G).

PiZAI @B (1.1)
Gi=A "B (1.2)
The output sum and carry can be expressed as
SUMi=Pi@BCiiiiii i, (1.3)
Ciii=Gi+(Pi-C)vereeeieeiiiieeeeeenn(1.4)

Having these we could design the circuit. We can now write the Boolean function for the carry

output of each stage and substitute for each Ci its value from the previous equations:

Cr= G Pg s Cone e (1.5)
C2=Gl+P1'C1:Gl+P1'Go+P1'Po'Co...(1.6)
C3=Gy+Py-Co=GyPy -Gy +Py-P1-Gg+Py-P1-Py-Coqevvvvvnnn .. (1.7)

C4:Gg+P3'C3:G3P3'GQP3'Pz'Gl+P3'P2'Pl'Go‘l‘Pg'Pz'Pl'Po'Co..(l.S)

3. Component of Carry Look Ahead Adder
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A. 28 T Full Adder Based on FINFET

One way to implement the full adder circuit is to take the logic equation (1.9) and equation
(3.10) and translate them directly into complementary CMOS circuit. Some logic manipulations
can help to reduce the transistor count. For instance, it is advantageous to share some logic
between the sum and carry —generation sub circuits, as long as this does not slow

down the carry generation, which is the most critical part as stated previously

The following is an example of such as reorganized equation set:

CARRY=AB+B.Cint A.Cin................oeeeenn.n. (1.9)

SUM= A.B.Cin+ CARRY (A +B+Cin)................ (1.10)

The equivalence with the original equations is easily verified. The corresponding adder design,
using FInFET, is shown in figure 3.2 and the gate level implementation is shown in figure 2. It

requires 28 transistors. In addition to consuming a large area, this circuit is slow.

Vdd
Vdd

A—d[_ B—d Gof vdd

A F-B ];’_Cou A i Sum
A % e L
c > —C
o ¥ N
L,

=
A Fec A_lﬁ‘
B
B A— B A_| legl
L.
Figure 2 T Full Adder using FInFET
B. AND Gate:
W,
A ‘ F (A.B)
B e |
GMND

Figure.3 Conventional AND Gate
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Conventional AND Gate is the combination of PMOS and NMOS. The circuit shows the
realization of FinFET AND gate.

> When both a and b high, output is high.

> When either a or b is low, output, is low.

C. OR Gate:
vdd
1 B
A— —d
B F (A+B)
._|
GND

Figure.4Conventional OR Gate using FInNFET

Conventional OR Gate is the combination of PMOS and NMOS. The circuit shows the
realization of FINFET OR gate.

> When both A and B are Low, Output is Low.

> When either A or B high, Output is High

4. FInFET Technology

The following subsections include an introduction to the FIinFET technology used in this
research. A key benefit of using FInFETS is the ability to configure the back gates of the devices
to provide greater speed or greater leakage control. The FINFET based transistors offers good
tradeoff for power as well offering interesting delay. Fig 3.5,3.6 shows a simple structure of
FinFET, it is a 4 terminal device comprising of source and drain connected by a channel, the
channel is wrapped around by multiple gates, in this case we consider 2 gates namely forward
and backward gates or front and back gates. A FinFET is like a FET, but the channel has been
“turned on its edge” and made to stand up hence structure gave the name for the device as

FinFET. FINFETs may be substituted into a former bulk-CMOS design by merely shorting the
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front- and back-gates together during device fabrication to allow only one gate connection per
FinFET. The device parameters considerations are one of the important steps in developing a
spice model and then simulating it. Commonly used FinFET simulation models available to the
research community are the Predictive Technology Model (PTM) and BSIM-CMG/BSIM-
IMG.[33-34]

D D
FG_gi |o—Eu: BG—| I_FG
S 5
P-FINFET N-FinFET

Figure .5 FinFET Symbol

/
Frant Gate

Figure 6 FINFET Structure

6. Modified Carry look Ahead Adder
We have proposed Carry look ahead adder cell based on FINFET with MTCMOS technique is
implemented where a sleep transistor is added between actual ground rail and circuit ground. The
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device is turned off during sleep mode to cut-off the leakage path. [16] The comparison of active
power, standby leakage power is done and it’s observed that power is greatly reduced as we

move from FinFET Carry look ahead adder cell to Modified Carry Look Ahead Adder.

