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Feritové pamate Feritové pamate

Figure 2c: Setting the state of 2 core Figure 2d: Sensing the stats of a core
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Feritové pamate

Space Shuttle IBM AP-101B flight computers
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Aka je typicka pristupova doba suc¢asnej DDR pamate?
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Polovodicové pamate
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Capacity Speed (latency)
Logic: 2x in 3years 2x in3years
DRAM: 4x in 3years 2x in 10 years Technology Trends
Disk: 4x in 3years 2x in 10 years

DRAM

Year size Cycle Time

1980 - 64 Kb (25005>

1983 / 256 Kb / 220 ns

1986 1Mb | 1980 ns

1989 | 4amb | 1esns

1992\ 16Mb \_ 145ns

1995 ~ 84 Mb T120ns
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Polovodi¢ové pamate
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Pamat RAM (Random Access Memory)
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Staticka RAM pamat
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Polovodicové pamite

Primarna (hlavna) pamat’
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Random Access Memory (RAM)
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Statickd RAM pamat

30



3101, 3101A

i e 16 X 4 BIT HIGH SPEED RAM v

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

GATA WHUTE
J4, AGOAESS WPUTS |
WAITEEHABLE | Voo
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Statickd RAM pamat

Werd line
DATA. DATA
1

Figure 11: SRAM memory cell with 6 transistors |

o rychlejiie ako ROM, pristupova doba cca 10ns (dnes 5ns)
o statické, volatile pamét -
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Dynamicka RAM

Word line 1 Word line 1
R &
el = |
- Word line 2 L--- . Word line 2
| l T
1
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J__< Asuplifier A Asplifis A
T cy ‘ = < =
1 5 1 5
DATA  Prechume  TRTR A Prchuge  DATR

35

Statickd RAM pamat
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Dynamickd RAM

f
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34
omace samasva Dynamickd RAM pamét

1 megabit: Micron Technology MT4C1024 DRAM

36

Robert H. Dennard, IBM




Dynamickd RAM pamat
* SDRAM (Synchronous Dynamic Random Access Memory) - pamét poutivana ako operaéna
pamat poditata. Taktovanie je odvodné od taktu zbernice, Informdcia sa prendia len na
nabeznej hrane riadiaceho impulzu. Pamit typu SDRAM vykond na jeden impulz len jednu
coerh

* DDR (Double Data Rate) tieto pamate prenddajd informaciu na oboch hransch impulzu

A

€MOS RAM — mals spotreba, (baterka)
Pamat vyrobena technolégiou CMOS. Ma mald spotrebu, Poutiva sa na ulozenie parametrov
BI0Su. Po vypnuti byva napajan z baterky. Casto sa CMOS vyraba ako sicast RTC

Direct Rambus DRAM (DRDRAM)
Synchronous graphics RAM (SGRAM)
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Dynamicka RAM pamat Read Only pamit

DDRS JE@ CI{E&?-SQGQJOZ 1.40v

Maximum Transfer Rate = clock x number of bits / 8 =clock x 64/ 8 = clockx 8 = 6400MHz x 8 = 51 200 MB/s

DDR3 (1800
CLEF 3 -3 - 10 > vid obr.
CL U-tRCD - tRP - tRAS AR RO R G
/CAS Latency (CL) = Column Access Strabe time I e i —
\: Oneskorenie, kyrh z daného stipca dostaneme data H = E Tavna poistka
o coummo
RAS to CAS Delay (tRCD) = Row Address to Col Addre Zipis ,0" — prid cca 10mA
- Oneskorenie, kym zmenime adresu riadku s s
RAS Precharge (tRP) = Row Access Precharge =

__- Oneskorenie, kym zatvorime predosly riadok

Active to Precharge Delay (tRAS) H oaaour
- Oneskorenie pred zaciatkom ¢itania z iného riadku

39 40

Read Only pama

e TR

Address

Output v =
- Vv N Y oin hid no
D3 D2, Doj £
nie Data Ottputs X H Zz { } . Titan 2 - Intercontinental
ballistic missile
Standard Microsystems CRT-7004-001 s an
Zapis 0"~ prid cca 10ma. ASCII character generator, capable of PROM was invented in 1956
generating 77-bit 7x11 bitmap characters or by Wen Tsing Chow

segment characters

41 42



Mask PROM
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ROM Floating-gate MOSFET

was made by Kahng and Sze, 1967

i

T .
Isclator e

Chane N
Saurce Drain

Control gate -~

Floating gate

* EPROM was invented by Dov Frohman of Intel in 1971 -> US patent 3660819
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Intel 17024
2K (256 x B) UV ERASABLE PROM

1702A-2  0.65 us Max.
17024 1.0 us Max.
1702A-6 | 1.5 us Max.

BLOCK DIAGRAM

PIN CONFIGURATION PIN NAMES

e g
Chip et oot
Dt Durputs
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PROM

Photo courary of MINEL Laborstaries
B M, California

Figure 4. Blown Nichrome Fuss.

