ECE 204 - COMBINATIONAL BUILDING BLOCKS - INVEST 14
DATA TRANSFER
FALL 2003 A.P. FELZER

To do "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as
appropriate graphs and tabl es.

When we look inside digital systems we see two basic kinds of things going on. One of theseis
information processing like encoding, decoding, adding, subtracting and so on. The other basic
thing that's going on isthe transfer of data from one place to the other. Clearly we can't have
Separate wires connecting every pair of logic chips that transfer data. The number of wires would
be overwhelming. So what we use are called buses - groups of wires that are shared just like
roads and highways are shared.

The main objective of thisinvestigation isto introduce logic circuits that facilitate the use of data
transfer on buses. We will first introduce multiplexers and demultiplexers and then circuits with
tri-state outputs.

1. We begin with areview problem. Complete the timing diagram for the following decoder

—Ixa YO|—

—1X0 Y1l—
Y2|—

—oE Y3|l—

E |

x1_ |

X0 —

YO

Y1

Y2

Y3

2. The objective of this problem isto introduce multiplexers. The following isthe logic diagram
and Truth Table of asmple 4-input, 1-bit multiplexer which we refer to as a 4-input,
1-bitMUX
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with dataSELECTS S1S0.

a Make use of the truth table to describe how the value of Y isrelated to S1S0 and the
values of the A's. Memorize how a mux works.
b. Explain how the operation of the following rotary switch
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islike the operation of our 4-input, 1 bit MUX

c. Come up with alogic diagram for the MUX using AOI gates. Note that you can use AND
and OR gates with more than two inputs.

d. Complete the following timing diagram for the MUX
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3. From Problem (2) we see that a4-input, 1-bit MUX enables four incoming signals AO-A3 to
share one outgoing line Y. And so the MUX performs the function of aparallel to serial
converter. Now suppose we have a 2-input, 2-bit MUX with logic diagram as follows
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with SELECT S, 2-bit inputs A1, A0 and B1, BO and shared output linesY1 and YO
a. Writeout aTruth Table for thisMUX like the onein Problem (1) if S=0 selectsthe A's
and S=1 selectsthe B's
b. Design alogic circuit for thisMUX with AOI gates

4. Just like for decoders we can make use of enables to put MUX's together to form bigger
MUX's as follows
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a. Writethe truth table for thisMUX
b. Make use of your result in part (a) to describe what's going on

5. Inthefirst three problems we saw how MUX's enable signals to share the ssme BUS. To
retrieve individual signalsfrom aBUS we use what wecall aDEMULTIPLEXER OR
DM UX like the following circuit where the DMUX is adecoder like those introduced in the
last Investigation. Note that both the MUX and DMUX have the same SELECT inputs.

4-input, 1-bit MUX

e 1-bit, 4-output DMUX
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a FindYO,... Y3 if S1=1, S0=0, A0=1, A1=0, A2=0, A3=1
b. Find YO, ..., Y3 if S1=0, S0=0, A0=0, A1=1, A2=0, A3=1
c. Describe what's going on in this circuit

6. Write out the truth table for the following logic circuit containing a decoder and aMUX
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7. Giventhefollowing MUX
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with inputs X and Y and output F

a. Write out the truth table
b. Make use of your truth table to express F as a sum of minterms
c. Describe and then memorize how thisMUX realizes the equation for F

d. Make use of your result in part (c) toredize F=X-Y + X"-Y" withaMUX

8. The objective of this problem isto show how tri-state outputs can be used to implement
buses. Up to now all our digital circuitslike the following INVERTER
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had outputs that could only be H or L asindicated in the following equivalent circuit



J5volts
X — 1 T/ Y

1

Logic circuits with tri-state outputs on the other hand have three possible outputs - the usual H

and L and athird output equal to an open circuit asindicated in the following functiona diagram
of our tri-state INVERTER
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When the ENABLE signal E=1 then 'Y will equal O or 1 as determined by theinput. And
when E=0 the output isan open circuit

a. Draw aseparate equivalent circuit of the tri-state INVERTER for each line of the Truth
Table. Be sureto indicate the position of the switch in each case.

b. Write out a Truth Tablelikein part (a) for the following tri-state INVERTER with active-

low enable asfollows
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9. Fill inthe Truth Tableif both logic circuits connected to the following BUS have tri-state
outputs
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10. Connecting logic circuits with tri-state outputs to BUSES is great but we must take care that no

two circuits are enabled at the same time. What in particular isthe problem in the following
circuit






