EECS-140/141 Introduction to Digital Logic Design
L ecture 6: Common Combinational Logic Circuits

. MULTIPLEXERS (MUXEYS)

|.A Review

I.A.1 BasicDefinition

Recall basic 2:1 mux2 data inputsa; anda,, select inputs

and 4:1 mux:4 data inputs, 2 select inputs

I.A.2 Muxes from Muxes

We @an build bigger muxes from smaller ones, ang size mux can be built with 2:1 muxes.
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Example: 4:1 from 2:1

[.B Muxesin FPGAs

I.B.1 FieldProgrammable Gate Arrays (FPGAS)

This is a specific type of Programmable Logic Device (PLD) characterized by:
- High gate density
- Flexible logic blocks
- Rich interconnection capability

Logic blocks are implemented as:

A LUT can beprogrammed to implementany of the 2" possible logic functions fam inputs.

[.B.2 MuxImplementation of a LUT

2-input LUT can be implemented as:
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[.B.3 LUT Inputs
Muxes can also be used to select LUT inputs fromraépossibilities (rich interconnection).

I.C Mux Implementation of General Logic Functions

I.C.1 Introduction

We saw in the last section that we can implemany logic function as a LUT using muxes.
But for aspecific logic function, a more &tient implementation may be possible.
Example: 2-input "match" functionf = ab+ab

Since there are 2 inputs, weuld implement with:

But can be done with 2:1 mux as well (simpler):

So can implement with 2:1 mux as:

Could also be done wittb as select input (you try).

This simple TT-based method is not very generalks best only for leftmost input (the "msb") of TT
being the mux select.
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I.C.2 Shannors Expansion Theorem

I.C.2.a Introduction

To use a 2:1 mux for agén logic functionf with x; as select input, we need to get it in the form:

Shannors Expansion Theorem says this is:

Any n-input Boolean function can be written as::

Can expand this way in termsafy of the ;.
f,, is called acofactor with respect tox;.
Above is good for 2:1 mux implementations, but what about 4:1?

Do it again for each of f; and f, in terms ofanother variable.
|.C.2.b Methodology
Shannors Theorem says the cofactor; (and f, ) exist, but doesi’tell you hav to find them
(andneither does your textbook!).
One way is to write out a TEmilar to what we did earlierHere is another (better) way.
— Expressf in any SoP form (need not be CSoP)
— Choose expansion variabie
— For each term of f:
- If term contains; literal, that term withx; removed is a term offy .
- If term contains; literal, that term withx; removed is a term off, .

« If term does not contaig; or X; literal, that term is a term dfoth f; and f, , since:

— Simplify cofactors if possible.
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I.C.3 Examples

I.C.3.a 2-Input Match Function (Smple)

I.C.3.b f(a,b,c)=ab+bc+abc

Expand viaa:

Or expand vid:

Or expand via:

Expansion via is simplest: she circuit:

Could eren use(a+c) =ac:
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4-input mux implementation?
Expand cofactors in:

Useb expansion abee, then expand and f,, via c:

Then the 4:1 mux implementation is as follows:

Il. DECODERS

I1.A Introduction

We dready knaev that ann-bit word can represent' 2lifferentthings. A binary decoder represents
this as follows:

— It hasninput bits representing arbit unsigned binary number (or code).

— It has 2' outputs, each representing one possible "decod#dé vOnly one output can hee \alue
1 at any time.

— It optionally may hae an Enable En) input that forces all outputs to 0 whEn = 0.
This is ann to 2" decoder.

Example: 2 to 4 decoder:

Prof. Petr Copyright 2017 David \Wetr Lectures



EECS-140/141 7- Intro to Digital Logic Design

I1.B Decoder Circuits

11.B.1 Logic Circuit for 2 to 4 Decoder

11.B.2 Big Decoders from Smaller Decoders

We @n use a decoder with highemrder bits to control a bank of decoders fovdeorder bits,
usingEn inputs. Sed-igure 6.18.

I1.C Decoder Applications

[I.C.1 MuxImplementation
Think about hw you could implement a 4:1 mux using a 2 to 4 decoder¢ise).
[1.C.2 Decodels Demux

Demux does the opposite of a mux: 1 data input goes to orlecof@uts under control af select
inputs.
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[1.C.3 Memory(Data Storage) Access

Computer systems store datanaiit words (e.g.n=32). Acodedaddress (m bits long) is used to
designate a particular memory (data storage) location. Can usda@™ decoder to generate "enable"
signals for 2' memory locations.

[11. ENCODERS

I11.A Basic Encoder

An encoder does the opposite of a decoder: outpubis code corresponding to one df dputs
that has value 1Assumes exactly one input "actie" at a ime.

[11.B Priority Encoder

111.B.1 Definition

This versionallows multiple inputs to be asté (have value 1) at one time, but outputs the code of
the input with:

Example: 4 to 2 Riority Encoder with priority same as input inde€'CompressedTT below:

[11.B.2 Implementation

Instead of using our previous techniques, we will use a design taken directly from the compressed
TT. First, represent the last 4 rows as 4 intermediate varigjles;:

Then:
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IV. COMPARATOR CIRCUITS

Often useful tacompare one numberd) to another numberk).
IV.A Unsigned Compar ator

Simple case: tev4-bit inputs @ andb) in unsigned binary.

3 outputs:

Note: one and only one output will be aatifvalue of 1) forany a andb.

Design?? 8nputs and 3 outputs, so 3 Taach with 2 = 256 ravs. Hov would we do an 8-input K-
map???

Instead, we will think through the design logically.
IV.A.1 AegB Output

It should be clear that = b if all bits are the same:

But a, = b, if both are 0 or both are 1, so define intermediate variaples

Then:

IV.A.2 AgtB Output
Since bit 3 is MSB, i3 > b; (that is, ifa =1 and b = 0), thena>b.

Also, if a3 =bs (matching condition), and ifa, > b,, thena>h.

Keep following the pattern and use the intermediate variables:
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IV.A.3 AltB Output
We could do a similar thing folAItB as we did forAgtB, but better to use the fact that:

So,
IV.B 2-Input Sorter
To illustrate hav we can build up a design usingisting blocks/circuits, we can use a comparator

as part of a circuit thabrts 2 inputs: the larger cd andb goes to théMax outputs, and the smaller goes
to theMin outputs.

How to make a cosswer switch? Muxes!!
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