Homework 8 Solutions

1. J&B P7.19
(a) Symmetrical CMOS inverter

1/3
VIL S Z(EVDD + VT) == 1.4’25 V
1/5
I/IH = Z(EVDD - VT) == 1875 V
VIL + I/IH =33V
1/1
VOL = Z(EVDD - VT) = 0225 V
1/7
VOH = Z(EVDD + VT) = 3075 |74

NML = I/IL - VOL =120V
NMH == VOH - ]/IH = 120 V

(b) CMOS with equal %values for the NMOS and PMOS

K
Kp=-—"—=25
Ky
— 2\/Kr(Vpp = Vrn + Vrp) _ (Vop — Kg - Von + Vip) - 117V
T (Ke - DKe + 3 K~ 1 |
=161V

_ 2I(R(VDD - VTN + VTP) _ (VDD - KR ’ VTN + VTP)

Vi =
M (K — DT+ 3Ky Kp—1

Kr + 1)Vig —Vpp — KgVpy — V.
_( R Win — Voo RYTN “ VTP _ 1171

V,, =
oL 2Ky
Kp + DV, + Vpp — KgVpy — V-
VOH:(R )IL DD RYTN TP:3.13V
2K,

NML - I/IL - VOL - 100 V
NMH = VOH - VIH = 152 %

2.J&B P7.22
Current flows through Mp; and My, assume both in triode region,



Ipy = Ipp

(W 1
k(). (Voo = Vew =30 ) Vo
(W 1
= Kp (T)s —Vbp = Vrps — E(VO — Vbp) (Vo — Vbp)

V, =0.98V

ChECk VGSN =25V > VTN = 0.6 V, VGSN - VTNS =19V > VDSN = 0.98 V, NMOS |S
tI’IOde VGSP =-25V< VTN =—-06V y |VGSP - VTPSl =19V > IVDSP| =152V y
PMOS is triode.

IDN == IDP == 2.7 mA
3.J&B P7.47
()

15 15
100 A - V™2 —= (Vi = 0.6 V)> = 40 pA- V™2 —=(33V =V = 0.6 V)?

V,, = 1414V
IDMAX s 4965 ‘HA

(b)
100 pA - V2 1—15 (Vi — 0.6 V)2 = 40 A - V=2 -1—15(2.5 V=V, —0.6V)2
Vi, = 1.104V
Ipmax = 190.3 uA
4. J&B P7.62

(a) Since the NMOS devices will be in parallel, their% ratios will be same as that

in the reference inverter of the figure 7.12 as shown below, or (%) = % The
N
PMOS devices will be series, however, so their%ratios will be multiplied by 4
from the reference inverter of the figure 7.12, or (%) =4 X % = ?
P

(b) To drive three times the load capacitance with the same propagation delay,
the% ratios for each device must be increased by a factor of three: (%) = %and
N

(%) = 6—10 Circuit for the 4-input CMOS NOR gate is as shown below
P
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All nMOSFETS have
WiL=2/1
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5.J&B P7.64
A current path involves 3 NMOS and 1 PMOS. Symmetrical delay requires

3Révn = Rgn
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6.J&B P7.73

@Y=A+B)C+D)E+F)

(b) The complete circuit, including the PMOS network is shown below

(7)., =1
L)y 1
(W) _10
L/

+5V

AD_{E Co—f» Eo All pMOSFETs have

WiL=10/"1

oY =(A+B)}C +D)NE +F]
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] 3 All NMOSFETs have

Co—e Do—j« W/L=6/1

Eo—e FOo—e
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7.J&B P7.95



The worst case involves 3 NMOS in series, with % = % which is equivalent to the

Ron = % as compared to the reference inverter in which % = % Thus the high to

low propagation delay for this gate is three times that of the symmetrical
. 0.63C

reference inverter 7y, = 3T,y = 3 X = 4.73 ns.

n

Use numerical method introduced in lecture, we treat the whole network as a the
reference inverter which includes only one NMOS and PMOS, the equivalent

NMOS is with = = 2, and the equivalent PMOS is with = = 2.

