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ECE 520 - VLSI Design

1.  The circuit in Figure 1 is a level shift circuit. It achieves a DC level shift between
the input and the output. The value of this shift is determined by the current .
Assume Xd=0, y=0.4, 2|¢f|=0.8V, VT0=0.43V, kn'=115pA/N? and A=0.
Vpo=235V Vg =25V
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Figure 1 — NMOS Level Shifter
a. Suppose we want the nominal level shift between V; and V, to be 0.8V in the circuit in
Figure 1-a. Neglecting the body effect, calculate the width of M2 to provide this level
shift (Hint: first relate V; to V, in terms of I,).
Vv
ASSwma_ Vl‘-‘\: Vbu: 2.5 P —f’llpv\
Ml iS 'y
25V
2.5V i M { Vps=9:6 g D \/(ﬂ Vi =  Satwrabn
—] * VCTS - D.g " 6\/ o- ]?
2.5-0.6 .
=g\
v st
0-':’;_')—0- b \/05_19 VDS>\[G'3 \/-r = MZ 15 ur:
Mo M- 5 — Saturation
! ' V(::S 055 L 9 PALD
MARY, 1_ MA
P ug 0.£-0u3) = 6. 64t
Lo, = 2 (2 (Vg )= 2o ()0 ) W
cre il M)
e -0 u3) - 0-3 28>

9 it e
a5 B -

~ w Y _ 4.
P ST, R E- Dbl

‘\')

(YL ) (0SS
\

w, -3 %

e



b. Now assume that an ideal current source replaces M2 (Figure 1-b). The NMOS
transistor M1 experiences a shift in VT due to the body effect. Find VT as a function of
V, for V, ranging from 0 to 2.5V with 0.5V intervals. Plot Vy vs. V,
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c. PlotV,vs. V,as V, varies from 0 to 2.5V with 0.5 V intervals. Plot two curves: one
neglecting the body effect and one accounting for it. How does the body effect
influence the operation of the level converter?
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d. AtV (with body effect) = 2.5V, find Vo(ldeal) and thus determine the maximum error

introduced by the body effect.
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