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lerarhia tipica a memoriilor

6n-Chip C'Zomponents .”J.f.
Control ~
q & _ : Secondary
.~k Main : Memory
- ask - ]
Datapath| O — Memory | - (Disk)
Q& (DRAM) | :
1!
Viteza (ns): A1 1 10 100 1000
Dimensiune(bytes): 100 10K 100K ... M’s  100M ... G 100G ...T

Cost/capacitate: maxim minim



Clasificarea memoriilor

Read Write (RWM) NVRWM ROM
Random Access Non-Random EPROM Mask-prog.
Access ROM
SRAM (cache, registri) FIFO, LIFO EEPROM
DRAM (memoria principala) Registru de FLASH Electrically-
deplasare prog. PROM

Clasificare dupa functionalitate si mecanism de stocare

— Statica sau dinamica, volatila sau nonvolatila (NV); read only (ROM)

Clasificare dupa modul de acces

— aleator, serial, adresabil prin continut




Clasificarea memoriilor

Memory Arrays

Random Access Memory

Serial Access Memory

Content Addressable Memaory

| (CAM)
| |
Read/Write Memaory Read Only Memaory : .
(RAM) (ROM) Shift Registers Queues
(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)



Configuratia generala a pinilor

Address connection Weite
Ag A; - Ay WE

Read
)

Select

Oy O .. Ou  cs

Output/Input-output connection

Pini de adresa
N pini de adresa = numarul locatiilor de memorie = 2N
Pini de date
M = dimensiunea cuvantului din locatia de memorie
Bidirectionali, iesire 3-state (#OE)
Pini de control
Chip select/enable = activeaza dispozitivul
Read (#OE) /write (#WE) = selectia operatiei



Arhitectura memoriel

Organizare liniara (1D)
Add a decoder to solve the package problem:

g S
7 — Word 0
= -1
- ™ Word 1
2 A Gn
i I{l]_"“ D S Word 2 Storage cell
S — ¢
YA = This reduces the
o k) number of external
c Snio address pins from
e \H_F Word N-2 1M to 20.
“IN-1
— Word N-1
K = log,N t

one-hot Input-Output
(M bits)

Nu se rezolva problema raportului dintre latimea si lungimea tabloului

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



Arhitectura memoriel

Organizare 2-d
Dimensiunea verticala si cea orizontala sunt de obicei similare

Mai multe cuvinte sunt stocate pe aceeasi linie

Row address = Sp Bit line
Axto A4 S, ! Storage cell
K el 5|5 :
AK+| E [
A < : Word line
AR+2 | m | 55T ====79 rH-—--=-=-=-=-=-=-" NOTC
—_— g .
.dL]__l < :
. ﬁ ) |
E""\:_ b 1
\—"*q' [
ON-1 !
> |
Column address =
Aﬂ to AK—] A{] # 1t ' 1[ 1t

Column decoder 591?5? aImps
Ax and drivers

not shown

A column decoder is added to o
select the desired word from a row. Illl'{’ %:}'{;IH out



ROM/EPROM

Intel 2716 EPROM (2K X 8):

A4 ~ 24

AL 1 Vee Vpp 1s used to program the device
A6 M2 230 Ag : — :
Aspls 22 A, by applving 25V and pulsing PGM
Ay 21 Vpp while holding CS high.
Azls 20@ Cs O
Asms o 19@ A Data Outputs
Ay T 18mPD/PGM ' '
uE S e __ TYYYY!
oMo 16 O, - Chip Select -
O1m10 1mos ‘;:"‘* PWR Down Output
2l11 0y =M = ic —| Butfers
GNDB12 13 0, Prog Logic
- —
2K x 8 EPROM == S Y-Gating
= Decoder
Pin(s) Function = —
P P
Ag-Aqg Address 7 o
- - L
PD/PGM | Power down/Program| -— X ° 16,384
TS Chip Select = Decoder |, Cell Matrix
0y-0+ Outputs ]




ROM/EPROM

2716 Timing diagram:

><t Address
IEDI—I

\ i tDF

Data Out Valid }
- LACC] = 7

Read Mode (PD/PGM =V )

IHI
)

High 7

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

Limits
Symbal Parameter Unit Test Condition
) Min Tyvp. Max
taccy |Addr to Output Delay 250 450[ ns | PD/PGM=CS =V
tog |Addr to Output Hold ] 1s PD/PGM=C5 =V

tpp  |Clup Deselect to Output Float 0 100| ns PD/PGM=V

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



Temporizarea pe magistrala (8086)

