
Problem 1.1

EEC 118 Homework #2 Solutions

Assume an abrupt junction (m=0.5). VD is defined as positive when 

we forward bias the junction (Rabaey p. 76,82,83,111).
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Problem 2.1
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For VOH, 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 VDD.

For VOL, the load operates in saturation, while the driver is linear.

Using these two equations, we can 

iteratively solve for VOL.
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Problem 2.3
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When Vin=VOH the driver transistor operates in the linear region and 

the current is the same through both transistors.

Problem 2.2
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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. 
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To solve for VIL, we First solve for VOUT in terms of VIL…

Solve KCL with NMOS in saturation and PMOS in linear… 

Finally we plug in the equation for VOUT …

To solve for VIH, we First solve for VOUT in terms of VIH …

Solve KCL with NMOS in linear and PMOS in saturation… 

Finally we plug in the equation for VOUT …

Now we can find the noise margins…
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( ) ( )

9375.0
16

15

4

9

1
1

7.03.3
1

6.0

4.1
1

1

1
,00

==⇒=

+

−+

=⇒

+

++

=

p

n
R

R

R

R

pTDD

R

th

th

W

W
k

k

k

k

VV
k

V

V

Problem 3.2



Problem 4.2

From the previous answer, VOUT = 1.4V, VGS(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 (VOUT).
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Problem 4.3

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 VGS > Vth so M3 is on, 

and due to the high input impedance of the MOSFETs in the 

inverter, IMN3 = 0. Then VDSMN3 = 0 and we have Vin=Vout for the 

inverter. Then as we’ve seen in the lectures, when Vout=Vin=Vth=1.4V


