EE 330 HW 14 Solutions Spring 2019 — Abdullah Al-Obaidi

Problem 1:

Wmin = Limin = 0.2 pm

Ry = Ly = 0.2 = 5.071 kQ
P Uy oWy (Vpp — |Vip])  116p % 02u% (1.8 —-0.1) ~ 7
L 0.2u
Ryy = - = = 2.116 kQ

U CoxWo(Vpp — Vi) 350w * 0.2u * (1.8 — 1.8 * 0.25)

CL =20 {F
ty, = Rpq * C, = 2.116 k 20 f = 4232 ps
tig = Rpy * C, = 5.071 k 20f = 101.42 ps

W, L

Ven + (Vop + th) Pa e 045+ (18-0.1) 21

Virip = T W, L = - =0.908 V
2 H1

Problem 2:
a)

Vent Vo0 +Vep) [ETA T
VtTip S ) ip Wy L1 = 0.9 V

+Jun w1'L
Group Yo pla together as one term and solve
Wy L
%241~ 095
Wy L
b)
L, L,

tyr =ty 2 Ryy = Ryg — =
HL LH pu pd upCopr(VDD - |th|) unCoan(VDD - th)

I will set Ln = L, then I can simplify to:

W, v, u 1.8—-0.1 1
_n= ~ | “" P "x: *— =~ 0.42
W, V — Ve unCox 1.8—0.45 3




Problem 3:

UnCox

=3
UpCox
Wn=0.2 um , Ln=0.2 um
Wp=3*k*Wmin = 1.2 pm, Lp=0.2 um

b) fastest tLy is when both NMOS are on, slowest is only when one of them is on
L, 0.2u
wnCorW,(Vop — Vi) 350u % 0.2u * (2 — 0.5)
CoL=Cox *WxL=2x 8f*(02+02+12%0.2)=448fF

tursiow = Rpu * €, = 1.905 k * 4.48 f = 8.53 ps

tLHslow
tHLfast = 2 = 4‘27 ns

Ry = = 1.905 kQ




Problem 4:

UnCox __ 3

UpCox
Win=kWmnin=4%02=0.8 um, Ln=0.2 um
Wp=3Wmin=3*02=06 pm, Lpy=02 um

Problem 5:

a) M, of f and M, in saturation — Vy =Vpp =V, =4V
M, in triode and M, in saturation -V, = 0.62V

Works as invertor

b) M, of f and M, in saturation = Vy =Vpp =V, =4V
M, in triode and M, in saturation — no solution forV;
can't work as invertor

¢) My of f and M; in saturation - Vy =Vpp =V =4V
M, in triode and M, in saturation =V, = 0.734V

Works as invertor

Problem 6:
8+ 3 11 ;
Cin1 = Tcref = TCrefrAl = 8(3WiinLmin + 8WpinLmin) = 3.52 u
4+3 7

Cinz = TCref = ZCref;

AZ = 8(3Wmianin + 4Wmianin) + 2(6Wmianin + Wmianin) + 4VVmianin = 2.96 IJ-Z
2+ 3 5
Cinz = Tcref = ZCref'
A3 = 8(3Wmianin + 2Vl/mianin) + 4(12Wmianin + Wmianin) + 4Wmianin
= 3.84 p?

2+3 5
Cing = TCref = ZCref;

A3 = 8(3Wmianin + ZWmianin) + 4‘(6I/Vminl‘min + Wmianin) + 2(3Wmianin
+ 2WoninLomin = 3.12 p2



Problem 7:

800

t =—
propl 4

trer = 200 tyef
8 64 800
tpropz = Itref + ?tref + mtref = 19.125 t,.f

tpropt = tref + 64ty + ———trep = 68.125 Ly

64 * 4re

Problem 8:
5 1. 5+1+14—
a) tprothoH ref + — ref + ref = 87.63 tref = 1.75 nsec
2 5 1.5+1+1 500
b) tprothoH 125 ref + ftref + m ref 420. 07tref = 8.4 nsec
Problem 9:

a) For 3-input NAND with overdrive of 4:

W, =3%4*Wpin=24um, L, =Ly, =0.2um
Wp =34+« Wy, =24um, L, = Ly, =02um
For 2-input NOR with overdrive of 6:
W,=1%6*«W,;, =12um, L, =Ly, =0.2um
Wp=6%6*Wyu =72um, L, = Ly =0.2pm

b)
(105+2+4) 4
tpT‘OthOG = 6 tref + mtref = 3.13 tref
(10.5+ 2 + 4)
tprothoGinvertor = 1 tre + 105 ref = 16.58 tref

The 3-input NAND with overdrive of 4 is 136;1538 = 5.3 times faster than the minimum-sized

reference invertor.



Problem 10:
Total effort of inverter chain is F = 500p/4f = 125000 Crer

Optimum overdrive ratio per stage is e

p=FYN - e =125000/N - N ~ 11.7 stages but pick 12 as it’s the closest even integer
Actual overdrive ratio of each stage is '3/125000 = 2.66



