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TTepiAnyn

Mvhun civar pia cuAoyh amé keAid amoBnkeuong padi pe
KaTdAAnAd KUKAWUATa yia €igodo Ka ¢€odo amo Kai Tpoc¢
ThV HVARN.

- MTopoupe va ypdgpoupe kai va diapdaloupe keAid

H uvAun RAM (Random Access Memory) opyavuvel Ta
dedopéva oe AECelg

Ta dedopéva mpoomeAauvovTal HEow HIAdC akoAouBiac
amod ohpaTta

- Kuparouopwéc xpoviapou (timing waveforms)

O1 amroKWOIKOTIOINTEC €ival ATt TA TI0 oNHAVTIKA
KOUUATIA TWV HVNHWY

- EmAéyouv ouykekpipéva dedopéva

O1 oTaTIKEC HVAHEC Xdvouv Ta 0edopEva TOUC OTAV TIC
aTroouvO£oOUHE ATto To pelpa.
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Tumor Memory Arrays

Memory Arrays
| | |
Random Access Memory Serial Access Memory  Content Addressable Memory
(CAM)
| |
Read/Write Memory Read Only Memory . :
(RAM) (ROM) Shift Registers Queues
(Volatile) (Nonvolatile) | I
| | | oo
- == Tl=== 1 Serial In Parallel In 1 Firstin : Last In
I Static RAM | :Dynamic RAM I Parallel Out Serial Out I First Out | First Out
: (SRAM) | (DRAM) | (SIPO) (PISO) I (FIFO)  (LIFO)
_____ l S — - = -
| | | |
Mask ROM Programmable Erasable Electrically Flash ROM
ROM Programmable Erasable
(PROM) ROM Programmable
(EPROM) ROM
(EEPROM)
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TUtmol RAMs

»  Static Random Access Memory (SRAM)

- Operates like a collection of latches

- Once value is written, it is guaranteed to remain in the memory
as long as power is applied

- Generally expensive
- Used inside processors (like the Pentium)

. Dynamlc Random Access Memory (DRAM)
- Generadlly, simpler internal design than SRAM

- Requires data to be rewritten (refreshed), otherwise data is
lost

- Often hold larger amount of data than SRAM
- Longer access times than SRAM
- Used as main memory in computer systems
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SRAM vs. DRAM

Static RAM (SRAM) Dynamic RAM (DRAM)

Acdopéva amrodnkelovrtal o€ Latch.  Agdopéva armrodnkevovTal o€
@opTio dynamic node.

write/read write/read
data L storage cel data - storage cell
J\_E::I - .
L
+TaxuTepn TTPOCTTEAAON HVAUNG. +Mikp6 péyeBog/bit pvnung.
+Aev xperalerai refreshing.
+KaAf cupTtrepipdpa oTov 86pufo. -Xpeialerai refreshing Adyw

leakage. Mo apyni aré SRAM.
-MeyaAUTepo péyeBog/bit aré DRAM. -MpoBARpara pe 66puBo (noise).
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Ta paoika onpata Twv RAMs

Cpappég €106dou Kar e¢odou
dedopévwy (input and output
lmesg DIN - [?OUT) , n data input lines
H pvAun epiéxel 2k Aé€eig
(memory words)
K ypappég 81evBuvong k address lines —»|
(address lines - ADDR) Memory unit
emiAéyouv 1 Aé€n amo Tig 2k Read —> 2k words

@éToupe To ohpa Read . n bit per word
(asserted)yia va peTapépoupe Write ——>
dedopéva otnv £€0do.( OE -

output enable)

O¢Toupe 1o anpa Write l n data output lines
(asserted)yia va

amoOnkéuooupe Ta dedopéva
NG €106dou. (WE - write
enable)

Chip Enable/ Chibp Select (CE-

CS) oav yeviKOG 01aKOTITNG
AgIToupyiag

Fig. 7-2 Block Diagram of a Memory Unit
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ApXITEKTOVIKA Mvnuwy

Bit line

1

Storage cell

Row Address
—_—1

Row Decoder

— .

