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A Study of The Voltage Transfer Function Dependent On Input Conditions
For An N-Input NAND Gate
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Abstract - In this paper, we analytically examine the voltage transfer function dependent on input conditions for an
N-Input NAND Gate. The logic threshold voltage, defined as a voltage at which the input and the output voltage become
equal, changes as the input condition changes for a static NAND Gate. The logic threshold voltage has the highest value
when all the N-inputs undergo transitions and it has the lowest value when only the last input connected to the last
NMOS to ground, makes a transition. This logic threshold voltage difference increases as the number of inputs increases.
Therefore, in order to provide a near symmetric voltage transfer function, a multistage N-Input Gate consisting of
2-Input Logic Gates is desirable over a conventional N-Input Gate.
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z 1. 2-Input NAND Gate®2| Truth Table
Table 1. The truth table of a 2-Input NAND Gate

Input Output
A B Out
0 0 1
0 1 1
1 0 1
1 1 0
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Fig 1. A conventional 2-Input NAND Gate Circuit



2.1 2-Input NAND Gate9 Voltage Transfer Function
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Table 2. The explanation for Symbols
Vop HAESd
Vo PMOS E#H2 £E 9] threshold voltage
Vin NMOS E#X 28 9] threshold voltage
Vour 2-Input NAND Gate®] &34
Vps EdA2HY =dAd-228Y
Vas EWA2E Y Ao)E-A2Ht
Ve Fex=d AdZH Qe NN{OS
ERA2EH b2HNIH] F=R)
MN NMOS E#x2H
MP PMOS E # x| 2K
ﬂ=ﬂ§—$‘ %V
W: E-RA2H e Ad £
3 L EdA2EY Ade]
ut BT RHPE E(electron EE hole)
eq Gate A3 %e] F1&
t Gate 4F3here] F7

D98 A Bl & A35( Va = Ve = Vin )7} 27t}
Z3o] ulAA e 3%
Virv (Logic Threshold Voltage)E Vin = Vout 21?
Aot A3, Vo = Vg = Vour = Viry U 2A
7t EANAEHY A9 & 4HRd e g

1) MPO : Vpsw = Vour - Vop, Vespo = Va - Vop
IVpspal = ( Vsl = [Vl ) = [Vl >0
-> Active region operation

2) MP1 : Vpspt = Vour = Vo, Vespt = VB - Vop
IWVosptl = ( [Vgsptl = [Vl ) = [Vl > 0
-> Active region operation

3} MNO : Vpsno = Vour - Ve, Vasno = Va - Ve
Vpswo = (Vasno~ Vi) = Vip > 0
-> Active region operation

4) MN1 : Vpsm = V¢, Vgs1 = Va
Vpsm = ( Vasnt — Vin ) = Vo - (VA - Vi ) <0
-> Triode region operation
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1) MPO : Vpsp = Vour - Vob, Vesw = Va - Vop
WVospol = ( [Vaswl = [Vl ) = [Vl > 0
~-> Active region operation

2) MP1 : Off

3) MNO : Vpsao = Vour -Ve, Vesno = Va - Ve

Vo) =Vu >0
-> Active region operation

4) MN1 : Vpsm = V¢, Ves1 = VB = Vop
Vosnt = ( Vesm = Vi ) = Ve - ( Vop = Vi ) < 0
-> Triode region operation
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1) MPO : Off
2) MP1 : Vpsp = Vour - Vop, Vespr = Ve - Vbp
IWVpspl = ( [Vaspil = Vgl ) = Vgl > 0
-> Active region operation
3) MNO : Vpswo = Vour - Ve, Vasmo = Va - Ve
( Vasno = Vi ) = Vour - Val=Vpp) + Viu < 0
-> Triode region operation
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4) MN1 : Vpsm = V¢, Vas; = Vs
Vosnt = ( Vgsns = Vi ) = Ve - (Ve - Vi ) > 0
-> Active region operation
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Fig 3. An N-input NAND Gate Circuit
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Fig 4. A 2-Stage 4-Input NAND Gate
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3.1 2-Input NAND Gate
NMOS Size(W/L) = 0.70u/0.35u
PMOS Size(W/L) = 0.88u/0.35u
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Fig 5. The Voltage Transfer Function dependent on Input
conditions for a 2-Input NAND Gate.
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3.2 4-input NAND Gate
NMOS Size(W/L) = 0.70u/0.35u
PMOS Size(W/L) = 0.44u/0.35u
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Fig 6. The Voltage Transfer Function dependent on Input
conditions for a 4-Input NAND Gate.
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3.3 2-Stage W4 4-Input NAND Gate
2-Input NANDx2+NOR+Inverter
- NAND Size
NMOS Size(W/L) = 0.70u/0.35u
PMOS Size(W/L) = 0.88u/0.35u
- NOR Size
NMOS Size(W/L) = 0.70u/0.35u

PMOS Size(W/L) = 3.50u/0.35u

- Inverter Size

NMOS Size(W/L) = 0.70u/0.35u

PMOS Size(W/L) = 1.75u/0.35u
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Fig 7. The Voltage Transfer Function dependent on Input

conditions for a 2-Stage 4-Input NAND Gate.
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