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Energeticky nezdvisla polovodi¢ova pamat (non-volatile, uchovava Udaje aj po odpojeni napdjania)
Vyrazne rychlejSie mazanie udajov ako predchodca (EEPROM) — preto nazov FLASH
PocCiatky — 80. roky 20. storocia, Toshiba
Hlavné architektury:
* NOR — pamatové bunky zapojené paralelne, rychle ndhodné citanie, najma firmware, BIOS

* NAND — pamatové bunky zapojené sériovo, rychlejsi sekvencény zdpis, nizSie naklady



NMAID FLASH

Higher Density / Lower Cost

1Bit Per Cell 2 Bit Per Cell 3 Bit Per Cell 4 Bit Per cg- -

SLC MLC
1 bit/cell 2 bits/cell 3 bits/cell 4 bits/cell

Higher Performance / Durability

UCmrrV

100K 10K 3K 1K
P/E Cycles P/E Cycles P/E Cycles P/E Cycle§




* Integrovany riadiaci Cip, ktory organizuje a spravuje data. Obsahuje firmware.
» Zabezpecuje spravne ukladanie a ¢itanie dat medzi PC a NAND flash pamatou.
* Funkcie:
* Error correction (ECC): opravuje bitové chyby v pamati.
 Wear leveling: vyrovnava opotrebenie buniek.
* Flash Translation Layer (FTL): spravuje mapovanie logickych blokov na fyzické bloky.
e Garbage collection: uvolnuje efektivne miesto pre nové data.

* Health monitoring: sleduje stav pamate a Zivotnost.



u S B —— Standard Also Known As Logo Year Introduced  Connector Types  Max. Data Transfer Speed Cable Length**

USB 1.1 Full Speed USB 1998 USB-A 12 Mbps 3m

Universal |

Hi-Speed USB USB-A 480 Mbps
o USB-B
USB Micro A
Serial Bus
USB Mini A

USB Mini B
usB-C*

USB3.2Gen1 USB 3.0 2008 (USB 3.0) USB-A
USB3.1Gen1l 2013 (USB 3.1) USB-B
SuperSpeed USB Micro B
USB-C*

USB3.2Gen2  USB3.1 2013 (USB 3.1) USB-A
USB 3.1Gen?2 USB-B
SuperSpeed+ USB Micro B
SuperSpeed 10Gbps USB-C*

USB 3.2 Gen 2x2 USB 3.2 2017 (USB 3.2) USB-C*
SuperSpeed 20Gbps

USB4 Gen 2x2
USB4 20Gbps

USB4 Gen 3x2
USB4 40Gbps

* USB-C is more accurately known as Type C or USB Type C

ey
u C m I: I:)\/ ** Cable length is the length covered by the specification. Longer lengths can be achieved using active cables and in some cases, longer passive cables



https://www.usb.org/
https://www.usb.org/

Prenosné datové ulozZisko, vyuZivajuce flash pamat
typu NAND a zbernicu USB

Malé rozmery, odolnost, rychlost ¢itania a zapisu, nizka
spotreba energie

Prvy USB kluc: 1999, DiskOnKey, M-Systems a IBM,
8 MB

Sucasné kapacity: 16 GB—-2 TB
Neexistuju vykonnostné triedy

Jednotlivé modely m6zu mat vyrazne odlisny vykon —
jednotky az stovky MB/s

Konektory: A, micro B, C

OTG: umoznuje priame pripojenie USB zariadenia (USB
kluc, klavesnica...) k mobilnému telefénu Ci tabletu.

Obr. 4: Prvy USB klu¢.
lanturo (https.//commons.wikimedia.org/wiki/File:USB-IBM-DiskonKey.jpg), https://creativecommons.org/licenses/by-
sa/4.0/legalcode



USB konektor

Radic

Testovacie kontakty

Flash pamat

Oscilator

LED

Zamok

Miesto pre druhy pamatovy modul

O

Obr. 5: Komponenty USB kltca.
anonymous (https://commons.wikimedia.org/wiki/File:Usbkey_internals.jpg), ,,Usbkey internals*,
https://creativecommons.org/licenses/by-sa/3.0/leqalcode



https://creativecommons.org/licenses/by-sa/3.0/legalcode
https://creativecommons.org/licenses/by-sa/3.0/legalcode
https://creativecommons.org/licenses/by-sa/3.0/legalcode

SD (Secure Digital)

SDHC (Secure Digital High Capacity)

1999 — SanDisk, Panasonic,
Toshiba - SD Card Association
128 MB — 2 GB

FAT 12, FAT 16

Rozmery: 24,0 x 32,0 x 2,1 mm

2006
4 GB-32GB
FAT 32

SDXC (Secure Digital Extended
Capacity)

SDUC (Secure Digital Ultra Capacity)

2009
64 GB-2TB
exFAT

2018
do 128 TB
exFAT

SD Express

2023

PCle/NVMe

Spatna kompatibility s UHS-I
Novy Standard, vysoké rychlosti
(do 985 MB/s (SD 7), do 3940
MB/s (SD 8))

SD Association: https://www.sdcard.org

310 vessr )S(Z

’ ] g 304 MB/s W V90

SZ7ZAINDISKK

Obr. 6: Pamatova karta typu SD.
https://www.sandisk.com



microSD / microSDHC / microSDXC / microSDUC / microSD Express

e 2005, SanDisk
Ultra

* Najmensia velkost pamatovej karty aktualne na trhu (11,0 x 15,0 x 1,0 mm)

