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1 2 3 4

A

B

C

D

4321

D

C

B

A

bus8sel_35

Sel

a[0]

Sel

a[1]

a[2]

a[0]
a[1]

a[3]

a[2]
a[3]

a[4]

a[4]
a[5]

a[5]

a[6]
a[7]

a[6]

a[7]

b[0]

b[1]

b[2]

b[3]

b[4]

b[5]

b[6]

b[6]

Vdd

a[0]
a[1]
a[2]
a[3]
a[4]
a[5]
a[6]
a[7]



a7 a0a1a2a3a4a5a6

sel

b6

b5

b4

b3

b7

b0

b1

b2

Gnd

Vdd

Gnd



SymbolWave

D0:A0:v(b7)

D0:A0:v(b6)

D0:A0:v(b5)

D0:A0:v(b4)

D0:A0:v(b3)

D0:A0:v(b2)

D0:A0:v(b1)

D0:A0:v(b0)

D0:A0:v(sel)

D0:A0:v(a7)

D0:A0:v(a6)

D0:A0:v(a5)

D0:A0:v(a4)

D0:A0:v(a3)

D0:A0:v(a2)

D0:A0:v(a1)

D0:A0:v(a0)

V
ol

ta
ge

0

2

V
ol

ta
ge

0

2

V
ol

ta
ge

0

2

V
ol

ta
ge

0

2

V
ol

ta
ge

0

2

V
ol

ta
ge

0

2

V
ol

ta
ge

0

2

V
ol

ta
ge

0

2

V
ol

ta
ge

0

2

V
ol

ta
ge

0
1
2

V
ol

ta
ge

0
1
2

V
ol

ta
ge

0
1
2

V
ol

ta
ge

0
1
2

V
ol

ta
ge

0
1
2

V
ol

ta
ge

0
1
2

V
ol

ta
ge

0
1
2

V
ol

ta
ge

0
12

Time (lin) (TIME)
0 50n 100n 150n 200n 250n 300n 350n 400n 450n 500n

* hspice file created from bus8sel_35.ext - technology



1 2 3 4

A

B

C

D

4321

D

C

B

A

bus8_35

a[0]

a[1]

a[2]

a[0]
a[1]

a[3]

a[2]
a[3]

a[4]

a[4]
a[5]

a[5]

a[6]
a[7]

a[6]

a[7]

b[0]

b[1]

b[2]

b[3]

b[4]

b[5]

b[6]

b[6]

Vdd

a[0]
a[1]
a[2]
a[3]
a[4]
a[5]
a[6]
a[7]



a7 a6 a5 a4 a3 a2 a1 a0

b2

b1

b7

b3

b4

b5

b6

b0

Gnd

Vdd

Gnd



SymbolWave

D0:A0:v(b7)

D0:A0:v(b6)

D0:A0:v(b5)

D0:A0:v(b4)

D0:A0:v(b3)

D0:A0:v(b2)

D0:A0:v(b1)

D0:A0:v(b0)

D0:A0:v(a7)

D0:A0:v(a6)

D0:A0:v(a5)

D0:A0:v(a4)

D0:A0:v(a3)

D0:A0:v(a2)

D0:A0:v(a1)

D0:A0:v(a0)

V
ol

ta
ge

s
0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0

2

V
ol

ta
ge

s

0
2

Time (lin) (TIME)
0 50n 100n 150n 200n 250n 300n 350n 400n 450n 500n

* hspice file created from bus8_35.ext - technology: s



1 2 3 4

A

B

C

D

4321

D

C

B

A

rd8x16_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit1n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35bit0n_35bit0n_35bit0n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

a[7] a[6] a[5] a[4] a[3] a[2] a[1] a[0]

s[0]

s[1]

s[2]

s[3]

s[4]

s5]

s[6]

s[7]

s[8]

s[9]

s[10]

s[11]

s[13]

s[14]

s[15]

s[12]

ROM array for the
following binary information:

01001000
11001101
01010011
00001111
10100010
11111111
00010000
10101010
00101010
11001101
01010011
00001111
10100010
11111111
00010000
10101010

The Magic file for this ROM was created
by the MATLAB routine:   ROMD_35



Gnd

s15

s14

s13

s12

s11

s10

s9

s8

s7

s6

s5

s4

s3

s2

s1

a0a1a2a3a4a5a6

s0

a7



1 2 3 4

A

B

C

D

4321

D

C

B

A

rs8x16a_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35bit1n_35bit1n_35bit1n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit0n_35 bit0n_35 bit0n_35 bit0n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35 bit1n_35

bit1n_35

bit1n_35 bit1n_35 bit1n_35 bit1n_35

ROM array for the
following binary information:

01001000
11001101
01010011
00001111
10100010
11111111
00010000
10101010
00101010
11001101
01010011
00001111
10100010
11111111
00010000
10101010