Figure 3. Typical Fuse Cell.
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EPROM —Intel 1702
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EPROM -(Erasable PROM):

statickd, nonvolatile pamat
informécia— elektricky naboj
mazanie (UV Ziarenie - cca 20min)
i icky) - ufivatel, - cca 20%

EEPROM, E2PROM - (Electrically EPROM):
* statickd, nonvolatile pamat, Podobna EPROM
« mazanie (elektrické, radove mSec)
« programovanie elektricky) — uzivatel ( cca 100 mSec),
opakovane, cca 100*

Informacia sa uchové cca 10 rokov.

Fujio Masuoka at Toshiba

Flash - EPROM:
Rychlejsia ako predchadzajice typy. D sa s fiou pracovat ako s RAM. D sa cca 10 000 krat
prepisat. Dé sa prepisovat priamo v zariadeni.
Toshiba developed flash memory from EEPROM in the early 1980s

48
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Klasifikacia pamati:  podfa spésobu pristupu k informdcii

. Sekvenéné (SAM - Sequential Access Memory) :
Pozadovanuinform. (blok, m4 viastnu adresu zapisand ,nedaleko”) ziskame a po pretitani
predchadzajice]. Pri 4doba je iva. Sem patria: ¢

- Priame (DAM - Direct Access Memory) Informécia — blok mé adresu dant fyzickou polohou.

Informaciu ziskame v dvoch krokoch: Priblizenie sa a sekvencné dohladanie. Pristupova doba
je opat premenliva. Sem patria: Diskové pamdte.

- RAM (Random Access Memory) - vy § prvok né iv pristupe ki
Kazdé pamatové miesto mi jedineéni adresu dand adresnymi vodiémi. Pristupova doba je
nezavisl od pamétového miesta. Takto je realizovand hlavnd pamit. Dnes sa hlavna pamt
wyraba prevazne ako polovoditové dvoch zakladnych typov:
RWM (Read Write Memory) - zvjraziiuje sa poufitie na Eitanie a zapis informcif
ROM ( Read Only Memory) - permanentné pamite umoiiiujuce len informaciu &itat

(CAM ~ Content Access Memory). Pamat s ndhodnym pristupom. Pozadovanu
inform. ziskame pomocou kfita. K datam pristupujeme na zaklade ich obsahu a nie adresy.
Sem patria: Cache pamiite.

Ak je pamat typu: RAM — RWM prax pouziva oznatenie: RAM.

Charakteristické parametre pamati (2/2)
Energeticka zavislost a nezavislost
nonvolatile memory (trvala pamat)
volatile memory
Spofahlivost

Cenaza bit

Kapacita paméite — organizicia

Napr.
EPROM 2716 = 16K bit => 2048 Byte
- EPROM 27256 =256K bit => vniitornd organizcia 32 K x8bitoy, (32 KB).

DRAM 4164 =64Kb =>m3 vnitornu organizaciu 64 K * 1bit.

ir =
'an ] .e .s
I"l s

MMTIGE 16,364-50 (2048 x I UV Erasabie PROM

Ohodnot'te dnesnu prednasku, prosim.

Charakteristické parametre pam3

(2

Vybavovacia doba (1ns aZ 100ms).
Udéva rychlost's akou pamit zapie alebo vyhfad procesorom zadané data.

Pristupova doba
Pre pamite RAM je to doba medzi zadanim operacie read alebo write aZ po jej ykonanie.
Pre nie RAM pamiite je to ¢as, za ktory Citaci a zapisovy mechanizmus dosiahne pozadované miesto.

Prenosové rychlost
Mnoistvo dat, ktoré dokazemez pamite precitat (resp. do nej zapisat) za jednotku Easu.

Kapacita pamte (organizacia): Pocet bitoy, byto, slov.

Stati€nost / dynamiénost
statické pamite  (SRAM — Static RAM )
dynamické paméte (DRAM — Dynamic RAM )

Destruktivnost pri &itani
pamite dedtruktivne pri éitani
pamite nedeitruktivne pri &itani
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CESS

E!!Illl!tilis FLvENED VRITE-ONLY-MEMORY
Write Only pamat [—

25120

Chip o VS° Chip Destruct
Snooze
Phatie vdd  vif Alarm
115 Vac
A0 140 o
Address Address
Port A 25120 (9046 WOM,) Port8
ATz A
B3 Drain
I 0
Data In e,
wiw o Clock Out
Saamn
(out)

AD - A5 Column Addresses

Clock In o A6 - A12 Row Addresses
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Zhrnutie

* Trojstavovy vystup, obojsmerny V/V, zbernica

+ Pamiatova bunka RAM|

+ Staticka a dynamicka RAM

. Pamat typu PROM, EPROM, EEPROM, FLASH

+ Parametre: kapacita, organizacia, pristupova doba
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