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Problem 14.2

Simulation the nonoverlapping clock generator circuit. In order to increase the dead time
between the nonoverlapping clocks, two more inverters are added to increase the delay
time.

“4:| TurbaSim - C\TS\445-14-2. CKT"

Ut uUs CLX1
NAND uls INVT o
. %4
)Oom- mDC out Ul%a ouT NDC outT chum NDC outT T .
B
vl - [ ! Ci iL %
us :
. NAND u16 ui4 INVT wnvr 2 b
A : ): OUT nj‘Do ouT NDO ouT N% oUT ND(> ouT N QuUT %’R
B ]
INVT INVT c2
20¢

" AR » MR AN RO K )xat W R
$54 \‘, By l\)\ \X\ \ N N W
: = e R ’\ K “\3‘ \‘\,“k Y " LR M) \- o, ..L:& :

Netlist of SPICE simulation:

*** (TurboSim V 1.87) Netlist for C:\TS\445-14-2.CKT
.subckt NAND.sub64 5

MI10 2652 CMOSPB L=2u W=3u

Mll 2452 CMOSPB L=2u W=3u

M7 1650 CMOSNB L=2u W=3u

M3 0410CMOSNB L=2u W=3u

Vi 20 DC5ACO00

.ends NAND.sub

*

.subckt inverter.sub 2 3

Ml 0230CMOSNB L=2u W=3u
M2 4234 CMOSPB L=2u W=3u
VDD 40 DCSACO00

.ends inverter.sub

*** Top Level Netlist ***
Cl1 CLK1 0 20f
C2 CLK2 0 20f



XUl  CLK227 NAND.sub
XU13 233 inverter.sub

XUl4 249 inverter.sub

XU15 2723 inverter.sub

XUl6 2824 inverter.sub

XU2 7828 NAND.sub

XU3 312 inverter.sub

Xu4 127  inverter.sub

XUS 7 CLK1inverter.sub

XUé6 917 inverter.sub

Xu7 172  inverter.sub

XU8 2 CLK2inverter.sub

XU9 CLK 8 inverter.sub

vl CLK O DCOACO00PULSE(0.1 55n.In.1n 10n 20n)

**x%* Spice models and macro models *****

.MODEL CMOSNB NMOS LEVEL=4
.MODEL CMOSPB PMOS LEVEL=4

*¥*x* End of spice models and macro models *****

.OPTION ABSTOL=1u ITL4=100 RELTOL=.01 VNTOL=2m

tran .In 100n 0 In
.end

SPICE simulation result:

TurbaScope: tran5- Click Right Mouse Button In This Window For Menu.

— —_—-
v clk1 +10 —a clk
clk2 +20
30.0
20.0
10.0

0.0
0.0

time

100.0




Problem 14.3

Use PE gate to realize some logic functions. The SPICE circuit and simulation results are

shown below.

CLX

L E T e

CMOSFB

[ 4

oy

D
+

B[

B
DC54C00

|
+
+
GO0
O00
:":.o'

c1 X

s00f]

F<]CMOSNB e o w

»

LT
2
S
]

»
..’
NI A AN A

1

TPty
.'ﬁ £

JL
n-
il}
08 )
L6l o )
A0S

.
L)
¥,

»
5

)
26

.|||
<
....’ » .A.'.. .
L )

AN

g
ll's

\—/
S
<

LSRN

28)

AL )

*

o

OGO ¢

o

.
FIH

b
o1 e
Q
=
2
I+
i}
P

..D

fire =

O R R A A

Netlist of this circuit:

*** (TurboSim V 1.87) Netlist for C:\TS\445-14-3.CKT

*** Top Level Netlist ***

C1 VF 0 500f

Ml 1 CLK VF 1 CMOSPB L=2u W=3u
M2 3 VA VF 0 CMOSNB L=2u W=3u
M3 6 VB 3 0 CMOSNB L=2u W=3u
M4 8 VC 6 0 CMOSNB L=2u W=3u
MS 13 VD 8 0 CMOSNB L=2u W=3u
M6 0 CLK 13 0 CMOSNB L=2u W=3u
M7 13 VE VF 0 CMOSNB L=2u W=3u

Vi VA0 DCOACO0O0PULSE(0S lu 5ns 5ns 2u 4u)
V2 VB0 DCO0 AC00PULSE(0 S 4u 5ns 5ns 2u 4u)
V3 VCO0 DCO0ACOO0PULSE(0S5 lu5ns Sns 3u 4u)



V4 VDO DC 0 AC 00 PULSE(0 5 4u 5ns 5ns 2.5u 4u)
\'A VEO DCO0ACO0O0PULSE(0 S .5u 5ns Sns 2u 4u)

Vc CLK 0 DCO0OAC00PULSE(05 100n 5ns 5ns .5u 1u)

vDD 10 DCS5ACO00
*ex4* Spice models and macro models *****

.MODEL CMOSPB PMOS LEVEL=4 ...
.MODEL CMOSNB NMOS LEVEL=4 ..,

***** End of spice models and macro models *****
.OPTION ABSTOL=1u ITL4=100 RELTOL=.01 VNTOL=2m
.tran 100n 10u 0 100n

.end

Simulation result:

Doacope

time

A  verso
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> 0.0 2.0 4.0 6.0 8.0 10.0




Problem 14.4
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*** (TurboSim V 1.87) Netlist for CA\TURBOSIM\EE445\144.CKT

*

.subckt nandl.sub2 5 4

Ml
M2
M3
M4

vbDD 60

DC5AC00

.ends nand1.sub

*

.subckt invtOl.sub 4 1

M1
M2

vDD 30

DC5ACO00

.ends invtO1.sub

*** Top Level Netlist ***

Cl1
M10
Mi11
M12
M9

0 VOUT 10f
VOUT CLKI1 31 0 CMOSNB L=2u W=3u
VOUT CLK2 34 35 CMOSPB L=2u W=3u
34 VIN 35 35 CMOSPB L=2u W=3u
31 VIN 00 CMOSNB L=2u W=3u

1200CMOSNB L=2u W=3u
4510CMOSNB L=2u W=3u
4566 CMOSPB L=2uW=3u
4266 CMOSPB L=2u W=3u

1400CMOSNB L=2u W=3u
1433 CMOSPB L=2u W=3u



XU1 22 25 6 nandl.sub
XU2 31316 nandl.sub
XUu3 610 invtOl.sub
XU4 1013  invtOl.sub
XUs 16 19 invtOl.sub
XU6 1922 invtOl.sub

XU7 13 CLK1 invtO1.sub

XU8  22CLK2 invt01.sub

XU9 253  invtOl.sub

A" 250 DCOACOOPULSE(S 15n 1n 1n 20ns 40ns)

V4 350 DC5ACO00
VIN VINO DCO0OACOOPULSE(0S 5ns 0.1ns 0.1ns 5ns 10ns)

**x** Spice models and macro models *****

.MODEL CMOSNB NMOS LEVEL=4

.MODEL CMOSPB PMOS LEVEL=4

**x** End of spice models and macro models *****
.OPTION ABSTOL=1m RELTOL=0.01 VNTOL=10mv
.tran .1ns 100ns O .1ns uic

.end

SPICE simulation is shown below:

v clkl +6 vout
vin+12

200
150 Vin
100
CLk
50 1 —1
Vout
00 \ _— \
50

100 50.0 60.0 200 ' 80.0 909 100.0
tme nS



Proé/em ,4‘-5'

VoD
0 A 1
- 5 Out = A0 +AlAZ +A3A4
— L ‘

P!

P

ASsumfnj minimum Si8€ IS CIO(O/DTPL/ (3,um/2,um)_ 7Ze worST- Case 'ZLPHL

TPHL 2 3Rnv* Cioad :3)‘?)("5—05? =/-Qn5

be’b(?)’ﬁ/4.6

See next pao(/e for /‘/%p/emenmz‘ion and sfﬂm/o-z*ior),

Problem |47
The civcuwit i< ,‘m/;/emen'/?c(' b} NV-p /Ujic‘ Wﬁeﬂfﬁ ='0'(5=,/l), both

Coner " oned 'S, " log/c are in precharge phuse. Note that Cper s logic ')’
a/w/ Shle 7%8 ("oﬁé’,S/?oﬁo/’-"j P-MoS of 5@(0'70/ SfagP oﬁ. W/?GH ¢:'/;/5:,0,)’
both Sfaj?pg Gre in evaluation /;hcose , and Cher ond Sy are Set by,

An, Brn end CV?_



Problem 14.6

*** (TurboSim V 1.87) Netlist for C:\TURBOSIM\EE445\146.CKT

*

.subckt invt01.sub 4 1

M1 1400 CMOSNB L=2u W=3u
M2 1433 CMOSPB L=2u W=3u
VDD 30 DCSACO00

.ends invt01l.sub

*** Top Level Netlist ***

C1 0 VOUT 10f

M1 1 CLK 0 0 CMOSNB L=2u W=3u

M2 4560 CMOSNB L=2u W=3u

M3 6 VB 10 CMOSNB L=2u W=3u

M4 4 VA 90 CMOSNB L=2u W=3u

MS5 91010 CMOSNB L=2u W=3u

M6 4 CLK 11 11 CMOSPB L=2u W=3u

XUl 4VOUT invt01.sub

XU3 VA5 invtOl.sub

XU4 VB 10 invt0l.sub

Vi CLK 0 DC 0 AC 00 PULSE(0 5 6n 0.1ns 0.1ns 10ns 20ns)
VA VAO DCOACO0PULSE(0S51n0.1n 0.1n 20n 40n)
VB VB0 DCOACO00PULSE(0S 5n 0.1n 0.1n 30n 60n)
VDD 110 DCS5ACO00

