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Abstract:

Compressor is a basic building block of many arithmetic circuits. Design of smaller area, low power
consumption and high speed compressor is always in demand. As the channel length approaches nanometer
scale, the use of MOSFET as the basic device in compressor now has reached its performance limits such as
average power dissipation and speed. In this paper, a 1-bit full adder cell using FinFET transistor based on
PTM 32nm process model with 0.6 V supply voltage for mobile applications is proposed. Then, the proposed
full adder cell is used in the structure of compressor and performance of the proposed 4: 2 compressor is
evaluated with the simulation results obtained from HSPICE. The main parameters of proposed compressor
such as power compression, delay, power-delay product (PDP) and energy-delay product (EDP) were
measured and its superior performance has been proved by various simulations. Also, in comparison to
MOSFET based compressor, the number of transistors is decreased to 42.

Index Terms: 4-2 compressor,full adder, ultra low-voltage, low power, FinFET transistor.
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Fig. (1): (a) The structure of 4T FinFET, (b) The symbol of
p-type and n-type 4T FinFET
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Table (1): Device parameters for 4T FinFET
oolatul 390 (Jlo 5 )l FINFET o)1331 sl yal b (V) Jgor

Parameter Value
Length of the channel (L) 32nm
Thickness of front/back gate oxide
1.6nm
toxbg)/(toxfg
Thickness of the fin (tsi) 8nm
Height of the fin (hfin) 32nm
Work function (N/P) (¢n/@p) 4.5eV/4.9eV
Power supply (V'DD) 0.9
. 2x 102 cmr
Channel doping (Nsopby) 3
20 oy
Source/ Drain doping 2x 103 om
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Fig. (3): Schematic of conventional 28-T CMOS full adder
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Fig. (4): Schematic of proposed full adder in [27] with sleep
transistor (29-T MOSFET)
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Fig. (2): Implementation of the conventional 4-2 compressor ;
symbol of compressor and implementation with full adders
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Fig. (7): Schematic of proposed MOSFET-based full adder with
sleep transistor (29-T MOSFET)
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FinFET transistors (21-T FinFET)
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Fig. (6): Schematic of modified 28-T CMOS full adder
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Table (2): Simulation results of proposed full adders and

comparsion with other structures (capacitor load=2.1{F,
frequency=100 MHz)

Voo(v)| 05| 0.65] 08
Delay (x107'%5)
29-T MOSFET | 491.53 | 185.97 | 114.29
21-T FinFET | 106.82 | 78.76 | 66.68
25-T MOSFET | 445.03 | 185.42 | 106.60
21-T FInFET NEW | 76.94 | 58.77 | 50.47
Average power (X107 w)
29-T MOSFET 1.68 2.96 4.68
21-T FinFET 1.34 2.49 4.21
25-T MOSFET 1.38 2.39 3.73
21-T FinFET NEW 1.20 2.18 3.61
Leakage power (x10~° w)
29-T MOSFET | 13.44 | 28.68 | 60.01
21-T FinFET 7.24 13.20 | 21.79
25-T MOSFET | 1532 | 29.92 | 57.16
21-T FinFET NEW 10.67 19.53 32.32
PDP (x10°"
29-T MOSFET 8.27 5.50 5.34
21-T FinFET 1.43 1.96 2.80
25-T MOSFET 6.18 4.43 3.98
21-T FinFET NEW 0.92 1.28 1.82
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Fig. (8): Schematic of proposed full adder based on FinFET
transistors (21-T FinFET NEW)
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Fig. (9): PDP plots of MOSFET and FinFET based full adders

with load capacitor variation (supply voltage=0.65V,
frequency=100 MHz)
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with load capacitor variation (supply voltage=0.65V,
frequency=100 MHz)
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Table (3): Simulation results of proposed full adders and

comparsion with other structures (capacitor load=3.5fF,
frequency=375 MHz)

Voo | 05] 065] 08
Delay (x107'% s)
29-T MOSFET | 601.35 | 255.51 | 172.98
21-T FinFET | 161.22 | 125.79 | 102.43
25-T MOSFET | 531.06 | 239.27 | 159.10
21-T FinFET NEW | 127.77 | 104.03 | 88.32
Average power (x107% w)
29-T MOSFET | 0.665 1.17 1.81
21-T FinFET | 0.629 1.19 1.96
25-T MOSFET | 0.591 1.01 1.56
21-T FinFET NEW | 0.571 1.05 1.67
Leakage power (x10~° w)
29-T MOSFET | 13.44 | 28.68 | 60.01
21-T FinFET 7.24 | 13.20 | 21.79
25-T MOSFET 1532 | 29.92 | 57.16
21-T FiInFET NEW | 10.67 19.53 | 32.32
PDP (x10°'° j)
29-T MOSFET 4 2.98 3.12
21-T FinFET 1.01 1.49 2.01
25-T MOSFET 3.14 2.42 2.48
21-T FinFET NEW | 0.729 1.09 1.48
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Table (4): Monte Carlo simulation results of proposed full adders
and comparsion with other structures with 10% channel length