. i'i"'Nllr,',q T:I=TC"" T (4+M WA T]=T'3"'
T | Ts T | Twr | Te T, T2 | Tz | T | T,
T WAWAWAWAWAWAWAWAWAWAWAN

ALE 1\ [\ /

MO

X

ADDR/STATUS ) O 5752 P& e X

ADDR/DATA _D .a15-nn>---f"if;fffaffﬁ;ﬁ:} ——————— AT5-AD DATA OUT D15-D0 >—--<:><7
'In:II

RD { H
REALDY RE&LDY
\ \ fﬂ T
READY WL WA g/
- WAIT WAIT
DT/R \ f’ \

DEN ”* / \ /

_ i "ﬂEr.mH‘flP.CC CCSTIME ™
WR \ fr
TCLA TDVCL '

&

Timpul maxim de acces la memorie = 3T-TCLAV-TDVCL. De fapt timpul de
acces trebuie sa fie mai mic deoarece vor exista intarzieri de propagare



ROM/EPROM

"Memory Address Decoding

Address Bus

IOME

lll?'???'?

)

Ay Oy
Ay 0,
Aqp O,

2716

(2K X 8)
EPROM

CS

Data Bus

(Book shows
OE connection
for RD but

chip definition
does NOT have
this pin).

Or MRDC bus signal.

Domeniul de adrese: FF800h - FFFFFh

Logic 0 when A4 through Aqg are all 1.



ROM/EP

Ve

ROM

8088 and 80188 (8-bit) EPROM Memory Interface

To wait state WA

il i

82CBA/85 . WA}

CLOCK | CLK o -

GENERATOR L_ I READY
reser R
ROY

I DTR |

[

aNo 1 WAL aLe f

IGENERATORE BOCEE
| ] CPU

Density | Capacity
EPROM | (bits) (bytes)
2716 16K 2K %< 8
2732 | 32K 4K x 8
27C64 64K 8K x 8
27C128 128K 16K < 8
27C256 256K 32K x 8
27C512 512K 64K < 8
27C010 1M 128K x 8
27C020 2M 256K < 8
27C040 4M 512K x 8

Address Bus ﬂ’?“ —
‘(\)11 =

Data Bus : hd =
0, L

741.5138

generator
A1z [
[
[

Aie A, 9 2732 L
AI:% B 1 (4K X 8)
== C 2 RD)
| mmD 3 ~-dOE
Ass 4

—~
N

o
o

3

Aqo 1K

; 5\

8088, min.mode, EPROM 8 x 2732 = 8 x 4kB = 32 KBytes
Organizarea adreselor: 0: F8000- F8FFF; 1: F9000- FOFFF,; .....
7. FFOO-FFFFF

» acces EPROM (450ns) + intarziere decoder (12ns) > timp
acces 8088

* se foloseste o stare de asteptare (1 clock = 200ns): timp total
de acces 460+200=660 ns

Address space

F8O0OOH-FFFFFH

(This is the 2732 pinout
as shown in the text.)




ROM/EPROM

Address

Data

RD _ :
FOO00 - F1FFF |C‘E

E20000 - F3FFF

F4000 - FSFEF

F6OOO - F7EFFE

FRO0O - FOF FE

FAODD - FBFFF

FCO - FDFFF

FEOO) - FFFFF

8088: 8 x 2764 = 8 x 8kB = 64 KB
Spatiul de adrese: FO0O00 — FFFFF

CE




Decodificatoare de adrese

g
The 3-to-8 Line Decoder (741.5138)

Memoryv Address Decodin

-

©C = & & = I O D~

?llllllllllﬂ
611111111101
.” -.ﬁr.llllllllﬂll
=
311111101111
-
211111011111
111110111111
ulllﬁlllllll
R e RN R SRR
o
HELBXXXUUIIUUII
L 9]
AR
-
g e
— | aa
AR S S S
M =
S rPrPRPPRPRPR
sindinQ

G2B
G1

syndug 309129

<
(o |
QO

J[qeuq

Toate cele trei semnale Enable (G2A, G2B si G1) trebuie sa fie active (0, 0 si 1)



Conectarea memoriilor

GDn

oD,

+—0 D,

Au k
A EPROM O
1 0=
o 27C266
Az 32K x8
A — —
CE OE
5, o ? T
MEMRB & i
EPROM 1
27C258
32K x8
CE ©OE
Cs, o ? T

Conectarea paralela: extinde

adancimea memoriei

A0 EPROM 0 oD,
Ay O—
A, O— 27C256 oD,
: PKXS .:
A O—s- —G
e OF D;
s 0 ?
MEMR O
EPROM 1 oD,
27C256 b
1K X8 : O Dy
I ES—
CE OF 13

