Chapter 10

Problem 10.1

For 10pm/2um MOSFET, the effective resistance of NMOS is Rn= 12kQ x 2/10=
2.4k<, and for the PMOS, Rp = 36kQ x 0.2 = 7.2kQ. The capacitance between drain to
ground is same for both NMOS and PMOS and equal to C,, + 150fF = 166fF. From eq.
(10.8) and (10.9), for NMOS,

Uy =2.4kQx166fF ~ 398ps , t,; =2x2.4kQx166fF ~ 797ps

for PMOS,
tl’l.“:7'2kal 66ﬂ: =~ l.2nS N tl_“=2x7.2kQX166fF ~ 2.4"5

SPICE simulation:

1) For nmos,
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Problem 10.2
For CMOS14TB process (appendix C), the oxide capacitance per unit area is given by
C’ o = (35.13(F/um)/0.00961m ~3.7fF/pum’

For the short-channel MOSFET, I = LyivexW, VDD=3.3V, the effective digital resistance
R =VDD/( I4;,.xW) = R’/W, R*=VDD/I 4,

For NMOS,

R’ =3.3V/(380uA/pum) ~ 9kQepm; using L=0.6pum, T, =R’,eLe C’ , = 20ps
For PMOS,

R*p =3.3V/(190pA/pm) ~ 18kQepm; using L=0.6pum, T, =R’ eLe C’  =40ps

Probelm 10.3

1) SPICE circuit and netlist
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Figure P10.3 SPICE simulation circuit



*** (TurboSim V 1.87) Netlist for C:\TS\445-10-2.CKT

*** Top Level Netlist ***

Ml 1VDD30CMOSNB L=2u W=3u

M2 5VDD10CMOSNB L=2u W=3u

M3 50 Vout VDD CMOSPB L=2u W=3u

R 0 Vout I00MEG

v VDD O DC5ACO0

Vin 30 DCOACS0PULSEQS 10ns Ins Ins 10ns 0)

**#x® Spice models and macro models ****+

-MODLL CMOSNB NMOS LEVEL=4 ... ‘Appendix A

-MODEL CMOSPB PMOS LLEVEL=4 ... Appendix A

*#*** nd of spice models and macro models **+*+

OPTION ABSTOL=1u 1TL4=100 RELTOL=0.01 VNTOL=. Imv
Aran In 250 0 .5n uic

.end

2) simulation results
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3) Explain results

For the circuit shown in Figure P10.3, if any n-mosfet (m1, m2) is connected to logic low
or p-mosfet, m3 to logic high, the output will be high impedence. For all three mosfets
are ON (as connected shown in Fig. P10.3), from the SPICE simulation results,

a. Input from low to high (0-5V), output is from 0.8V to 3.3V. For input = high,
the terminal of m1 which connected to input is drain, and the source voltage of m1 is at
least VDD-Vthn to keep m1 open (i.e. VGS2Vthn). M2 and m3 pass this voltage to
output with body effects. Therefore, the output voltage is VDD-Vthn = 3.3V.

b. Input from high to low (5V-0), output is from 3.4V to 1.5V. For input = low,
the left terminal of m3 which connected to m2 is drain, since the gate of m3 is connected
to low. The output voltage is equal to VSG (2Vthp), i.e. the threshold voltage of p-
mosfet m3, 1.5V(with body effects). '

c. The delay time tpy, is greater than the tpyy, of the output waveform.

Problem 10.4,10.5

For one of the n-mosfet, the time constant

T, =R’ eL% C’, = 12kQ x 4 x 800aF = 38.4ps;
for seven n-mosfets connected in series, td = T, ® N? = 1.88ns
For one of the p-mosfet, the time constant

1, =R’ eL% C = 36kQ x 4 x 800aF = 115.2ps;

for seven p-mosfets connected in series, td = T, ® N?=564ns -



Problem 10.6
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*** Top Level Netlist ***

MI 1430 CMOSNB L=2u W=10u
M2 6410CMOSNB L=2u W=10u
M3 7460CMOSNB L=2u W=10u
M4 8470CMOSNB L=2u W=10u
M5 9480 CMOSNB L=2u W=10u

M6 1049 0 CMOSNB L=2u W=10u
M7 54100 CMOSNB L=2u W=10u
Rl 05 T0OMEG

vDD 40 DCS5ACO0O

Vin 30 DCOACO00PULSE(052n1p000)

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

-MODEL CMOSNB NMOS LEVEL=4 ...appendix A

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

OPTION ABSTOL=1u ITL4=100 RELTOL=0.01 VNTOL=.Imv
.tran 1n 10ns 0 .01n uic

.end
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Problem 10.7

For 3pm/2pm MOSFET, the effective resistance of NMOS is Rn= 12kQ x 2/3 = 8kQ,
and for the PMOS, Rp = 24kQ.: The capacitance between drain to ground is same for
both NMOS and PMOS and equal to Cox + IpF = IpF. From eq. (10.8) and (10.9), for
NMOS,

tpHngkQleF = M s tHL=2x8ka1pF = 16nS

for PMOS,
tpLi=24kQx1pF = 24ns | t,;=2x24kQx1pF = 48ns

SPICE simulation:

1) For nmos, ty;, = 7ns
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2) For pmos, tp ;= 18ns o
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Problem 10.8
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TurboScope- tran10 - Click Right uuse Button In This Windaw For Menu.
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Problem 10.9

For 0.9um/0.6um MOSFET, the effective resistance of NMOS is Rn= 9kQ /.9 = 10kQ2,
and for the PMOS, Rp = 18kQ /0.9 = 20kQ. The capacitance between drain to ground is
same for both NMOS and PMQS and equal to 3.7fFx0.6x.9 + 50fF = 52fF. From eq
(10.8) and (10.9), for NMOS,

tpr =10kQx52fF = 520ps , t;;= 1.04ns

for PMOS,
tpLy=20k2x52fF = 1.04ns , t,,=2.08ns

SPICE simulation:
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