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PROBLEM (1)

Consider the following circuits, and answer the questions.

V=1 volt R=1KQ
R=1KQ

Ri=2K Q

R&=4 K Q

Figure 1

la) (2 points) In the circuit of figure 1, what is the current through R1? | Ip;=\ \~ A
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1b) (2 points) In the circuit of figure 1, what is the current through Ry? | [g,= G
14 - 3
o)™ 5 A
lc) (2 points) In the circuit of figuré™l, what is the current through R3? | Ip,= ;'f' e
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1d) (2 points) In the circuit of figure 1, what is the current through R4?

IR4=
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V=1 volt Ry=1 KO

R=1IKQ
'
R3=2 KO =10 mA
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20+ Ny = VAV

le) (3 points) In the circuit of figure 2, what is the current through R|? | Iz;= ‘mPr

1f) (3 points) In the circuit of figure 2, what is the current through R;? | Ip= -7\~ud,-
Seu VS = T
1g) (3 points) In the circuit of figure 2, what is the current through R3? | Ipy= —SMA‘_
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1h) (3 points) In the circuit of figure 2, what is the power supplied by the current source?

P= 60w

Lowt bV = fpuwo




PROBLEM (2)

+V

i

Input Output

—q

Figure 3

2a) (3 points) The circuit shown in figure 3 is not an inverter. Explain why.,
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2b) (3 points) Does the circuit in figure 3 perform some digital function? If not explain
why not, if it does, explain what it does.
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2¢) (5 points) If the input is 1 volt, and +V is 1 volt, what is the output voltage, given the
transistor characteristics shown in the following figures (figures 4 and 5) for a 2 micron
wide PMOS device and a 1 micron wide NMOS device?

\/o-&rd' - \/no“ \/T = .3V T ooiv




80 nm NMOS W=1pm

800
700 1
Ugs=1.0 __H—"
600 -
/ "
500 1 I el
T Yes=-0|8_j1—""|
La(pnA) / 1 Ves=0).6 A"
300 / ] — i
/ // V =..0‘L
/ sl - % ¢
200 / - e —
Ves=0.4 "'L.-.Fr—:..._ ] b,
100 /A I - e
=" l lh\‘
0 Vgs=0-2L1. 4
0.0 0.1 62 03 04 05 06 0..7 0._8 0_.9 1.0
R U R T
<0 .01 0.8 07 5i05 08 03 <02 o 00 V
Figure 4 09‘,
80 nm PMOS W=1um
600
500
’ 400 g0
ld{pA) T
300 m—
-__"“—'—-—-_.._________ Vgs:. 2 \\
200 - \\
% - 4+Vast-6 T \
100
Vog=_4 P ——
0 Mgsg=-12

-1.0 -09 -08 -06 -05 -04 -03 -02 -01 00

Figure 5




+V

H: Vc‘ir: -0.6 V
l

Input Output

9.4V
—-ll: V(’(’n: 0.4 v

Figure 6

2d) (3 points) If the input to the inverter shown in figure 6 is 0.4 volt, and +V is 1 volt,
what is the approximate output voltage, given the transistor characteristics shown in
figure 4 and 5 for a 2 micron wide PMOS device and a I micron wide NMOS device?
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2e) (6 points) Approximately what current will flow in from +V to ground when the input
is at .4 volts as in part (2d)
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Problem (3}

Cl=1pF

1)

R1=1 kOhm

Figure 7

3a} (10 points)In the circuit in figure 7, the current source shown is off until time t=1 ns,
and at t=1 ns it is turned on to 1 milliamp. At time t=5 ns the current is turned off. Show
a sketch of the voltage across the capacitor as a function of time, indicating the voltages
(pico=10""2, nano=10"")
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3b) (10 points) The circuit shown in figure 8 includes a black box with the IV curve in

the figure 9. Find the voltage which will appear across the black box, and the current
which will flow through the black box

R1=1 kOhm + E
A 2 2
_ 3 \
V=2 volis (5 points)
Voltage=
o146V
R2=2 kOhm
(5 points})
Current=
toeD AL
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Problem (4)
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Figure 10

4a) (3 points) For the circuit in figure 10, find F as a Boolean function of the inputs A B
and C.
F=c (;H'B\Jr P\C.Qs‘arg)
= ARC

4b) (3 points) Draw a truth table_ for the circuit in figure 10,

A [B |C F
0 |0 o | ‘

0 [0 |1 6 -2 an ok

0 |1 |0 0o

1 0 0 O

10 1 0 N , C
1o 0] %’b W ¥
1 1 1 [0

4¢) (3 points) For the circuit of figure 10, express F as a function of A, B, and C, as a sum
of products.
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F= ABC




4d) (3 points) Draw a timing diagram for the ctreuit of figure 10 Fach grid line is 1 gate
delay. Point out any glitches that you find.
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4e} (3 points) Implement the function F of A, B, and C (from problem part 4c) using a
circuit with NAND gates only.
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41) (5 points) Fill in the timing diagram for the circuit of 4e. Point out differences

between the timing diagram for the circuit you designed in 4e, and the timing diagram of
4d from the original circuit
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5a) (3 points) Explain what a latch is, what a flip-flop is, and explain the difference.
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5b) (3 pomts) In a CMOS circuit, if you double the width of all the transistors, that
increases the amount of current that they can drive. Will that make the logic run faster?
Explain why or why not the logic is proportionally faster if the transistors are made
wider.
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5¢) (3 points) In long cables between devices which are used for high bit rate
communications, there almost always a resistor to ground in parallel with the input to a
CMOS device, called a “terminator”. Why is this resistor there? If it was removed,
would the signal seen by the input decrease? What other effects would removing this
resistor have?
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5d) (3 points}) In a MOS transistor, for a particular value of the gate to source voltage if Seuvet -

the source to drain voltage is increased the current increases. At first the increase is
proportional to the voltages, but then as the voltage is increased further the increase of
current is slower. (The IV curves flatten out) Explain why this happens.
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51) (3 points) Explain what a hold time is for a flip-flop. What might happen if the hold
time is violated?

TLH- 40(0{ 7["‘" iy TLLc '/“'H.. /b Ao/c-/ 7LL«. f"/@v‘)L

DMQ]LR } axft 7Ll~. ‘{Irr’jj//ffb zJj,,

IF (fs Violafed, Hep Hue

T 007791;/ may be an vnknown
v

j Vafve .




5g) (3 points) A transmission line can not be split along its length to go to two or more
inputs, it must be either run point to point, or be configured as a bus with close
connections to the devices along its length. Explain why you can not simply go to
multiple destinations with separate wires with branching connections.
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5h) (2 points) Explain what a ground plane is, and why it is commonly used for high
speed digital circuits. What is the alternative, if any, to having a ground plane?
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