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lerarhia Tipica a Memoriei 3%
Processor SUPER FAST
SUPER EXPENSIVE
TINY CAPACITY
FASTER
EXPENSIVE
J SMALL CAPACITY
EDO, SD-RAM, DDR-SDRAM, RD-RAM PHYSICAL MEMORY FAST
PRICED REASONABLY
and Mare... AVERAGE CAPACITY
. SOLID STATE MEMORY
Flash y  SOLIDSTATEMEMORY AVERAGE SPEED
550, Flash brive \ PRICED REASONABLY
4 N 5 \ AVERAGE CAPACITY
__,.-"' "-._I‘-~
Mechanical Hard Drives 4 VIRTUAL MEMORY \ C?E:.'Ahg
y S et | LARGE CAPACTITY
4 b,
.-"r

A Simplified Computer Memory Hierarchy
lllustration: Ryan J. Leng
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Clasificarea Memoriilor 33e=
Read Write (RWM) NVRWM ROM
Non-Random Mask-prog.
Random Access Access EPROM ROM
SRAM (cache, registri) FIFO, LIFO EEPROM
T Registru de Electrically-
DRAM (memoria principala) deplasare FLASH orog. PROM

« Memorie statica / Memorie dinamica

* Meorie volatila / Memorie nonvolatila (NV)
* Read only (ROM) / Random Access (RAM)

Modul de acces — aleator, serial, adresabil prin continut

2019
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“[i Clasificarea Memoriilor 535

Memory Arrays
| I
Random Access Memaory Serial Access Memaory Content Addressable Memory
| (CAM)
| | |
Read/Write Memory Read Only Memory : .
(RAM) (ROM) Shift Registers (ueues
(Volatile) (Nonvolatile) | | | | | |
| | Serial In Parallel In First In Last In
Static RAM Dynamic RAM Parallel Out Serial Out First Out First Out
(SRAM) (DRAM) (SIPO) (PISO) (FIFO) (LIFO)
| | | |
Mask ROM Programmable Erasable Electrically Flash ROM
ROM Programmable Erasable
(PROM) ROM Programmable
(EPROM) ROM
(EEPROM)

2019
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Configuratia generala a pinilor

Address connection Weite
Ag Ay - Ay WE
Read
OE

Select

Op Op ... O s

Output/Input-output connection

 Pini de adresa
* A, ... Ay = numarul locatiilor de memorie = 2N+1
 Pini de date
M = dimensiunea locatiilor de memorie
 Bidirectionali, iesire 3-state (#OE)
* Pini de control
* Chip select/enable = activeaza dispozitivul
* Read (#OE) / Write (#WE) = selectia operatiei (citire / scriere)

2019 Cluj-Napoca 5
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‘ , Arhitectura memoriei iy

Memory Architecture
Add a decoder to solve the package problem:

o 5|:|
f T"" Word 0
H 1
= — Word 1
= A -
m il 59
= Ay . Word 2 Storage cell
T A | 2 -
YA - This reduces the
o R number of external
c CN 3 address pins from
N- P
2 \_"' Word N-2 1M to 20.
~IN-1
— Word N-1
K =logyN t

one-hot Input-Output
(M bits)

Nu se rezolva problema raportului dintre latimea si lungimea matricii

Aceasta organizare este foarte lenta, deoarece firele verticale sunt foarte lungi

2019 Cluj-Napoca 6



: . . g 355
‘ , Arhitectura memoriei iy

Row address = Sp Bit line
Apto A 4 Sy ! Storage cell
h._ |
Ak = s, : _//
A I =
;G § : Word line
ARK+2 | A~ | 2 TTEEEEmEmEsEsEEH r========- ! 1 11
! .G g !
|
Arg > I
> I
5‘\]’_1 1
. I
\ SN-1 ,
|
Column address =
AD to AK—] A{I “ 1t ‘ lt ﬂ

