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1 CMOS in a nutshell

This basic initial project is dedicated to the CMOS Technology only and for this reason two types of metal--
oxide-semiconductor field-effect transistors (MOSFET) are required.
Historicaly, the first chips with MOSFETSs on the mass market were p-channel MOSFETSs in enhancement-mode.

enhancement-mode PMOS transistor use-case

_VC;S:T
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out
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The sectional view of a PMOS transistor in silicon is being shown below
Historicaly later, faster chips with MOSFETSs on the mass market were marked as n-channel MOSFETSs in
enhancement mode also.

enhancement-mode NMOS transistor use-case

Rp

out

signal +>B;

The sectional view of a NMOS transistor in silicon is being shown here also.

Both technologies, the older NMOS as the newer PMOS, have the same disadvantage. Every time, the transistor
is switched on, the current between Drain and Source of the transistor is limited by the Resistor on Drain only.
Higher currents here meaning higher power consumption for the chip where the transistors are integrated also.
If the transistors are switched off, no currents flows between Drain and Source anymore, the power consumption
of the chip also goes low.

Et viola, the US-Patent with Number 3356858 changed the world and combines both technologies to the new
complementary metal-oxide-semiconductor (CMOS) technology. Instead of every transistor is working against
a weak resistor, the transistor works against a complementary switched-off transistor. With the Eyes of our
antecessor CMOS doubles the transistor count, but contemporary chips all are build in CMOS.

complementary PMOS and NMOS transistor couple use-case
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The sectional view of a NMOS and PMOS transistors couple in silicon - building the CMOS technology - are
being shown here also.

out

Thttps://www.google.com/patents/US3356858
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2.1 AND4 - a 4-input AND gate

2.1 AND4 - a 4-input AND gate
Synopsys
AND4 (ZYYDCBA)

Description

Circuit
C o ) > 7
O—

Schematic (one stage, 1T,,/4T, stacked, 107" total)
Hpeto !
: ﬁ =il
*pa Ij*pB W*P 'j*PD
==
e
*NB
o
e
*NC
o
e
*ND
D &J '—_I_

o

pgivs!

Truth Table
Z=D-C-B-A
[D[C[B[A]Z]
0 X | X |X|O
X0 [ X|X|O0
X|X]0|X]|O0
X|X[|X|0]O0
111111
Usage

Fan-in / Fan-out
Layout
Files

See also

NAND3 - a 3-input Not-AND (or NAND)
gate
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Cell
AO02111 - a 2-1-1-1-input AND-OR gate
Synopsys
AO2111(Z, D1, DO, C, B, A)
Description
Circuit
D1 o+
D0 o
C
B
A
Truth Table
Z=(DIANDO)VCVBVA
[DI[DO[C[B[A]Z]
0 X|10]0101]0
0 X |1 [X|X]|1
0 X | X]1|X]|1
0 X | X[|X|1]1
X 0 ]0|0]0JO0
X 0 |1 |X|X|1
X 0 [ X|1|X|1
X 0 [ X |X]|1}]1
1 1 [ X[ XX 1
Usage

Fan-in / Fan-out
Layout
Files
See also
AQO3111 - a 3-1-1-1-input AND-OR gate
Cell
AO03111 - a 3-1-1-1-input AND-OR gate

Synopsys
AO3111(Z, D2, D1, DO, C, B, A)

Description

Circuit

2 LOGICAL CELLS



2.1 AND4 - a 4-input AND gate

D2 o

D1 o

DO o—

C

B 7
A

(D2 [DI[DO[C[B[A][Z
0 X X1010]07]O0
0 X | X |1 |X|X|1
0 X X | X|1|X |1
0 X | X | X|X|1|1
X 0 X1010]07]oO0
X 0 X |1 |X|X|1
X 0 X [ X|1|X |1
X 0 X | X|X|1|1
X X 0 0[0]O0¢YO
X | X 0 1 X | X |1
X | X 0 [ X|1][|X]|1
X | X 0 [ X|X|1]1
1 1 1 [ X | X | X |1

Truth Table

Z=(D2AND1IANDO)VCVBVA
Usage
Fan-in / Fan-out
Layout
Files

See also

AO2111 - a 2-1-1-1-input AND-OR gate
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2.2 AOI21 - a 2-1-input AND-OR-Invert
gate

Synopsys
AOI21 (Y B1 B A)

Description
Circuit

B1 o

B0 o Z
A

Schematic (one stage, 27,/2T,, stacked, 61 total)

B 1 IJ
F>~*C}1F>*
*PB *PB1
A
e
*
PA %
*NA

*NB
GJI<—* =
Ae—i7B :]
*NB1
=
Ble=r7
Truth Table

Z =-((B1AB0O)V A)

[BLBO[A]Z]
0 [ X [0]1
1|1 [X]|0
X [0 01
X [X |10

Usage

Fan-in / Fan-out
Layout

Files

See also

AOI31 - a 3-1-input AND-OR-Invert gate



2.2 AOQOI21 - a 2-1-input AND-OR-Invert gate

Cell
AOI22 - a 2-2-input AND-OR-Invert gate

Synopsys
AOI22(Z, B1, B0, Al, A0)

Description
Circuit
B1 o

B0 o
Al o

AQ o

Schematic (one stage, 27,/2T,, stacked, 8T total)

B0 IJ B1 IJ

[ [

:] Mppo 5 Mpp
A0 Al

— —

:] Mp a0 5 MPAj

Mp a0 Mn o
O_J

A0 BO

f—o
Mp a1 ::] Mnp1

M@Emgq

Truth Table
Z =—-((B1AB0)V (Al A A0))

Z
1
1
0
1
1
0

Usage

Fan-in / Fan-out
Layout

Files

See also

AOI33 - a 3-3-input AND-OR-Invert gate
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2.3 AOI31 - a 3-1-input AND-OR-Invert
gate

Synopsys
AOI31 (Y B2B1 B A)

Description
Circuit

B2 o
B1 o
B0 o— 7
A

Schematic (one stage, 27,/3T,, stacked, 8T total)

