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TTepiAnyn

Mvhun civar pia cuAovyh ané keAid amoBnkeuong padi pe
KaTdAAnAa KukAwpara yia eicodo kar ££0do amoé kai mPog

Thv HVAuN.

- MTopouUpe va ypdgpoupe kai va diapdloupe keAid

H pvAun RAM (Random Access Memory) opyavuvei Td
dedopéva oe AECeIC

Ta dedoutva mpoomeAauvovTal HEow Hidg akoAouBiag
amd onuara

- Kuparopopgég xpoviauou (timing waveforms)

O1 amokwAIKOTI0INTEG Eival aTmd Ta IO CNUAVTIKA
KOHHATIA TWV HVNHWYV

- EmAéyouv ouykekpipéva dedopéva

O1 oTaTIKEC HVAHEC Xdvouv Ta Ocdopéva Toug OTav TIC
AaTToouUVOECOUE ATtO TO pEUHA.
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Tumor Memory Arrays

Memory Arrays
I | I
Random Access Memaory Serial Access Memory — Content Addressable Memory
(CAM)
| |
Read/\Write Memory Read Only Memaory : .
(RAM) (ROM) Shift Registers Queues
(Volatile) (Nonvolatile) |
| | P——e-
- -t - . -l - =1 Serial In Parallel In I Firstin | Lastin
Statlc RAM | [Pynamic RAM | Parallel Out Serial Out I First Out | First Out
| (SRAM) | | (DRAM) | (SIPO) (PISO) :_ (FIFO) | (LIFO)
| i | R —
| | | |
Mask ROM Frogrammable Erasable Electrically Flash ROM
ROM Programmable Erasable
(FROM) ROM Frogrammable
(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 o 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

- 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)

Acdopéva amoBnkevovral oe Latch.

write/read
L storage cell

data — E

+Taxutepn mpoowéAaon pHvRHNG.
+Aev xpeialerai refreshing.

+KaAn ouprepipodpa ortov BopupPo.

-MeyaAUTtepo péyeBoc/bit and
DRAM.

Dynamic RAM (DRAM)

Acdopéva anoOnkelovral ot
popTio dynamic node.

write/read
data = storage cell

_I_\_-I.- c
1

+Mikp6 péyeBoc/bit pvAaung.

-Xpeialerar refreshing Adyw
leakage. TTio apyn ané SRAM.
-TTpopAnpara pe Gopupo (noise).
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Ta pacika chpata Twv RAMs

Mpappéc e106dou Kai e€odou
dedopévwy (input and output
lines, DIN - DOUT) ln data input lines

H pvApn tepiéxer 2k Aé€eig
(memory words)

K ypappécg d1evBuvong k address lines — |
(address lines - ADDR) Memory unit
emAéyouv 1 AéEn améd Tic 2K Read —> 2k words

O¢Toupe To onpa Read n bit per word

(asserted)yia va yetagépoupe
ocdopéva otnv £€odo.( OE -
output enable)

@éToupe 1o ohua Write l n data output lines
(asserted)yia va

amoOnkéuooupe Ta Oedopéva
Tn¢ e106dov. (WE - write
enable)

Chip Enable/ Chip Select (CE-

CS) oav yevIKOC 01aKOTITNG
Ag1Toupyiag

Write ——

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

Bit line
/ —>| : I Storage cell
: :ll 3
o :
Row Address § 4)| ...................... I. ................. ‘Word line
il

Sense amplifiers(read)/
Drivers (write)

I I I I I I I I Read: select desired bits

Column Address \, Column decoder /

i Data I/0
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Write: do not write
unwanted bits




Ta eowTepikd ThE RAM

H d1eUBuvon mdsl oTov Input data
decoder Word 0 ] ! ! }
evepyn Address | _— : : :

. , inputs | or J { ] ¥
H Word line emiAéyel - ) Ll L Ll
Hia yoapuh (row) amo : ; ] +
bits (word) Word 2 + : : +
Kdef: binar'y Ce” (BC) > BC > > BC > v BC > o> BC >
amoOnkevel 1 bit Memory___py ] I 3 I

’ ’ Word 3
Ta dedopéva e1g6dou Y i { {

’ ’ > BC | > BC > > BC > > BC >
amoOnkevovTtal 0Tav To f : : :

. ’ ead/Write . I\ .
Read/Write civai O Read/wrt

Ta dedopéva e¢o6dou Q :7 :7 Q

ﬁVGiVOUV éTGV TO Output data
Read/Write civai 1 Fig, 7-6 Diagram of a 4 X 4 RAM
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Ta eowTepikd ThC SRAM

