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Memory Access Operations

Memory CPU Memory CPU
WR | RD |

n-bit Data n-bit Data
k-bit Address k-bit Address
Y Won Li
Memory Subsystem 3 oung Won Lim

Background



A Memory Write Example

2-bit 4-bit
address data
00 0101
01
10 1100
11
2-bit 4-bit
address data
00 0101
01 0111
10 1100
11

Memory CPU

WR

4-bit Data 0111

2-bit address 01

WR

Address: 01
Data: 0111
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A Memory Read Example

2-bit 4-bit
address data

00 0101
01 0111 RD

10 1100 :
11 4-bit Data 1100

Memory CPU

2-bit address 10

RD
Address: 10

Data: 1100
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Address Bits and Data Bits

< 4-bit Data Bus > *
l I 4-bit data
' 0000 Address 00 —® 0000 Data 00
0001 Address 01 =% 0001 Data 01
0010 Address 02 % 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 =% 1010 Data 10
select location 1011 Address 11 —» 1011 Data 11
1100 Address 12 =% 1100 Data 12
1101 Address 13 =P 1101 Data 13
- 1110 Address 14 =% 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

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 =P

Address 13 =P

Address 14 =%

Address 15 =%

Memory Subsystem
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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 =%

Address 18 =P

Address 19 =%

Address 20 =%

Address 21 =%

Address 22 =%

Address 23 =P

Address 24 =%

Address 25 =%

Address 26 =%

Address 27 =P

Address 28 =P

Address 29 =P

Address 30 =%

Address 31 =P
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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 =P

Address 08 =%

Address 09 =%

0000_0000

256 patterns

1111 1111

Address 10 =%

Address 11 =P

Address 12 =9

Address 13 =

Address 14 =%

Address 15 =P
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Block Diagram of a Memory Unit

Input n-bit word

k-bit n-bit
address word
K-bit ﬂ 0000 R
address _ 0001
0010
‘ 0011
Memory Unit 0100
2*words 0101
Read n-bit per word 0110
4,,
Write 0111 . 2*words
" 1000
1001
1010
1011
Output n-bit word 1100
1101
1110
1111 ),
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Memory Control Lines

Input n-bit word

" |
address
l Memory Unit

2“words
-bit d
Read . -DIL perwor Memory Enable — » 1 1
Write ) Read / Write — 1 0
@ Read Write
Output n-bit word

Y Won Li
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Address & Data Buses

k-bit n-bit

0000
0001

Input n-bit word oo

0100

0101

0110

H 0111
k-bit 1000 “2*words

address 1001
1010
- 2
1100
1101

Memory Unit

1111

2“words
Mem_En n-bit per word Memory CPU
4,,
RD/WR
4,,
WR
@ < n-bit Data Bu >
Output n-bit word
Memory Subsystem 11 Young Won Lim
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RD & WR Operations

Input n-bit word Memory

" |
address
l Memory Unit

CPU
‘ WR
< n-bit Data Bus ' >

2“words
Mem_En n-bit per word
4,,
RD/WR Memory CPU
4,, ‘
@ < n-bit Data Bus >
Output n-bit word
Y Won Li
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Memory Write Cycle

k-bit
address

Input n-bit word

1 !

=)

Mem_En
RD/WR

Memory Unit
2“words
n-bit per word

1 1

Output n-bit word

n-bit Data Bus

Address CPU  Valid Address
k-bit n-bit
0000 N
0010 Enable
oo Memory Memory
0101 itiati Latch
0110 | R/W Initiating
2000 ~2*words WR op Data
1001
1011
1101
m J Data CPU" Valid Data

Memory Subsystem 13 Young W;’;‘, 1L/|1rr51
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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

1

Output n-bit word

Memory

'

n-bit Data Bus

ot ot Address CPU  Valid Address

oo )

