k-bit
address

Input n-bit word

1 !

=)

Read
Write

Memory Unit
2“words
n-bit per word

Memory Enable
—

Read / Write

1 1

Output n-bit word

k-bit

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

Read /Write=1 = Read
Read /Write=0 ™ \Write

n-bit word

> 2*words




k-bit

Input n-bit word address n-bit word
0000 A
0001
k-bit 0010
address 0011
0100
0101
0111 4
1000 > 2°words
1001
1010
Read Lot
: 1100
Write 1101
1110
1111 /

CPU

Output n-bit word

Memory Enable WR

>
Read / Write >

n-bit Data Bu

<<

Read / Write =1 =) Read
Read / Write = 0 =) Write



mputn-bit word  |WR & RD Operations

k-bit @
address CPU
WR
Read n-bit Data Bu
Write

Output n-bit word CPU

Memory Enable
—>

Read /Write

RD

Read / Write = 1 Read
Read / Write =0 =) Write

n-bit Data Bu




Input n-bit word

W
address

CPU

Read

WR

Write

n-bit Data Bu

Output n-bit word

k-bit bi q
address n-oit wor Clock
N

o Address CPU = Valid Address
ot . Enable

iggg > 2°words Memory Memory
1010 Initiating Latch
o RIW WR op Data

Data CPU= Valid Data




Input n-bit word

W
address

CPU

Read

RD

Write

n-bit Data Bu

Output n-bit word

k-bit bi q
address n-bit wor Clock
|

0000

oou Address CPU ) Valid Address

1000 » 2*words Enable j\ Memory Initiating \
Lo RD op

1011 R/W

1111

Data Memory = Valid Data = CPU




WR

Address: 01
Data: 0111

CPU

4-bit Data Bu

0111 >

Address CPU @ 01

Enable
Memory Memory

Initiating Latch

RIW W WR op Data \7/

Data CPU ® 0111

0101
100

1




RD
Address: 10

Data: 7?7?77

4-bit Data Bu

CPU = 10

able j\ Memory Initiating \ /
RD op

Memory = 1100 = CPU




Select A Word

input output  jinput output  jnput output  jnput output
—» BC |—» —» BC |—» —» BC |—» —» BC |—»
iNPURead / Read / Read / Read /
ertle Wrﬁe Wige Wiyte
|nput ' Output |nput ’ Output |nput ' Output |nput ’ Output
—» BC |—» —» BC |—» —» BC |—» —» BC |—»
Read / Read / Read / Read /
Write Write Write Write
|nput ' Output |nput ' Output |nput ' Output |nput ' Output
—» BC |—» —» BC |—» —» BC |—» —» BC |—»

2-bit
address
00
01
10
11

4-bit word

24 words



| D output

Read / Write = 1
- READ op

-
==Dxn

:.4 Read /
Write

Read / Write =0
- WRITE op select

Rl output

Read /
Write



2-bit
address

00

01

10

11

4-bit word

Memory Map

+ select

+ select

+ select

+ select

input ! output input ! output input ! output input output
— i BC | — i BC | — i BC | — p BC |
R/W R/W R/W R/W
+ select + select + select + select
input . output input . output input ¥ output input . output
—p BC | p —» BC | p —» BC | p —» BC | —p
R/W = RW = RW RIW
+ select + select + select + select
input ' output input ' output input ' output input ’ output
—p BC — —p BC — —p BC — —p BC —
R/W R/W R/W R/W
+ select + select + select + select
input ’ output input ’ output input ¥ output input ’ output
—p BC | p ——p BC | p —p BC | p —pl BC |
R/W R/W R/W R/W

Bit3 Bit2

Bit 1

Bit O




2-bit

address

00
01
10
11

4-bit word

0101

1100

1

\

-
=Da

__|>°_

2-bit .
4-bit word
address
O select select O select
input output input output input output
BC | BC |— BC |
RIW R/W RIW
select select select select
input output input output input output input output
BC — BC — BC — BC —
RIW RIW RIW RIW
10
select select select select
input output input output input output mpuC output
— 9 BC | — BC | —p —p BC | — 9 BC | —
R/IW RIW RIW R/IW
select select select select
input output input output input output input output
BC | — BC | —p BC | — BC | —
RIW RIW RIW RIW