NOT e: n Input data r'd Word
kaBuoTéonon Word 0 I I I }
8§C(pT('1T(1| > BC > 4> BC|> 4> BC|> #> BC >
KUpiwg amoé Tov ...~ : : g i
ap1Ouo Twv inputs | Word I ' ! !
Aéﬁewv dgc)(;dtr s~ BC > ¢ BCl> ¢~ BC|>| +>| BC >
- H kaBuaTtépnon : : : *
dcv emhpealeTtai Word 2 : 7 " }
amod To HAKOC | BC|> 4> BC|> > BCH 4ol BC |
TWYV Aééfswv Memory__|py : ! ! i
Word 3 % + + +
© T[éoa address | Bcl»| Wl Bcl»| LlBcl W BCl>
bits , Read/Write 3 } ! !
xpeladopaaoTe yid

16 words? :} :j U :j

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

word :

line T

bit bit ¥

OTav n word line evepyomoicitar (V) T6TE N
TiuA Tou Latch diapdaleTal ota bit kai bit katad
T0 di1dPpaoua TnS UVARNG K n TIPA Tou Latch
ypdpeTal amoé Ta bit kai bit katd Tnv eyypagh
TNG HVAHNG.
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APXITEKTOVIKA YId
MeyaAUtepec MvApeg

+ 2" Aé€eic amd 2™ bits n kaBepid
- Edv n > m pmopoupe va Tnv dimAwooupe (fold) katd 2«
o€ MiyOTEPEC YPAUHEC Kal TTI0 TTOAAEC OTHAEC.
- ATIOKWJAIKOTOINTAC oThAWV |
-« KavovikoTnta otn oxediaon - eUKoAn oxediaon

bitline conditioning

wordlines
HEEEEEN e
+«— bitlines
3 |
= | _ ;| memory cells:
—P E I 20 rows x
2 171" | 2 columns
L Ll
n-k} ) I - i i |
column
) B circuitry
column
decoder ¢ : ¢ ¢

2™ bits
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Tumkoc xpoviopoc Aauyxpovng SRAM

i || Write Write enable
Add;e_ss 3 Logic Chip Enable
- Asynchronous SRAM " IS |: | memory matrix
8 __ Data
-Xpoviopog povo pdon Twv 2| | Pins
on“dva = | — | ?ead [ Write enable
Sense Amps/Drivers ogre) Output Enable
Column Decoder
t
Write Timing: Read Timing:
I
D X_ ibataIn; ) { XXXXXXX XX _Data out XXXXX X
: . ! : 1 Junk I I Data Out
A ; White Addrass x X Read Ac‘dr'ess X Read Addr'ess
] ] I ]
| | | |
I I
OE_L : : : : : l : [
. . . I . I
w LI , I, | I, |
CE S T o :
I : ; I Hold Time Read Access Read Access
— Time Time

Write Setup Time
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TumkOC Xpoviopog 2Zuyxpovnc SRAM

Synchronous - SRAM
- Xpoviopog pe Pdon Ta onpata oThv dkUn Tou poAoyioU
Write-after-Read mpopAnua - Wait states - Bus Turnaround
- X2T7ad read Ta data pyaivouv HeTd Thv akph ev) ota writes Ta data mpémel va pmouv Tpiv Thv

aKkHN
Address
Pins
difference between read and -
ite timings creates ed high CLK-Q delay
cycles (“wait states™)
_ R, R, \ W, R, Ws
CE | 1\ L |
WE \ J | I
CLK | \ | | | \ | \
Address { &, :"3.'{ A )— | '_}7
Data *ﬂ,l'a:,:E*m

13
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TUTIKOC 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 cUXVOTNTA PoAoyIOU
- Extra kUkAo¢ kaBuoTépnon oTnv avdyvwon

Address
Pins
R, R, W, R, W,
CE 1 —
WE I ¥ ey B N
CLK \ \ \ | \ \ |
Address {_ A, K A, A
Data :::: one-cycle 9 ) Q@ Q
latency... (ZBT write to Aj) (ZBT write to Ag)
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Xpoviopoc SRAM via Read amé Datasheet

CLOCK

:EUMUUUUUUUUL_
= _J\ﬂuuww\;guuum

ADSP

...\/ZZZZ/L
fﬁﬂﬁﬂﬂﬂ/'

1.':_Ll T t t t t t t t
il | | | | | | |
o | I I I I I I TG
L L 1 1 1 L L 1 1
2-1 { QE-E% Q2-3 %E( Q?-i)ﬁ:( Q31 ﬁ QE-E% Q3-3>®<Q3-4
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Xpovuouég SRAM via Write ané Datasheet