—

A,I ...................... I ................. Word line
—

A,I

]

Sense amplifiers(read)/
Drivers (write)

I I I I I I I I Read: select desired bits
Column Address

—_— Column decoder

Write: do not write
unwanted bits

t Data I/0
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H d1eUBuvon asi otov

decoder

- Moévo pia £€odoc¢
EVEPYN
H Word line smiAéyel
yia ypappn (row) amé
bits (word)
KdBe binary cell (BC)
amoBnkevel 1 bit

Ta dedopéva €106dov
amoOnkevovTal 6Tav TO
Read/Write civai O

Ta dedopéva e£6dou
Pyaivouv o6Tav 10
Read/Write civai 1

Address
inputs

Memory
enable

——EN

Word 0

Word 1

2 X4
decoder

Word 2

Word 3

Ta eowTepikd Tne RAM

Input data

BC

i

BC >

!

BC

i

* >

BC >

!

BC

Y

BC >

4

Read/Write

BC

Y

BC >

T
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Output data

Fig. 7-6 Diagram of a 4 X 4 RAM




Ta eowTepikd TNC SRAM

° NOTe. n Input data r'd Word
kaBuaoTéonon Word 0 ; I I }
eCapTdrai Llecl sl b Bcls b Bl
Kuplwg ano TOV Address— i ﬁ i *

~ ; Word 1 . . .
ap1Ouod Twv inputs | I I I !
Aégﬁwv dz ><d4 +>| BC|>| 4> BCl> > BC|>| +»| BC >

- H kaBuoTépnon ! ! } }
dev emhpealeTal Word 2 i : " }
dTto TO HNKOCG ¢ BC|> 4> BC|> ¢>[ BC[> ¢ BC|>
TWV AECEwyV Memory__lpy ! f ! f

, Word 3 + + + +

° TTéoa address Lecl| Lecl L{ecl| Ll ec]-
b l TS ’ Read/Write i i i 4
xpelalopaoTe yid

16 words? RJ {2 V V

Output data

Fig. 7-6 Diagram of a 4 X 4 RAM
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‘Eva keAi SRAM - 6 transistors

word :

line 1

bit bit ¥

OTav n word line evepyomoigitar (Vpp) T0TE N
TiuA Tou Latch diapdaleTal ota bit kai bit katd
10 d1dPpacpa TG HVARNG K n TiPA Tou Latch
ypdweTal amd Ta bit kai bit katd Thv eyypaen

TG HVAHNG.
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Mia Tumikn opydvwon SRAM : 16-word x 4-bit

Din 3 Din 2 Din1 DinO WrEn
v | v | v | v I
Wr Driver Wr Driver Wr Driver Wr Driver
- + - + - + - +
| | | | | | | | Word G AO
| SRAM [ | [ | SRAM | [ | [ SRAM || || SRAM || >
Cell Cell Cell Cell (%— Al
| | | | | | | | Word 1 3 Al
| SRAM | | | SRAM | | | SRAM | | | SRAM | | ®
Cell Cell Cell Cell o A3
o
| [ [ [ [ [ I [ [Word 19
| SRAM | | | SRAM | | | SRAM | | | SRAM | |
Cell Cell Cell Cell
~ Sense Amp| |~ Sense Amp| |~ Sense Amp| |~ Sense Amp
Dout 3 Dout 2 Dout 1 Dout O
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ATtAoTtoinpévo didypappa
xpoviopuou SRAM
¥ ] T

Memory Cycle Time
Valid Address X Address Valid Address
Access Time

Data Out J Data Out S Data In [nput Data >—

Read: ‘Eykupn address, kai pyetd Chip Select (CS)

Access Time: O xpovog via Thv £€odo Twv dedopévwy HeTA
amnéd éykupn address

Czcle Time: EAdx10T0¢ XpOvog HETAEU auveXOHEVWY
AEITOUPYIWY TG HVAUNG

Write: 'Eykupn address kai data pali ye WE, peta CS

- H Address mpémel va givar éykupn setup time mpiv o WE kai 7o
and CS evepyomoinBouv.

- Kai hold time apoU amevepyomoin@olv

Address
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APXITEKTOVIKA YId
MevaAUTepec MvApeg

+ 2" Aé€eic amd 2™ bits n kaBepid
+ Edv n >> m pmopoupe va thv dimAwooupe (fold) kata 2«
o€ AyOTEPEC YPAUUEC Kal TTI0 TTOAAEC OTHAEC.
- ATOKWAIKOTOINTAC OThAWY !
-+ KavovikoTnta otn oxediaon - eUkoAn oxediaon

bitline conditioning

wordlines
| | T T 11
< bitlines
2
I [_._| memory cells:
> gcgl [ 1 1 ] 2% rows
4 171" | 2™** columns
@ Ao
n-k} I - i i I
,k, column
nt circuitry
column
decoder : ¢ t :

