Digital Logic

|l. Combinational Circuits

Bits & Wires

- Conventions for intersections and buses - no actual “wires” inside the computers

0/1 and Voltages
- Conventions for levels

- In an average computer the voltage is either:
o 3.3to 7.4 volts (e.g. 3.3v in MIPS) > Represents 1
o or-2.3t0-0.1 volts > Represents 0

e Because of the gap between these voltages computers don’t make mistakes.

Notations:
We’ll use these notations along with the notations for gates later.

—H;Lz— This is a bus with 32 wires. +- This is a connection.

Each bit in a register has a wire. So in MIPS a register is connected to a bus with 32 wires.
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Gates
- There are three basic gates:

o The NOT gate: Z=~X

o The OR gate: Z=X|y=x+Yy



o The AND gate: Z=x&y=xy
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- Other gates can be made based on the three basic gates:

o The NOR gate: Z=~(X+Yy)=~x~y
D— 0+1=0
o The NAND gate: z=~(XYy)

o The XOR (Exclusive-OR) gate:
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Gates have the following variables:

o 0 (delta) - time delay > The time needed before the output is stable.

o a (alpha) — power consumptions - Heat generation

All gates (AND, OR, NOT, NOR, XOR) have the same 0.

Different gate makes have different structures (& and a) but the same functionality.
Some examples are:

CMOS (Used in computers clock) - Low power consumption Long time delay
ECL (Mostly used in military) > High power consumption — Short time delay

These variables increase with the number of of fan-ins.
o 0 is multiplied by the number of gates in series:
To calculate total & take the longest path and count the number of gates.
o ais multiplied by the total number of gates.

Putting the pieces together...
There are three ways to create circuits using basic gates:



1) Conventional Approach:
o Using truth tables
o Sum of product
o Requires high fan-in

o Good for theory but too time consuming for real applications.

Example:
We will make the following circuit using the conventional method:

T 1 x=y
Jrrb———g x>y
Start by creating a truth table
IN ouTt
X y e | g
0 0 1 0 0
0 1 0 1 0
1 0 0 0 1
1 1 1 0 0
> e="~X~y+XYy
[=~xy
g=X-~y
And here’s the final result:
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2) Novel Building Blocks
— PLA (Programmable logic array):

Allows AND & OR and we can decide which one to use.

For any input x we have x and ~x

Vertical lines allow connecting to x and ~x using green dots

1 vertical line per term and 1 horizontal line per output




— PLAs now have about 1024 vertical and 300 horizontal lines

— Overall time delay for a PLA is & (or a small multiple of 8 e.g. 23)
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— MUX (Multiplexers): Takes a number of inputs for a single output

— Like a simple if/else statement:

If (c == 0)

C
Z = a
else a
z = Db z
b
— In other words: z = a(~c) + bc

(We can represent this using gates.)
— Here’s a more complex MUX:

Xy Xy

a" 00 1—’00

b 01 0 Equal
0

> . s — >(x==y)

01

or example:
10
1
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— Decoder: The opposite of a MUX



For example (This represents Equal in the example above.):
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3) Conventional but Divide and Conquer

— Very much like factorization in math:
e.g. X%+ 56X + 1 =x(x+5) + 1

— Levels of abstraction

— Low fan-in and Low heat

— But: Slower

Example:
Now we do one of the examples above using D & C:
sO s1 a bcd]jz S1 s2

4
(2° = 64 rows)
a 00
b 01
c 10 g
d 11
z = sum of product (25):
sl
a—0 s2
c 1 +
0 Z
b '
d

This circuit has a time delay of 40 and a heat generation of 9a.
(Note that in the examples above each MUX is the same as a(sT) + b(s1) and thus has a time
delay of 25 and a heat generation of 3a.)