Vdd

SLEEP |

Camry Look Ahead
Adder

SLEEP —' Virtual GND

Virtual Wwdd

B A Lo ot
=y AN e

I

e

Figure 7 Modifed Carry look Ahead Adder using FinFET

7. Performance Analysis and Simulation Result
In this section, we have performed simulation of our conventional carry look ahead adder
(FinFET) on Empyrean Aether Tool .

A. Active Power

At the time of operating the power is dissipated by the circuit is known as active power. Active
power includes both static power and dynamic power of the circuit. Here we have calculated the
active power of the circuit at various voltage and temperature. The Active power consumption of

CMOS circuit [16] [17] is consumed by the following equation.

P active = P dynamic + P StAtiCe s s v eeososccccsssssossccssssccssssssscnns (1 1)
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P avg = P switching + P short-circuit T P leakag: -+ -+ -+ eeevvvenerininnn (12)

P= (00>1C1- V2a - Te) + (I Vaa)+ (1 teakage: Ved- ... (13)

The first term represents the switching component of power, where C, is the load capacitance,
fok 1s the clock frequency and op->1iS the probability that a power consuming transition occurs
(the activity factor). The second term is due to the direct-path short circuit current, ls, which
arises when both the NMOS and PMOS transistors are simultaneously active, conducting current
directly from supply to ground, finally, leakage current, ljaage. AS shown the table 3.6 in the case
of modified Carry look ahead adder with stacking power gating active power is reduced

compared to conventional Carry look ahead adder. 64 % at voltage 0.3 V and temperature 27 °C .

|

BT s um™y T A0 A2 S PLUS” Fresult "tran-1ran™))

&

! Avg. 108. Tnw

Y0 (E-6)
%)

L+] 20 40 &0 B8O
tirne {ns)

Figure .8(a) Active power of FINFET Carry Look Ahead Adder
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Figure8. (b) Active power of modified Carry Look Ahead Adder

Table 1.1: Active Power Dissipation of Carry look ahead Adder

Circuit Based on FIinFET CarryModified Carry Look
Look Ahead Adder Ahead Adder

Supply and0.3 V 27 0C 0.3V 27 0C

Temperature

Active power (nW) |108.7 108.7 45.23 45.23

B.Standby Leakage Current

The stand by leakage is obtained when the circuit in idle mode. Here we connect the sleep
transistor to the pull down network of Carry look ahead adder circuit and ground of the circuit.
When we measuring the leakage current in MTCMOS Power gating then the both transistors are

off [18]. The basic equation of stand by leakage is

Leak: Isub+ on ........................... (13)
Where, | s» = Sub threshold leakage current, 1, = Gate oxide current.
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Stand by leakage current is measured by at 0.3V and 27°C. It is greatly reduced almost 49 % in
modified Carry look ahead adder with MTCMOS power gating. The table 3.3 shows the leakage

current at various voltages and various temperatures.

PSR IAT AR ARES I!.I

i D

L0 Avg 15815 nA

TEW& O

Figur.9 (a) Leakage current of conventional Carry Look Ahead Adder

Transient Response

Avg.78.37.nW

I (pA

<0

time (ns)

2¢

(1]

Figuer.9 (b) Leakage current of modified Carry Look Ahead Adder
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Table .2: (a ) Standby Leakage current and leakage power due to various voltages

Leakage current Leakage power

Volt. (V) Based onModified CarryBased onModified Carry
FINFET Carryllook ahead (pA)FIinFET look ahead (nW)
Look  Ahead Carry Look
Adder  ahead Ahead Adder
(nA) (mW)

0.3 91.80 46.53 29.23 100.89

0.4 158.15 78.37 72.76 113.15

0.5 230.50 156.20 143.59 133.23

0.6 281.70 218.48 290.89 143.69

0.7 343.50 399.18 345.50 223.50

Table .2 (B) Standby Leakage current and leakage power due to Various Temperatures

Leakage current Leakage power

Temp. Based on FinFETModified  [Based or[Modified
Carry Look AheadCarry  looklFinFET CarryCarry look

Oc Adder (nA) ahead adderlLook Aheadahead adder

(pA) Adder (m W) (nW)

