EEC 118 Homework #2 Solutions

Problem 1.1
Assume an abrupt junction (m=0.5). V is defined as positive when
we forward bias the junction (Rabaey p. 76,82,83,111).
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Problem 2.1

For V,,, The load transistor is diode connected and forced to
operate in saturation. This requires at least a threshold drop across
the transistor, and so the NMOS cannot pull the output all the way
up to Vpp.
VT,LOAD - VTO,LOAD + 7(\/‘2@? +V0H‘ _\/‘2¢F‘)

VOH =Voo _VT,LOAD — VT,LOAD =V _VOH

VDD _VOH — VTO,LOAD + 7(\/‘2@? +V0H‘ _\/‘2¢F‘)

—5-08=V,, +0.38,/0.6+V,, —0.38.0.6
(45-v,, ) =(038/06+Vv,, |

=V,,>—9.132V,, +20.109=0=V,, =3.706V

For V,,, the load operates in saturation, while the driver is linear.
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driver load VOL( V) I( IuA)
1 204.3
1, =225(4.494-V,, —0.38,/0.6+V,, | 01373 3655
1,=1512v,, —180V,," 02491 3413
02346  344.4
Using these two equations, we can 02342 3445
iteratively solve for V. 02343 344.4

V,, =0.2343V



Problem 2.2
NM, =V, -V, =V, -0.23
NMH = VOH —V,H = 3.7 —V,H

We see that in contrast to a CMOS inverter, we can not get our
outputs to either rail. This results in reduced noise margins and
robustness of operation.

Because the outputs do not go rail to rail, and the load transistor is
always on, a constant DC current flows, resulting in constant power
dissipation, unlike a CMOS inverter.

Problem 2.3

When V, =V, the driver transistor operates in the linear region and
the current is the same through both transistors.
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Problem 3.1 1,C,. (‘2’
Vor =Voo Voo =0 kp=—"= W
L

To solve for V,, we First solve for V; in terms of V...
_ 2VOUT +VT0,p _VDD + kRVTO,n
1+ k&,

=V, =1.3V, +1.52

IL

Solve KCL with NMOS in saturation and PMOS in linear...
k k
En(VIN _VTO,n )2 = jp(z(vm —Voo _VTO,p )(VOUT -V, )_(VOUT —Vop )2)

Finally we plug in the equation for Vg ...

L6(v,> —1.2v, +0.36] = (2(v,, —2.6)1.3v, ~1.78)(1.3V,, +1.78))
0.69V,> +3.77V, =5.51=0=>V,, =1.2V

To solve for V,,, we First solve for V; in terms of V...
VDD +VT + kR (2VOUT +VT0,n)
1+k,

0,p

=V,,, =0.81V,, +1.1125

H —

Solve KCL with NMOS in linear and PMOS in saturation...

k k
En (2(VIH ~Vrou )VOUT - VOUT2 ) = 717 (VIH Voo =Vra, )2

Finally we plug in the equation for Vg ...

(3.2v,, —0.96)(0.81V,, +1.1125)—(0.81V,,, +1.1125)* =(V,,, = 2.6)’
0.94V, > +2.67V, —6.93=0=V,, =1.64V

IH —
Now we can find the noise margins...
NM,=V,-V, =12-0=12V
NM, =V, -V, =33-1.64=1.66V



Problem 3.2
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Problem 4.1

If we assume M3 is off, then we have an unknown voltage at the
inverter input. If the voltage is high, then we have a low output,
and if it is low, then we have a high output. Either way, according to
the previously designed inverter, we have a V. >V, so M3 is on,
and due to the high input impedance of the MOSFETs in the
inverter, I,z = 0. Then Vynz = 0 and we have V, =V, for the

out
inverter. Then as we’ve seen in the lectures, when V_ =V, =V=1.4V

out

Problem 4.2

From the previous answer, Vg = 1.4V, V(M3)=3.3-1.4=1.9 is large
enough so that M3 is always on. Therefore the specified variation
of +15% has no affect upon the output (Vg ).

Problem 4.3
I, = k—zn(vGS VoS = 6—20><8(1.4—0.6)2 =153.6 A

+15% variation causes + 23% variationon [,