Column decoder '591?5? amps
Ak and drivers

not shown

A column decoder is added to

select the desired word from a row. IHI‘E ut-Q‘u?ut

M bits

Dimensiunile verticala si orizontala sunt de obicei similare

Mai multe cuvinte sunt stocate pe aceeasi linie

2019 Cluj-Napoca 7
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35
ROM / EPROM 33
Intel 2716 EPROM (2K X 8):
A- S L . :
A 1 2amV e Vpp 1s used to program the device
Asm2 23 Ag OPS !
Asmls 22 A, by applying 25V and pulsing PGM
A4 21 Vpp while holding CS high.
Azls 20 Cs L
Arls © 19may Data Outputs
A7 T 1SEPD/PGM ! !
S e
[ 16 O — Chip Select|_.|
gl 10 ii‘ D:: PD/P “{;?* PWLE Dowmnl Dutput
211 0y GIM = '« |—| Butters
GNDB12 13 0, Prog Logic
- —
2K x 8 EPROM “ Y : _Gati
= $ Decoder |* Y-Gating
Pin(s) Function = —
Ag-Ajo Address 7 .
L - L
PD/PGM | Power down/Program| == X o 16,384
CS Chip Select 2 Decoder |4 > Cell Matrix
. hip ¢ 2l
0gy-0- Outputs

2019
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“[i ROM / EPROM

2716 Timing diagram:

><t Address

IHI
)

\

IEDH

High 7

Sample of the data sheet for the 2716 A.C. Characteristics.

J

'

7

Data Out Valid
- LACC] =

Read Mode (PD/PGM =V )

B tD]_:'

Svmbol Parameter

Limits

Min

Tyvp.

Max

Unit

Test Condition

taccy |Addr to Output Delay

250

450

1ns

PD/PGM= CS =V,

tog |Addr to Output Hold

1ns

PD/PGM= C8 =W

tpp  |Clup Deselect to Output Float

100

115

PD/PGM=Vp

This EPROM requires a wait state for use with the 8086 (460ns constraint).

o

2019
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g5%
ROM / EPROM S35
Ay Oy
Address Bus Aq O1 ] Data Bus
Alq - 1"3;1[] C;?
A'.I.E -
A 2716
A - (2K X 8)
T EPROM || (Book shows
Az OE connection
A- > CS for RD but
14 > chip definition
A].E does NOT have
A > this pin).
12 -
Aq RD of 8088/86
- o
Or MRDC bus signal.
IOM — |
. D‘: »1  Logic 0 when Ay through Aqg are all 1.
|
Domeniul de adrese: FF800h - FFFFFh
2019 Cluj-Napoca 10



Decodificarea adreselor
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ROM / EPROM 235
%
8088 and 80188 (8-bit) EPROM Memory Interface Density | Capacity
> |K EPROM b S
To wait state  WAIT Address Bus b l ° (bits) (bytes)
gencrator An B 2716 | 16K 2K x 8
Q)m Bus 0 = 2732 | 32K 4K x 8
Au, [ 7415138 0, 27C64 64K 8K x 8
Ass { 2732 27C128 128K 16K < 8
- ( @K X 8) 27C256 | 256K 32K x 8
= 27C512 | 512K 64K x 8
| l()/ﬁD 27C010 1M 128K < 8
i 27C020 2M 256K < 8
—_ 27C040 4M | 512K x 8
Ate
Ayz
AIS
A]q % 1K )
Address space
; 5\ FS000H-FFFFFH  (This is the 2732 pinout

8088 — mod minim
EPROM 8 x 2732 =8 x4kB =32 KB

as shown in the text.)

Organizarea adreselor:

0: F8000- F8FFF;
1: F9000- FOFFF;

7: FFO0O-FFFFF

2019
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ROM / EPROM ggw
.A‘]
Adidress I
AL
D 3744
Pl
0,
RD —o OF
Ay |~_nmru - Hﬂlﬂljij . \CE
Ay F20000 - FAFFF °| =
Ays F4000 - FSFEF 4 =
Fabol - FTFFE I
FROOO - FOFFE T
-ET j FAOMW - FBFFF 4 s
A FCOM - FDFFF :'l &
,-"||,” ] FEiMM) - FFFFF I
A 1710
AT