TR T -

*PRB Ij*PB1 lj*PBz

A
[ —
::] *PA v
*NA *NB
ol
Ae—iB :]
*NB1
o=
B1 ::]
*N B2
o=
B2e—t7
Truth Table

Z =-((B2NB1AB0)V A)

|

(B2 [BI[BO A

0
1
X
X
X

| R o =
|| Pa| = e
—| ol o| <o
o|~|~|o|~|N

Usage

Fan-in / Fan-out
Layout

Files

See also

AOI21 - a 2-1-input AND-OR-Invert gate



2.3 AOI31 - a 3-1-input AND-OR-Invert gate
Cell
AOI32 - a 3-2-input AND-OR-Invert gate

Synopsys
AOI32(Z, B2, B1, B0, A1, A0)

Description
Circuit
B2 o
B1 o—
B0 o 7
Al o
A0 o
Schematic (one stage, 27,,/3T,, stacked, 10T total)
BO IJ B1 IJ B2 IJ
— — H—
'TMPBO WMPBl ﬁMPB2
A0 @T — Alo— ]
— —
ﬁMPAO ﬁMPAl o7
! My ao — My o
= =
A0 ::] BO ::]
Mn a1 Mn 1
= =
Al — Bl ::]
Mn B2
p2od 1
Truth Table
Z = —~((B2 A\ B1 A B0)V (Al A AD))
[B2[B1[BO[ AL [A0 [ Z]
0 X X 0 X 1
0 | X | X | X | O 1
1 1 1 X X 0
X110 | X |0 | X |1
X 0 X X 0 1
XX |0 0| X |1
X X 0 X 0 1
X X X 1 1 0
Usage

Fan-in / Fan-out

Layout

11
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Files

See also

AOI22 - a 2-2-input AND-OR-Invert gate
AOI33 - a 3-3-input AND-OR-Invert gate

Cell

AOI33 - a 3-3-input AND-OR-Invert gate

Synopsys

AOI33(Z, B2, B1, B0, A2, A1, A0)

Description

Truth Table

Usage
Fan-in / Fan-out
Layout

Files

Circuit

B2 o
B1 o
B0 o
A2 o
Al o
AQ o

Schematic (one stage, 27,,/3T,, stacked, 12T total)

B0 IJ B1 IJ B2 IJ
[ [
:]MPBO EMPm EMPBQ
A0

O*‘ O*‘
:]MPAO EMPAl EMPA%
MNAO MNBO
A0 O—J
Al O—J

MNAl ::]MNBl
MNAQ ::]]V[NBQ
A2 OJ |—_L B2 OJ

Z ==((B2 A B1AB0)V (A2 A A1 A A0D))

2 LOGICAL CELLS



2.3 AOI31 - a 3-1-input AND-OR-Invert gate

(B2 [ BI[ B0 A2 [AL[ A0 [ Z]
0 X | X 0 X | X 1
0 X | X | X 0 X 1
0 XX | X | X 0 1
1 1 1 X X | X 0
X 0 X 0 X X 1
X 0 X | X 0 X 1
X 0 X | X X 0 1
X | X 0 0 X | X 1
X | X 0 X 0 X 1
X | X 0 X | X 0 1
X X X 1 1 1 0

See also

AOI22 - a 2-2-input AND-OR-Invert gate
AOI32 - a 3-2-input AND-OR-Invert gate

Cell
AOI211 - a 2-1-1-input AND-OR-Invert gate

Synopsys
AOI211(Z, C1, C0, B, A)

Description
Circuit
C1 o
C0 o
B V4
A
Schematic (one stage, 3T),/2T,, stacked, 8T total)
o] 1o
oT oT
:] Mpco ) Mpc
B
—
::] Mpp
A
—
:] Mpa 7
MNA MNB MNC()
’ i
MNCl
C1 O—J
Truth Table

=-((C1ACO0)V BV A)

13



14

(CL[co[B[A]Z]
0| X |0]0|1
1 1 [ X |X]|O0
X1 0 |[0]0¢|1
X | X [1]X]o0
X | X [X|]11]0
Usage
Fan-in / Fan-out
Layout
Files
See also
AOI311 - a 3-1-1-input AND-OR-Invert gate
Cell
AOI221 - a 2-2-1-input AND-OR-Invert gate
Synopsys
AOI221(Z, C1, C0, B1, B0, A)
Description
Circuit
C1 o
C0 o
B1 o
Z
B0 o—
A

Schematic (one stage, 3T,/2T,, stacked, 10T total)

0o Cloyt
OT F»MPCOOT F»MPC1
BO :j B1 :j

— —

:] Mppo |:1MPBI
A

—

:] Mpa 7
Mn 4 MNBO MNCO

OJ f—
A BO ::]
MNBl MNCl
B1 oJ |—_L Cl |—_L

2 LOGICAL CELLS



2.3 AOI31 - a 3-1-input AND-OR-Invert gate

Truth Table
Z ==((C1ANCO)V (B1LABO)V A)
[C1]CO[B1[BO[AJZ]
0| X |0 | X |01
0 | X | X |0 |01
1 1 [ X | X [ X||O0
X0 0 | X |01
X110 [ X|]0/]0]1
X | X |1 1 | X0
X | X[ X | X ]1/0
Usage
Fan-in / Fan-out
Layout
Files
See also
AOI321 - a 3-2-1-input AND-OR-Invert gate
AOI331 - a 3-3-1-input AND-OR-Invert gate
Cell
AOI222 - a 2-2-2-input AND-OR-Invert gate
Synopsys
AOI222(Z, C1, C0, B1, B0, A1, A0)
Description
Circuit
C1 o
CO0 o
B1 o
7
B0 o
Al o
A0 o
Schematic (one stage, 3T,/2T,, stacked, 12T total)
Truth Table
Z =-((C1AC0)V (B1AB0)V (Al A A0))
Usage