2™ bits
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SRAM Banks

|/O:71)
Data
Address
[ v [
CLK I+ Address Data 'L Address Data
—e| CS2 CS2
I CS2 - CS2
i B *| CLK 512Kx36 CLK 512Kx36
Icroprocessor Address ——— SPB o~ SPB
ADSC  spam "|ADSC  graM
+ CLK | WEx + WEx
— (Bank 0) — (Bank 1)
Cache —| OE *| OE
Controller - 51 .| TS
ADV ADSP | ADV ADSP ||
] f
ADS
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TumikOC Xpoviauoc Aouyxpovnc SRAM

r || Write Write enable
Add:':ss 3 Logic Chip Enable
ins
Asynchronous SRAM S|: | memory matrix
3  Data
-Xpoviopog povo pdon Twv g| | Pins
oNpATWY D —— ) E—
Sense Amps/Drivers ogC ) Output Enable
Column Decoder
)
Write Timing: Read Timing:
I I
D X__ ibDataIn; ) { XXXXXXX XX _Data out XXXXX X
: ! ! : 1 Junk I I Data Out
A \ White Addrass x x Read Addr'ess x Read Ad.dr'ess
| |
| : : I | I
OE_L, ! ! ; | : | :
: : . | \ |
| | 1 L ‘I L I
wel A\ . . )
: e —l ' Hold Time Read Access Read Access
_l : : Time Time

I<_
' +  Write Setup Time
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TumIKOC Xpoviguoc 2.uyxpovnc SRAM

*  Synchronous - SRAM
Xpoviopog pe pdon Ta oApaTa oThv dkpPn Tou poAoyiou
*  Worite-after-Read mpopAnua - Wait states - Bus Turnaround

2.71a read Ta data pyaivouv peTd ThV akun evw ota writes Ta data mpémel va pmouv Tpiv Thv

axkn g n } Write Enable
Chip Enable
Memory
Address : P
Pins § OREs
Pins
\ Coluamn Decoder ] \ | I~ Outout Enatie
fong “flow-through”
N combinational path creates
difference between read and -
ite timings creates ted high CLK-Q delay
cycles (“wait states”)
. R1 R2 \ w3 R4 W5
CE 1 11 [\ ]
WE U LU
CLK \ \ \ \ \ \ \ \ \
Address (A X A )>—— A 3‘.‘
Data g ' o | —a;
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TUTTIKOC XpOVIOUOC
ZBT Synchronous SRAM

» Zero-Bus-Turnaround (ZBT) n No Bus Latency (NoBL)
- Pipelined ¢€0do¢ AUvel To TpoPpAnua Write-after-Read
- Mewvel Clk2Q delay kai emiTpémer uynAoTEPN oUXVOTNTA poAoyioU
- Extra kUkAo¢ kaBuaoTépnon oTnv avdayvwon

Write Enable
Chip Enable
Address
Pins Data
Pins
gl _D> Output Enable
—_— R1 RZ w3 Rd W5
CE 1 —
WE IV e B SN
CLK \ \ \ \ \ \ \
Address { A, ¥ A, A
Data : : one-cycle 9 L 9 y Q
latency... (ZBT write to Ay) (ZBT write 10 A;)
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Xpoviopoc SRAM via Read amé Datasheet

CLOCK

|
k_ yo—al

o *KT!/L/\JL/L/L/L/\J\J\J\J\_

RS __/\_J;L\_/\_/\J\AL/L/

_A‘L/\JL/L/L/L/\JL/\_/\JL/\_

= Tif'\i/. — ,\/, f f :/L

e [T A AT '

I |
A'\/ FRTS WAIT STATE)

1 T 1 Ll |l T 1
Cop—f I I | | I
1O, | | | |

o iy : t-tzcI
el AU N NN SOV SO AV SO
Data Out : t' Q-1 2 Q2-1> ( m-z)&( Q2-3 >&< m-a)&( Q:M)&( 03-2>ﬁ< Q3-3>&<Q3-4
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Xpoviopoc SRAM via Write amé Datasheet

SAVAS U e A VAW WAAWAAWANWANWA WA
) ) S WA WA WA SNV S WA

ADDRESS Q >@<
I
|
WRITE / : \
|
I
I

2
!