e 8088:8x2764=8x8KB=64KB
e Spatiul de adrese: FOO00 — FFFFF

2019 Cluj-Napoca
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Conectarea memoriilor iy
A, 0— o0, Ay O EPROM 0 oD,
A, O EPROM O
Ay O—
A2 0 s D, A,0— 27C256 oD,
. PKXS8
Al C : . _ .
TE  oF o0 A0 = s ——oD
MEMRB & i MEVER O
EPROM
EPROM 1 ' ——0n;
g;ﬁiﬁﬁ 27C256
Kx8
KX 8 ; O Dy
CE ©OE o 5E _:__DDH
CS, o if T 7 T
Conectarea paralela: extinde Conectarea seriala: extinde
adancimea memoriei latimea cuvantului
2019 Cluj-Napoca 14
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° ° %) e, ® s &%5
“Ii Conexiunea la o magistrala de 16 biti (8086) 22:=
Address bus
A=y Ag-Ayy Ag-Apz
(GO m L C m— R
E:::I:u I:IfIF:L?M Dg-Dy
|;r:, D, <______ _> CPU
00, K> o
S o R B
™ —_D —
ROMSEL
BHE
#BHE A Explicatie
0 0 Acces pe 16 biti (aliniat)
0 1 Byte superior, de la adresa impara
1 0 Byte inferior, de la adresa para
1 1 Combinatie nepermisa
2019 Cluj-Napoca 15
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Static RAM (SRAM) 33+
. WL
WL ¥op =
oo
b .
v IE el T B
IBL BL GND 4__—
WL
BL BL
Table 12-2 Comparison of CMOS SRAM cells used in 1-Mbit memory
(from [Takada91])
Complementary
CMOS Resistive Load TFT Cell
Number of transistors 6 4 4 (+2 TFT)
Cell size 58.2 um* 40.8 um- 41.1 uym’
(0.7-um rule) (0.7-pum rule) (0.8-um rule)
Standby current 10713 A 101 A 10 A
(per cell)
2019 Cluj-Napoca 16
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Static RAM (SRAM) 33e=
Al N 24y
CC
Agm2 Ag
Asm3 Ag
Asmld O W Pin(s) Function
A3 l5 — G
Al © Aqq Ag-Apg Address
Am7 P S DQy-DQ-| Data In/Data Out
Dég 5 E 38? S (CS) Chip Select
6
DQ; w10 15m DQ- G (OE) Read Enable
2wl 14m DQ, W (WE)|  Write Enable
GNDH12 13mDQ,
2K x 8 SRAM 1]

Pini similari cu cei ai EPROM-ului, cu exceptia semnalului de scriere
Timp de acces mai rapid

Folosit pentru memorii Cache

2019
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Static RAM (SRAM)

8088 and 80188 (8-bit) RAM Memory Interface

741.5244
Buffer

pd
|
rNo

Address BTl> :

A
£
Eakr
Al NE
Eab
g5
WR
RD
Aqs]
6| &8
v o
—— [\m
— G2
A =
A1g

741.5138

>

a R —

351

Ca2

< 3

™4 L4
dc1 5 —_'l

G2A6

G2B 7

<.

0

=)

=741.S245
BD Buffer

A

BZ |

S —qcs_©
1 —dcs

Gl 5 dcCs

G2A6 dcs

G2B 7 dcCs

&

2019
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‘ ' Dynamic RAM (DRAM) 3=

BL2 BL1 GND

WYL

RAL

g, | ~s
T L

EL

BLZ

BL1

Dimensiune: % din dimensiunea celulei SRAM => capacitate sporita = pinii
de adresa sunt multiplexati

Refresh: 1 ... 4 ms = circuit special = cicluri de citire, scriere, refresh

Tipuri: SDR, DDR, Rambus

2019 Cluj-Napoca 19
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“Ii Dynamic RAM (DRAM) §3%

— \ )

D GHl1 13 Vg Pin(s) Function

QoM 2 -~ 17mDO, =
DQ,®3 & 16MCAS Ag-Ay Address
ﬁ i—,' 3 i: EOQ; DQy-DQ;| Data In/Data Out

*‘A; ;i E L3EA RAS Row Address Strobe

is ; — ii iz CAS |Column Address Strobe
VDS 9 10 Ai G Output Enable

W Write Enable
64K x 4 DRAM

[1]
64 K locatii adresabile — necesita 16 linii de adresa, dar are numai 8

Adresa randului (A8:A15) este plasata pe pinii de adresa, si memorata
in latch-uri interne, folosind RAS (row address strobe)

Adresa coloanei (A0:A7) este memorata ulterior, folosind CAS
(column address strobe)

2019 Cluj-Napoca 20



. g 332
“Ii Dynamic RAM (DRAM) $3%%

DRAMSs
TI TMS4464 DRAM (64K X 4) Timing Diagram:

m R?w )@( Column

CAS also performs the function of the chip select input.