27 157.18 78.36 70.76 113.19

A7 160.70 139.20 76.80 253.69

67 162.70 248.50 79.68 387.70

87 165.80 317.30 80.55 455.36

107 193.50 423.80 90.70 573.43

C.Leakage Power

The stand by leakage power is measured at the time of idle mode. Here measured the leakage
power when the sleep transistor is off. Basically the stand by leakage power is the product of the
leakage current and supply voltage [8]. The basic equation of leakage power is

Pleak = leak -Vdd -« vevnveeeneneniaiiiiianananns (14)

The Table 2 (A) and Table 2 (B) shows leakage power is reduced in various voltages and

temperatures after applying stacking power gating.
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Figure . 10(a). Leakage power wave of conventional Carry look ahead adder
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Figure 3.10(b). Leakage power wave form of modified carry look ahead adder
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D.Ground Bounce Noise

During the active mode of the circuit an instant current pass from sleep transistor, which is
saturation region and causes a sudden rush of the current. Elsewhere , because of self inductance
of the off- chip bonding wires and parasitic inductance on chip power rails , result voltage
function in the circuit depends on input/ output buffers and internal circuitry . The noise depends

on the voltage. The ground bounce noise mode is in Fig (3.10). [17][18].

Pin

Bound Finger

Figure 10: DIP-40 Package Pin Ground Bounce Noise mode

* Inductance L = 8.18 nH

* Resistance R =0.217 Q

* Capacitance C = 5.32 pF

The following wave form is showing ground bounce noise of conventional Carry look ahead
Adder and modified Carry look ahead Adder.

Table 4: Ground Bounce Noise for Carry look ahead Adder

Voltage (V) Ground Bounce Nf)i.se (nV) (‘)I'emp. Ground Bounce N(_)i_se (nV)
Conv. Modified C Conv. Modified
03 65.30 18.34 27 63.63 4185
04 63.80 40.75 47 66.42 33.26
05 96.40 64.41 67 69.33 44.31
06 125.90 89.23 87 74.66 53.32
0.7 157.14 115.90 107 80.40 63.92
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Figure 11 (a) Ground Bounce Noise of based on FinFETCarry look ahead Adder
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Figure 11(b) Ground Bounce Noise of modified Carry look ahead Adder

E. Ground Bounce Noise

25
20 —

15

> ‘/ =—@— conventional (u V)

0 +————a—u——u—8 —f—modified (uV)
0.3 0.4 0.5 0.6 0.7

Ground bounce noise
u
(0]
1

Votages (V)

Figure 12 (a): Ground Bounce Noise graph of Carry look ahead Adder at various voltages
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Figure 12 (b): Ground Bounce Noise graph of Carry look ahead Adder at various Temperatures
As shown in the table, the ground bounce noise is reduced up to 65 % in to various voltage and

temperature

8. Conclusion

In this paper Carry look ahead adder cell based on FinFET with MTCMOS technique is
implemented where a sleep transistor is added between actual ground rail and circuit ground. The
device is turned off during sleep mode to cut-off the leakage path. The comparison of active
power, standby leakage power is done and it’s observed that power is greatly reduced as we

move from based on FInFET Carry look ahead adder cell to Modified Carry Look Ahead Adder

References

[1] Rabaey J.M.,A.Chandrakasan, B.Nikolic, Digital Integrated Circuits, A Design
Perspective, 2" Prentice Hall, Englewood Cliffs, NJ, 2002

(2] Pren R. Zimmermann, W. Fichtner, “Low-power logic styles: CMOS versus pass-
transistor logic,” IEEE J. Solid- State Circuits, vol. 32, pp. 1079-1090, July 1997.

(3] S.G.Narendra and A. Chandrakasan, Leakage in Nanometer CMOS Technologies. New
York: Springer-verlag, 2006.

[4] K.Bernstein et al., “Design and CAD challenges in sub-90nm CMOS technologies,” in
Proc. int. conf. comput. Aided Des,2003, pp.129-136. A. Karnik, “Performance of TCP
congestion control with rate feedback: TCP/ABR and rate adaptive TCP/IP,” M. Eng. thesis,
Indian Institute of Science, Bangalore, India, Jan. 1999.