The Magic file for this ROM was created
by the MATLAB routine:   ROMS_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit1p_35 bit1p_35

bit1p_35 bit1p_35 bit1p_35 bit1n_35 bit1p_35

bit1p_35 bit1p_35 bit1p_35 bit1p_35

bit1p_35 bit1p_35 bit1p_35 bit1p_35

bit1p_35 bit1p_35 bit1p_35

bit1p_35 bit1p_35 bit1p_35 bit1p_35 bit1p_35 bit1p_35 bit1p_35 bit1p_35

bit1p_35

bit1p_35 bit1p_35 bit1p_35 bit1p_35

bit1p_35 bit1p_35 bit1p_35

bit1p_35 bit1p_35 bit1p_35 bit1p_35 bit1p_35

bit1p_35bit1p_35bit1p_35bit1p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit0p_35 bit0p_35 bit0p_35 bit0p_35

bit1p_35 bit1p_35 bit1p_35 bit1p_35

bit1p_35 bit1p_35 bit1p_35

bit1p_35 bit1p_35 bit1p_35 bit1p_35 bit1p_35 bit1p_35 bit1p_35 bit1p_35

bit1p_35

bit1p_35 bit1p_35 bit1p_35 bit1p_35

Vdd

a[7] a[6] a[5] a[4] a[3] a[2] a[1] a[0]

s[0]

s[1]

s[2]

s[3]

s[4]

s[5]

s[6]

s[7]

s[8]

s[9]

s[10]

s[11]

s[12]

s[13]

s[14]

s[15]

Ns[0]

Ns[1]

Ns[2]

Ns[3]

Ns[4]

Ns[5]

Ns[6]

Ns[7]

Ns[8]

Ns[9]

Ns[10]

Ns[11]

Ns[12]

Ns[13]

Ns[14]

Ns[15]



a0a1a2a3a4a5a6a7

Vdd

Ns15

Ns14

Ns13

Ns12

Ns11

Ns10

Ns9

Ns8

Ns7

Ns6

Ns5

Ns4

Ns3

Ns2

Ns1

Ns0

Gnd

s15

s14

s13

s12

s11

s10

s9

s8

s7

s6

s5

s4

s3

s2

s1

s0



tim
e 

(n
s) 0.
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00
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0.
00

40
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00
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0.
00
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00

s

N
s a
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40
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00
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00
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00
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00

40
00
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00

fff
e

fff
d

fff
b

fff
7

ffe
f

ffd
f

ffb
f

ff7
f

fe
ff

fd
ff

fb
ff

f7
ff

ef
ff

df
ff

bf
ff

7f
ff

01
00

10
00

11
00

11
01

01
01

00
11

00
00

11
11

10
10

00
10

11
11

11
11

00
01

00
00

10
10

10
10

00
10

10
10

11
00

11
01

01
01

00
11

00
00

11
11

10
10

00
10

11
11

11
11

00
01

00
00

10
10

10
10



1 2 3 4

A

B

C

D

4321

D

C

B

A

Vdd

2pc1_35

in

Vdd

P2
NP2

Vdd

~in
P1
NP1

Vdd Vdd Vdd Vdd

in

~in
NP1

P1

P2

NP2

2-Phase Clock Generator



Gnd

NP2P2 P1 NP1

In Vdd



SymbolWave

D0:A0:v(np2)

D0:A0:v(p2)

D0:A0:v(np1)

D0:A0:v(p1)

D0:A0:v(in)

V
ol

ta
ge

s 
(li

n)

0

500m

1

1.5

2

2.5

3

V
ol

ta
ge

s 
(li

n)

0

500m

1

1.5

2

2.5

3

V
ol

ta
ge

s 
(li

n)

0

500m

1

1.5

2

2.5

3

V
ol

ta
ge

s 
(li

n)

0

500m

1

1.5

2

2.5

3

V
ol

ta
ge

s 
(li

n)

0

500m
1

1.5

2

2.5

3

Time (lin) (TIME)
0 50n 100n 150n 200n 250n 300n 350n 400n 450n 500n

* hspice file created from 2pc1_35.ext - technology: 



1 2 3 4

A

B

C

D

4321

D

C

B

A

Vdd 4bcounter_35

in

Vdd

P2
NP2

Vdd

~in

P1
NP1

Vdd Vdd Vdd Vdd

in

~in
NP1

P1

P2

NP2

4-bit synchronous counter

2 phase clock generator

P1

NP1 NP2

P2

Vdd Vdd

NQ0

Q0
P1

NP1 NP2

P2

Vdd Vdd

NQ1

Q1

P1

NP1 NP2

P2

Vdd Vdd

NQ2

Q2

Vdd Vdd
Q0 Q1

NT1

T1

NT2

T2

P1

NP1 NP2

P2

Vdd Vdd

NQ3

Q3

NT3

T3

Vdd

Q2Q1Q0

NQ0

Q0
NP1

P1

NP2

P2

NQ1

Q1
NP1

P1

NP2

P2

Q0

NQ2

Q2

NP1

P1

NP2

P2

Q0

Q1

NQ3

Q3
NP1

P1

NP2

P2

T NQ

Q

T NQ

QClk

T NQ

QClk

T NQ

QClk

in

Q0 (LSB) Q1 Q2 Q3 (MSB)