CLOCK

/\Hm\//uuuuuuuu
/\ 7 /L/L/\JL/EJ_NL/\J
w7 f Y f NEVENENENENE v

o555 Mar 1C5H 1 | |
I | | | |
S I
CS | 4
: : : i i
I I I | I
| |
ADV : :
| |
| |
I L
OE
T T T
I I I
""—"‘i“—"i}l | |
\" T
Data | ( D3-2 ] 03-3 )ﬁ(:ﬂdtl
Data Out




Xpoviopoc SRAM yia Read/Write ané Datasheet

= DA A/FTAAAA AT
ADDRESS ... I ; : : | | ; ;

Ly AvAwAwA s ta U SV AWA WA WA
= AT VAT T

| | | I
| | |
1
ADV
[ [ [ [ [ [ [ [ [ [
| | | | | | | | | |
| | | | | | | | | |
_ T | | | | T T T
OE I I I I I I I I I I
| 1 1 I 1 | | |
|| reE I I I I _ I I I
[ I ey [ [ [ Tmos [ [ [
: : O T Ty iV I : : : : SO ey
owaow —t———{{a J e e B e} ———+——+——+— (=
| | | | | | | _— | - | | | | |
| | | | | | [ O | | | |
| | | | | | J-"l '.' Il'l. | | | |
Data In | | | | | | D51 : D6-1 % o7 ) | | | |
[ 4 [ 4 [ 4 [ [ [ 4 [ 4 [ 4 [ [ [ 4 [ 4 [ 4
[] Dont Care



Dual-ported Memory Internals

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

lines:
dec, ||dec, cell
array
! t HEREEN
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 tfo 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

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.

19
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FIFO Interfaces

| | Address pointers are used internally to

—1{ D, RST  CLK keep next write position and next read
J we 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 If 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. 20
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KeAi pvapng pe 1 transistor (DRAM)

- Eyypagn - Write:
1.  Odnyouue Tnv bit line row select
2. EmAéyoupe ypappn (row select)

- Avadyvwon - Read: —
1. TlpoywopTiCoupe (precharge) Tnv

bit line oe Vdd/2 —

2. EmAéyoupe ypappn (row select)

3. To keAi kai n bit line poipdlovTai Ta bit
popTia (charge sharing)

4. Sense oTnv bit line (sense amplifier)
MTmopei va avixveUel TToAU HiIkpEC aAAayEg

5. Write: emavagépoupe Thv TIHA

«  Avavéwon - Refresh :
- ApkKei éva amAo read oe KAOe KeAi

21
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KAaoaikh Opyavwon DRAM
(TeTpaywvikh)

__— bit (data) lines

<«
) Each intersection represents
o) a InNTersecrtTio eprese
W " 4 1-T DRAM Cell
d RA,m r.is,” Square keeps the wires short:
? Power and speed advantages
0 Less RC, faster precharge and
d discharge is faster access time!
e ™
r word (row) select
row M Column Selector & Column
address I/0 Circuits Address
da‘ra¢ Row and Column Address

together select 1 bit a time
22
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Noyikh Opydvwon DRAM (4 Mbit)

4 Mbit = 22 address bits Column Decoder
11 row address bjfs
11 col address bits 11 Sense Amps & I/0
: :
o
AO0..A10 (0 b [11| Memory Array =
. E m (2,048 x 2,048
-g O S’rora?e
= D - Cel
E Word Line q
R ’

» Square root of bits per RAS/CAS
- Row selects 1 row of 2048 bits from 2048 rows

- Col selects 1 bit out of 2048 bits in such a row

23
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Ta onpata The DRAM

RAS_L\ \CAS_L WE_L\ \OE_L

/ 256K x 8 R
A 9 DRAM 8 "D

> Auata eAéyxou (RAS_L, CAS_L, WE_L, OE_L) 6Aa active low
Koivé bus dedopévwy D - e106d0u ka 1 e€6dou (Din & Dout):

- WE_L evepyomorcitar (Low), OE_L amevepyomoieitar (High)
- D xpnopomoiéital oav eicodo¢ otnv DRAM

- WE_L amevepyomoieitai (High), OE_L evepyomoicitar (Low)
* D xpnaoigomoiéitar aav €€odo¢ amé tTnv DRAM
O1 81euBUvoeIg YpauUAG Kal oTAANG poipdlovTal Ta idia pins (A)
- RAS_L evepyomoicital (low) -> A amoBOnkeVeTal oav row address
- CAS_L evepyomoicital (low) -> A amoBnkeveTar aav column address
- RAS/CAS edge-sensitive
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ATtAoTtoinpévo didypappa
xpoviopoU DRAM

