Ciel’

Vyznat’ sa v pamatiach,
ich typoch a parametroch

Pamét, ako automat

adresa 1 2 3 4 | 5
o 0ooo | o101 Qcoo | 0000 | 0101 \

R EPEENED
+10 [ ooog, | 110z, | opgo [T | 1101
0101 0101 101 0"“/

0000
0101
11
1101
989 597
999999 | 0101 |
[Tosasee | 0000
[ 1000000 | 0101 +15 | o101

Hierarchia pamati
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Sekundarne pamate optické

Sekundarne pamate magnetické

Prvé pamate

Aug. 30, 1960 F.C WILLIAME 2,951,176
APPARATS FOR ETORTNG TRAING OF PULSES
Fiiod sc. 1o, 1947 5 Sraata-sheet 1

1BM 701
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Meark | computer

Sekundarne pamate magnetické

s B 0
1980 - 2024
10
Reléové pamate
Zapni
@ £
Vypni m Relé
—lo—

Samodrzny kontakt
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Figure 2b:
Feritové paméate  coimcident s ey
s

gtz

Figure 2a: Magnetising a ferrite core

MAGHETIC FERRITE CORE. MAGNETIC FIELD
FIELD of CORE
ELECTRON
" CURRENT
CURRENT
—#EM)

~Is =Yty +1plg 415

Feritové pamate
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Figure 2c: Setting the state of a core Figure 2d: Sensing the state of a core
no change to core field,
-z iz ¥ no puise on sense wire

imagnetic field if stored
of care. wtate iz 0 R,
represents 0 -
> —-
-lals —la1s

Feversal of core Tield

magneti field )
of ore, a4y
represents 1 -
—
T vl

it b s pusgepmaerae e

https://web.archive.org/web/20111118002956/ IwebIZO 11111 8002956/
it/ o5.ub.6a/-hipertlcoremenindex htmi

Polovodicové pamite
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A Access Time Staging
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CPU Registers
100s Bytes
1s ns prog lcompller
3% o 1.8 bytes
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28
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5 8-128 bytes
HE
sg M Bytes
%8 100ns- T os
L $.0001-00001 conts it Pages oAk bytes
G Bytes, 10 ms. ~
(10,000,000 ns) | Disk |
-5
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‘Aqop anodnisd

* 1952 na MIT, Jay Forrester

e Aypedey 1seien

Feritové paméte
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Feritové pamate

Space Shuttle IBM AP-101B flight computers

Polovodi¢ové pamite

Random Access Memory (RAM, RWM) | |

Read Only Memory (ROM)



https://web.archive.org/web/20111118002956/
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c 1147702 777 T,

) 9
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v
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Statickd RAM pamét

DATA DATA
Figure 11: SRAM memory cell with § transistors [ <]

o rychlejsie ako ROM, pristupové doba cca 10ns (dnes 5ns)
o staticks, volatile pamét
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inter R/\X/ Rtz Rae?

_ 3101,3101A  /ve WO
etz sz 16 x 4 BIT HIGH SPEED RAM

orec BTRE Tamparst
oA

PIN CONFIGURATION LOGIC SYMBOL

BLOCK DIAGRAM
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Staticka RAM paméat

20

Staticka RAM pamit

Cg\ﬂ\
" wAbo]

$99.50 1969 Start of production
§10 1970 Better chip 1k
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Dynamicka RAM

werdline |

T T
IJE .

Robert H. Dennard, IBM

ot
stervd —T— 3387266
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pravidelné obnovovanie
informacie sa nazyva

Dynamicka RAM

[Pt
VEF 0 H
Word line | Word line 1 | P ({C_\-i )
Word line 2 Word line 2
oy = =
DATA  Predume  DATK A Prechree  DATK

Dynamickd RAM pamat

1 megabit: Micron Technology MT4C1024 DRAM

Pamat RAM (Random Access Memory)

29

Dynamicka RAM pamit

€261,95

1966 Dennard

1968 patent
$60 1970 vyroba Intel
$21 1972 best selling chip
$4

26

Dynamickd RAM pamat

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

* DDR (Double Data Rate) tieto pamite prensiajd informaciu na oboch hrandch impulzu

RERE

CMOS RAM — mals spotreba, (baterka)
Pamat vyrobend technolégiou CMOS. Ma mald spotrebu, Poutiva sa na ulozenie parametrov
8I0Su. Po vypnuti byva napajand z baterky. Casto sa CMOS vyraba ako siéast RTC.

