ENEE 303H Fall 2009 HW6   YUH 10/30/09
1. (a) delay time calculation:
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tPHL = 3.75us
[image: image2.emf]0


M1


M4007N


M2


M4007P


VDD


10Vdc


CL


10n IC=10


V1


TD = 0


TF = 1f


PW = 1m


PER = 1


V1 = 0


TR = 1f


V2 = 10




0

M1

M4007N

M2

M4007P

VDD

10Vdc

CL

10n IC=10

V1

TD = 0

TF = 1f

PW = 1m

PER = 1

V1 = 0

TR = 1f

V2 = 10


[image: image3.emf]            Time

0s 5us 10us 15us 20us 25us 30us

V(CL:1) V(V1:+)

0V

2V

4V

6V

8V

10V

12V


tPHL = 3.396us (VDD(VDD/2)
In SPICE the channel length modulation is take into account, so the delay time is shorter.

(b)
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tPLH = 3.42us
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tPLH = 3.092us (0(VDD/2)

PMOS provides higher current so the charging process is faster than discharging.

(c)
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full cascade tPLH = 3.098us, the delay time from input to second inverter = 3.4ns
The big difference is from the load capacitor.

input is from high to low and IC = 10 V
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full cascade tPHL = 3.402us, the delay time from input to second inverter = 2.8ns

(d)
[image: image12.emf]M1


M4007N


M3


M4007P


0


M2


M4007N


M4


M4007P


VDD


10Vdc


VA


10Vdc


VB


TD = 0


TF = 1f


PW = 1m


PER = 1


V1 = 10


TR = 100f


V2 = 0


CL


10n




M1

M4007N

M3

M4007P

0

M2

M4007N

M4

M4007P

VDD

10Vdc

VA

10Vdc

VB

TD = 0

TF = 1f

PW = 1m

PER = 1

V1 = 10

TR = 100f

V2 = 0

CL

10n


[image: image13.emf]            Time

0s 5us 10us 15us 20us 25us 30us

V(CL:1)

-2V

0V

2V

4V

6V

8V

10V

 delay time = 3.093us
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delay time = 3.093us
As we expect from the circuit structure, there is no significant delay time difference.

2.
.MODEL MNMOSIS NMOS LEVEL=2 LD=0.250000U TOX=418.000008E-10
+ NSUB=9.236187E+14 VTO=0.858153 KP=5.048000E-05 GAMMA=0.198
+ PHI=0.6 UO=596.729 UEXP=7.029586E-02 UCRIT=10266.7

+ DELTA=2.7371 VMAX=65701.4 XJ=0.250000U LAMBDA=1.843384E-02

+ NFS=1.086360E+12 NEFF=1 NSS=1.000000E+10 TPG=1.000000

+ RSH=28.760000 CGDO=3.097916E-10 CGSO=3.097916E-10 CGBO=3.838441E-10

+ CJ=8.997900E-05 MJ=0.783638 CJSW=5.524800E-10 MJSW=0.285064 PB=0.800000

* Weff = Wdrawn - Delta_W

* The suggested Delta_W is -0.24 um

.MODEL MPMOSIS PMOS LEVEL=2 LD=0.250000U TOX=418.000008E-10
+ NSUB=9.309300E+15 VTO=-0.889271 KP=1.908000E-05 GAMMA=0.6289
+ PHI=0.6 UO=216.28 UEXP=0.218144 UCRIT=62664

+ DELTA=0.164572 VMAX=100000 XJ=0.250000U LAMBDA=5.011626E-02

+ NFS=9.266623E+11 NEFF=1.001 NSS=1.000000E+10 TPG=-1.000000

+ RSH=66.820000 CGDO=3.097916E-10 CGSO=3.097916E-10 CGBO=3.727276E-10

+ CJ=2.981300E-04 MJ=0.556944 CJSW=3.002100E-10 MJSW=0.243045 PB=0.800000

* Weff = Wdrawn - Delta_W

* The suggested Delta_W is -0.17 um

.model POLY2NMOS NMOS  (LEVEL=2  LD=0.250U TOX=518.00E-10 

+ NSUB=9.236E+14 VTO=1.22 KP=4.0E-05 GAMMA=0.25
+ PHI=0.6 UO=596.7 UEXP=7.03E-02 UCRIT=10266.7

+ DELTA=2.7371 VMAX=65701 XJ=0.25000U LAMBDA=1.8433E-02

+ NFS=1.086E+12 NEFF=1 NSS=1.00E+10 RSH=28.76

+ CGDO=3.098E-10 CGSO=3.098E-10 CGBO=3.838E-10

+ CJ=9.E-05 MJ=0.7836 CJSW=5.525E-10 MJSW=0.2851

+ PB=0.800)

* level 2 mosfet parameters for mosis orbit 2.0um wbl 1/9/98

.model POLY2PMOS PMOS (LEVEL=2  LD=0.250U TOX=518.00E-10 

+ NSUB=9.309E+15 VTO=-1.34 KP=1.65E-05 GAMMA=0.755
+ PHI=0.6 UO=216.28 UEXP=0.218444 UCRIT=62664

+ DELTA=0.164572 VMAX=100000 XJ=0.25000U LAMBDA=5.0116E-02

+ NFS=9.2666E+11 NEFF=1.001 NSS=1.00E+10 TPG=-1.000 RSH=66.820

+ CGDO=3.0379E-10 CGSO=3.098E-10 CGBO=3.72727E-10

+ CJ=2.9813E-04 MJ=0.5569 CJSW=3.002E-10 MJSW=0.243045

+ PB=0.800)

Note that the unit of substrate doping NSUB is cm^3 and carrier mobility UO is cm^2/(V*sec). The surface inversion potential = PHI = 2*phi_f = 0.6 V. (p.353 of Sedra/Smith)
NMOS:
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PMOS:
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	mnmosis
	mpmosis
	poly2nmos
	poly2pmos

	Vt0 (V)
	0.858153
	-0.889271
	1.22
	-1.34

	gamma (V^0.5)
	0.198
	0.6289
	0.25
	0.755

	phi (V)
	0.6
	0.6
	0.6
	0.6

	Vt (V)
	0.870
	-0.928
	1.236
	-1.387


	 
	0.118
	0.376
	0.149
	0.451


3.
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ignore Cgb, Csb and Cdb:
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at Drain:
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at Gate:
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