variation
S re Min. | Max. | Mean
Value
Delay (ps)
29-T MOSFET | 184.53 | 188.08 | 185.93
21-T FinFET | 78.57 | 78.94 | 78.77
25-T MOSFET | 183.61 | 187.02 | 185.54
21-T FinFET NEW | 58.62 | 58.90 | 58.77
Average power (nW)
29-T MOSFET | 294.10 | 297.38 | 295.86
21-T FinFET | 248.75 | 250.07 | 249.54
25-T MOSFET | 237.75 | 240.68 | 239.30
21-T FinFET NEW | 217.88 | 218.58 | 218.29
PDP (aJ)
29-T MOSFET | 54.56 | 55.57 | 55.01
21-T FinFET | 19.56 | 19.72 | 19.65
25-T MOSFET | 44.09 | 44.71 | 44.40
21-T FinFET NEW | 12,79 | 12.85| 12.82
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Table (5): Monte Carlo simulation results of proposed full adders

and comparsion with other structures with 10% threshold voltage

variation
St re Min. Max. | Mean
Value
Delay (ps)
29-T MOSFET | 181.85 | 189.50 | 185.79
21-T FinFET | 78.37 | 7894 | 78.72
25-T MOSFET | 180.61 | 188.80 | 185.20
21-T FinFET NEW | 58.62 | 58.98 | 58.79
Average power (nW)
29-T MOSFET | 294.48 | 298.91 | 296.23
21-T FinFET | 248.50 | 250.36 | 249.62
25-T MOSFET | 237.82 | 241.94 | 239.47
21-T FinFET NEW | 217.58 | 219.34 | 218.47
PDP (alJ)
29-T MOSFET | 54.29 | 55.81 55.03
21-T FinFET | 19.50 | 19.75 19.65
25-T MOSFET | 43.46 | 45.04 | 4435
21-T FinFET NEW | 12.77 | 12.87 | 12.84
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Fig. (11): PDP plots of MOSFET and FinFET based full adders

with temperature variation (supply voltage=0.65 V,
frequency=100 MHz)
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Fig. (12): EDP plots of MOSFET and FinFET based full adders

with temperature variation (supply voltage=0.65 V,
frequency=100 MHz)
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Fig. (13): Monte Carlo simulation results of PDP distribution of

proposed 4:2 compressor with supply voltage variation
(frequency=2 GHz)
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Table (6): Simulation results of proposed full adders at different

corners and comparsion with other structures (capacitor
load=2.1fF, frequency=100 MHz)

S re TT FF SS
Corner

Delay (x107'%5)
29-T MOSFET | 185.97 | 121.05 | 760.47
21-T FinFET | 78.76 | 86.85 | 76.40
25-T MOSFET | 185.42 | 109.51 | 674.05
21-T FinFET NEW | 58.77 | 63.84 | 56.17

Average power (X107 w)

29-T MOSFET 2.96 2.23 2.09
21-T FinFET 2.49 1.89 6.18
25-T MOSFET 2.39 1.90 1.77
21-T FinFET NEW 2.18 1.64 5.76

PDP (<107 j)
29-T MOSFET 5.50 2.71 1591
21-T FinFET 1.96 1.64 4.72
25-T MOSFET 4.43 2.08 11.93
21-T FinFET NEW 1.28 1.05 3.23
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Fig. (14): PDP plots of FinFET based 4:2 compressors with
supply voltage variation (frequency=2 GHz)
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Fig. (15): EDP plots of FinFET based 4:2 compressors with
supply voltage variation (frequency=2 GHz)
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Table (7): Comparsion of proposed 4:2 compressor with previous works (supply voltage=0.9 V, frequency=2 GHz)

Technolo Dela Average power PDP EDP No.

Ref. Model Structure ©5) (is)p @J) | (x10774.s) | Transistor
[4] 22nm BSIM-MG | Tri-Gate FinFET | 54.07 10.65 575.85 31.136 56
[32] 22nm BSIM-MG | Tri-Gate FinFET | 47.75 8.38 400.14 19.106 38
[33] 22nm BSIM-MG | Tri-Gate FinFET | 60.52 13.21 799.36 48.377 60
[34] 22nm BSIM-MG | Tri-Gate FinFET | 73.66 11.19 824.26 60.714 54
[35] 22nm BSIM-MG | Tri-Gate FinFET | 60.65 12.96 786.29 47.688 60

Double-Gate

Proposed 32nm PTM FinFET 29.06 12.92 375.77 10.919 42
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