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Memory Access Operations

Memory CPU Memory CPU

WR |RD1

n-bit Data n-bit Data

k-bit Address k-bit Address
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A Memory Write Example

2-bit 4-bit
address data Memory CPU
00 0101
01 WR
10 1100
11 4-bit Data 0111
1 2-bit address 01
2-bit 4-bit
address data WR
00 0101 Address: 01
01 0111 |
11
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A Memory Read Example

RD

4-bit Data 1100

2-bit address 10

RD
Address: 10

Data: = 1100
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A Memory and A Memory Map

k-bit Address n-bit data
Input n-bit Data

© 0000 —p>]
0001 —»
0010 =9
k-bit 0011 —»
Address ‘ _ 0100 —p>
Memory Unit 0101 —
2“words
d n-bit per word 0110 =
Read 2*words — 0111 =5
Write 1000 —»
1001 —»
1010 =
1011 —p
Output n-bit Data 1100 —p
1101 —p
1110 —»
. 1111 =
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Address Bits and Data Bits

< 4-bit Data Bus > *

© 4bitAddesssus

4-bit data
/0000 Address 00 = 0000 Data 00
0001 Address 01 —p 0001 Data 01
0010 Address 02 =9 0010 Data 02
0011 Address 03 =& 0011 Data 03
0100 Address 04 —» 0100 Data 04
0101 Address 05 = 0101 Data 05
0110 Address 06 = 0110 Data 06
< 0111 Address 07 = 0111 Data 07
_ 1000 Address 08 = 1000 Data 08
4-bit Address 1001 Address 09 —» 1001  Data 09
1010 Address 10 —p 1010 Data 10
select location 1011 Address 11 = 1011 Data 11
1100 Address 12 —p 1100 Data 12
1101 Address 13 = 1101 Data 13
1110 Address 14 —p 1110 Data 14
\ 1111  Address 15 — 1111  Data 15
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5-bit Address

00000
00001
00010
00011
00100
00101
00110
00111
01000
01001
01010
01011
01100
01101
01110
01111

Memory

Address 00 =

Address 01 =

Address 02 —»

Address 03 =

Address 04 —

Address 05 =

Address 06 =

Address 07 =

Address 08 =

Address 09 =

Address 10 =

Address 11 =

Address 12 =

Address 13 =

Address 14 =

Address 15 =

Increasing Memory Locations

5-bit Address

10000
10001
10010
10011
10100
10101
10110
10111
11000
11001
11010
11011
11100
11101
11110
11111

Address 16 =

Address 17 =9

Address 18 =

Address 19 =

Address 20 =

Address 21 =

Address 22 =

Address 23 =

Address 24 =

Address 25 =

Address 26 =

Address 27 =

Address 28 =

Address 29 —p»

Address 30 =

Address 31 =
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Increasing Memory Width

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

8-bit data

Address 00 =

Address 01 —»

Address 02 —»

Address 03 =

Address 04 —»

Address 05 =

Address 06 =

Address 07 =

Address 08 =9

Address 09 =

0000_0000

256 patterns

1111 1111

Address 10 =

Address 11 —p

Address 12 =

Address 13 —p»

Address 14 =

Address 15 =

Memory
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The Inputs and Outputs of a Memory

Input n-bit Data

K-Dit Memory CPU
Address ‘

Memory Unit

2*words

n-bit per word

Read >
Write — >

n-bit Data

@ k-bit Address

Output n-bit Data
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Block Diagram of a Memory Unit

Input n-bit word

k-bit address @

=)

Read
Write

Memory Unit
2*words
n-bit per word

Memory

1 !

Output n-bit word

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

k-bit address n-bit word

\

.