Vs )

Avaaasanand

#RAS & #CAS trebuie transmise de un controller DRAM

Controllerul DRAM trebuie sa multiplexeze (in timp) liniile de adresa, ca:
» Adresa randului (ex. A8-15)

» Adresa coloanei (ex. A0-7)

2019 Cluj-Napoca 21
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“Ii Dynamic RAM (DRAM) §3%

RAS \ y

CAS \

m Row )@( Column Dont care

CAS also pertorms the tunction of the chip select input.

Ag Ag A1 Ag Ay A10A3A11 Address BUS Ay ApAs Aqs *{33‘41’1?935

1YV vy vyy vy

1B 1A 2B 2A 3B 3A 4B 4A RAS |1B 1A 2B 2A 3B 3A 4B 4A

74157 (2-to-1IMUX) S S 74157 (2-to-1MUX)
0:latch AtoY

1Y 2Y 3Y 4y |l:latchBtoY 1Y 2Y 3Y 4Y

Y Y v v Y Y Vv v
Az

Ay Aq Ay A; Inputs to DRAM Ay As Ag

2019 Cluj-Napoca 22



gs3
Dynamic RAM (DRAM) 3%
256K X 1 DRAM - structura interna
Dynamic RAM
256 K X 1 DRAM
A, Algigy
g Block 3 Block 2 Block 1 Block 0
‘12 . P55
3 v M5 P54
':"1 = E ﬁ‘il_K "{rrﬂ}’ 04K array 64K array 64K array
:,_15 S 2| |26 X 256) |(256 X 256) (256 X 256) (256 X 256)
o] e : —11
A7 a =10
AQ ez | |
= 3 220-to-1 2b0-to-1 200-to-1 250-to-1
S MU MUK MUK X
WE | i B - '
m I

|| e N

Tl

= 1':\.:

b - * D -

- -] ouUT

g Ag(Ap from input pin on RAS) Dir T

S = 50
CAS k

These signals provide the block address.
Cluj-Napoca 23
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“Ii Dynamic RAM (DRAM): Refresh S5

* Ciclu special de refresh

— Se petrece transparent cand sunt folosite alte componente — transparent
refresh sau cycle stealing.

— Un ciclu ce foloseste doar RAS incarca o adresa a randului in DRAM

— Condensatorii randului selectat sunt reincarcati prin citirea interna a bitilor
si scrierea lor inapoi.

Exemplu:
— 256K X 1 DRAM (256 randuri x 256 coloane x 4 blocuri)
— = refresh este necesar la fiecare 15.6 ms (4 ms / 256).
— Pentru 8086, o citire sau o scriere se petrece la fiecare 800ns (4x200=4xTclk).

= 19 citiri/scrieri per refresh (15.65/0.8us = 19.5)
= Ciclurile de citire /scriere iau ~ 5% din timpul de refresh

2019 Cluj-Napoca 24



C o
“Ii Dynamic RAM (DRAM): Controller DRAM géév

 Multiplexarea adreselor si generarea semnalelor de control pentru
DRAM.

* Intel 82C08, poate controla doua bancuri de memorie DRAM 256 K
X 16, pentru un total de 1 MB.

e Bitii A1 - A18 (18 bits) sunt conectati la intrarile (AL — coloana) si
(AH — linie) a lui 82C08.

* In functie de adres3, se activeazd RASO/CASO sau RAS1/CAS1.

e WE , BHE si AO sunt folositi pentru determinarea scrierii, si unde
anume se va scrie