Fan-in / Fan-out

15
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Co C1 IJ
— —
:] Mpco 5 Mpca
BO B1
— >
:] Mppo 5 Mpp1
AO Al
— —
:] Mpao 5 Mpax 7
MNAO MNBO MNCO
A0 O—J ::]
MNAl MNBI MNCl
Al oJ |—_L B1 oJ |—_L Cl |—_L
[C1][CO[B1[B0|AL[A0[Z]
0O | X|] 0 |X]|]O0 | X |1
0| X|]0 | X|X ] O 1
0 | X | X |0 0| X |1
0 | X | X |0]|X ] O 1
1 1 X | X | X[ X |0
X 10 0| X | 0| X |1
X 0 0 X X 0 1
X0 | X |0 0| X |1
X 0 X 0 X 0 1
X | X 1 1 X[ X o
X | X | X | X 1 1 0
Layout
Files
See also
AOI322 - a 3-2-2-input AND-OR-Invert gate
AOI332 - a 3-3-2-input AND-OR-Invert gate
AOI333 - a 3-3-3-input AND-OR-Invert gate
Cell
AOQI311 - a 3-1-1-input AND-OR-Invert gate
Synopsys
AOI311(Z, C2, C1, C0, B, A)
Description
Circuit
C2 o
C1 o
C0 o
B 7
A

Schematic (one stage, 3T,,/3T, stacked, 10T total)

2 LOGICAL CELLS



2.3 AOI31 - a 3-1-input AND-OR-Invert gate

A et @
—
lePco lePm

F»

::]MPB
A

—

:] Mpa 7

Mpya Mpyp MNco

P e [t
CQEMN“
CQQEMN”

ﬁa

lj Mpco

COOT

Truth Table
Z==-((C2NC1ACO)VBVA)
(C2[CI[CO|B[A[Z]
0 X X100 1
1 1 1 [ X [X |0
X0 [ X]0]0]1
XX |0 ]0]0]1
X | X[ X |1]|X]O0
X | X | X |[X]|1/0
Usage
Fan-in / Fan-out
Layout
Files
See also
AOI211 - a 2-1-1-input AND-OR-Invert gate
Cell
AOI321 - a 3-2-1-input AND-OR-Invert gate
Synopsys
AOI321(Z, C2, C1, C0, B, B0, A)
Description
Circuit

Schematic (one stage, 3T,/3T,, stacked, 12T total)
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C2 o
C1 o
C0 o
B1 o

B0 o—
A

oot oot

Co

lePco lePm lePCQ
BOo—+J Bl —

— —

:] Mppo |:1MPBI
A

—

:] Mpa 7

Mn 4 MNBO MNCO

O_J

A +— BO ::]
MNBl MNCl

Bro i
mgjmm

Truth Table
==((C2ANC1ACO)V (B1ABO)V A)

Usage

Fan-in / Fan-out
Layout

Files

See also

AOI311 - a 3-1-1-input AND-OR-Invert gate
AOI331 - a 3-3-1-input AND-OR-Invert gate

Cell
AOI322 - a 3-2-2-input AND-OR-Invert gate

Synopsys
AOI322(Z, C2, C1, CO, B1, B0, A1, A0)

Description
Circuit
Schematic (one stage, 3T,/3T,, stacked, 14T total)

Truth Table
=-((C2ANC1ACO)V (B1AB0O)V (AL A AD))

2 LOGICAL CELLS



2.3 AOI31 - a 3-1-input AND-OR-Invert gate

[C2]C1[CO|BL|[BO[A]Z]
0 X X 0 X101
0 X | X | X 0 01
1 1 1 X[ X |X]O0
X 0 X 0 X101
X 0 X | X 0 01 1
X | X 0 0 X101
X | X 0 X 0 01 1
X | X | X |1 1 | X0
X | X | X[ X | X |10
C2 o
C1 o
C0 o
B1 o
7
B0 o
Al o
A0 o
Usage
Fan-in / Fan-out
Layout
Files
See also
AOI222 - a 2-2-2-input AND-OR-Invert gate
AOI332 - a 3-2-2-input AND-OR-Invert gate
AOI333 - a 3-3-3-input AND-OR-Invert gate
Cell
AOI331 - a 3-3-1-input AND-OR-Invert gate
Synopsys
AOI331(Z, C2, C1, C0, B2, B1, BO, A)
Description
Circuit
Schematic (one stage, 3T,/3T,, stacked, 14T total)
Truth Table
Z=-((C2NC1ACO)V (B2ANB1AB0)V A)
Usage

Fan-in / Fan-out

Layout

19
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[C2]C1[CO Bl |BO|AI[AO0]Z]
0 [ X[XJOo[X]o0o[XT]1
0 [ X[X]Jo[X[X[o]1
0 [ X[ X[X[o]o[X]1
0 [ X[ X[X[o[X]o]1
L1 1 [ X[ X[X[X]Do
X]o[XJo[X]o[X]1
X o[ XJTo[X][X]o0]1
X o[ X[X[o]o[X]1
X0 [ X[X[o[X]o0]1
X[ X]JoJo[X]o[X]1
X[ X]JoJo[X[X]o0]1
X[ X]Jo[X[o]o[X]1
X[ X]o[X[o[X]o0]1
X [ X[ X1 [1[X[X]o
X [ X[ X[X[X]1]1]o

Files

See also

AOI221 - a 2-2-1-input AND-OR-Invert gate
AOI321 - a 3-2-1-input AND-OR-Invert gate

Cell
AOI332 - a 3-3-2-input AND-OR-Invert gate

Synopsys
AOI332(Z, C2, C1, C0, B2, B1, B0, A1, A0)

Description
Circuit
Schematic (one stage, 3T,/3T,, stacked, 16T total)

Truth Table
=-((C2ANC1ACO)V (B2ANB1AB0)V (AL A AD))



2.3 AOI31 - a 3-1-input AND-OR-Invert gate

C2 o
C1 o
C0 o
B2 o
B1 o 4
B0 o—
A

coOT.J ot cro_ it
[ [
:]MPCO EMPm EMPCQ
B0
O*‘ O*‘
IjMPBo IjMPB1 IjMPBQ
Ao—
:]MPA 7
Mpya MNBO MNCO