NQ0 NQ1 NQ2 NQ3

in

Q1
NQ1

Q2
NQ2

Q3
NQ3

Q0
NQ0

4Bit Counter



VddGndIn

Q1

Q0

LSB

Q3 NQ3

Q2 NQ2

NQ1

NQ0

MSB

P1 NP1NP2P2



tim
e 

(n
s) 0.
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25
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N
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0
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9

a
b

c
d

e
f

0

f
e

d
c

b
a

9
8

7
6

5
4

3
2

1
0

f



SymbolWave

D0:A0:v(nq3)

D0:A0:v(nq2)

D0:A0:v(nq1)

D0:A0:v(nq0)

D0:A0:v(q3)

D0:A0:v(q2)

D0:A0:v(q1)

D0:A0:v(q0)

D0:A0:v(in)

V
ol

ta
ge

s 
(li

n)

0

2

V
ol

ta
ge

s 
(li

n)

0

2

V
ol

ta
ge

s 
(li

n)

0

2

V
ol

ta
ge

s 
(li

n)

0

2

V
ol

ta
ge

s 
(li

n)

0

2

V
ol

ta
ge

s 
(li

n)

0

2

V
ol

ta
ge

s 
(li

n)

0

2

V
ol

ta
ge

s 
(li

n)

0

2

V
ol

ta
ge

s 
(li

n)

0

2

Time (lin) (TIME)
0 200n 400n 600n 800n 1u 1.2u 1.4u 1.6u 1.8u 2u

* hspice file created from 4bcounter_35.ext - technol



1 2 3 4

A

B

C

D

4321

D

C

B

A

mux2to1_35

Vdd Vdd Vdd

I0

I1

S0

~S0 Y

I0

I1
Y

S0

I0

I1

S0

~S0

Y



I0

S0

I1

Vdd

Gnd

Y



SymbolWave

D0:A0:v(y)

D0:A0:v(i1)

D0:A0:v(i0)

D0:A0:v(s0)

V
ol

ta
ge

s 
(li

n)

0

1

2

3

V
ol

ta
ge

s 
(li

n)

0

1

2

3

V
ol

ta
ge

s 
(li

n)

0

1

2

3

V
ol

ta
ge

s 
(li

n)

0

1

2

3

Time (lin) (TIME)
0 20n 40n 60n 80n 100n 120n 140n

* hspice file created from mux2to1_35.ext - technology



1 2 3 4

A

B

C

D

4321

D

C

B

A

mux2to1a_35
VCC

s0

x0

x1
Y

s0

x1

x0

y

x0

x1

~s0

s0

s0

~s0

y

s0 ~s0



x0

x1

x1

x0

Vdd

s0 y

Gnd



SymbolWave

D0:A0:v(y)

D0:A0:v(x1)

D0:A0:v(x0)

D0:A0:v(s0)

V
ol

ta
ge

s 
(li

n)

0

1

2

3

V
ol

ta
ge

s 
(li

n)

0

1

2

3

V
ol

ta
ge

s 
(li

n)

0

1

2

3

V
ol

ta
ge

s 
(li

n)

0

1

2

3

Time (lin) (TIME)
0 20n 40n 60n 80n 100n 120n 140n

* hspice file created from mux2to1a_35.ext - technolog



1 2 3 4

A

B

C

D

4321

D

C

B

A

mux4to1_35
Vdd Vdd Vdd Vdd

I0

I1

I2

I3

S1 S0

~S1 ~S0 Y

I0

I1

I2

I3

Y

S0

S1

I0

I1

I2

I3

S1 S0

~S1 ~S0

Y



I0

S1 S0

Gnd

I1

I2

I3

Vdd

Y



SymbolWave

D0:A0:v(y)

D0:A0:v(i3)

D0:A0:v(i2)

D0:A0:v(i1)

D0:A0:v(i0)

D0:A0:v(s1)

D0:A0:v(s0)

V
ol

ta
ge

s 
(li

n)

0
500m

1
1.5

2
2.5

3

V
ol

ta
ge

s 
(li

n)

0
500m
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3

V
ol

ta
ge

s 
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n)

0
500m
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ol

ta
ge

s 
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n)

0
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3

V
ol

ta
ge

s 
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n)

0
500m
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3

V
ol

ta
ge

s 
(li

n)

0
500m

1
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2
2.5

3

V
ol

ta
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