Direct Rambus DRAM (DRDRAM)
Synchronous graphics RAM (SGRAM)

28

Pamé&t RAM {Random Access Memory)




Staticka RAM pamit 4x4
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Staticka RAM pamat 8x4
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Statickd RAM pamait 4x8
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Polovodicové pamate — vyvoj

|__Rok __ Kapacita | Rychlost | _Cena |

1980 64 kB 250ns 1,50 $/kB
1990 AMD Q0ns  ofob (EB
2000 g Y9us oot /LB
2010 16% 160z <
2020 §ev 1005 le e ?

2025 1G>

Aké typické pamate sa pouzivali v danom obdobi?
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Polovodi¢ové pamdte — performance gap

108
P — B
® -8 Mamory paromance /-‘ .
10¢ .
~
8 1o .
g -
8
g g
5 -
8102 /
& "
10! // -
Cawn
R
e %
WOsss o em  mm mos @0
Year
a—

indiar-shubhar-shar
Right htps i

e
incompostsiinayakgodse_memory-wallgap-betweer-
51

= Memory
Wall

Transtormas Size: 2404/ 2 years
AL MW Memmory: 2/ 2 e

i
Spoedtactiity-7233056651686133760-CX
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Dyna_mi;f.‘ka"RAMm
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Read Only pamat

Input Buffer
|

oww Eianie =l {/H {’{M t%— %%‘
b I€BEB IR
o i - INEWIE W

Zapis 0" - prod cca 10mA

D2 D1

‘( VY V VYo
DO

Data Outputs

39

PROM

Photo cowreny

Figurs 4. Blown Nichrome Fuss.

Figure 3. Typical Fuse Cell.
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Dynamicka RAM pamat

DDR5 —-6400 CL32-39-39-102 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...
CL3- 3 -3 - 10
CL -tRCD - tRP - tRAS

-> vid obr.

CAS Latency (CL) = Column Access Strobe time
= Onesk kymz dané

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

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

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

38

|
O=IN 23

Standard Microsystems CRT-7004-001 is an
ASCII character generator, capable of
generating 77-bit 7x11 bitmap characters or
segment characters

40

Mask PROM
[ T ST |

———

42

Titan 2 - Intercontinental
ballistic missile

PROM was invented in 1956
by Wen Tsing Chow

oo

- [

s

s

oata our




Reprogramovatelné pamite ROM EPROM —Intel 1702

vy EPROM was «
- invented by Dov —
- Frohman of Intel in ~
1971 -> US patent >
Control gate —_| N 3660819
\ c ~

Floating gate T
Isolator B 6 Hoer Bl - SaABRAN

. =
ERERE iy : .
Source Drain =

Floating-gate MOSFET was made by Dawon Kahng (left) and Martin Atalla (right), 1967 Bell Labs
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. »
EPROM -(Erasable PROM):
intgl 17028 ( )

o statickd, nonvolatile pamat
o informécia - elektricky naboj
2K (256 x 8) UV_EB_AEA,BLE PROM « mazanie (UV Ziarenie - cca 20min)
. uzivatel, op -cca20*
1702A-2 | 0.65 us Max.
1702A__ | 1.0 us Max. .
1702A-6 | 1.5 us Max. EEPROM, E2PROM - (Electrically EPROM):
« statické, nonvolatile pamat, Podobna EPROM
PIN CONFIGURATION PIN NAMES aLack “"‘“"‘: o mazanie (elektrické, ridove mSec)

- « programovanie (elektricky) - uZivatef ( cca 100 mSec),
- Crio Seiet ngit opakovane, cca 100*

o Ogute [ D Gurpus Informécia sa uchova cca 10 rokov.

. Fujio Masuoka at Toshiba

- Flash — EPROM:

-

-

Rychlejgia ako predchadzajlice typy. D sa s fiou pracovat ako s RAM. D4 sa cca 10 000 krét
prepisat. D4 sa prepisovat priamo v zariadent.

Toshiba developed flash memory from EEPROM in the early 1980s

45 46

NAND FLASH M Klasifikacia pamati:  podla spésobu pristupu k informdcii
ry . Sekvenéné (SAM - Sequential Access Memory)
Pozadovand inform. (blok, ma vlastnt adresu zapisand ,nedaleko*) ziskame aZ po preitani
predchédzajcej. Pristupova doba je iva. Sem patria: Pdsk G

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

S ELiE

- RAM (Random Access Memory) - zvyrazneny prvok nahodnosti v pristupe k informéciam.
Kazdé pamatové miesto mé jedineénd adresu dand adresnymi vodiémi. Pristupova doba je

Fujio Masuoka

nezvisld od pamétového miesta. Takto je realizovand hlavnd pamit. Dnes sa hlavnd pamat
1984 Toshiba Inc. : ° ! B
1986 NAND chips vyréba prevaine ako polovodi¢ova dvoch zakladnych typov:
available . RWM (Read Write Memory) - zvjraziiuje sa poutitie na &itanie a zapis informacif

1993 Intel NOR FLASH . ROM ( Read Only y) é pamite umozfi len informaciu &itat
2000 First USB

flash disks e " .
2010 30 N, . (CAM—Content Access Memory). Pamét s ndhodnym pristupom. Pozadovand

inform. ziskame pomocou klii¢a. K datam pristupujeme na zéklade ich obsahu a nie adresy.
Sem patria: Cache pamiite.