§§§§ Enable j\ Memory Initiating \

0101 RD Op

0110

o “2*words RIW

1001

101

1ot

w : Data Memory ~ Valid Data = CPU
Memory Subsystem 14 Young W;’;‘, 1L/|1rr51

Background



Memory Write Example

2-bit 4-bit Memory
addr word A
00 0101 t
01 n-bit Data Bus ' > 011
10 1100 1Ol
11
| R A
2-bit 4-Dit Address CPU 01
addr word
Enable
00 0101 Memory Memohry
Initiating Latc
o1 [oim RIW et At
10 1100
11
Data CPU " 0111
Memory Subsystem 15 Young vv(f;/ 1L/|1rr51
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Memory Read Example

2-bit 4-bit
addr word
00 0101
01
10 1100
11

Clock

Address

Enable j\ Memory Initiating \
RD op

R/W

Data

Memory Subsystem
Background

Memory

'

n-bit Data Bus

S

CPU 10

Memory 1100 ~ CPU
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Selecting a Word

input ‘ output  jnput ‘ output jnput # output jnput ‘ output
—» BC —» —» BC —» —» BC |—» —» BC —»
iNPURead / Read / Read / Read /
Wigte Wigte Whigte Wigte
input Output input Output input ' Output input Output
—» BC | —» —» BC |—» —» BC | —» —» BC |—»
Read / Read / Read / Read /
Write Write Write Write
input ’ output  jnput ’ output  input i output  jnput i output .
elec > ™hiec > ™hiec > ™% ec | selected 4-bit word

2-bit

address 4-bit word
% 2*words
01
10
11
Memory Subsystem 17 Young vv(f;/ 1L/'1r?,
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Selecting a Word

select

_»ID_Output

Read / Write = 1
— READ op

T == )
==

°<} Read / Write

: Lselect
Read / Write =0
- WRITE
op input BC output
T Read /
Write
Memory Subsystem 18 Young W;’;‘, 1L/|1rr51
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A Memory Map

00

01

10

11

2-bit
addr

l select l select l 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 l select i select l select

— BC —p — BC —p — BC —p — BC —p
R/W R/W R/W R/W

i select i select i select l select

—» BC —p —» BC —p» —» BC —p —» BC —p»
R/W R/W R/W R/W

l select l select l select l select

—p BC —p —» BC —p —» BC —p —» BC —p
R/W R/W R/W R/W

Bit3 Bit 2

Memory Subsystem
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Bit 1

Bit O
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4x4 Memory

2-bit

00
01
10
11

address

4-bit word

0101

1100

: 1

input

2-bit
address

4-bit word
£\

N

00

)

select

input output
BC | —p

RW

select

input output
— BC |

RW

select
input output
BC | —p

RW

T,/
input output
BC | —p
RW

01

select
input output
BC | —p
RIW

select
input output
BC | —p
RIW

select
input output
BC | —p

RIW

select
input output
BC | —p
RIW

10

1 elect

s
input output
BC | —p
RW

I select
input output
—| BC |

RW

O elect

s
input output
BC | —p

RW

0. —
input output
BC | —p
RIW

11

select
input output
— BC |
RW

select

input output
— BC |

RW

select
input output
BC »
RIW

select
input output
BC »
RIW

Memory Subsystem
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D_ output
Read / Write = 1
D_ - READ op
L=
1 Read /
~ Write
Read / Write =0

~ WRITE op /

select

'

A

BC output

input

Read /
Write

Young Won Lim
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Diagram for a 4x4 Memory

Memory Subsystem
Background

21

2-bit addr 4-bit word
13 12 11 10
WOde ' select v select y select i select
input ' outp nput ' outp nput ' outp input ' outp
—Pp B —uth» —p B —uth —p B —utp 1 B —uth»
Al C o C c
A0
— Word 1 select select select > select
input outp nput outpj nput outpj input outp
B —uth B —uth B | —uth B —ut
2 x4 - - - |
R/W ~RW " RIW R/W
decoder
Word 2 select select select % select
input outp nput outpy nput outp input outp
B —ut B —uthe B Ut ] B —ut
R/W R/W R/W R/W
word3 select select select % select
i outp " outp} i outpl out outp
2 B —ut m» B —uth ﬂ» B | —uth 2 B —uth»
" rw " rw " Rw " rRw
R/W
03 02 0O1 (0]0)

