Ledure 21
Combinationa Circuits

* Integrated Circuits

» Combinational Circuits
— Multiplexer
— Demultiplexer
— Demder
— Adders
—ALU

Integrated Circuits

« Circuits use modules that contain
multiple gates padkaged together,
rather than individual gates.

* These ae aled Integrated Circuits
(ICs, chips)

— S9 (small scaleintegration): 1-10
gates/chip

— MSI (medium scale integration): 10-
100gates/chip

— LSI (large scde integration): 100—
100,000 gates/chip

— VLS (very large scdeintegration):
more than 10Q000 gates/chip

» TTL example (older
Tannenbaum)

Integrated Circuits, cont.

 Current techndogy could pu 5
milli on NAND gates on a chip!

» But... that chip would need
15,000,002 @ns.

» With standard pin spadng, an
18km long chip.

* Instead, circuits are designed
with a high gate/pin ratio.




Combinational Circuits

» Def:

aset of interconreded

gates whose output at any time
isafunction d theinpu at that

time.

* The gpeaanceof inpu is
foll owed almost immediately by
output, with only gate delays.

Multiplexer (MUX)

* A circuit that goes from many
inpusto ore output.

» The select lines are used to pick
one of theinpu linesto dredly
output to the output line.
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D1 —

D2
D3

MUX Diagram
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MUX, cont.

+ Sl and SO are mnnected to AND
gatesin such away that for any
combination of SO and S1, 3 o the
AND gateswill output O

» The 4t AND gate will output the
value of the selected input line.

* S0, 3inputs to the OR-gate will
always be 0, and the output of the
OR-gate will equal the value of the
selected input gate.




Multi plexer Uses Demultiplexer

* Device ontrollers * Reverse of Multiplexer:

» Corntrol lines choase which of

« Parallel-to-serial data converter the output lines will get the
input bit (the rest of the output
lineswill get 0)
Demultiplexer, cont. Deaoder

* A circuit that asserts one output
line, depending on a pattern of

inpu lines.
——»  demux « Inthiscircuit, inpus are the
I seled lines. The linethey selea
getsaone, al other lines get
— zero.




Demder Uses

» Addressdeading

— Suppose you wish to construct a 1K -
byte memory using 4 256x8bit RAM
chips. Want asingle unified address
space.

Address Chip
000-0FF 0
100-1FF 1
200-2FF 2
300-3FF 3

 Each chip needs 8 addresslines (256

bits). These ae supplied by the low-
order 8-bits of the address
High-order 2 hits (of the 10-bit
addres9 are used to select 1 of 4
chips.

Demder, cont.
0| —— DO
2x4 D1
s1— decoder —— D2
—— D3
Adders

» Truth table for 1-bit addition:

A B ‘ Sum Carry
00 0 0
01 1 0
10 1 0
11 0 1
A
+B
CS

This can be drawn using our
previous method:

Or, we muld noticethat the Sumis
the XOR of A and B:

Thiscircuit is known as a Half-
Adder.




Half-Adder vs. Full
Adder

» To beuseful for arithmetic,
need to also consider carry-in:

1011
+ 0011

10
/ T~ half-adder computes

this corredly

half-adder wouldn't cdculate this corredly

Full -Adder

» For multiple-bit addition, need afull

Full -Adder, cont.

» For sixteen hit words, wire
together 16 1-bit full adders.
— Wire Carryln for lowest bit to

zero.

— Carryln for the remaining bits
should be wired to the CarryOut
of the previous bit.

adder.
e Truthtable
A B Carryln Sum CarryOut
00 0 0 0
00 1 1 0
01 0 1 0
01 1 0 1
10 0 1 0
10 1 0 1
11 0 0 1
11 1 1 1
Arithmetic Logic Units

» Most computers have asingle

circuit for performing AND,
OR, and sum of two words.

» For n-bit words, built from n

identicd circuits or individual
bit positions.

* These are known as 1-bit ALUs

or hit dlices.




ALU

 Figure 3-19 from Tannenbaum.