[5] Smooth et al., “lI-v power supply high-speed digital circuit technology with
multithreshold-voltage CMOS.”JSSC, vol.SC- 30, pp.847-854, Aug.1995.

39 International journal of Management, IT and Engineering
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2249-0558 [l Impact Factor: 7.119

(6] K. Kawasaki et al., “A sub-us wake-up time power gating technique with bypass power
line for rush current support,” IEEE J. Solid-State Circuits, vol.44, no. 4, pp.146-147, Apr. 2009.
(7] AMIT BAKSHI “Performance Implementation of Power Gating Technique in Cmaos full
Adder Cell to Reduce Leakage Power and Ground Bounce Noise for Mobile Application, ”
Proceedings of International Journal of Electronics, Communication & Instrumentation
Engineering Research and Development (IJECIERD) ISSN 2249-684X Vol.2, Issue 3 Sep 2012
97-108.

[8] R.Bhanuprakash, Manisha Pattanaik and S.S.Rajput “Reduction of Leakage Current and
Ground Bounce Noise Using High Performance Stacking Power Gating Logic Circuits,
“proceedings of IEEE TENCON Singapur,pp 1-6,2009

[9] Arvind Nigam, Comparative Analysis of 28T Full Adder with Carry Look Adead Adder
using 180nm” proceedings Intl J Engg Sci Adv Research 2016 March; 2(1):27-32.

[10]  Shipra Mishra, Shyam Akashe —Leakage Minimization of Carry Look Adead
AdderUsing Deep Sub-Micron Technique’’2012 Third International Conference on Advanced
Computing and Communication Technologies.

[11] G.Shyam Kishore,“A Novel Full Adder with High Speed Low Area” National
Conference on Information and Communication Technology, IEEE, 2011.

[12]  Tripti Sharma, Prof.B.P.Singh, K.G.Sharma, Neha Arora, “High Speed Low Power 8T
Full Adder Cell with 45% Improvement in Threshold Loss Problem, RECENT ADVANCES in
NETWORKING, VLSI and SIGNAL PROCESSING” IEEE 2011.

[13]  Mohsen Sadeghi and Abbas Golmakani, Department of Electrical Engineering, Sadjad
Institute for Higher Education, Mashhad, Iran “ Two new topologies for Low-Power Half adder
in 180nm CMOS Technology”, World Applied Sciences Journal 31 (12): 2057-2061, 2014 ,
ISSN 1818-4952.

[14]  Aminul Islam, M. W. Akram, Mohd. Hasan, Energy Efficient and Process Tolerant Full
Adder in Technologies beyond CMOS in ACEEE Int. J. on Communication, Vol. 02, No. 02,
July 2011

[15]  K.Swathi, B.Srinivas, G. Sanath kumar, Design and Implementation of Submicron Level
Carry Look Adead Adder in ALU Using Cell Based and SOC Technology in Int. Journal of
Engineering Research and Applications www.ijera.com ISSN : 2248-9622, Vol. 4, Issue 9(
Version 5), September 2014, pp.147-150

40 International journal of Management, IT and Engineering
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2249-0558 [l Impact Factor: 7.119

[16]  Sayan Chatterjee et.al [2016] Study and Analysis of Full Adder in Different Sub-Micron
Technologies with an Area Efficient Layout of Ripple Carry Adder in International Journal of
Innovative Research in Computer and Communication Engineering (An ISO 3297: 2007
Certified Organization) Vol. 3, Issue 6, June 2016

[17]  Tripti Sharma, K.G.Sharma, Prof.B.P.Singh, “High Performance Full Adder Cell: A
ComparativeAnalysis”, IEEE, 2011.

[18]  Manisha Pattanaik and Muddala V. D. L. Varaprasad, “Design of Low leakage and Low
Ground Bounce Noise 1-bit Nano-CMOS Full Adder Cells for Mobile Applications”, IEEE
2011.

[19]  Manisha Pattanaik, Shantanu Agnihotri, “Enhanced Ground Bounce Noise Reduction In a
Low Leakage 90nm 1-Volt CMOS Full Adder Cell”, IEEE, 2011.

[20] Jayashree H V,Harsha K, “FOUR BIT CMOS FULL ADDER IN
SUBMICRONTECHNOLOGY WITH LOW LEAKAGE AND GROUND BOUNCE NOISE
REDUCTION”, IEEE, 2011.