Young Won Lim
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Write Cycle Example for a 4x4 Memory

WR Address: 01 Data: 0111

Data: 0111

Memory

2-hit 4-bit word
address 13 12 11 10
wordO fect————————g—sefect et » sclect
P utp ihput output  ihput [T output  jhoye [T output
. Loy by ey e
_ RW. RW RIW RW
Al] ‘

word1 ~
select select

—

2% 4 BC [—p BC |—pf | BC | —pof || BC |
. X
A dreSSl 01 decoder RW RW RW RW
Clock
word2 [T [ [ ¢ &< sefect Select > select
1\,‘.— outp .1.,..* outp! ihput outp! iput ouip|
o] el ] e
Address CPUD 01 - - - -

word3 st Seect Seect LS
Enable Memory Memory \ 12‘: {1‘: QLJ 1&,4{
RIW ‘\‘f InWitiRa\tci)r;)g I_Da;:;] w aw " aw
R/W
Data CPU 20111 wo
Output (RD)
_ < Data Bus Data: 011>
Input (WR)
Memory Subsystem 29 Young Won Lim
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Bi-directional Data Bus

Memory CPU

n-bit Data Bus

Memory Subsystem 23 Young Won Lim
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From CPU to Memory

WR
Memory CPU

-

RD

Memory Subsystem 24 Young Won Lim
Background 12/1/15



From Memory to CPU

RD
Memory CPU

|-

n-bit Data Bus >

-

Memory Subsystem 25 Young Won Lim
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Address Decoding
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DRAM - Coincidence Selection (1)

— e
1-bit -l
-
— <.
= o
. <4t
4 — -
+> e
- L 3
. <4t
-«
-d—e
—— 7
—> e
—> e
> i
Memory Subsystem 27 Young W;’;‘, 1L/|1rr51
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DRAM - Coincidence Selection (2)

24 %1 " All 16 bits
24 x1
—
o, —)\lI=
4 ., —)NIE=
e — 7 ONIE

|

Memory Subsystem
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DRAM - Coincidence Selection (3)

2% x2
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DRAM - Coincidence Selection (4)

2* x1

7 \
7\
2 2
A A
0 ~ -
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Background



DRAM - Coincidence Selection (5)

N

Memory Subsystem 31 Young Won Lim
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2 to 4 Decoder

[ — — — A 2-to-4 line single bit decoder — — — = Truth Table
| I
Ao —y——I>C I A1 Ao|D3 D2 D1 Do
A P Do 0o 0]Jo o0 o0 1
: IS | o 1]lo o 1 o0
I ¢ C |
| C | 1 oo 1 0 o0
| } D 111 0 0 o0
| I
ot '
Minterm Equations
. D S
I | Do=Aj-Ao
| ¢ | Di-Ai- Ao
: L )_:_ Ds Dy-Al-Ay
L — - —— - - — — ] Ds-Ar- Ao
2 X 4 decoder : 4 AND gates 10 x 1024 decoder : 1024 AND gates

4 x 16 decoder : 16 AND gates

Memory Subsystem 32 Young vvg]/ 1L/'1n5]
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Coincidence Decoder

