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Dis 1C Worksheet

Tuesday, June 23, 2020 3:23PM

2 Single-transistor Inverter

.
Consider the following single-transitor inverter, consisting of an NMOS transistor and a ( i > \/ \ = _O
N

resistor, where for N; we have 0 < V,,, < Vpp.
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a) Replace the transistor N; with a switch, the simplest model of a transistor and answer
the following questions

(i) What s Vou when Vi = 0? _
t:"‘“ e S ki T (- O \jbb =N
((\\ \JI\A;\}ED \\J‘k:(ﬁ | \)@ﬁr: \\E‘D \
Jo=Vo0A <N To
7 VO N 2 N0 2R,

WMo S s A Nond

N N, N ::;j B wé(

Figure 4: Single transistor NMOS inverter v R ( > \}
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Ves 2 Vin

Figure 5: NMOS Transistor Resistor-switch model

b) Now replace the MOSdevcewlh transistor model that includes an internal
resistor, such as the o he figure above.
(i) What is Vo when Vi, = 02
LW

(ii) What is Vs when Vi, = Vpp in terms of R; and R, n?
What is lhls value if Ronn = 75R1?
How much power does the circuit consume?
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¢) Now consider a CMOS inverter with both PMOS and CMOS devices, such as that of
Figure 3. How does the performance and power consumption compare?
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3 NAND Circuit
Let us consider a NAND logic gate. This circuit implements the boolean function (A - B).
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Vi dV,, e the threshold voltages for the NMOS and PMOS transistors, respectively.
Assume that Vpp > V), and |V}, | > 0.

a) Label the gate, source, and drain nodes for the NMOS and PMOS transistors above. ' \ )\

Pt — T <S
o >N s

= 0 A_.'
Figure 7: NAND %7\ i
b) If V4 = Vpp and Vg = Vpp, which transistors act like open dMiW

act like closed circuits? What is V,,,?
c) If V4 =0V and Vg = Vpp, what is V,,,;?
d) If V4 = Vpp and Vg = 0V, what is V,,,,?

e) If Vo =0V and Vg = 0V, whatis V,,,?

o = =\
» \f DD / _EA < R b N S AN 4

Dis 1C Page 14