)

| I
1CsSs SM_or 1CSH |
| | |
— | I |
s j b \ i/ \ i/
| | | | o =unaaiman | | | | | | | |
| | | R 5?‘@_“ | | | {ADVS (esteariaove | |
| - t t | | | | | |
oo N\ / 7\ / ' ARNVAANY. SNV
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | 1 1 1 1 1 1 1 1 1 I |}
_— | | I I |
OE | |“[ 1 | |\
T | | | T T
| | | | | | | | | | | | |
| | I I | | | I I | S | I
! ' R R X
Data In ! ; { D11 0.0,000.0’0‘0’0,0,0.0.0 D2-1 D33 D34
tHZOE
Data Out < 00-3)3&( Qo0-4 A O Dovicas

[ Undefines
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iCH . tCL

Xpoviopoc SRAM yia Read/Write amé Datasheet

CLOCK

ADSC

WRITE

Data Out

Data In

{ { I | | { { ( { 1 I |
I I I 1 | I I | 1 | 1 I |
as 1 | 1 | | 1 | e iovo—al 1 | |
=5 ?\ I | I | I I | P I I I
| 1 | 1 t t 1 | 1 | 1 - -
AR AATTRIAAIAA Y
1 1 1 | I | | ] | ] |
] 1 ] 1 | | 1 ] | | 1 ] ]
I 1 1 1 1 | 1 1 1 ws WH 1 I |
I 1 1 1 1 1 1 1 1 H 1 I 1
aoress N miX Kaeh Kk Xy OO OBOBO
| | | 1 | I 1 | 1 | 1 | |
| 1 | 1 | | 1 WS [t I | I | |
} ' 4 ' | | | } ' } }
| 1 | 1 A / \ | 1 | |
/l\_/l\ /l\_/l\ \I \ 1/ |/ /l\_/l\ / |\_/|\
| I | I ] ] 1 ] 1 | | | |
. I | I I I 1 | I | 1 | |
et I | 1 | | 1 1 1 1 1 I I
I I I I / \ I /_\ | /—\ I | /—\ I /
I 1/ \ 1/ \ 1 I | | | |
| | | | | | i | | | i | |
| I | I | | 1 | | | 1 | I
| 1 1 1 1 | 1 1 1 | |
] 1 T 1 T ] 1 T 1 T 1 ] ]
I I I I | I | | | | | | I
| 1 | | I | 1 | 1 | 1 | |
T I | I I T T T T | I |
| | | | | | | | | | | | 1/
I 1 I ! 1 | 1 | ! !
| 1 |JeE 1 1 1 | o 1 1 1 1 | |
I (- | I | JZ0E | I | I I
I . I I I I I I POCEOO00CKEY OO
I I | | | |
X0 ) CERN CR) y  w m 11111 CR 1/
| I | I | | . L am 1 | I | |
| | I | I | T It et e I | | I
I | | I | | | 1 I |
+ + + { 05-1% D6-1 D71 ' + + +
I I | I I I | | I I
t t t t t t t t t t t t t
[ Dont Care
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Dual-ported Memory Internals

Add decoder, another set of
read/write logic, bits lines, word

lines:
dec, ||dec, cell
array
1 HEREEEE
address v I v I ' I '
ports data ports

Example cell: SRAM
WL,

r/w logic

r/w logic

T T WL,

Repeat everything but cross-
coupled inverters.

This scheme extends up to a
couple more ports, then need to
add additional transistors.
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First-in-first-out (FIFO) Memory

Used to implement gueves.

These find common use in
computers and communication
circuits.

Generally, used for rate
matching data producer and

consumer:
Stating state

> ——
after write
> —
after read
> —

Producer can perform many writes
without consumer performing any
reads (or vice versa). However,
because of finite buffer size, on
average, need equal number of reads
and writes.

Typical uses:

- interfacing I/0 devices. Example
network interface. Data bursts
from network, then processor
bursts to memory buffer (or
reads one word at a time from
interface). Operations not
synchronized.

- Example: Audio output. Processor
produces output samples in bursts
(during process swap-in time).
Audio DAC clocks it out at
constant sample rate.
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FIFO Interfaces

| | » Address pointers are used internally to

‘R RST CLK keep next write position and next read
— | we position into a dual-port memory.
«<— FULL FIFO write ptr—>
«— HALF FULL
| EMPTY < read ptr
—{ RE . .
— Doyt - If pointers equal after write = FULL:

After write or read operation, _
FULL and EMPTY indicate status of write ptr—>___I€=read ptr
buffer.

Used by external logic to control , ¢ pointers equal after read = EMPTY:
own reading from or writing to

the buffer. write ptr—> <—read ptr

FIFO resets to EMPTY state.

HALF FULL (or other indicator of
partial fullness) is optional.
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