10

k-bit
address

0000
0001
0010
0011
0100

n-bit word

0101
0110
0111
1000

2*words

1001
1010
o 1024
1100
1101

1110
1111

Memory Subsystem
Background

vvy

B N

5x32

Wy V. y

N

5 x 32

404 - 01100 10110

vyn-bit word

* select
’ 0

B rw

input

+ select

output

— i BC |

* RIW

+ select + select

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

*R/\N *R/\N

33
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Time Sharing Address Bus

Input n-bit word

16

k-bit -
address i L CAS
‘ > ) Register
Memory Unit
2*words

Read n-bit per word | 85256 8 2 5 6
Write | RAS " Decoder X
vrie
r! ‘;\
|
Output n-bit word P — > 9 P :
Q — 9 O
Qoo
. @ D -
|
vy v \J
8 X 256

Raw Address = Col Address

Memory Subsystem 34 Young W;’;‘, 1L/|1rr51
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DRAM - PreCharge

DDR RAM executes commands given by the chipset.

(Activate, Read, Write, Precharge, etc) Bank 1

A
AN

To activate a bank with a row for reading or writing,
the bank is to be charged.

This amplifies the signal from that row for a read

A memory bank is usually precharged
without waiting for a read/write request and then charging.

2

Precharging one memory bank can usually be overlapped PreCharge RD / WR

with accessing another memory bank. RD / WR PreCharge

Memory Subsystem 35 Young Won Lim
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DRAM - 512Mb Example

MT46V128M4 — 32 Meg x 4 x 4 banks 2% x 22 x 4 banks ,
MT46V64MS8 — 16 Meg x 8 x 4 banks 2% x 2*x 4 banks || All 512 Mbits
MT46V32M16 — 8 Meg x 16 x 4 banks 223 y 24y 4 banks
4 8 16
-
o —
sl g “ | H © |
O
—i
| | 2% x 4 banks = 128 Meg x 4 banks
8 <<j"“ | o
z \
(Q\
o™
2% x 2°x4banks Row: 13 bits Col: 12 bits Bank: 2 bits Data: 4 bits
2%y 23y Abpanks Row: 13 bits Col: 11 bits Bank: 2 bits Data: 8 bits
223 x 2x 4 banks Row: 13 bits Col: 10 bits Bank: 2 bits Data: 12 bits
Memory Subsystem 36 Young vvg]/ 1L/'1n5]
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DIMM Example (1)

MT46V64M8 — 16 Meg x 8 x 4 banks 2% x  2°x 4 banks All 512 Mbits

Row: 13 bits Col: 11 bits Bank: 2 bits Data: 8 bits

64M

- 16M 64M8

Memory Subsystem 37 Young Won Lim
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DIMM Example (2)

MT46V64M8 — 16 Meg x 8 x 4 banks 24 x  2° x 4 banks All 512 Mbits
Row: 13 bits Col: 11 bits Bank: 2 bits Data: 8 bits

| 8 8 8 8 8 | 8 8 8 8
| | | | | | | | |
64M 64M 64M | 64M 64M 64M 64M 64M 64M
| | | | | | | | |
s )| | | / )
QN o i i - [ I i i o
N 8 8 8 8 8 8 8 8 8
| | | | | | | | |
64M 64M 64M | 64M 64M 64M 64M 64M 64M
| | | | | | | | |
| ““ 0‘“‘ e)‘ e‘)
- ‘\\ B B - / ““\ - /
\V/ \\Y/
8 x 8 = 64bits = 8 Bytes 8
128M x 8 Bytes = 2% x 2° Bytes = 1 GBytes Error Check
Memory Subsystem Young Won Lim
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Access Cycles

Memory Subsystem 39 Young Won Lim
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Memory Types

RAM (Random Access Memory)

SRAM (Static RAM) — Fast
Synchronous SRAM
Asynchronous SRAM

DRAM (Dynamic RAM) — High Density

ROM (Read Only Memory)

Memory Subsystem 40 Young Won Lim
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Memory Types

Synchronous SRAM Asynchronous SRAM DRAM

Input n-bit word Input n-bit word Input n-bit word

w I e B o« B
address address address
l Memory Unit Memory Unit l Memory Unit

CLK—  2*words 2*words >E<|< = 2% words
CS__,  n-bit per word CS__» n-bit per word n-bit per word

|X1

WE—» WE—» WE—» A\
OF —u OF —ul OF — @

Output n-bit word Output n-bit word Output n-bit word

J
w

Memory Subsystem 41 Young Won Lim
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Synchronous SRAM