—
O_J
A +— BO ::]
MNB1 MNCl

Blo Il
OJ MNB2 ::]Mch
1 B2 |—_L C2 |—_L

Usage

Fan-in / Fan-out
Layout

Files

See also

AOI222 - a 2-2-2-input AND-OR-Invert gate
AOI322 - a 3-2-2-input AND-OR-Invert gate
AOI333 - a 3-3-3-input AND-OR-Invert gate

Cell
AOI333 - a 3-3-3-input AND-OR-Invert gate

Synopsys
AOI333(Z, C2, C1, CO0, B2, B1, B0, A2, A1, A0)

Description
Circuit
Schematic (one stage, 3T,/3T,, stacked, 18T total)

Truth Table
=-((C2ANC1ACO)V (B2AB1AB0)V (A2 A Al A A0))

Usage

21
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Fan-in / Fan-out
Layout
Files

See also

[C2]C1[CO|B2[B1I[BO|A[Z]
0 X | X 0 X | X |01
0 X | X | X 0 X101
0 X | X | X | X 0 |01
1 1 1 X | X | X [X]O0
X 0 X 0 X[ X |01
X 0 X | X 0 X101
X 0 X | X | X 0 |0¢(1
X | X 0 0 X[ X |01
X | X 0 X 0 X |01
X | X 0 X | X 0|01
X | X | X 1 1 1 | X |0
X | X | X | X | X | X |[11]0

C2 o
C1 o
C0 o
B2 o
B1 o Z
B0 o
Al o
A0 o

AOI222 - a 2-2-2-input AND-OR-Invert gate
AOI322 - a 3-2-2-input AND-OR-Invert gate
AOI332 - a 3-3-2-input AND-OR-Invert gate

Cell
BUTF - a Buffer gate

Synopsys
BUF(Z, A)

Description

Truth Table

Usage
Fan-in / Fan-out

Layout

Circuit

Schematic (two stages, 17,/1T,, stacked, 4T total)

2 LOGICAL CELLS



2.3 AOI31 - a 3-1-input AND-OR-Invert gate

Files

See also

PR

Co
[ [
:] Mpco 5 Mpca 5 Mpco
B1 B2

BO
OT FITVM'PBOOT F';—]V[PBloT r':MPBQ
AO OT Fl:T]V Al OT L:T

:] Ip Ao 5 Mpax 7
MNAO MNBO MNCO
roo b

MNAl MNBI ::] MNCl
Aol

MNB2 ::] MNCZ
B2 oJ |—_L C2

C2 o
C1 o
C0 o
B2 o
B1 o V4
B0 o—
A2 o
Al o
AQ o+

INV - a Not (or Inverter) gate

Cell

EQ2 - a 2-input Equality (or XNOR) gate

Synopsys
EQ2(Z, B, A)

Description

Truth Table

Usage

Fan-in / Fan-out

Circuit

Schematic (two stages, 21},/2T,, stacked, 10T total)

Z=-(BaA)

Keep attention - Fan-in is doubled

Layout

23
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Q
—
Q
o
o)
[N}
o]
i
=
o
>
—
>
()

X K| O | | | D D p<| XA P<| A DAL | | <] AL <] | R s
DR[| AL K| | R D] O x| XX K| | o] | PR <] K| X K| o ©
D[ | AL K| | O K| DAL K| R D] | DAL K| R | R o] | A<
|| O | | PR K| PR | | 21| | DAL K| R S| D 2K | 4| <
=[] R | | ] | ] 1| | K| | K | X < | K| Ko
| X O] | S| | | X D <] S| | 2| x| M| 2| K| 2| K| 2| X
o|o| R~ |~ == R o]~ | == ] ]| N

[ R PR K| R R R R o o o o o o | 4| 4| | A <] 4

Dl | | ] D] ] L ] | | | L e e = | o o o] o o o|| Q

Files
Simulation
O ./Sources/verilog/EQ2.v - Verilog-95 Cell Model
O ./Sources/verilog/EQ2_switch.v - Verilog-2001 Switch-Level Model
O ./TBench/verilog/tb_EQ2.v - Verilog-2001 Self-checking Testbench
Physical Layout
v 7

See also

XOR2 - a 2-input Exclusive-OR (or XOR) gate
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2.3 AOI31 - a 3-1-input AND-OR-Invert gate

Mpco

b

Mpao

Mpca

—
—
::] Myci
f—o
::] Myco
gl

-
=
] r»]VfP,%
o]
o]
o]

B2
Mpp1
A2
Mp a1
MnBo
Co
MnB1
C1
Myp2
C2

i

Mpci

o
—
—
—
~—
i
—

=
=
=
o
o
o

Mpco
B1
Mppo
Al
Mp Ao
My a0
f—
B0
N A1
B1
Mn a2
B2

oo
-
—
—
::]]V[
i

[ —

w7
e
*
a0
aro]
r2o]

X

X

1

0
0
0

X1 X | X | X

X | X | X | X

X | X[ X | X
X | X | X | X

[C2[C1[CO[B2[B1[BO[A2[AL[A0]Z|

0
0
0

X | X | X | X | X | X
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20 VI p
15 — 1 — PR — Viilp Vi1p
— | — VI1IN F
100
5 — | — VI1IN VI1IN
5 10 20 25 30 35 40 45
BlA[Z]
0101
0110
11000
111
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2.4 INV - a Not (or Inverter) gate

2.4 INV - a Not (or Inverter) gate
Synopsys
INV (Y A)

Description

Circuit
A O——I>OO 7

Schematic (one stage, 1T,/1T,, stacked, 2T total)

o

—
:jﬂo Y
*NA
o
Ao
Truth Table
Z=-A
(A[Z]
01 1
10
Usage

Fan-in / Fan-out
Layout
Files

See also

BUF - a Buffer gate
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Cell
MUXI2 - a 2-to-1 Multiplexor Invert cell

