Chapter 15

Problem 15.7

.subckt invtO1.sub 4 1

Mi 1400 CMOSNB L=2u W=3u
M2 1433 CMOSPB L=2u W=3u
vDD 30 DC5ACO00

.ends invtO1.sub

.subckt invt02.sub 4 1

M1 1400 CMOSNB L=15u W=3u
M2 1433 CMOSPB L=15u W=3u
vDD 30 DC5ACO00

.ends invt02.sub

*** Top Level Netlist ***

M1 5 VCLK 2 0 CMOSNB L=2u W=3u

XU1 VD2 invtOl.sub
XU02 5VQ invtOl.sub
XU3 VQ5 invt02.sub

VCLK VCLKO DCOACOOPULSEM@S5 In0.1n 0.1n 10n 20n)
VD VDO DCOACOOPULSE(S55n0.1n 0.1n 20n 40n)

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

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

***** End of spice models and macro models *****
.OPTION ABSTOL=1u RELTOL=0.01 VNTOL=5mv

Aran 0.1n 100n 0 0.1n uic
.end



The SPICE simulation is shown below:
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The layout of the D-FF is as following:




Problem 15.8

The layout of the two-input MUX is shown below:

Problem 15.9

The layout of XOR/XNOR using reduced standard-cell frame height is shown below:
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Problem 15.10

The layout of a 16-to-1 MUX/DEMUX is shown below:
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Problem 15.14

The layout of the D-FF is shown below:
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Chapter 16

Problem 16.1

The layout of a lateral 5 X 1 NPN BJT is shown below:
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Problem 16.2 (Simulation)

*** Top Level Netlist ***

Cl 0 VOUT 5pf IC=5

Q1 VOUT VIN 0 BN2X1 2.5

VIN VINO DCOACOOPULSE(050.5n0.1n0.1n 5n 10n)

**xx* Spice models and macro models *****

.MODEL BN2X1 NPN

+ BF=82 IS=1.588E-16 NF=9.9563E-01 NE=1.3356 VAF=57.1

+ IKF=2.3067E-02 ISE=1.267E-16 RE=12.7 RC=420.00 RB=1.213E+03

+ RBM=7.53 ISC=3.363E-15 NC=1.0202

+ CJE=0.1952E-12 MJE=0.5050 VJE=0.85 CJC=0.18815E-12 MJC=0.4990 VJC=0.80
+ CJ5=0.2326E-12 MJS=0.2033 VJS=0.70

**3x** End of spice models and macro models *****

.OPTION ABSTOL=1m RELTOL=0.1 VNTOL=100mv

ran 0.1n 5n 0 O.1n uic
.end

The SPICE simulation is shown below:
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Problem 16.3
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*** Top Level Netlist ***

Cl
Ml
M2
M3
M4
Ql
Q2
\2

VDD 100

0 VOUT 10pf IC=-5
4 VIN OO CMOSNB L=2u W=10u

4 VIN 10 10 CMOSPB L=2u W=16u
VOUT VIN 18 0 CMOSNB L=2u W=10u
18400 CMOSNB L=2u W=10u
10 4 VOUT BN2X1

VOUT 18 0 BN2X1i

VINO DCOACOOPULSE(S5 5n0.in 0.1n 15n 30n)
DC5ACO00

**xx* Spice models and macro models *****
.MODEL CMOSNB NMOS LEVEL=4
.MODEL CMOSPB PMOS LEVEL=4
.MODEL BN2X1 NPN

**x%% End of spice models and macro models *****
.OPTION ABSTOL=1u RELTOL=0.01 VNTOL=1mv

tran 1n 30n 0 1n uic
.end

The SPICE simulation is shown below:
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Problem 16.4
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**% Top Level Netlist ***

Ci1 0 VOUT 10pf 1C=-5

Ml 6 VIN 0 0 CMOSNB L=2u W=10u

M2 6 VIN 1 1 CMOSPB L=2u W=16u

M3 VOUT VIN 5 0 CMOSNB L=2u W=10u
M4 5100CMOSNB L=20u W=3u

M5 VOUT 06 1 CMOSPB L=20u W=3u

Q1 16 VOUT BN2X1

Q2 VOUT 5 0 BN2X1

V1 VINO DCOACO0O0PULSE(0S5 10n In 1n 500n 1000n)
VDD 10 DC5ACO00

**x** Spice models and macro models ***%**
.MODEL CMOSNB NMOS LEVEL=4
.MODEL CMOSPB PMOS LEVEL=4
.MODEL BN2X1 NPN

**+%* End of spice models and macro models *****
.OPTION ABSTOL=1m RELTOL=0.1 VNTOL=10mv
.tran 1n 1100n O In uic

.end

The SPICE simulation is shown below:
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Problem 16.5

*** Top Level Netlist ***

M1 19151 1 CMOSPB L=2u W=3u

M2 19 190 0 CMOSNB L=2u W=3u

M3 VOUT 19 00 CMOSNB L=2u W=3u
M4 VOUT 18 1 1 CMOSPB L=2u W=3u
Q1 1 VIN 3 BN2X1

Q2 13 6 BN2X1

Q3 76 9 BN2X1

Q4 10 11 9 BN2X1

Q5 1 10 15 BN2X1
Q6 17 18 BN2X1
R1 091k
R2 031k
R3 061k
R4 711k
RS 101 1k
R6 0151k
R7 018 1k

VDD 10 DCSACO00

VIN VINO DCOACOOPULSE(3.4421n0.1n0.1n 15n 30n)
Vref 110 DC22ACO00

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

.MODEL BN2X1 NPN

.MODEL CMOSPB PMOS LEVEL=4

.MODEL CMOSNB NMOS LEVEL=4



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

.tran 1n 60n O In uic

.end

The SPICE simulation is shown below:
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Problem 17.2

*** Top Level Netlist ***

Cbit 0 VOUT 500f IC=-2.5

Cd 0 VSTORAGE 75f 1C=-4

M1 VOUT 2 VSTORAGE 0 CMOSNB

VW 20 DCOACOO0PULSEMS55n0.1n0.1n 15n 30n)
***x% Spice models and macro models *****

.MODEL CMOSNB NMOS LEVEL=4

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

tran In 20n O 1n uic
.end

The SPICE simulation is shown below:
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Problem 17.5

*** Top Level Netlist ***
.nodeset V(VBB1)=0
.nodeset V(VB1)=5

M1
M2
M3
M4
R1
R2
VDD
VW

VB1 VBB1 00 CMOSNB L=2uW=3u

VBB1 VB1 00 CMOSNB L=2u W=3u OFF

VBB VW VBB1 0 CMOSNB L=2u W=]2u

0 VW VB1 0 CMOSNB L=2u W=12u

VBB1 VBB 10MEG

VB1 VBB 10MEG

VBBO0O DC5ACO00

VW0 DCOACOOPULSE(055n0.1n0.1n 15n 30n)

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

.MODEL CMOSNB NMOS LEVEL=4

***** End of spice models and macro models *****
.OPTION RELTOL=0.01 VNTOL=1mv
.tran In 20n 0 1n uic

.end
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Problem 17.9

A possible EEPROM layout in CN20 is shown below:

Please note that poly 1 is floating in this configuration.
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