— ]

Conectarea seriala: extinde
latimea cuvantului



Conexiunea la o magistrala de 16 biti (8086)

Address bus
A-Ags ]:} Ag-Ap :> Ag-Ay;
2764 2764
BKR BKB
EPROM EPROM D¢-D,
Dy-D, (: ] CPU
data
00, ]G | bus
— — — — Dy-Dys
Cs Ok L OF
_ - -
ROMSEL
BHE
BHE Ag Characteristics

Whole word

Upper byte from/to odd address
Lower byte from/to even address
None




RAM
Static (SRAM)

WL
[ 5 i ]
Mgl 10 : .
T
IBL 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 um*
(0.7-pum rule) (0.7-um rule) (0.8-pum rule)
Standby current 10715 A 10712 A 101 A

(per cell)




SRAM

SRAMSs
TI TMS 4016 SRAM (2K X 8):
Arllit ™~ 24@v.
Asm2 23M Ag
Asml3 22 A,
Ayl o 21 @ W Pin(s) Function
A 20
3 5 — {_'r
Arme g 198 Ay, Ag-Aqg Address
i] 7 wvn 18@S DQy-DQ- Data In/Data Out
oMs = 17mDQy — —
DO My = 16mDO; :{i Chip Select
gg: 10 15m DQ; G (OE) Read Enable
GNDEL2 13W DO, W (WE) Write Enable

2K x § SRAM

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

Folosit pentru memorii Cache



SRAM

.vhmwsmom
. GHTSTRL=
= @) a
49 = I
%( @w S%m = — :
) % (8] Sie g \ﬁa@ o8
I ) @] Site (44 nlC
o =00 =) A 2|
A...AWOC O..O S@C (@]
n o MEES%C
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&
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i
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8088 and 80188 (8-bit) RAM Memory



Conectare cu magistrale de 16, 32 .... biti

Nu exista probleme la citire:
« Memoria va pune pe magistrala tot cuvantul (16 biti, 32 biti ...)
« CPU citeste byte-ul sau cuvantul dorit (BL, BH, BH+BL...)
(Ex: MOV AL, mem ; MOV AH, mem; MOV AX, mem)
Scrierea trebuie tratata separat pentru fiecare byte:

, HWR

Exemplu:

Address bus

TS I e, [E0 O s—




DRAM
Dynamic (DRAM)

BL2 BL1 GND

WYL

WL

RAL

BL

3
;

I
|

BL1 BLZ2

Dimensiune: ¥z din dimensiunea celulei SRAM = capacitate sporita =
pinii de adresa sunt multiplexati

Refresh (reimprospatare): 1 .. 4 msec = circuit dedicat

cicluri de citire, scriere, refresh

Variatii: SDRAM, DDRAM, Rambus, ...



DRAM

DRAMSs
TI TVIS4464 DRAM (64K X 4):

N )
GH1 138 Voo Pin(s) Function
DQ;N?2 17@ DO,
DQ,M3 L 16WcCAsS Ag-A7 Address
WHR4 = 15EDO; DQy-DQy| DataIn/Data Out
RASHS L 144, :
Al 6 E 13|A, RAS Row Address Strobe
Asl7 — 12@A, CAS Column Address Strobe
Agl8 11M A, —
Voomo 10 A~ G Output Enable
W Write Enable
64K x 4 DRAM

TMS4464 poate stoca 256K biti de date
64 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 semnalul RAS

Adresa coloanei (A0:A7) este memorata ulterior, folosind semnalul CAS



DRAM

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

m Rcrw )@( Column

CAS also performs the tunction of the chip select input.

s

Iravaavaaani

#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. AO-7)



DRAM

= |

- \WVWWN\ALALAAARRRAAANN
XX e XX ot XDt D)

CAS also pertorms the tunction of the chip select input.

i&o i Ag ApA10A3A11 Address BUS Ay ApAs Al?ziaﬁfi?ﬁf
1B

miﬁuu P

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

8

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

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

Y Y v Y Y v Vv v
Az

AU Al Az Ag Inputs to DRAM A4 AB A{)




256K X 1 DRAM - structura interna

Dynamic RAM
256 K X 1 DRAM
A, Ay
A Block 3 Block 2 Block 1 Block 0
32 P55
e < W 5 —p5a
‘:‘1 4_: E M_K "‘}'rﬂ}r 64K array 64K array 64K array
*&5 S 2| [(256 X 2568 |(256 X 256) |(256 X 256) [(256 X 256)
Az 5 =10
AB . I
= 200-to-1 2bb-to-1 200-to-1 2bb-to-1
Rt MUK M RMUX. M MuXe M RoX
WE | | s * I

'
=
T

Column Latches

Ag(Ag from input pin on RAS)

| Dy
o
5 | Pour
Dir | =

Ag

-

-
.

i

b

k1’11&-5-2- signals provide the block address.




