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Space Shuttle IBM AP-101B flight computers
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Feritové pamate
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Polovodi¢ové pamite Statickd RAM pamét

v
Primarna (hlavna) pamét

[ Random Access Memory (RAM, RWM) | [ Read Only Memory (ROM) |
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Staticka RAM pamat Dynamicka RAM

i e
TI 7
- E wosdive | - | Robert H. Dennard, IBM
114 “'
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DATA

DATA
Figure 11: SRAM memory cell with & tramsistors [ ]

o rychlejie ako ROM, pristupova doba cca 10ns (dnes 5ns)
 staticka, volatile pamat

15 16

Dynamicka RAM et sareaa Dynamickd RAM pamat
] Word line 1 | Word line | |‘ @EE E{-C,\'Hjj =y

Word line 2 Word line 2
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1 megabit: Micron Technology MT4C1024 DRAM
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Dynamicka RAM pamat Staticka RAM pamit &J

* SDRAM (Synchronous Dynamic Random Access Memory) - pamét poutivana ako operaéna
pamat pocitaéa. Taktovanie je odvodné od taktu zbernice, Informicia sa prendia len na
nabeinej hrane riadiaceho impulzu. Pamét typu SDRAM vykona na jeden impulz len jednu
operaciu,

* DDR (Double Data Rate] tieto pamte prensajd informiciu na oboch hrandch impulzu.

LT
i
CMOS RAM - mald spotreba, (baterka)
Pamit vyrobend technolégiou CMOS. Ma mald spotrebu, Poutiva sa na ulozenie parametrov
BIOSu. Po vypnuti bjva napajana 2 baterky. Casto sa CMOS vyrdba ako siast RTC.
Direct Rambus DRAM (DRDRAM)
Synchronous graphics RAM (SGRAM)
. .
Intel Pamdt RAM (Random Access Memory)
_ 3101, 3101A
et e 16 X 4 BIT HIGH SPEED RAM
mamimaee o 16X4
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Staticka RAM pamit 8x

4
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Polovodicové pamate

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 250
1983 256 Kb "220ns
1986 1Mb 190 ns
1989 4 Mb 165ns
1992 16 Mb 145 ns
1995 64 Mb 120 ns
1000:1! 2:1!
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Dynamicka RAM pama

DDR5 L}g_g‘i CL35-39-39-102 1.40V

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

DDR3 [1800...
CLBF 3 -3 - 10
CL " -tRCD - tRP - tRAS

-> vid obr.

n
/CAS Latency (CL) = Column Access Strobe time
\-._ Oneskorenie, kym  danho stipca dostaneme data

RAS to CAS Delay (tRCD) = Row Address to Col Addre
- Oneskorenie, kym zmenime adresu riadku

RAS Precharge (tRP) = Row Access Precharge
- Oneskorenie, kym zatvorime predosiy riadok

Active to Precharge Delay (tRAS)
- Oneskorenie pred zaciatkom tania z iného riadku
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2x staticka RAM 32kBx8 a uP

Polovodicové pamdte

Performance =

Performance Gap:
(grows 50% / year)
~— DRAM

Read Only pamét

Tavnd poistka

24pis 0"~ prixd cca 10mA.

hwuxl Buffer _! _! _!
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Mask PROM

(DRI RS

. Titan 2 — Intercontinental
ballistic missile

Standard Microsystems CRT-7004-001 is an

ASCII character generator, capable of PROM was invented in 1956
generating 77-bit 7x11 bitmap characters or by Wen Tsing Chow
'segment characters

32

Floating-gate MOSFET
RO M was made gy Eahng and Sze, 1967

PROM

Control gate - [~

Floating gate
|-

L v
Isolator s

Photo courtany of HLNEL Laborstaries
Ban M, California

Figure 4. Blown Nichrome Fuss.

Figure 3. Typical Fuse Cell.

* EPROM was invented by Dov Frohman of Intel in 1971 -> US patent 3660819
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In'l'el 1702A
2K (256 x 8) UV ERASABLE PROM
1702A-2 = 0.65 us Max.

1702A 1.0 us Max.
1702A-6 | 1.5 us Max.