Input n-bit word

" |
address
l Memory Unit

CLK—> 2Xwords
CS__, Nh-bit per word

WE—»
OE —»
Output n-bit word
Y Won Li
Memory Subsystem 42 oung Won Lim
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Synchronous SRAM Read Cycle

CLK /_\_/—\_/—\__/—\_

AOR e —
Cseu o

s\ O\ O\
sgup

WE [T

OF N\ W\

oaT I L S

Memory Subsystem 43 Young Won Lim
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Synchronous SRAM Write Cycle

tsetup thold
-

Y e N e N A
S/

oaa (4 D O O S o

Memory Subsystem A4 Young Won Lim
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Synchronous SRAM Cycle

cLK I\ / \_/ \__/ cLK VAR N A N A N A

ADDR | i { r ] ADDR ' ) ) R
ogyp Lhola

= t:}/ \_/ \_/ \_/ [ ts\e[‘ua_iid \_/ \_/ \_/

we _[] we  \_/ /- /

W\ S/ /A

A bt e o Yembes
Sync SRAM Cycle Sync SRAM Cycle

|

CLK M/ ./ /o _ CLK VAR N A N A N A
ADDR | A <;' L aoorR < )

Lo L hotd
L/ e /S S S
AWM\ /A /A

bt e o Yembasmt

i

Memory Subsystem 45 Young Won Lim
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Asynchronous SRAM

Input n-bit word

k-bit @
address

Memory Unit
2“words
n-bit per word

1 1

Output n-bit word

FIRY

Memory Subsystem 46 Young Won Lim
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Asynchronous SRAM Read Cycle

OE Controlled

ADDR S S
CS //////// /////
WE /]

OE T/ I

—

DATA Igl—_—li)l—lﬁ

tRC

Memory Subsystem A7 Young Won Lim
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Asynchronous SRAM Read Cycle

Address Transition Controlled

CS ////%
WE /]
OE ////%

>

t

access

tRC

Memory Subsystem 48 Young Won Lim
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Asynchronous SRAM Write Cycle

WE Controlled

ADDR | L S

iy
WE T
OE ) I, Y] i

T |
DATA v —i— v *

Memory Subsystem 49 Young Won Lim
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Asynchronous SRAM Write Cycle

CS Controlled

ADDR | L S

4

S I T
WE MM —— M ——A
o W Ml

T |
DATA v —i— v *

Memory Subsystem 50 Young Won Lim
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Asynchronous SRAM Cycle

OE Controlled WE Controlled
ADDR ADDR | | i 1
cs Tl /N /N /) M. cs 7l /)N /)N /N MM
e I WE W/&W_WW_/_\_W%
OE /A OE 1l /i Ml
DATA iF ' j '
Async SRAM Cycle Async SRAM Cycle
CPU CLK ['\_['U'\_['\_HHHHHHHHHHHH CPU CLK HHMHHHHHHHHHHI\I\_I-\_
ADDR ADDR I ] i )
AR ) @ o @ woAA () @m @ @
RDATA 0O o 0O ) WDATA X X X )
RDATA 0 o 0O o WDATA ( X X X )
Yi Won Li
Memory Subsystem 51 oung Won Lim
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Input n-bit word

K-bit @
address
: : l Memory Unit

= 2%words
n-bit per word

WE— <— RAS

OF —- <~— CAS

1 1

Output n-bit word

Memory Subsystem 52 Young Won Lim
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DRAM Read Cycle

RAS 1\ /\ /\ /\ /
CAS N A A U A
ADDR R C R C R C R C

o I f i, M
DATA (j}% \

Memory Subsystem 53
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DRAM Write Cycle
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