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TTepiAnyn

Mvhun civar iia ouAoyh amé kehid amoBnkeuong padi pe
KaTdAAnAa KukAwpara yia gicodo Kai £¢odo améd Kai Mpog

ThV PVAUN.

- MTopouUpe va ypdepoupe kai va diapdloupe keAid

H pvAun RAM (Random Access Memory) opyaviuve Td
deoopéva oe AECeIC

Ta dedopéva tpoomeAauvovTdl HEow Hid¢ akoAouBiag
amo ohparda

- Kuparopopgég xpoviapou (timing waveforms)

O1 amokwdIKOTIOINTEG €ival ATid Td TIO CNUAVTIKA
KOHHATIA TWV UVNHWY

- EmAéyouv ouykekpipéva dedopéva

O1 oTaTIKEC HVAHEC XAvouv Ta 0edopéva TouC OTayv TIC
aTTroouUVO£00UKE ATTO TO peUA.
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Tumor Memory Arrays

Memory Arrays
I | I
Random Access Memory Serial Access Memory  Content Addressable Memory
(CAM)
| |
Read/\Write Memory Read Only Memory : .
(RAM) (ROM) Shift Reqgisters Queues
(Volatile) (Nonvolatile) | |
| | | | R ———
T B 1 Serial In Parallel In | Firstin | LastIn
IStati{: RAM | :Df,fnamin: RAM I Parallel Out Serial Out I First Out | First Out
: (SRAM) 1 | (DRAM) | (SIPO) (PISO) I (FIFO) | (LIFO)
—mememm] | mmm—-—- l ———— -
| | | |
Mask ROM Frogrammable Erasable Electrically Flash ROM
ROM Frogrammable Erasable
(PROM) ROM Frogrammable
(EPROM) ROM
(EEPROM)
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TuUtmol 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)

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

- Regquires 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)
Asdopéva amrodnkelovral o Latch.  Agdopéva armrolnkevovral o€
@opTio dynamic node.
write/read write/read
L storage cell
data data - storage cell
——
L
+Tay0TePN TTPOOTTEAAOT MVAUNG. +Mikp6 péye@og/bit pvAung.
+Aev xperaletal refreshing.
+KaAR oupTtrepipopa otov B6puBo.  -Xperdagerar refreshing Adyw

leakage. Mo apyn amdé SRAM.
-MeyaAUTepo péyeBog/bit aré DRAM. -MpoBAfpara pe 86pufo (noise).
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Ta Paoikd ohpaTta Twv RAMs

Mpappéc e106dou kail e£6dou
dedopévwy (input and output
lines, DIN - DOUT)

H pvAun tepiéxer 2K Aé€eic
(memory words)
K ypappéc d1evBuvang
(address lines - ADDR)
emiAéyouv 1 Aé€En amé Tig 2K

OéToupe To ohpa Read
(asserted) yia va petagépoupe
ocdopéva atnv é€odo.( OE -
output enable)

O@éToupe 1o onpa Write
(asserted) yia va
amoOnkéuooupe Ta Oedopéva
Tn¢ g106dov. (WE - write
enable)

Chip Enable/ Chip Select (CE-

CS) oav yeviKOC O1aKOTITNG
Ag1Toupyiag

l n data input lines

k address lines —— >
Memory unit

Read —— > 2K words

. n bit per word
Write ——— P

l’ n data output lines

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

Bit line

1

I Storage cell

*Word line

L]
.
.
L]
.
.
ooooooooooooooooooooooooooooooooooooooooo
)
Io
°
)

]

Row Address g 4)|
= 8
i

Sense amplifiers(read)/
Drivers (write)

Column Address _)\ Column decoder /

i Data I/0
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Read: select desired bits

Write: do not write
unwanted bits



Ta eowTepikd ThE RAM

H &i1e0Buvon Tdsl oTov Input data
decoder Word 0 ! } ! !
- Mévo L“a ééoaog > ch >~ > ]1(: > > ]3;: > > ]_D;C >
evepyn Address | __ : : _
. , inputs ] or { } ; {,
H Word line smiAéyel - ol Ll L L
Hia ypapph (row) amé decoder : : ] ]
bits (word) Word 2 + + + +
Kd@& binar'y CZ” (BC) s>~ BC [>| ¢>| BC|> o> BCl> | BC >
ammoOnkeverl 1 bit Memory___py ! ! ! f
’ ’ Word 3
Ta dedopéva e1godou { 1 { i
) ’ L>{ BC > L BC > L>| BC > > BC >
amoOnkelovTal 6Tav To f : : :
. P Read/Write ® I\ I\
Read/Write civai O t