Obr. 7: Pamatova karta typu microSD.
https.//www.sandisk.com



Pamataove karty SD — znacenie

Ucmrpv



San)isk

microSD EXPRESS
PR GRADE

miCI"O

xc 1 EX
Read Speed 1 2 8
GB Al UG

Write Speed

Capacity

Obr. 10: Ukazka microSD express karty s uvedenim APC.
https://www.sandisk.com

Video Speed Class

UHS Speed Class
Memory Refresh Pro
Card Compatibility
Type Marking
Bus Interface Speed Class

Obr. 9: Vysvetlenie znacenia SD kariet.
https://progradedigital.com/symbols-on-sd-cards-explained/



SD Memory Card SD Express Memory Card

Pin Layout
3940Mslsec
PCle Gen.4x2
PCle Bus Interface 197 Owsjenc PCle Gen.3x2
PCI>> nvm., PCle Gen.4x1 |
985MB/sec ”
PCle Gen.3x1
624MB/sec
312MB/s¢c UHs-II
SD Bus Interface 104ms/sec UHIS-II
35 B UHS-I UHS-I UHS-I
High Speed High Speed High Speed
IL
Capacity (file system)
utra P > - 4 S S ‘ng =
Capacity l(zegg (& (& el § (& e || C EXPRESS
Exonted 202 S» | S»  S» | S» b 74
Capacity 0 xXC xC 1 X 1 XC I EXPRESS
o we | S» | S» | S | S» £
Capacity A I I m T

Obr. 11: Kompletny prehlad technoldgii SD kariet.
https://www.sdcard.org/consumers/about-sd-memory-card-choices/bus-interface-speed-standards-for-large-size-data-transfer/
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CFexpress

2017
PCle + NVMe

CFexpress 1.0, CFexpress 2.0,
CFexpress 4.0

Az 8 GB/s
Type A, Type B, Type C

Pravdepodobne buducnost pre
nasledujuce generacie
fotoaparatov a kamier

CompactFlash Association: https://compactflash.org

PRZ21GRADE

lllllll

N\
CF
CF
express

7 A

PRi1 GRADE

R:3550
16

960:: "3

€ zn
N B R

CFexpress Type A CFexpress Type B

Obr. 12: Porovnanie CFexpress kariet typu A a typu B.
https://progradedigital.com/cfexpress-memory-card-guide-understanding-symbols-types-and-performance-metrics/

Type A: 20 x 28 x 2.8 mm, Type B: 29.8 x 38.5 x 3.8 mm, Type C: 54 x 74 x 4.8 mm
13



CompactFlash Type | (CF-l)
e 1995, prva pamatova karta s pamatou typu flash
CompactFlash Type Il (CF-Il)
CFast, CFast 2.0
XQb

QD

64cs

R-440MB/s
USB| 200

Obr. 15: Pamatova karta XQD.
https.//www.nikon.sk

Obr. 13: Pamatova karta CompactFlash.
https.//www.sandisk.com

CFast 2.0

SanDisk

Extreme PRO

64 Read 525MB/s
GB Write 430MB/s

Vas

! 130 San)Jisk !

Obr. 14: Pamatova karta CFast 2.0.
https://www.sandisk.com
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Rychlost ¢itania

SanDisk
PRO-CINEMA
Video Performance Guarantee class
1800 MB/s R (VPG)
Rychlost zépisu 1650 Me/s W EI) « Trvala rychlost zapisu min. 200 MB/s

N\

480.: &

* CFexpress 4.0
= * Velkost A
Kapacita San)isk

Obr. 16: Vysvetlenie znacenia CFexpress kariet.
https://www.sandisk.com
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Pamataove karty CF — zhrnutie

CFA YEAR MAX.

VERSION INTERFACE THEORETICAL
THROUGHPUT

Type A=2GB/s

v4.0 PCle Gen4 Type B=4GB/s

Type C =8 GB/s

Type A=1GB/s

CFexpress v2.0 2019 PCle Gen3 Type B =2 GB/s
Type C =4 GB/s

STANDARD ANNOUNCED

2009 SATA 2.0 300 MB/s

““ PATA UDMA Mode 7 (UDMA 167) 167 MB/s

“ PATA UDMA Mode 6 (UDMA 133) 133 MB/s /\
CompactFlash \CF/

2004 PATA UDMA Mode 4 (UDMA 66) 66 MB/s

2003 PIO Mode 4 16.7 MB/s

UCmrrV



MultiMediaCard (MMC) IIIIIIIIIII Memory Stick
e 1997 iy o i * Sony

MemoRry Stick PRO

e SanDisk, Siemens, Nokia | * Mnoho verzii/formatov: i
* Predchodca SD = * Memory Stick / <«256us e

¢ 32 X 24 X 1,4 mm Obr. 18: Pamatova karta MMC. Memory StiCk PRO

https://en.wikipedia.org/wiki/File:15-04-29-MMC-

Karte-RalfR-dscf4734-d.jpg * Memory Stick Duo / =
PRO Duo / PRO-HG Duo werstoPROmS
xD-Picture Card Sl el « Memory Stick Micro <168 wociccur-
+ 2002 — 2009 (M2)

* Olympus + Fujifilm O i B * Memory Stick XC
e 20x25x1.78 mm 16 v G
* Do2GB

Obr. 19: Pamatova karta xD-Picture.
https.//en.wikipedia.org/wiki/File:XD_card_ Obr. 20: Rézne pamétové karty Memory Stick.
16M_Fujifilm_front.png https://en.wikipedia.org/wiki/File:MSst_duo_m2.jpg



f3 — Fight Flash Fraud
* Testovanie, kapacity a vykonu

* Open source alternativa k H2testw (https://h2testw.org), ktory je len
pre Windows

* https://fight-flash-fraud.readthedocs.io/en/latest/index.html
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