[21]  Ramracksha Tripathi, Shivshankar Mishra, S. G. Prakash, “A Novel 14-Transistors Low-
Power High- Speed PPM Adder”, IEEE, 2011.

[22] Subodh Wairya, Garima Singh,Vishant, R. K.Nagaria, S. Tiwari, “Design Analysis of
XOR (4T) based Low Voltage CMOS Full Adder Circuit,” IEEE, December 2011.

[23] R. Shalem’, E. John* and L. K. John’, “A NOVEL LOW POWER ENERGY
RECOVERY FULL ADDER CELL”, IEEE, 1999.

[24]  Jun Cheol Park and Vincent J. Mooney” Sleepy Stack Leakage Reduction” IEEE
transactions on very large scale integration(vlsi) systems, vol.14, no.1. november 2006.

[25] Charbel J. Akl, Rafic A. Ayoubi, Magdy A. Bayoumi, “An effective staggered-phase
damping technique for suppressing power-gating resonance noise during mode transition,” 10th
International Symposium on Quality of Electronic Design, pp.116-119, 2009

[26] R. Bhanuprakash, Manisha Pattanaik and S. S. Rajput, “ Analysis and Reduction of
Ground Bounce Noise and Leakage Current During Mode Transition of Stacking Power Gating
Logic Circuits ”,IEEE Region 10 Conference TENCON 2009, pp. 1-6.

[27]  S.Mutoh et al.,, “l1-v power supply high-speed digital circuit technology with
multithreshold-voltage CMOS.”JSSC, vol.SC- 30, pp.847-854, Aug.1995.

[28] T. Vigneswaran, B. Mukundhan, and P. Subbarami Reddy, “A Novel Low Power,

41 International journal of Management, IT and Engineering
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2249-0558 [l Impact Factor: 7.119

HighSpeed 14 Transistor CMOS Full Adder Cell with 50% Improvement in Threshold Loss
Problem”, World Academy of Science, Engineering and Technology 13, 2008.

[29] Manisha Pattanaik, Muddala V. D. L. Varaprasad and Fazal Rahim Khan “ Ground
Bounce Noise Reduction of Low Leakage 1-bit Nano-CMOS based Full Adder Cells for Mobile
Applications”, International Conference on Electronic Devices, Systems and Applications
(ICEDSA) 2010, pp. 31-36.

[30] V. Kosonocky, M. Immediato, P. Cottrell, T. Hook, R. Mann, and J. Brown, “Enhanced
multi-threshold (MTCMOS) circuits using variable well bias,” in Proceedings of International
Symposium on Low-Power Electronics and Design, pp. 165-169, Aug. 2001.

[31] S.Mutoh et al, “l-v power supply high-speed digital circuit technology with
multithreshold-voltage CMOS.”JSSC, vol.SC- 30, pp.847-854, Aug.1995.

[32] Amin Bazzazi, Alireza Mahini and Jelveh Jelini, “ Low Power Full Adder Using 8T
Structure”, International MultiConference of Engineers and Computer Scientists 2012, Vol IL
[33] Manisha Pattanaik, Muddala V. D. L. Varaprasad and Fazal Rahim Khan “Ground
Bounce Noise Reduction of Low Leakage 1-bit Nano-CMOS based Full Adder Cells

for Mobile Applications”, International Conference on Electronic Devices, Systems and
Applications (ICEDSA) 2010, pp. 31-36.

[34] Priyanka P, Vasundhara Patel K S, “Design and Implementation of High-performance
Logic Arithmetic Full Adder Circuit based on FInFET 16nm Technology — Shorted Gate Mode”
International Journal of Science and Research (IJSR) VVolume 4 Issue 4, April 2015.

[35] M. Vamsi Prasad, K. Naresh Kumar , “Low Power FinFET Based Full Adder Design”
International Journal of Advanced Research in Computer and Communication Engineering, Vol.
6, Issue 8, August 2017.

[36] Ruchi Dantre, Sudha Yadav , “Design and Analysis of FINFET Based High
Performancel-Bit Half Adder-Half Subtractor Cell” International Journal of Advances in
Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-8, Aug.-2015

42 International journal of Management, IT and Engineering
http://www.ijmra.us, Email: editorijmie@gmail.com