<1

Read / Write = 0
- WRITE op

output
s =)~

Read / Write = 1
- READ op

Read /
Write

select

input
BC

output

Read
Write

4x4 RAM

/



2-bit 4-bit word
address 13 12 11 10
wordO y seet I R ; select
nput ' output input ' output input output input ' output
—» BC | py —p BC | —» BC | —p +—» BC | ——p
A0
> R/W I R/W R/W R/W
Al
wordl
— * select * select * select ; select
nput ' output input ’ outpug input ’ outpuj input ' output
—» BC | p | BC | p —» BC | p | » BC |
2X4
deCOder R/W R/W | RIW | RIW
Wordz * select * select * select ; select
nput ' outpuk input ' outpug input ) outpug input ' output
—» BC | p | BC | p —» BC | p{ ——p BC | p
R/W | R/W R/W R/W
Word3 + select + select * select ; select
ut ' output input ' outpug ihout ' outpug ihout ' output
ﬂ» BC | vm—> BC | —p vm—> BC |— vp—> BC |
R/W R/W | R/IW I R/W
R/W
03 02 O1 OO0

4x4 RAM



WR Address: 01 Data: 0111 Data: 0111

Memory CPU

A
a N

2-hit 4-bit word
address 13 12 11 10

WordO L etect———— & sefect sefect »  select
nput output ihput output ihput output ihput output
BC | — BC | — BC | — BC | —

» RIW RIW RIW o RW
Al ‘

— word1 select select select > select
nput outp! ipput outpi ipput outpy input outp
BC | —p BC | —»f BC | —p BC [—p

. 2x4
A d reSS L O 1 dec)(()der RIW RIW R/W R/W
C I OCk Wordz select select select » select
Address CPU =) 01 RW RIW RIW RIW

S

E bl word3 select select select > select
nable W SEERNERN TR
Initiating Latch o o o s
RIW WRop DA
R v, % vV
03 02 o1 00

Data CPU 0111

4-bit Data Busl, 0111 >

Output (RD)

Data & Address Buses <

Input (WR)

Data Bus Data: 011>



n-bit Data Bus




RD






2x4 Decoder

[ — — — A 2-to-4 line single bit decoder — — — -~ Truth Table
I
I
Ao —y—‘—l>c + | A1 Ao[D3 Dz Di Do
A | p Do 0o 0]lo o o0 1
¢ \ 4
: I \ : o 1]lo o 1 o
I 4 s L
| C << | b 1 olo 1 0 o0
| |/ | ! I 1|1 0 0 o0
| 3 |
R ¢ '
N\ Minterm Equations
| o | D0=A1-Ao
| ¢ | D1=Evo
L _—_—_—_—_—_ - — = } D3-Aj Ao
2 X 4 decoder : 4 AND gates 10 x 1024 decoder : 1024 AND gates

4 x 16 decoder : 16 AND gates




Row and Col Address Decoder
10 x 1024 decoder : 1024 AND gates

10
k-bit )
adol|ress n-bit word 5x32

0000
0001
0010
0011
0100

0101 -
0110 :’ :
ot 2*words

1000 —p
1001 —p
1010 E—

o 1024

1100
1101

I
V v

1110
1111

vy v \/

404 - 01100 1011
n-bit word

+ select * select *select + select
) output input ) output input ) out input i out

—p BC | —p BC | p —p BC | —p BC |

R/IW R/W R/W R/W




Input n-bit word

16

k-bit @
address

CAS
I »() Register
Read
Wi:e AS 8 X 256
<
| <
Output n-bit word % >
=1
el
u o >
>
vy ¥ \/

8 X 256
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