DRAM refresh

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 15.6us (4ms/256).

Pentru 8086, o citire sau o scriere se petrece la fiecare 800ns (4x200=4xTclk).
= 19 citiri/scrieri per refresh (15.6s/0.8us = 19.5)

= Ciclurile de citire /scriere iau 5% din timpul de refresh



82008
Controllere DRAM Y e on 7~
. . —4 4 AL) AO! 83—
= Multiplexarea adreselor si generarea —3 1 AL2 AO2 —2—
semnalelor de control pentru DRAM. —2—] iﬁ igi _111_”
Intel 82C08, poate controla doua bancuri de —ig] ALS AOS |3~
memorie DRAM 256K X 16, pentru un 45 | A17 AO7 3
total de 1 MB. —441 ALS A0S Ho—
. . . —434 AHO
Bitii A1 - A18 (18 biti) sunt conectati la —421 AHI RASO pl2—
intrarile (AL - coloana) si (AH - linie) ale —2 pes SPeh D‘Lﬁ—al
82C08. ~19—:- AH4 CAS1 pall—
In functie de adres3, se activeaza T4 A A/XA p28—
RASO/CASO sau RAS1/CAS1. R ig‘g WE/PCK 22—
WE, BHE si AO sunt folositi pentru 10 | =
determinarea scrierii, $i unde anume se 291 W
va Scrie. —23 | RESET
3l bCLK
—211 pCTL
_28 | pE
T
—32{ RFRQ
—331 pPDI
FIGURE 10-41 The 82C08
DRAM controller that controls
two banks of memory.




Controllere DRAM

‘DRAM Controllers

A1—ALg Ay R (256K X 8)
e Als = As Ag Qﬂl Ag Op
N -J|>'£6<}-_ £l>£6<ll'_
18 | & o0 8 YT g8 U7
S JAH, N N
SR RASC R2 awE $ gWE &
51— CASOp— | [ A= o0 drRASK
—RE2ET RAs1p~ R‘é‘qa‘ :R‘a‘;‘a
PCTL CASI TEAL qCAs
IE aaxat—|Im 1
A1sLREFR WE Iy
PD1 IR
— [
L I1 o _J|>An Gol 5 Ag Op
B o—l 0 s = _Jl> o
E:I:UE i3 02b Ag D?<I|: i Ag D?¢
204 O30 i
221—15 Z04p— R R o <
A 22— 16 Z05p— - o = C <
23=——17 06— OQRASe = C R;*—"LEBS‘
—is o7p— JCASS dcAsS
‘ - v V 1

Low Data Bus



Folosirea PAL pentru logica interfatarii memoriei

Decodificarea adresei:

» Controllerul DRAM este activat atunci cand liniile superioare de adresa
indica spatiul DRAM (de obicei incepe de la 0)

* PE (port enable) va fi activat de logica de decodificare a adresei

Comanda scriere octet superior sau inferior:

* Low write (LWR), High write (HWR)

Un singur chip 16L8 poate implementa toate aceste functii:

16L3 Programming:

WEF I1 _ pins 1 2 3 4 5 6 S 8 9 10
.ej:.] — S%D—PE WE BHE A0 A20 A21 A22 A23 NC NC GND
AX—IE b ompins 11 12 13 14 15 16 17 18 19 20
4123—15 ROodh— MIO CE NC NC NC NC LWR HWR PE VCC
#2216 205 Equations:

—IT Dﬁ:_ q L -

—ji8 o7p— JLWR = /A0 * /WE

M/I0O—110 95— /JHWR = /BHE * /WE

JPE=/A20% /JA21* JA22 7" /JA23 ™ MIO



Controllere DRAM

MEMW Tune delay na
MEMRA n
25 50 75100125
—— ~ADDR SEL
L to DRAM
AlS multipbexer
CAS1
CAS2
- DACKoBRO Casy
RAS
RASO
74LS138
.
F‘mn. B Y4 ﬁ
"EA 8Y ¢ "D_—Q}
g T a8
A10—{C 7‘1 dG2a V:D—@F RAS2
A"_'dm M “ 01 b
B i B
DACKOBAD —{G1 Th
RefreshGATE

DACKD




