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MEMORY The CPU provides the address of the
ADDRESS data desired, but it is the job of the
DECODING decoding circuitry to locate the selected
memory block

Memory chips have one or more pins called
CS (chip select), which must be activated
for the memory’s contents to be accessed

Sometimes the chip select is also referred
to as chip enable (CE)




MEMORY In connecting a memory chip to the
ADDRESS CPU, note the following points

DECODING The data bus of the CPU is connected

(cont’) directly to the data pins of the memory chip
Control signals RD (read) and WR (memory
write) from the CPU are connected to the
OE (output enable) and WE (write enable)
pins of the memory chip
In the case of the address buses, while the
lower bits of the address from the CPU go
directly to the memory chip address pins,

the upper ones are used to activate the CS
pin of the memory chip




MEMORY
ADDRESS

DECODING
(cont)

Normally memories are divided into
blocks and the output of the decoder
selects a given memory block

Using simple logic gates

Using the 74LS138

Using programmable logics



MEMORY The simplest way of decoding circuitry
ADDRESS is the use of NAND or other gates

DECODING The fact that the output of a NAND gate is
active low, and that the CS pin is also
Simple Logic active low makes them a perfect match

Gate Address
Decoder

A15-A12 must be 0011 in po
order to select the chip b7 1 ”
D7

DO

This result in the assignment 20
of address 3000H to 3FFFH to
this memory chip

A0

All




MEMORY
ADDRESS
DECODING

Using 74LS138
3-8 Decoder

This is one of the most widely used
address decoders

The 3 inputs A, B, and C generate 8 active-
low outputs YO — Y7

Each Y output is connected to CS of a memory
chip, allowing control of 8 memory blocks by a
single 74LS138

In the 74LS138, where A, B, and C select

which output is activated, there are three
additional inputs, G2A, G2B, and G1

G2A and G2B are both active low, and G1 is
active high

If any one of the inputs G1, G2A, or G2B is not
connected to an address signal, they must be

activated permanently either by Ve or ground,
depending on the activation level



MEMORY
ADDRESS
DECODING

Using 74LS138

3-8 Decoder
(cont)

741L.S138 Decoder

Y7

Vce

Vce GND
Y0 o—
— A Y1 op—o
B Y2 jo—o
c Y4 e
Y3 jo—
Y5 o——
Y6 fo
Y7 o—
G2A G2B Gl
Enable
Function Table
[ Toputs ~
Enable | Selact Outputs
GlGl | CBA | YOVIY2VIVIVSN6YT
X H | XXX HHHHHHHH
L X | XXX HHHHHHHH
HL LLL LHHHHHH|H
HL LLH HLHHHHH|H
HL LHL HHLHHHH|H DO
HL LHH HHHLHHH|H
HL HLL HHHHLHH|H D7
HL HLH HHHHHLH|H ]‘
HL HHL HHHHHHL|H D7 DO
H1 | HHH HHHHHHHE|L A0 A0
All
AL 4K*8
ALZ— A QD:
Al3___| B v2 s
Al4—i C Y4 ©> CE
Al5——GZA Y3 o—o OE Vpp
GND—__|G2B Y5 O
Vce Gl Y6 MEMR




MEMORY
ADDRESS
DECODING

Using 74LS138

3-8 Decoder
(cont)

Looking at the design in Figure 14-6, find the address range for

Following. (a) Y4, (b) Y2, and (c) Y7.

Solution :
(a) The address range for Y4 is calculated as follows.

Al5A14 A13 A12 A11 A10 A9 AB A7 A6 A5 A4 A3 A2 Al A(
O 1 0 00 0 0O0OO0O0OODODODODODODO
O 1 0 01 1 1111111111
The above shows that the range for Y4 is 4000H to 4FFFH. In
14-6, notice that A15 must be 0 for the decoder to be activated.

'the

Figure
Y4 wil

be selected when A14 A13 A12 =100 (4 in binary). The remaining

A11-A0 will be 0 for the lowest address and 1 for the highest a
(b) The address range for Y2 is 2000H to 2FFFH.
Al15A14 A13 A12 A11 A10 A9 AB A7 A6 A5 A4 A3 A2 Al Al

O 01 00 0 OOOOOOOOOO
c 0 1 01 11111111111

(c) The address range for Y7 is 7000H to 7FFFH.
Al15A14 A13 A12 A11 A10 A9 AB A7 A6 A5 A4 A3 A2 Al Al

0 1.1 10 0 000O0O0OO0OO0OCO0ODCOGO
co 1 1 11 1 1111111111

ddress.