2*words



Memory Control Lines

Input n-bit word

k-bit address 1

Read
Write

Memory Enable%
Read / Write

Read Wr|te

Output n-bit word
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Address & Data Buses

k-bit  n-bit
0000
0001

Input n-bit word 0010

0100

0101
0110 >>
0111 4
-bit address @ 1000 2" words

1010
1011

1101
Mem E

1110
RD/WR
n-bit Data B

1111 4/

CPU

WR

<<

Output n-bit word
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RD & WR Operations

CPU

Input n-bit word

k-bit address @

n-bit Data Bu

Mem E
RD/WR

Output n-bit word

Memory 14



Memory Write Cycle

k-bit
address

Input n-bit word

1!

=)

Mem_En
RD/WR

Memory Unit
2“words
n-bit per word

k-bit
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

1 I

Output n-bit word

n-bit

2*words

Memory

n-bit Data Bus

Usually, clock is seldom used. (shown for a reference)

Clock

Address CPU -~ Valid Address

Enable J
Memory,
R/W tiating W gpmory Latch Data

Data CPU = Valid Data
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Memory Read Cycle

k-bit
address

Input n-bit word

1!

=)

Mem_En
RD/WR

Memory Unit
2“words
n-bit per word

k-bit
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

1 I

Output n-bit word

n-bit

2*words

Memory

Memory CPU

' $ ro

n-bit Data Bus

Usually, clock is seldom used. (shown for a reference)

Clock
Address CPU ~Valid Address
Enable TR
Memory Initiating
N RD op \
R/W
Data Memory = Valid Data= CPU
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Memory Write Example

2-bit addr-bit word
00 0101 WR
01 n-bit Data Bus | V>>0111
10 1100 01
11
'l clock
Address
2-bit addré-bit word CPU = 01
- Enable h}y
0101 Memory Memory Latch Data
01 | ol11 | R/W wmuatmg WR op w
10 1100
11 /
Data CPU =0111 >
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Memory Read Example

2-bit addr-bit word

Memory CPU

00 0101 ‘ 1 RD
01 < n-bit Data Bus > ?
10 1100 10
11
Usually, clock is seldom used. (shown for a reference)
Clock
Address CPU © 10
Enable T
Memory Initiating
N RD op \
R/W
Data Memory = = 1100 = CPU

Memory
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Selecting a Word

input ' output jnput ' output jnput output  input ' output
—» BC |—» —» BC |—» —» BC | —» —» BC |—»
iNPURead / Read / Read / Read /
Whrgte Whrgte Whrte Wigte
|nput ’ Output |nput ’ Output |nput ' Output |nput ’ Output
—» BC |—» —» BC |—» —» BC |—» —» BC |—»
Read / Read / Read / Read /
Write Write Write Write
input ' output  jnput ' output  jnput ' output  jnput ' output .
~——» BC |—» > BC | —» > BC | —» —» BC | selected 4-bit word

Write Write

2-bit address 4-bit word

00 N o

01 word:
—

10

11
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Selecting a Word

srect

input D_
==

jD_OUtput

Read / Write =1

> READ op
o<} Read / Write
Read / Write = 0 L select
- WRITE op - outout
- > BC -
T Read /
Write

Memory

20



A Memory Map

l select iselect i select i select
input output input output input output input output
—» BC | —p —» BC |—p —» BC | —p —» BC |—p

R/W R/W R/W R/W

l select lselect i select l select
input output input output input output input output
—» BC —p —» BC |—p —» BC |—p —» BC |—p

R/W R/W R/W R/W

l select lselect i select l select
input output input output input output input output
—» BC —p —» BC |—p —» BC |—p —» BC |—p

R/W R/W R/W R/W

l select iselect i select i select
input output input output input output input output
—» BC |— —» BC —p —» BC |— —» BC |—p

R/W R/W R/W R/W

2-bit addr EI 3 BI 2 EI ] EI D
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4x4 Memory

2-bit
address

4-bit word

00

0101

01

10

1100

11

: !

input

2-bit .
cehiEss 4-bit word
£\

n

U select
o output
BC |—

RIW

select
input output
— | BC |
RW

select
input output
BC [ g

RW

1,.