PIN NAMES BLOCK DIAGRAM
T —
| oo mmit " oo
A = i L
T
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EPROM -(Erasable PROM):

staticks, nonvolatile pamat

informécia — elektricky naboj

mazanie (UV arenie - cca 20min)

programovanie (elektricky) - uzivate, opakovane - cca 20*

EEPROM, E2PROM - (Electrically EPROM):

* staticka, nonvolatile pamat, Podobna EPROM

o mazanie (elektrické, radove mSec)

« programovanie (elektricky) - uzivatel ( cca 100 mSec),
opakovane, cca 100*
Informdcia sa uchova cca 10 rokov.
Fujio Masuoka at Toshiba

Flash — EPROM:
Rychlejsia ako predchadzajice typy. D4 sa s flou pracovat ako s RAM. Dé sa cca 10 000 krat
prepisat. D4 sa prepisovat priamo v zariadent.
Toshiba developed flash memory from EEPROM in the early 1980s
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Charakteristické parametre pamati 2

Vybavovacia doba (1ns a 100ms).
Udava rychlost s akou pamat zapiSe alebo vyhlad procesorom zadané data.

Pristupova doba
Pre paméite RAM je to doba medzi zadanim operacie read alebo write aZ po jej ykonanie.

Pre nie RAM pamite je to Eas, za ktory &itacia zapisovy mechanizmus dosiahne pozadované miesto.

Prenosova rychlost
Mnoistvo dt, ktoré dokaZeme z pamiite precitat (resp. do nej zapisat) za jednotku asu.

Kapacita pamite (organizacia): Pocet bitov, byto, slov.
Statiénost / dynamitnost

statické pamiite  (SRAM — StaticRAM )
ické ite (DRAM - D i

Destruktivnost pri &itani
pamite dedtruktivne pri éitani
pamite nedestruktivne pri &itani

39

Zbernice - obojsmerny V/V

Procesor Pamat

41

Klasifikacia pamati:  podla spésobu pristupu k informdcii

- Sekvenéné (SAM - Sequential Access Memory) :
Pozadovani inform. (blok, mé vlastni adresu zapisant ,nedaleko*) ziskame aZ po preéitani
lcej. Pristupova doba je Sem patria: Pdskové p

- Priame (DAM - Direct Access Memory) Informécia — blok m4 adresu dan fyzickou polohou.
Informaciu ziskame v dvoch krokoch: Priblizenie sa a sekvencné dohladanie. Pristupové doba
je opé premenliva. Sem patria: Diskové pamiite.

. RAM (Random Access Memory) - zv § prvok ristupe k i i4m.
Kazdé pamatové miesto mé jedineénd adresu dand adresnymi vodicmi. Pristupov doba je
évislé od pamatového miesta. Taktoje realizovan hlavnd pamit. Dnes sa hlavnd pamat

vyréba prevazne ako polovodicova dvoch zakladnych typov:
RWM (Read Write Memory) - zvyraziuje sa_poutitie na Eitanie a zapis informécii
ROM ( Read Only Memory) - permanentné paméte umoziiujdce len informaciu &itat

(CAM - Content Access Memory). Pamat s nshodnym pristupom. Pozadovant
inform. ziskame pomocou klua. K détam pristupujeme na zaklade ich obsahu a nie adresy.
Sem patria: Cache pamte.

Ak je pamat typu: RAM — RWM prax pouZiva oznacenie: RAM.

Charakteristické parametre pamati (2/2)

Energetickd zévislost a nezavislost
nvolatile memory (trvalé pamét)
volatile memory

Spolahlivost

Cenaza bit

Kapacita paméte - organizicia

apr. MMZTIGE 16,354.89 (2048 x §) UV Erasable PROM
EPROM 2716 = 16K bit => 2048 Byte

EPROM 27256 = 256K bit => vniitorna organizacia 32 K x 8bitov, (32 KB).

DRAM 4164 = 64Kb => md vnutorndi organizciu 64 K * 1bit.

Zbernice

Pamét n

Vstupy

b Procesor

Pamét 1




Zbernice
‘ \\,Iys;":l%yy ‘ ‘ Procesor ‘
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Sekundarne pamate magnetické
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Sekundarne pamate magneticke
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Zhrnutie

» Trojstavovy vystup, obojsmerny V/V, zbernica

« Pamatova bunka RAM

» Staticka a dynamickda RAM

+ Pamét typu PROM, EPROM, EEPROM, FLASH

« Parametre: kapacita, organizacia, pristupova doba
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