Ta dedopéva e€6dou v v Rj (2

ﬁVGiVOUV éTGV T0 Output data
Read/Write givai 1 Fig. 7-6 Diagram of a 4 X 4 RAM
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Ta eowTepikd ThC SRAM

NOTe. n Input data r'd WOl"d
kaBuoTéonon Word 0 I ! ! }
EéapTdTGI b> BC > > BC|> ¢ BCl> #>| BC|>
KUpiwG amod Tov .. — ! i i ]
ap1Ouo Twv inputs | Word 1 ! ! I !
AECewv 2xa Llsell b sel wlscl| b scls
- H kaBuaoTtépnon : ! ! A
dcv emnpedaleTal Word 2 i I ¥ }
C(Tfé TO ﬂKOC $> BC > ¢ BC|> ¢ BC|> > BC >
TWV AéCewv Memory |y ! i f ;
Word 3 * + + +
© T[éoa address > Bcll Wl Bel»] LBl L BCl
bits . Read/Write ! 3 1 }
xpelalopaoTe yia

16 words? Q Q Ej :7

Output data

Fig. 7-6 Diagram of a4 X 4 RAM
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‘Eva keAi SRAM - 6 transistors

word |

line T

bit bit !

Otav n word line evepyomoieitar (Vpp) T6TE N
TiuA Tou Latch diapdleTal ota bit kai bit katd
T0 di1dPpaoua TnS UVARNG K n TIPA Tou Latch
ypdweTal améd Ta bit ka1 bit katd Thv eyypaeh

TNG HVAHNG.
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Mia Tumikh opyavwon SRAM : 16-word x 4-bit

Diln 3 Diln 2 Diln 1 Diln 0 WrEn
L1 L L L
Wr Driver Wr Driver Wr Driver Wr Driver
- + - + - + - +
| ] ] ] ] ] ] ] Word O AO
| SRAM | || SRAM | [ | [ SRAM || || SRAM || >
Cell Cell Cell Cell (% Al
| ] ] ] ] ] ] I | Word 1 g A2
| SRAM | | SRAM | | SRAM | | SRAM | Q
Cell Cell Cell Cell S A3
Q
L L L |
| ] ] ] ] ] | I | Word 15
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
xpoviopoU SRAM

—

Address Valid Address

ﬁ: Access Time
Data Out J Data Out

WE ] [

—

Memory Cycle Time
Address Valid Address

N\

Data In [nput Data

Read: Eykupn address, kai petd Chip Select (CS)
Access Time: O xpovog via Thv £€odo Twv dedopévwy UETA

amo éykupn address

Cycle Time: EAdx10TOG XpOVOG HETALU OUVEXOUEVWY

AEITOUPYIWY TNC UVAUNG

Write: 'Eykupn address kai data pali ye WE, peta CS
- H Address mpémel va eival éykupn setup time mpiv o WE kai 7o

CS svspvonomeouv

- KC(I hold time agoU amevepyomoinBouv
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APXITEKTOVIKA YId
MevaAuTepec MvApeg

« 2" AéCeic amd 2™ bits n kaBepid
- Edv n > m pmopoupe va thv dimAwooupe (fold) katd 2«
o€ AyOTEPEC YPAUUEC Kal TTI0 TTOAAEC OTAAEC.
- ATIOKWAIKOTOINTAC oThAWV |
+ KavovikoTnta oth oxediaon - eUKoAn oxediaon

bitline conditioning

wordlines
HEEEEEN .
+— bitlines
3 ]
= | _ 1. | memory cells:
— E I} 20 rows x
2 171" | 2™ columns
L Ll
n-kl I - i i |
k! column
4 circuitry
column
decoder ¢ ¢ ¢ ¢

2™ bits
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SRAM Banks

/Oy
Data
Address
CLK [
i ¢ CLK 512Kx36 CLK 512Kx36
Icroprocessor Address = SPB = SPB
ADSC sram 1ADSC spam
CLK ———{ WE WEx
—  (BankD0) —  (Bank1)
Cache —| OE *| OE
Controller E1 . E1
ADV ADSP | ADV ADSP ||
I f
ADS
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Tumkoc xpoviopoc Aauyxpovne SRAM