Synopsys
MUXI2(Z, S, Al, A0)

Description
Circuit
S OTI>O-0 Al
Z
A0
Schematic (two stages, 21},/2T,, stacked, 10T total)
45
40 g driaon
—— V] /7\c
35 e
—— Qq
30
Ao Mipss
TTT
25 —— V1 p A1 | L_
T 1N 1 i i
20 ey
Al o—+ M.
MINS
( N
15 N -7,
Ado—1 Ml__)_ i
10 —— Mipdo TV
5 — V14N l JI:_
ADo— M _’_;_i
0 S SEERaS T
0 5 10 15 20 s 30
Truth Table
Z =—-(A1NS)V (A0 AS))
[SIAL]A0]Z]
0] X 1|0 1
0] X 1 0
1 0 X 1
1] 1 X o0
Usage

Fan-in / Fan-out



2.4 INV - a Not (or Inverter) gate

Layout
Files

See also

MUXI3 - a 3-to-1 Multiplexor Invert cell
MUXI4 - a 4-to-1 Multiplexor Invert cell
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2.5 NAND2 - a 2-input Not-AND (or
NAND) gate

Synopsys
NAND2 (Y B A)

Description

Circuit
B o
| e
A o
Schematic (one stage, 17T,/2T,, stacked, 4T total)

A IJB IJ
s
Y
=
::] *NB

o
Bo—t
Truth Table
Z=-(BAA)
[ B[A[Z]
0 X |1
11140
X110 1
Usage

Fan-in / Fan-out
Layout
Files

See also

NAND3 - a 3-input Not-AND (or NAND)
gate

2 LOGICAL CELLS



2.6 NANDS3 - a 3-input Not-AND (or NAND) gate

2.6 NAND3 - a 3-input Not-AND (or
NAND) gate

Synopsys
NAND3 (Y CB A)

Description

Circuit

C o

2D

A o

Schematic (one stage, 17T,,/3T,, stacked, 61" total)

H’iiﬂ.ﬂ e
o

*NC
o
Cot
Truth Table
Z ==-(CANBAA)
(C[B[A]Z]
0| X|X]|1
11110
X110 |X|1
X | X |01
Usage

Fan-in / Fan-out
Layout
Files

See also

NAND?2 - a 2-input Not-AND (or NAND)
gate
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2.7 NOR2 - a 2-input Not-OR (or NOR)
gate

Synopsys
NOR2 (Y B A)

Description

Circuit
B
D
A
Schematic (one stage, 27, /1T, stacked, 4T total)

Bo it

—

::]*PB
A

—
::] *pA
Y
NA *NB

vl

Truth Table

Usage

Fan-in / Fan-out
Layout

Files

See also

NORS3 - a 3-input Not-OR (or NOR) gate



2.8 NORS3 - a 3-input Not-OR (or NOR) gate

2.8 NORS3 - a 3-input Not-OR (or NOR)
gate

Synopsys
NOR3 (YCBA)

Description

Circuit

>0 Q
N

Schematic (one stage, 3T,/1T,, stacked, 61" total)

—
::]*PC
B
—
::]*PB
A
—
ﬁ*PA oY
|—J*NA |—J*NB |—J*NC
A medi e
Ao Dot Coby
Truth Table

Usage

Fan-in / Fan-out
Layout

Files

See also

NOR2 - a 2-input Not-OR (or NOR) gate
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Cell
OA2111 - a 2-1-1-1-input OR-AND gate
Synopsys
0A2111(Z, D1, Do, C, B, A)
Description
Circuit
D1
oo d
C
b—{ >0-0 7,
Bo———
Ao——
Truth Table
Z=(D1VDO)ANCABAMNA
[DI[DO[C[B[A]Z]
0 0 | X|X|X|O0
1 X 1711 1
X 1 11111
X | X |0 |X[X|oO0
X | X |X|0[X|oO0
X | X |X|X]0}|oO0
Usage
Fan-in / Fan-out
Layout
Files
See also
0OA3111 - a 3-1-1-1-input AND-OR gate
Cell
OA3111 - a 3-1-1-1-input OR-AND gate
Synopsys
0A3111(Z, D2, D1, DO, C, B, A)
Description
Circuit
Truth Table

Z=(D2vD1VDO)ACABAA

2 LOGICAL CELLS



2.8 NORS3 - a 3-input Not-OR (or NOR) gate

D2
D)
DO

)
[\
)
[ty

-,
S

ikl ki s
aliaiEsikil ksl

ikl ai il kil

X o = =] =] X O

M| | A | = =] ||

O 3| o] | | | 04|

(] Nl Neol Bt B e Renl RGN

Usage

Fan-in / Fan-out
Layout

Files

See also

0OA2111 - a 2-1-1-1-input AND-OR gate

35
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2.9 OAI21 - a 2-1-input OR-AND-Invert
gate

Synopsys
OAI21 (Y B1 B A)

Description

Circuit

el DT e

Ao—

Schematic (one stage, 27,/2T,, stacked, 61 total)

Bl
&1'_»
::]*PBl
e
> ﬁk»
* *
::] PA l:] PB v
*N A
=
A

::]*NB |—J*NB1
o o
Bo—rplo—rg
Truth Table
Z =-((B1Vv BO)A A)
[ BL[BO[A[Z]
0 0 | X |1
1 X |11 0
X 1 10
X[ X |01
Usage

Fan-in / Fan-out
Layout
Files

See also

OAI31 - a 3-1-input OR-AND-Invert gate



2.9 OAI21 - a 2-1-input OR-AND-Invert gate

Cell
OAI22 - a 2-2-input OR-AND-Invert gate

Synopsys
0OAI22(Z, B1, B0, Al, A0)

Description

Circuit
D
BO
oL
A0
Schematic (one stage, 27},/2T,, stacked, 8T total)