)




MEMORY
ADDRESS
DECODING

Using
Programmable
Logic

Other widely used decoders are
programmable logic chips such as PAL
and GAL chips

One disadvantage of these chips is that
one must have access to a PAL/GAL
software and burner, whereas the 74LS138
needs neither of these

The advantage of these chips is that they

are much more versatile since they can be
programmed for any combination of
address ranges



CPU IS j,b
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The CPU is connected to memory and
INSIDE THE 1/0 th h stri £ Wi led a b
COMPUTER rough strips of wire called a bus
Carries information from place to place

Internal Address bus
Organization of Data bus
Control bus
Computers
(cont’)
Address bus

-

1

Data bus

Control bus




INSIDE THE
COMPUTER

Internal

Organization of

Computers
(cont’)

Address bus

For a device (memory or I/O) to be
recognized by the CPU, it must be
assigned an address

The address assigned to a given device must
be unique

The CPU puts the address on the address bus,
and the decoding circuitry finds the device

Data bus
The CPU either gets data from the device
or sends data to it

Control bus
Provides read or write signals to the

device to indicate if the CPU is asking for
information or sending it information



INSIDE THE
COMPUTER

More about
Data Bus

The more data buses available, the
better the CPU

Think of data buses as highway lanes
More data buses mean a more
expensive CPU and computer

The average size of data buses in CPUs
varies between 8 and 64

Data buses are bidirectional

To receive or send data
The processing power of a computer is
related to the size of its buses



The more address buses available, the '
larger the number of devices that can
be addressed

e etaM The number of locations with which a

Address Bus CPU can communicate is always equal
to 2x, where X is the address lines,
regardless of the size of the data bus

ex. a CPU with 24 address lines and 16

data lines can provide a total of 224 or 16M
bytes of addressable memory

Each location can have a maximum of 1
byte of data, since all general-purpose
CPUs are byte addressable

The address bus is unidirectional

INSIDE THE
COMPUTER




INSIDE THE
COMPUTER

CPU'’s Relation

to RAM and
ROM

For the CPU to process information,
the data must be stored in RAM or
ROM, which are referred to as primary
memory

ROM provides information that is fixed
and permanent
Tables or initialization program

RAM stores information that is not
permanent and can change with time

Various versions of OS and application
packages

CPU gets information to be processed
first form RAM (or ROM)

if it is not there, then seeks it from a mass
storage device, called secondary memory, and
transfers the information to RAM



INSIDE THE
COMPUTER

Inside CPUs

Registers

The CPU uses registers to store
information temporarily

Values to be processed

Address of value to be fetched from memory
In general, the more and bigger the

registers, the better the CPU
Registers can be 8-, 16-, 32-, or 64-bit
The disadvantage of more and bigger registers
is the increased cost of such a CPU



INSIDE THE
COMPUTER

Inside CPUs
(cont)

Program Counter

I

Instruction Register

Instruction decoder,
timing, and control

Internal
buses

Register A
Register B
Register C

Register D

sng ssaIppy

sng eyjeq sng [04U0D



INSIDE THE
COMPUTER

Inside CPUs
(cont)

ALU (arithmetic/logic unit)
Performs arithmetic functions such as add,

subtract, multiply, and divide, and logic
functions such as AND, OR, and NOT

Program counter

Points to the address of the next
instruction to be executed

As each instruction is executed, the program
counter is incremented to point to the address
of the next instruction to be executed

Instruction decoder

Interprets the instruction fetched into the
CPU

A CPU capable of understanding more
instructions requires more transistors to design



INSIDE THE
COMPUTER

Internal

Working of
Computers

Ex. A CPU has registers A, B, C, and D and it has an 8-bi
data bus and a 16-bit address bus. The CPU can access
memory from addresses 0000 to FFFFH

Assume that the code for the CPU to move a value to
register A is BOH and the code for adding a value to
register A is 04H

The action to be performed by the CPU is to put 21H intc

register A, and then add to register A values 42H and 12

T

A\ 4




Ex. (cont’)

INSIDE THE Action Code Data
@0))(|UNF=28 | Move value 21H intoreg. A BOH 21H
Add value 42H to reg. A 04H 42H
Internal Add value 12H to reg. A 04H 12H
Working of Mem. addr. Contents of memory address
Compu’gers 1400 (BO) code for moving a value to register A
(cont’) 1401 (21) value to be moved
1402 (04) code for adding a value to register A
1403 (42) value to be added
1404 (04) code for adding a value to register A
1405 (12) value to be added

1406 (F4) code for halt
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Outside world

. Bus system

Von Neumann architecture
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