*4%%% Spice models and macro models *****



.MODEL CMOSNB NMOS LEVEL=4

.MODEL CMOSPB PMOS LEVEL=4

**x%* End of spice models and macro models *****
.OPTION ABSTOL=1m RELTOL=0.1 VNTOL=10mv

.tran 1n 100ns 0 1n vic
.end

The SPICE simulation is shown below:

vbe21 va+14

300

158

100

AL

5.0
0.0 10.0 20.0 300 40.0 50.0 60.0 700

time nS

80.0

Vb

Va

CLK

Vout
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Problem 14.12
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*** (TurboSim V 1.87) Netlist for CATS\CIRCUITS\445-1412.CKT

*

.subckt NAND.sub64 5
MI10 26352 CMOSPB L=2u W=3u

M1l 2452 CMOSPB L=2u W=3u
M7 16350 CMOSNB L=2u W=3u
M8 0410CMOSNB L=2u W=3u
Vi 20 DCSACOO0

.ends NAND.sub

*

.subckt inverter.sub 2 3

MI 0230 CMOSNB L=2u W=3u AD=36p AS=36p PD=24u PS=24u NRD=1 NRS=1
M2 4234 CMOSPB L=2u W=3u AD=36p AS=36p PD=24u PS=24u NRD=1 NRS=1
vDD 40 DC5ACO00

.ends inverter.sub

*** Top Level Netlist ***

ic V(OUT)=0

Cl OUT 0 10e-15

MI10  CLK2 10 OUT 0 CMOSNB L=2u W=3u AD=36p AS=36p PD=24u PS=24u NRD=1 NRS=1
MI1 10 CLK2 70 CMOSNB L=2u W=6u AD=36p AS=36p PD=24u PS=24u NRD=1 NRS=1

MI2 9 CLKI IN 0 CMOSNB L=2u W=6u AD=36p AS=36p PD=24u PS=24u NRD=] NRS=1
M7 7 CLK!1 CLK1 0 CMOSNB L=2u W=3u AD=36p AS=36p PD=24u PS=24u NRD=1 NRS=1



M8 CLK19 70 CMOSNB L=2u W=3u AD=36p AS=36p PD=24u PS=24u NRD=1 NRS=1

M9 OUT CLK2 CLK2 0 CMOSNB L=2u W=3u AD=36p AS=36p PD=24u PS=24u NRD=1 NRS=1
XU1 CLK 17 20 NAND.sub

XU2 16 429 NAND.sub

XU3 20 22 inverter.sub

XU4 22 16 inverter.sub ;

XUs 16 CLK1 .inverter.sub

XUeé6 29 33 inverter.sub

Xu7 3317 inverter.sub

XU8 17 CLK2 inverter.sub
XU9 CLK 4 inverter.sub )
vl CLK 0 DCOACO0O0PULSE( S5 15n In 1n 18n 40n)

V2 INO DCOACO0O0PULSE(SSn In In 18n 40n)
**xx* Spice models and macro models *****

.MODEL CMOSNB NMOS LEVEL=4 ..
.MODEL CMOSPB PMOS LEVEL=4 ..

**x** End of spice models and macro models *****

.OPTION ABSTOL=100u CHGTOL=1.0E-12 ITL4=100 RELTOL=.1 VNTOL=5m
tran .1n 250n 100n In
.end

—_ —e
v —o clk2+24 —a Clk1+18

in+12 out+6

nEa F’\_j

=i
20.0

1 ™
A | W IR A L+J
e

time n$

The logic high voltage is about 3.5V.



Problem 14.13
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**% (TurboSim V 1.87) Netlist for CATS\CIRCUITS\445-1413.CKT

*** Top Level Netlist ***

Cl
Ml
MI10
Mlil
MI12
MI3
M2
M3
M4
M5
M6
M7
% ¢
Velk
VDD
VIN

Vout 0 40f IC=5

0 CLK 2 0 CMOSNB L=2u W=3u

098 0CMOSNB L=2u W=3u

39 Vout 3 CMOSPB L=2u W=3u

7109 0 CMOSNB L=2u W=3u

8 CLK Vout 0 CMOSNB L=2u W=3u

3 CLK 4 3 CMOSPB L=2u W=3u

4 Vin 2 3 CMOSPB L=2u W=3u

02100 CMOSNB L=2u W=3u

3263 CMOSPB L=2u W=3u

6 CLK 10 3 CMOSPB L=2u W=3u

0 CLK 70 CMOSNB L=2u W=3u

3 CLK 93 CMOSPB L=2u W=3u

CLK O DCOACO0O0PULSE(0 5 15n 100p 100p 10n 20n)
30 DC5ACO00

Vin0 DCOACO00PULSE(0S5 5n 100p 100p 30n 60n)

**x*+x Spice models and macro models *****

.MODEL CMOSNB NMOS LEVEL=4 ..
.MODEL CMOSPB PMOS LEVEL=4 ..

***x* End of spice models and macro models *****

OPTION ABSTOL=100u ITL4=100 RELTOL=.1 VNTOL=5mv
tran .1n 100n O tn uic

.end
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