AloTI—f B1 IJ

::] Mp a1 ::] MPBl
A0 BO
[ [
Mp a0 MPE;Z)
MNAO Mp a1
O_J
A0

OJ :] MNBOO_J '«5 MnNp1
BO |—_L B1 |—_L

Truth Table
Z =—((B1V B0) A (A1 V A0))

Z
1
0
0
0
0
1

O | | | | <

Usage

Fan-in / Fan-out
Layout

Files

See also

OAI32 - a 3-2-input OR-AND-Invert gate
OAI33 - a 3-3-input OR-AND-Invert gate

37
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2.10 OAI31 - a 3-1-input OR-AND-Invert
gate

Synopsys
OAI31 (Y B2B1 B A)

Description

Circuit

B2
D
A

Ao——

Schematic (one stage, 3T,/2T,, stacked, 8T total)

30

0 ) 10 15 20 25 30

Truth Table
Z =-((B2v B1V B0O)AA)

[B2[BI[B0|A 7]
0 0 | X |1

AR K| = o

X
X
1
X

= ool o

X 1
1 1
X 1
X 0

Usage

Fan-in / Fan-out
Layout

Files

See also

OAI21 - a 2-1-input OR-AND-Invert gate



2.10 OAI31 - a 3-1-input OR-AND-Invert gate

Cell
OAI32 - a 3-2-input OR-AND-Invert gate

Synopsys
0AI32(Z, B2, B1, B0, A1, A0)

Description

Circuit
B2
5.
Ei’ | ez
wel '

Schematic (one stage, 3T,/2T,, stacked, 10T total)

b0y |

—
Mpps
Al OT ::]
MPAl
s

::] MPBl

A0

O*‘ O*‘
lePAo

IjMPBo 07
|—T]\/[NA()

|—TMNA1
A0 oJ — Al oJ
— My o |—T]\/INBI — Myps
BOOJI—_X_ Blojn—_L BQOJE

Truth Table
Z =—((B2V B1V B0) A (A1 Vv A0))

|

W
[\
w
—

| BO | A1 [ A0 |

Z
0 1
X 0
X 0
X 0
X 0
1 0
1 0
X 1

| A ALK = = o
| A A =] =] <] e o
O M| | p<| | | | >4
Of = p<| | | | A A

Usage
Fan-in / Fan-out

Layout

39
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Files

See also

OAI22 - a 2-2-input OR-AND-Invert gate
OAI33 - a 3-3-input OR-AND-Invert gate

Cell

OAI33 - a 3-3-input OR-AND-Invert gate

Synopsys

OAI33(Z, B2, B1, B0, A2, Al, A0)

Description

Truth Table

Usage
Fan-in / Fan-out
Layout

Files

Circuit
B2
me)
BO
el
A0

Schematic (one stage, 3T,/2T,, stacked, 12T total)

A2 OT IJ B2 IJ
::] MPA2 ::] MPB2
Al OT
::] MPAl ::] MPBl
A0 B0
O*‘ O*‘
:] Mp ao 5 Mppo 7
MNAO Mp a1 My a2
A0 &J — i

:] 5 A2 5
MNBO —]V-[NBl MNB2
BO OJ |—_L B1 OJ |—_L B2 OJ

Z =-=((B2V B1V B0) A (A2V A1V A0))

2 LOGICAL CELLS



2.10 OAI31 - a 3-1-input OR-AND-Invert gate

(B2 [ BI[ B0 A2 [AL[ A0 [ Z]
0 0 0 X X X 1
1 X | X 1 X | X 0
1 X | X | X 1 X |0
1 X | X | X X 1 0
X 1 X 1 X X 0
X 1 X | X 1 X 0
X 1 X | X X 1 0
X | X 1 1 X | X ]o0
X | X 1 X 1 X 0
X | X 1 X | X 1 0
X | X | X 0 0 0 1

See also

OAI22 - a 2-2-input OR-AND-Invert gate
OAI32 - a 3-2-input OR-AND-Invert gate

Cell
OAI211 - a 2-1-1-input OR-AND-Invert gate

Synopsys
OAI211(Z, C1, CO0, B, A)

Description
Circuit
] 1
Co
D
Ao—
Schematic (one stage, 27,,/3T,, stacked, 8T total)
C1 IJ
—
::] Mpc1
Co
ay y M
lj PA lj PB lj gci)
MNA
::] MNB
:] MNCU ) Mnc
Co OJ |—_L C1 OJ |—_L
Truth Table

=-((C1vCO)ABAA)
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(Cl1]Co[B]A[Z]
0 0 | X | X |1
1 X|111]0
X 1 {11110
X[ X |[0[|X|1
X | X [X]0|1
Usage
Fan-in / Fan-out
Layout
Files
See also
OAI311 - a 3-1-1-input OR-AND-Invert gate
Cell
OAI221 - a 2-2-1-input OR-AND-Invert gate
Synopsys
0AI221(Z, C1, C0, B1, B0, A)
Description
Circuit
C1
Co
B1

| ez

Vv

BO
A

Schematic (one stage, 27,,/3T,, stacked, 10T total)
B1 OT IJ C1 OT IJ
::] MPBI ::] MPC1
A OT

ljﬁPA lePBoOT ;Mg(’i)
Ao

:]MNBO My
B0 Bro i
Co oJ |—_L C1 oJ |—_L

:] MNCO 5 Mpyca
f—

2 LOGICAL CELLS



2.10 OAI31 - a 3-1-input OR-AND-Invert gate

Truth Table
Z =-((C1vCO)A(B1VB0O)AA)
[C1]CO[B1[BO[AJZ]
0 0| X | X |X|1
1 X 1 X |1 0
1 XX |1 |11]0
X 1 1 | X |10
X 1 X |1 |1]0
X| X110 0 | X |1
X[ X[ X | X |0]1
Usage
Fan-in / Fan-out
Layout
Files
See also
OAI321 - a 3-2-1-input OR-AND-Invert gate
OAI331 - a 3-3-1-input OR-AND-Invert gate
Cell
OAI222 - a 2-2-2-input OR-AND-Invert gate
Synopsys
0AI222(Z, C1, C0, B1, B0, A1, A0)
Description
Circuit
C1
Co
B1
DD
BO
Al
A0
Schematic (one stage, 27,,/3T,, stacked, 12T total)
Truth Table
Z =-=((C1v C0) A (B1V B0)A (Al V A0))
Usage

