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Spring 2014 Exam 2 Version A
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1. For this problem, use ¥zy = 0.8 V and K" = 200 nA/V? (40 points). _ 1.6V, — B
(a) Identify and label the Drain (D), Source (S), Gate (G), and Bulk/Body (B) CZ-()) = I : | :1 v
terminals of the device at right. Then, given that W/L =1,y=0.5 V? and A=0.1 V', (7 D -
determine the region of operation of the device and find the current flowing from D to S.
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(b) For the enhancement-mode NMOS devices M7 and M in circuit at right, ignore ( é) :

M " channel length modulation and body effect. Vpp =5V, (W/L)mi = 5/1, (W/L)m2= 2/1. —

X n What is the region of operation of M:? Explain. v LV —] ;/ 1
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Assuming M, is in saturation region, find the drain currents through M7 and M>. ( | "{’)
Based on your calculations, state whether this assumption is correct.
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3. (30 pts) An NMOS linear load inverter design is shown in the figure to the right. Use the
following parameters for both devices: V1o = 0.8 V, Kn” = 200 nA/V?2.

VGst‘OV OVDD=3'3V
(a) Find VH and VL. Ignore channel length modulation and body effect.
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VH =Vop =3.3V; il 1
When vi = VhH and vo is low (vi), Ms and ML are both in the triode )
region and the ip values are given by: T © Yo
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Equating the two:

1 33—-v, 1
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Solving for v gives v - 0.305V

(b) If body effect exists (y > 0), will Vn increase/decrease/stay the same? How about VL? Explain. [5]

Only the load device has body effect. VH is unaffected by the body effect unless Vrni becomes
larger than 1.7 V so that ML is off when vo equals Vop. This would require an extremely large value
of the body effect coefficient, since Vrnio is just 0.8 V. Thus no change is expected.

The body effect will cause an increase in VinL and thus a decrease in ips. which makes Vi decrease
to match currents. However, the change is expected to be small as VssL=VL is small.

(c) Design a gate to perform function A - (B + C) based on this inverter with the same Vi and VH
and noise margins and performance. Sketch your design and specify W/L ratios for all transistors.
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Load is unchanged. W/L ratios for Neky e
switching (pull-down) transistors are J
chosen based on worst case. Weakest
pull-down is when B or C and A are on.
Conducting path to ground is via B and
A or C and A, so these transistors need

double width to compensate for double
length. Thus W/L values should be 10/1.
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