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

47 48



Charakteristické parametre pamiti wa Charakteristické parametre pamati (2/2)

Vybavovacia doba (1ns a2 100ms). - Energeticka zavislost a nezavislost

¢ - . s nonvolatile memory (trvald pamat
Udava rychlost s akou pamét zapise alebo vyhlada procesorom zadané data. Volatile memory v pamat)

e Tt

Pristupové doba
Pre pamite 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. . Cenazabit

Spolahlivost

Prenosova rychlost
Mnozstvo dat, ktoré dokaZeme z pamiite precitat (resp. do nej zapisat) za jednotku Easu.

Kapacita paméte - organizicia
Kapacita pamite (organizacia): Potet bitoy, bytov, slov.

Napr.
Stati¢nost/ dynamiénost EPROM 2716 = 16K bit => 2048 x 8 bit (2kB)
statické pamite  (SRAM — Static RAM ) e undtorns o .
- EPROM 27256= 256K bit => vnit 2 K x 8bitov, (32 kB).
dynamické paméte (DRAM - Dynamic RAM ) 0l 56 = 256K bit => vnitorna organizacia 32 K x 8bitov, (32 kB).

Degtruktivnost pri Eftan - DRAM4164=64Kb => mé vnitornu organiziciu 64 K x 1bit.
estruktivnost pri ditani
pamite deStruktivne pri Eitani

pamiite nedestruktivne pri itani
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Active "HIGH" Tri-state Buffer

Vystupy - spajanie Trojstavovy Yjstgp

v —Do——HL

Co—of

Aktivne vistupy

Hi-Z — vysoka impedancia, odpojeny vystup

51 52

Zbernice - obojsmerny V/V Zbernice - obojsmerny V/V

Pamét

53 54



Zbernice

Vst g
stupy
Vystupy Procesor
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Zbernice - trojstavovy vystup

Vstupy
‘ Vvystupy Procesor
I
f y
—— SR W S
LT 2
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6 X N, RANDOM ACCESS

H | FULLY ENCODED.
Emlntlns WRITE-ONLY-MEMORY
Write Only pamat [—

25120

chip 4 V& Thip Destruct
Snooze
Diasbio vdd  VIf Alarm
115 Vac
A0 A0
Address | Address
PortA 25120 (9046 WOM) | PortB
A2 A2
2 Drain
0

ﬁala In !—
WIW On-Chip o Clock Out
Datain Clock Gen
(out)

AO - A5 Column Addresses

Clock Ino A6 - A12 Row Addresses
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Zbernice - trojstavovy vystup

Vstupy
vystupy

56

2x staticka RAM 32kBx8 a uP
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£ SGS-THOMSON
3/ At M28C16

16K (2K x 8) PARALLEL EEPROM
with SOF TWARE DATA PROTECTION

Ako ste pochopili
paméate? Rozumiete
signalom na obrazku?

FAST ACCESS TIME: 80ns ver Skoro vietko, vedela -
- SINGLE 5V £ 10% SUPPLY VOLTAGE | by som to3j vysvetlt inym. =
+ LOW POWERCONSUMPTION ) 5
+ HIGH RELIABILITY SINGLE POLYSILICON, 1% #““ ﬁ fanoar Vésinusom pochopilla, .
. oS TEGHNOLOGY. _ viem vysvetiit mySlienku.
W —q mzmcie
-~ Endurance >100,000 EraseMrite Cycles B »
+ - Data Retention >40 Years £ — V principe rozumiem, ale .e
niektoré casti si minejasné. | =
o —q

Table 1. Signal Names

ALAI0 | Ak gt | Rozumiem len Easti, vacsinu
o007 | oata vout ot vss si eSte musim nastudovat. 3G
w Enabla

= et Stratil bolo to prilis #

= ratilfa som sa — bolo to prilis 4 =
T O Enable ! -~ bo LA

_ chle alebo nejasné. | €0 )
W5 Foady | uay S I I -d ‘;oc v o —
Ve Suprty ooz e

Ve Toant FE et

i Geoun o)

o
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Zhrnutie

+ Trojstavovy vystup, obojsmerny V/V, zbernica

« Pamatova bunka RAM

+ Staticka a dynamicka RAM

+ Pamat typu PROM, EPROM, EEPROM, FLASH

- Parametre: kapacita, organizacia, pristupova doba
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