Fan-in / Fan-out
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Mot Bo it clo— ]
O*‘ O*‘
::]MPAl ::]MPBl ::]]prm
A0 OT OT OT
:]MPAO EJVIPBO EMPC%)
MNAO Mn a1
O_J
A0 :] 5
MNBO Mn 1
O_J O_J
BO :] 5
Mnco Mnyca
[C1][CO[B1[B0|AL[A0[Z]
0 0 | X | X | X | X |1
1 X 1 X 1 X |0
1 X 1 X X 1 0
1 X | X 1 1 X |0
1 X X 1 X 1 0
X 1 1 X 1 X |0
X 1 1 X X 1 0
X 1 X 1 1 X |0
X 1 X 1 X 1 0
X[ X110 0| X | X |1
X | X | X | X1]0 0 1
Layout
Files
See also
0OAI322 - a 2-2-2-input OR-AND-Invert gate
OAI332 - a 3-3-2-input OR-AND-Invert gate
OAI333 - a 3-3-3-input OR-AND-Invert gate
Cell
OAI311 - a 3-1-1-input OR-AND-Invert gate
Synopsys
OAI311(Z, C2, C1, CO0, B, A)
Description

Circuit

C2

30

Co
Bo—}oz
Ao—

Schematic (one stage, 3T,,/3T, stacked, 10T total)

2 LOGICAL CELLS



2.10 OAI31 - a 3-1-input OR-AND-Invert gate

Truth Table

Usage

Fan-in / Fan-out

Layout

Files

See also

o

B
oo
-

A B Co ::]
OT Fj Mpa OT FE Mpp FE MPC%)

MNA
|—TMNCO |—TMN01

0@1 =TS

C2

— MNCZ

Z =—((C2V C1V CO)A B A A)

[(C2[CI[CO[B[A[Z]
0 0 0 | X | X |1
1 X | X |1(1]0
X 1 X |11 |111]0
X X 1 1111410
X[ X | X |0[|X|1
X | X | X [X]0]1

OAI211 - a 2-1-1-input OR-AND-Invert gate

Cell

OAI321 - a 3-2-1-input OR-AND-Invert gate

Synopsys

OAI321(Z, C2, C1, C0, B1, B0, A)

Description

Circuit

Schematic (one stage, 3T,/3T,, stacked, 12T total)
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OT ::]MPBI
A BO OT Co

Hy .y Hay
lj PA lj PBO lj ch%)
— My
OJ'E
A
MNBO Mpp1
BOoJ i
!
|—TMNCO |—TMN01 |—JMNCQ

CO&JI—_L Cl&Jn—_L Cz@

Truth Table
=-=((C2vC1VvCO)A(B1V BO)AA)

Usage

Fan-in / Fan-out
Layout

Files

See also

OAI221 - a 2-2-1-input OR-AND-Invert gate
OAI331 - a 3-3-1-input OR-AND-Invert gate

Cell
OAI322 - a 3-2-2-input OR-AND-Invert gate

Synopsys
OAI322(Z, C2, C1, C0, B1, B0, A1, A0)

Description
Circuit

Schematic (one stage, 3T,/3T,, stacked, 14T total)

Truth Table
=-((C2Vv C1Vv CO)A(BLV B0)A(AlV A0))

2 LOGICAL CELLS



2.10 OAI31 - a 3-1-input OR-AND-Invert gate

Usage

Fan-in / Fan-out
Layout

Files

See also

[C2]C1[CO|BL|[BO[A]Z]
OJoJo[X[X][X]!L
1L X[ X1 [X]1]o
1L [ X[X[X]1]1]o0
X[ 1T [X[1[X]1]o
X[1[X[X[1]1]o
X [X[1[1[XT]1]o
X [X]T1[X[1]1]o
X [X[XJoJo[X]1
X [X[X[X[XJo]t1

C2

C1

Co

Bl
L1

B0

Al

AQ

OAI222 - a 2-2-2-input OR-AND-Invert gate
OAI332 - a 3-3-2-input OR-AND-Invert gate
OAI333 - a 3-3-3-input OR-AND-Invert gate

Cell

OAI331 - a 3-3-1-input OR-AND-Invert gate

Synopsys

OAI331(Z, C2, C1, CO, B2, B1, B0, A)

Description

Truth Table

Usage
Fan-in / Fan-out

Layout

Circuit

Schematic (one stage, 3T,/3T,, stacked, 14T total)

Z=-((C2vC1VvCO)A(B2V B1V B0)AA)
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Files

See also

Q
[N}
Q
—
Q
o
oy,
—
us}
o
>
—
>
(e}

ikl sikaikai kil kel Rl el e Kl el IS
il sl Rl R R R ] e e I
ol Rl Rl Kl el Rl e e Bea et i e e e IS
ISl e e Rl R e Rl Rl e s el el e
ISl e e e e R B e Rl el e e e
SIS e R R B Rl e el e e e Rl e
SIS Fe e Rl Rl e el e el e Rl e I
—l—lololo|o|loololoo oo o ~|N

OAI221 - a 2-2-1-input OR-AND-Invert gate
OAI321 - a 3-2-1-input OR-AND-Invert gate

Cell

OAI332 - a 3-3-2-input OR-AND-Invert gate

Synopsys

OAI332(Z, C2, C1, C0, B2, B1, B0, A1, A0)

Description

Truth Table

Circuit

Schematic (one stage, 3T,/3T,, stacked, 14T total)

Z ==((C2v C1VvC0)A(B1V B0)A(AlV A0))