—
— rite Write enable
A dd:;e':z g I"Ifll‘;gt"-c Chip Enable
- Asynchronous SRAM S| | Memory Matrix
8 ___ Data
-Xpoviopoc povo pdon Twyv g Pins
on“dva - | = | Rea_d - Wirite enable
Sense Amps/Drivers Logic | Output Enable
Column Decoder
t
Write Timing: Read Timing:
' ' High Z
D X_ ibataIn; ) XXXXXXXXX_Data out XXXXX X
: ! I : 1 Junk I I Data Out
A ; White Addrass X x Read Ac{dr'ess X Read Addr'ess
: ] ] | , |
OEL' ! o | ! |
[ [ . 1 . l
WE_L: \I\ 1 : Write L J ke J
: | — . - Read Access Read Access
I : 1 Hold Time , .
—_— DR Time Time

' Write Setup Time
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TumkOC XpovioHog 2Zuyxpovhnc SRAM

Synchronous - SRAM

Xpoviopoc pe pdon Ta oApara aThv dkphn Tou poAoyioU
Write-after-Read mpopAnua - Wait states - Bus Turnaround
2.17a read Ta data Pyaivouv HeTA TNV akph evw oTa writes Ta data mpémel va pmolv Tpiv T

aKkpn
Address
Pins
Column Decoder
difference between read and -

ite timings creates od high CLK-Q delay

cycles (“wait states™)
- R, R, \ W, Ry W;
CE | T\ [ 1 N
WE \ I | I
CLK \ \ \ \ \ \ |

Address A W A — F
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TUTTIKOC XPOVIOHOC
ZBT Synchronous SRAM

Zero-Bus-Turnaround (ZBT) n No Bus Latency (NoBL)
- Pipelined ¢¢0dog AUvel To TpopAnua Write-after-Read
- Mewvel Clk2Q delay kar emiTpémel uynAdTEPN oUXVOTNTA POAOYIOU
- Extra kUkAo¢ kaBuoTépnon oTnv avdyvwon

Address
Pins
L R, R, W, R, W,
CE 1 —
WE I F ey W
CLK \ \ \ | \ \ L
Address {_ A, K A, A
Data :::: one-cycle @ { @ Q
latency... (ZBT write 1o Aj) (ZBT write to Ag)
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Xpoviopoc SRAM via Read amé Datasheet

e E— \/ f f j f / L
o E/TT\ /——\ AN
(D (T D €D (€D ML
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Xpovuouég SRAM vyia Write ané Datasheet

CLOCK

o /\ﬂm\//uuuuuuuu
m/\f/\f/uuuugﬁﬁwu
w7 f N AN EN NN =N

1055 ks icsy |
| I I
J— |
Cs {‘I £
I
|
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Xpokuoc_; SRAM via Read/Write anmé Datasheet

_ ihaa

ADDRESS Q.E.@.E
I I

| | | | | | | I I
I | | | TS P | | | | |
| | | } } } }
WoITE | | I | | Lo A | | | | |
WRITE I\_/l". ForN ,."I\ \I-" h 1 /] "LI/%I\_/II'I..III\_/I"'._.
| | | | | | I | | | |
| | | | | | I I | | |
il 1 I 1 I I I I I I I 1
— | I | I | | |
s S ENVANVANY, \F\uﬂu uﬂ/
| | | | I I | | | | |
| | | | | | I | | | | |
ADW
] ] ] ] ] ] ] ] ] ]
| I | I | | | | | |
| | | | | | | | | |
_ T T | | | | T
OE I | I | I I I I I I
| | J } J J | | | |
I 1| 2E I | I I _ I I I I
| . | I | jzoE | | |
I L LR RN I RN, I I I I I ey
| ]
Data Out | ] -1 0 A000, 931 A, 941 | | | | ;IIII*IIIIiIiIiIIIiIH
| | | | | |
| | | | | | | - | - | | | | |
| | | | | | I Rt e | | | |
| | | | | | | | | |
Data In t t t t { D5-1 [ D6-1 o7-1 \ t t t
| I | I | | | | | I
k [ 4 [ 4 k E [ [ 4
Oo Cane
FH Undefin =
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Dual-ported Memory Internals

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

lines:
dec, ||dec, cell
array
t HEEEEN
address v I v I v I v I
ports data ports

Example cell: SRAM

WL,

r/w logic

r/w logic

T R 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 queues.

These find common use in
computers and communication
circuits.

Generally, used for rate
matching data producer and

consumer:
statlng state

S R
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
—1D,, RST CLK keep next write position and next read
— JwE position into a dual-port memory.
' FULL FIFO write ptr—>
«— HALF FULL
' EMPTY < read ptr
—— RE . .
—p » If pointers equal after write = FULL:

ouT

After write or read operation, _
FULL and EMPTY indicate status of write ptr—>{__I<—read ptr
buffer.

Used by external logic to control . 1£ nointers 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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