2 %
input output
BC [ g
RIW

01

select
input output
BC | —p
RW

select
input output
BC | —p
RIW

select
input output
BC | —p

RIW

select
input output
BC | —p

RIW

10 1.

s
input output
BC | —p
RW

I select
et output
—»| BC | —p

0 elect

s
input output
BC | —p
RIW

0. —
input output
BC | —p
RIW

11

RIW
select select select select
input output jnput output oyt output  jnput output
— » BC | p gl BC | BC | BC |
RW RIW RIW RIW

Memory
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Read / Write =0
- WRITE op

output
Read / Write = 1
- READ op
L=
1 Read /
~ Write

select

'

input :
BC

Read /

Write

output




Diagram for a 4x4 Memory

2_bit addr 4-bit word
|13 |2 |11 10
wordO y  select y  select y select y  select
inp e t inp e Qup t inp e QuﬁJ t inp e t
Al BC oy BC I BC } BC oy
— R/W R/W R/W R/W
AO
—» Wordl ! seIeI selec select selegt
t Quﬁllt i Qubllt i Quﬁut
2 x4 BC | EBC [‘BC } BC |
decoder R/W ! R/W " R/W R/W
Word2 ! seIeI ! selec ! select selegt
t Qubut i Quﬁ.llt i Quﬁut
BC | BC | BC | } BC |
R/W R/W R/W R/W
W0rd3 seIeI selec select seleg¢t
t %‘p‘. Quﬁut %pﬁ- Quﬁllt Quﬁut
BC | BC | BC | BC |
R/W R/W ! R/W R/W
R/W
O3 02 Ol

Memory
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WR Address: 01 Data: 0111

Memory

0111 >

2-bit
address

Write Cycle Example for a 4x4 Memory

Data: 0111

4-bit word

wordO

Al

5 word1

2x4

Address: 01 | 2x4 g
Clock N
WOI'd2 eeeeee sefect select select
nput outp! ipput outp! ihput outpt iput outp!
Address a a B a
CPU= 01 = ) o Ly
ord3 Select select select » select
Enable " . ol Lo v o Lo 2
vemory  Memory Sk ESaE Rk Rk
R/W |n|t|at|ng LatCh W RIW. W RIW.
‘\‘f WR op Data \./ /
w v.oow v v
Data CPU 20111 o3 0z ot °

Output (RD)

<

Input (WR)

Data Bus Data: 011>

Memory 24



Bi-directional Data Bus

n-bit Data Bus
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From CPU to Memory

Memory 20



From Memory to CPU
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2 to 4 Decoder

[ — — — A 2-to-4 line single bit decoder — — — = Truth Table

| |
Ao —y—‘—l>0 I A1 Ao|D3 D2 Di Do
| - Do o olo o o 1
Al T T I
I: | % 0 0
1 1
1 0

1
0
1

Minterm Equations

Do-A-Ag

¢ : D1=E'AO
. I D3 D2=A1'E)

L —_——_—_— e ——— - — = ] Ds - A1 Ao

10 x 1024 decoder : 1024 AND

2 X 4 decoder : 4 AND gates
gates

4 x 16 decoder : 16 AND
ates
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Coincidence Decoder

10

k-bit
address

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010

n-bit word

2*words

i 1024

1100
1101

1110
1111

10 x 1024

Memory

5x 32

I
V v

vy V \/
5x 32

404 - 01100 10110
wn-bit word

+ select * select *select * select

input output input output input output input output
— | BC | — | BC | — | BC | — | BC |

RIW R/IW R/IW R/W
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Time Sharing Address Bus

Input n-bit word

16

k-bit —
address C AS
‘ > Register
Memory Unit
2words

Read n-bit per word
bt S S 8x256 | 8 x 256
Write | RAS Decoder
>
- >
Output n-bit word — .
4>
D o
Q —pn X 2) >
o oN
—~+ Qo U
[0} o O
= =3 >
vy v \/

8 x 256

{Raw AddreSS><CoI Address>
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