2 LOGICAL CELLS



2.10 OAI31 - a 3-1-input OR-AND-Invert gate

D
DD

A
::]Mpcz
::]Mpm

'ﬁMf;%a

OT% czo
"
weqt ooy

IjMPBO

A

A O—J
lJ MNB(] — My — My g
[

BO oJ — B2
:] M 5 M 5 M
Co oJ |—_L ]\éClOoJ |—_L NCC210J o

'TMPA
|—TMNA

Usage

Fan-in / Fan-out
Layout

Files

See also

OAI222 - a 2-2-2-input OR-AND-Invert gate
OAI322 - a 3-2-2-input OR-AND-Invert gate
OAI333 - a 3-3-3-input OR-AND-Invert gate

Cell
OAI333 - a 3-3-3-input OR-AND-Invert gate

Synopsys
0AI333(Z, C2, C1, CO0, B2, B1, B0, A2, A1, A0)

Description
Circuit
Schematic (one stage, 3T,/3T,, stacked, 18T total)

Truth Table
=-((C2vC1VvCO)A(B2V B1V B0) A (A2V AlV A0))

Usage
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Q
[N}
Q
iy
Q
(=)
oy
[N}
vy
—
o)
(=)

I e e I P PR P PR R
R R e P Rl e e Rl e e e

= R e e e e e e R Y B e =
== OO oo oo oo || N

SISl R s R D e e R i

SISl s I s R e B e e e

el s s R R Rl Rl el
el il e el R R e i

.

Fan-in / Fan-out
Layout
Files

See also

OAI222 - a 2-2-2-input OR-AND-Invert gate
OAI322 - a 3-2-2-input OR-AND-Invert gate
OAI332 - a 3-3-2-input OR-AND-Invert gate



2.10 OAI31 - a 3-1-input OR-AND-Invert gate

J ]
JV[PA1OT JWPB1OT
:j i

ﬁAfPAOOT 'ﬁ]\/[PBO
|—T]\/[NA() |—TMNA1

A0 O—J
:] MNB‘O 5 Mpnp1
f-—

BO oJ —
|—TMNCU — Myen — Myco
COOJI—_X_ Clojn—_L CQOJE

—
::] Mpco
::] Mpca

'ﬁMg%

Al
A0

[C2[C1[CO|BI[BO[AI[AO]Z]
0JOJOoOX[X[X[X]1
1 [ X[ X1 [X[1[X]o
1 [ X[ X1 [X[X]1]o
I [ X[ X[X]1[1[X]o
1 [ X[X[X]T1[X]1]o
X1 [ X1 [X]1[X]o
X[ 1 [ X[1[X[X]1]o
X |1 [ X[X[1]1[X]o
X1 [ X[X[1[X]1]o
X[ X1 [1[X]1[X]o
X[ X1 [1[X[X]1]o
X[ X1 [X[1]1[X]o
X[ X1 [X[1[X]1]o
X[ X[X]Jo]o[X[X]1
X [ X[X[X[X[Jo]o]t1

C2

C1

G2l )

B2
LD
B0

i

o1
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Ao
—

J.

PC1
My a2
Mypo
Mnca

ﬁﬁm
Ojr»
i
OJ:«
OJ:«
]

Mpps
C1
Mpp1
Co
A2
Mnp1
B2
Mnc
C2

My a1

Mppo

—
i

—
f—
f—
f—

Z

mﬁ
e
|
|
|

[PAl
Mp ao
M a0

Al
MnBo

B1
Mnco

C1

—
—
—
f—
f—
f—

jj

o
o
o

Avo—

B o

coo]

[C2[C1[CO|B2[B1[B0O|A2[AI[A0]Z|]

0

X | X | X | X

X | X | X | X
X | X | X | X

X |1 X | X | X | X | X




2.11 OR4 - a 4-input OR gate

2.11 ORA4 - a 4-input OR gate
Synopsys
OR4 (ZYYD CBA)

Description

Circuit

>wao

Schematic (one stage, 4T},/1T,, stacked, 107" total)

Do

—
::] *ppD
C
—
::] *pC
B
—
::] *pB
A
-
ﬁ pa o7
S POV TS P P
&J 'e*N;J 'e*NiJ 'k*N;J '«*ND
Ao Be—7C Do—r
Truth Table

Z=DVvCVBVA

(D[C|B[A]Z]
0

>R =] K o
M=l | o
=1l | | o

X< X o
[y Y S

Usage

Fan-in / Fan-out
Layout

Files

See also

NORS3 - a 3-input Not-OR (or NOR) gate
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Cell

XOR2 - a 2-input Exclusive-OR (or XOR) gate

Synopsys

XOR2(Z, B, A)

Description

Truth Table

Usage

Fan-in / Fan-out

Circuit

Schematic (two stages, 27),/2T,, stacked, 10T total)

A

Keep attention - Fan-in is doubled

Layout

2 LOGICAL CELLS



Files
Simulation
O ./Sources/verilog/X0R2.v - Verilog-95 Cell Model
O ./Sources/verilog/X0R2_switch.v - Verilog-2001 Switch-Level Model
O ./TBench/verilog/tb_X0R2.v - Verilog-2001 Self-checking Testbench
Physical Layout
v 7

See also

EQ2 - a 2-input Equality (or XNOR) gate

3 Physical Cells

Cell
TIEO - a Tie-low (or pull-down) cell

Synopsys
TIEO(Z)
Description
Circuit
Z
R
Truth Table
Z =0
L7]
Usage

Fan-in / Fan-out
Layout

Files

See also

TIEL - a Tie-high (or pull-up) cell

Cell
TIE1 - a Tie-high (or pull-up) cell
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Synopsys
TIE1(Z)
Description
Circuit
R
7
Truth Table
Z =1
[1]
Usage

Fan-in / Fan-out
Layout
Files

See also

TIEO - a Tie-low (or pull-down) cell

Cell

FILL - a Filler cell with capacitance

Synopsys

FILL
Description

Schematic (one stage, 2T total)
—
" D
My
[ —

Truth Table

No Truth Table applicable.



Usage

Fan-in / Fan-out
Layout

Files

See also VDDIO
GND
ANA
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