Read Write
Address —><>< Row Address Col Address Address % Row Address ><><Col Address %
i — RAS | '
RAS
CAS [
CAS | _
WE I
Dout ‘ Din { Valid )

+ H &i1evBuvon diveTal oe 2 PApara

25
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Tumkoc xpoviouoc Avayvwonc DRAM

RAS_Ll 1CAS_L WE_Ll lOE_L

+  KdBe mpooméAaon DRAM ekivael pe:

- Evepyomoinon Tou RAS_L A 25&;8 ——

- 2 1po6mol avdyvwon: early or late

e DRAM Read Cycle Time —»:

/ /[

1 1 | | | (| l | 1 | |
A_X Row Address X C{)l ddress X Junk: XRow Address ¢o| ddress X Tunk, X

1
[
|
|
k DataOut; X__ | Highz
[
1
|
[

: ,
b Hglz X Ju | DatqOut
I
I Read Access l | Output Enable .
= Setup | Time ~—— | ; pDela g :: :
= Hold | | L ) Y L
N > < >
Early Read Cycle: OE_L asserted before CAS_L OE_L asserted CAS_L
26
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Ta pAuara yia Early Read

Assert Row Address
Assert RAS L

- Start read cycle
- Meet Row Addr setup time before RAS/hold time after RAS

Assert OE_L
Assert Col Address

Assert CAS_L
- Meet Col Addr setup time before CAS/hold time after CAS

Valid Data Out after access time
Disassert OE_L, CAS_L,RAS_L to end cycle

27
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Ta pnuara via Late Read

Assert Row Address
Assert RAS L

- Start read cycle
- Meet Row Addr setup time before RAS/hold time after RAS

Assert Col Address

Assert CAS_L
- Meet Col Addr setup time before CAS/hold time after CAS

Assert OE L
Valid Data Out after access time
Disassert OE_L, CAS_L, RAS_L to end cycle

28
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Tumkoc xpoviopoc Eyypaphc DRAM

KaBe mpoomtéAaon DRAM Eekivdel pe:

RAS_Ll 1CAS_L WE_Ll lOE_L

- Evepyomoinon Tou RAS_L A —9“ 25@;‘,‘8 <—8;> D
- 2 TpomoI eyypapng: early or late
:4— DRAM WR Cycle Time —>:
RAS_L o\ / \ /
: I I : ) —
CAS I I i I i
1 l 1 | 1 11 I I I I 1
A X Row Address C{)l Address X Junk: Row Address X C%I ddress X Junk X
OE_L / ; ; ! !
. | | ; I | JR——
WE_L | i I L i
I I I I I I ' I I
D Jur{k X D}x‘ra In X : Junk : Datia In X I,Junk
1 |_I 1 1 1 1 I_l 1
— ae'lfgp I —  WR Access Time :4— I WR Access Time | :
== o le > le >
Early Wr Cycle: WE_L asserted before CAS_L j WE_L asserted CAS L
29
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256 Mbit SDRAM Addressing

r---"-""-""-"="--=-"-"-"--"-"-"-"-"-"-"-" - """ " ""-"="--"="—"="-"""-""7¥"=-- T
L [
CKE control

CLK t logic = ;?:Eress {

. mux r

l 13 r

cs#__|o N |

WE# E @ )3 [

CAS#L |£ © g r

ras# |S & J

row !

L : [

L p;;?s‘ier refresh address [

L counter latch I

l and datal,

L [

l decoder Sense Ame out ||

L I

actr l reg |
bus || "““_"iss 2 bank 'O Gating Adata I

t register ™ control Read Data Latch| |/ :

l logic Write Drivers A datal

l i in |l

L column ] ] reg [

L address 3 — [

l = counter/ column r

t latch —%—| decoder {

L e e e e e e e e e e e e e e e e e e e e e e — — e — — — — |

256 Mbit chip: 8192 rows, 512 columns, x16 data, 4 banks
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Volatile Memory Comparison

The primary difference between different memory types is the bit cell.

- SRAM Cell - DRAM Cell

addr i l word line i word line

ey ] -

A\
bit line data bit line bit line
Larger cell = lower density, - Smaller cell = higher density,
higher cost/bit lower cost/bit
No dissipation *  Needs periodic refresh, and
Read non-destructive refresh after read
No refresh required +  Complex read = longer access time
Simple read = faster access * Special IC process = difficult to
Standard IC process = natural integrate with logic circuits
for integration with logic * Density impacts addressing

31
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