2019 Cluj-Napoca 25



g3s
RAM - Dynamic (DRAM) 3%
‘DRAM Controllers !
1AL Ao R1 (256K X 8)
tam, 2 iy iy Lo Odew
& 11l : H :
Als_ﬁHH & Ag O Ag Oy
- [+ s oo
S0—RD  RASO R2 awE < R—
SI—WR __ CASOpb— R, drasi®
—IRESET pasifp R‘d’*qa‘ :R‘ﬁ‘;_ja
ﬁgg AA/XA 1
A190LRFRQ  WE
PD1 IR
= [
sre 1 o1k I _J|>f";n {?ﬂl E _Jl>ﬂ;ﬂ Og E
N i3 02p Ag D?¢ = Ag D?<:: .
204 O30 [
22115 Z04p— doe 2 |2 e 2|5
‘a22—16 205p— IVE g |5 YWE g ]z
23 e }g 06— C RAS:;] = G RAE‘JS‘ Q
—1i9 97p— —qcasST —qcASH
M/ID 17, O8p—
Ilﬂ ‘1 : FI YV? 1y?
VA :

2019

Cluj-Napoca
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3
“Ii DRAM - Fast Page Mode (FPM) S5

* Permite citirea mai multor coloane pentru acelasi rand
— 1 RAS, multiple CAS
* Variatii:
— Static column — nu necesita pulsarea CAS pentru schimbarea coloanei, ci CAS

este mentinut activ, adresa coloanei se schimba si iesirea o urmeaza cu o
anumita intarziere

— Nibble mode — adresele consecutive primei coloane sunt generate de un
contor intern, la fiecare puls CAS, nemaifiind preluate de pe liniile de adresa.

Address - {R$C )
D S
out

2019 Cluj-Napoca 27
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“li DRAM - Extended Data Out (EDO) gg§s=

$33°

Un ciclu de acces poate mentine datele din ciclul anterior active
RAS
— }/_
A Wy Wy Wa W

address 7(RY_c N c e el

NN
Dgut—{k\ 1 71 27 3L} —

Burst EDO (BEDO) — adresele coloanei sunt generate intern dupa primul CAS

RAS —y /-
GAS QMHM
Address ~ JRIC)Y

nnm—“{ i 7Y 3 Y 4)

2019
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ﬂrl

DRAM asincron / sincron 3%

Asincron | . |
i — | @ ) o
case | \  E—
e \ / E—

T R SN S S SN B m
* Sincron

CLE

&~ |' 9 } & I L | [ I r | & I & | ~ l_

comuse ) reme YK e XX XXX X ) o X e emesaesi(]

2019 Cluj-Napoca 29
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“Ii SDRAM - Synchronous DRAM $33s

:1:2:3:4’,5:5?'5:5®m:11:12:1314

1
1 1 1 I | i I 1
: e 1RP et RCD Tt L ] , : :

Clock

Control [ .-.: XA F'.elal:l Re:ad RE:ad Re;ad ' ' |

Burst ! : : f ! f f !
Length = 1 Addr I:‘{Eank){ X _Row X }-{GGIA}{CDI BX Col GX Col OX, |
Data A XX X
Control1 [acaEX X Act\r}{ ¥ Ready |

Burst  Adari —
Length =4 [CXBanX T X Row X XGaiAX |
Data1 {_AD X_Al X A2 X A3 »——

Semnale SDRAM:

* CKE Clock Enable. Daca acest semnal este zero, memoria nu executa nici o operatie.

/CS Chip Select. Cand acest semnal este 1, memoria ignora toate intrarile.

DQM Data Mask. Masca pentru octetii din cuvantul de date

(1 linie de masca pentru fiecare octet).

/RAS Row Address Strobe. Formeaza, impreuna cu /CAS si /WE, comenzi pentru memorie.
/CAS Column Address Strobe.

J/WE Write enable.

2019 Cluj-Napoca 30



g5
il'i DDRAM - Double Data Rate SDRAM §33

* Transferul de date se efectueaza pe ambele fronturi ale semnalului
de ceas

1 2 3 o 5 6 7 8
Clock/Clock# :
Control | — % Read X ’ ' ’ ] ] I
Addr | I % CG;A b I I I ‘ I I |
Das : I I I \ :, / ‘},: / \. / I I
Data : I :

(D0 X D1 X D2 X D3 »

2019 Cluj-Napoca 31
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‘ ' Referinte iy

* https://www.csee.umbc.edu/courses/undergraduate/CMPE310/Fal
|07 /cpatel2/slides/html versions/chapl0 lect0O4 memory.html

* https://www.csee.umbc.edu/courses/undergraduate/CMPE310/Fal
|07 /cpatel2/slides/htm| versions/chapl0 lect0O6 memory3.html
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