Warmup
Use a k-map to find a minimal implementation of this truth table:

ABCD | Y ABCD | Y AT
O000 0 1000 0 oo o0 't '
001 0 1001 1 sole | o || O]
0010 1 1010 0 o,oo(,,
0011 1 1011 1 O _
0100 0 1100 0 cofpr e g
0101 0 1101 1 o lfv 1 llefo |
0110 1 1110 0

0111 1 1111 1
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By the end of class today, you should be able to:
B Explain what a multiplexer is

® Draw a logic diagram using a 2N-input multiplexer to implement
an N-variable boolean equation

B Describe the basic structure of an FPGA



Both [multiplexers and decoders] seem like obscure ways
to implement things we already have. Why use them?



Some schematic terminology
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What is a multiplexer?

Select (S)

Result (Y)

bricklink.com/v2/catalog/catalogitem.page?P=2859#T=C



What is a multiplexer?

Select (S)
Input A Result (Y)
Input A
Select (S) Input B
7 ?

Result (Y)

bricklink.com/v2/catalog/catalogitem.page?P=2859#T=C
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More than 4:1?

f we have N select lines, we can choose from 2" inputs:




What good are multiplexers?
1) Allow you to select one signal out of many
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What good are multiplexers?
1) Allow you to select one signal out of many

1B) Allow you to make a choice based on a control value

t's like an if or case statement in software



Another multiplexer example
1B) Like an if statement in hardware

Widget that adds 1

Start over at 07

Widget that holds a number

™
0




And back in the old days...
1) Allow you to select one signal out of many

1B) Allow you to make a choice based on a control value

t's like an if or case statement in software

2) Make it easy to implement arbitrary logic functions



Implementing XOR

Using a mux to implement a logic function
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Look-up tables (LUTSs)

A look-up-table is basically a mux where the inputs are
little memory boxes statically configured to be O or 1.

With a mux
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Look-up table practice
Use a 3-input LUT to implement A¢ Ba C
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Look-up table practice

Use a 3-input LUT to implement a 2:1 multiplexer
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Introducing FPGAs

An FPGA is like a big chip full of logic gates that can be wired
together by "programming" it.



ICE40UP block diagram
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ICE40UP logic element

8 Logic Cells (LCs)
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A better definition

An FPGA is a chip full of configurable look-up-tables with
configurable interconnections and storage.



Decoders

Take a binary number as an input, and set

the corresponding output high.
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Building a decoder
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Building a decoder . ith fewer Hvavsistors
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What could you use a decoder for?
You have a whole bunch of things to activate one at a time
(say, memory cells)
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For Thursday

1. Read the book (2.9) and complete the reading check