When input suddenly is from low to high, capacitance is discharging, My is in on
(VGSN = 25 V), and MP |S Off (VGSP = 0 V), When VO = VDS'N > VGSN - VTN = VH -
Ven = Vpp — Vey = 1.9V, NOMS is in saturation,

K., W ,
Ic = Ipsy = —- (_) (Vi — Vrws)
2 \L/y

whenV, = 1.9V, itthenisin linear,

, w 1
Ic = Ipy = Ky (7) (VDD —Viy — §V0> Vo
N

Because the current switches operation in two regions, we consider two
subsections which includes three points, calculate V, from Vyto 1.9V and 1.9V to

V-V
VDD - —HZ L — 1.25V , then VDSN_initialHLl =25V y VDSN_finalHLl =19V ’

Vosn_initiatnrz = 1.9V, Vpsy finainiz = 1.25V

K. (W ,
Ininitirr = —- <_) (Vg — Vrns)® = 0.12mA
2 \L )y
(W 1
hninithiz = lrinanrr = Kn (T)N (VDD —Vin — EVO) Vo =0.12mA

w 1
IfinalHLz =K, (T)N (VDD —Vrn — EVO) Vo = 0.106 mA

= Yt ¢ Y 5
HL — HL — -
P - " ” InangL poy (IninitHL + InfinalHL)/2

0.6V + 0.65V
0.12mA 0.113mA

— 0.5 x 10-12F x ( ) — 5.38ns

Consider three subsections which includes 4 points, calculate V,, from Vyto 1.9V,
19V to 1.4 Vand 14V to1.25V then VDSN_initialHLl =25 V, VDSN_finalHLl =19 V,

Vpsn initiatHL2 = 19v VDSN_finalHLZ =14V Vpsn initiatHL2 = 14V
VDSN_finalHLZ = 125 V’ then



Lyinitnzr = 0.12mA
Lyinitirz = Ipinainir = 0.12mA
Lyiniturs = Irinainiz = 0.112 mA

ltinainrs = 0.106 mA

0.6V N 0.5V N 0.15V
0.12mA 0.116 mA 0.109 mA

TpHL = 05 X 10_12F X (

) = 5.34ns

Compared with Multisim result
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8.J&B P7.116

From the Fig. 7.36 of the text book, the maximum occurs when NMOS transistor
is cutoff,
= 00

ROTLTL

PMOS is in triode (Vpsp = 0), and the combined resistance becomes R,,,,, which is
decreasing in value thereafter,

REQ = Ronp



The resistance of PMOS

R _ Vpsp Vpsp N Vpsp
o Ioep i (W 1 A
052 Ky () (Vase = Vir = 3Vose ) Vosr Ky’ (), (Vas = Vir)Vose
1
= <2500

Ky’ (%)P (Vesp — Vrp)

When (%) are minimum, the Rg,is maximum, then
P

1
=250Q m

Ky' (¥)P_min (Vesp — Vrp)

Vep = Viop — YP(\/VSBP + 2¢pp — \/2<PFP)

In order to obtain the source voltage when NMOS is cutoff, we let

Vesy = Vrn

or

25V — VS = VTON + YN(\/VS + 2(,DFN - \/Z(PFN)

Use iterative algorithm or mathematic software to solve for above equation, we
get

Ve = 1.426V

Plug this back to equation m with appropriate V;p, we get

(W) _ 240
L Pmin 1

Similar approach can be used to solve the (K)N ~if the maximum happens
min

when PMOS is cutoff and NMOS is in triode. When PMOS transistor is cutoff,

Ronp = @

NMOS is in triode (Vpgy = 0), and the combined resistance becomes R,,,;, which
is decreasing in value thereafter,

REQ = Ronn
The resistance of NMOS



% 1
Ronn = DN —~ W < 2500

fosv k) (), Wosn = Vew)

Then
1

W =250 mm

Ky' (T)N_min Vesn — Vrn)

Ven = Vron + VN(\/VS +20ry — /20FN)

In order to obtain the source voltage when PMOS is cutoff, we let

Vesp = Vrp

—Vs = Vrop = ¥p(\/Vsgp + 20rp — v/2¢0p)

Use iterative algorithm or mathematic software to solve above equation, we get

Vs = 1.07433V

Plug this back to equation mm with appropriate V/;y, we get

(W) _ 96.2
L Nmin 1



