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ATP in aller Kiirze

Seit 1991 stellt ATP industrielle Speicherlosungen her

A LEED-certified green building, slated for operation in
2025 2H at Ciaotou Science Park In Kaohsiung, Taiwan

Marktsegmente, die ATP bedient:

m Enterprise Storage

® Automation

® Transportation

m Networking/Telecom
m Healthcare

® Retail / POS

m Automotive

m Military/Aerospace
® Test & Measurement

m Surveillance & Security




" ATP in Thomas Krenn Systemen

= ATP Produkte findet man uberall dort, wo Kriterien sich von
Mainstream-Produkten unterscheiden, beziiglich:

Langzeit-Verfugbarkeit
Erweiterten Temperaturbereichen

Legacy Formfaktoren
Erhohten Anforderungen an Robustheit und Ausfallsicherheit

e Temperaturbereich

*M.2 NVMe
e Verfligbarkeit
e Ausfallsicherheit e Legacy

e DRAM
e Langzeit verfligbar

e DDPM / Qualitat

O
O
O
O
o GleichmaBiger Performance
e M.2 SATA / mSATA *M.2 & 2.5“ SATA
e Langzeit verfligbar e Temperaturen
e Ausfallsicherheit e Legacy

* mSATA / 2.5 SATA




Embedded:
Okay, 16% left,
will performance
go down now?

Consumer vs. Embedded Storage

Consumer:

Damn, | need to
clean up my drive,
why is it packed

like this?
Next drive will be

If | write total
capacity 3x a day,
will it fail in my
warranty period?

This PC - O X

puter View O

(7]
O This PC v O Search This PC O gl
OQ- Local Disk (C:) 8 sggem (03 A
)
o

= e
/3 3D Objects ~ 18.5 GB free of 111 GB ~ b GB free of n::O

That drive got

o . .
I Desktop i Bl hot, WI- Il throttlmg
%] Documents o : - 1 kick in?
13.0 GB free of 23.7 GB
‘ Downloads o EO
D Music Local Disk (G:) Local Disk (H:)
| S—| =
&= Pictures o .y 501 MB free of 917 MB ) 120 GB free of 143 GB v HOW can I delete
17 items A= E the data so it’s not
7

recoverable, ever?

Took me a year to
qualify the drive, can |
still obtain a new one?
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" Die Essenzielste Frage fur Storage:

= Was soll die SSD aushalten, wofiir wird sie im System genutzt?

Datenspeicherung Datenlogging Ring Buffer / Cache

e Endurance ist e Endurance sollte e Endurance e Endurance, gemessen
irrelevant dem Daten- e Temperatur in in DWPD

e Temperatur kann volumen in der e Gleichbleibende * Niedrige Latenz
wichtig sein Lebenszeit Performance iiber . Performance

e Data retention, entsprechen Temperatur und e %Life Uberwachung
wenn das Gerat e Temperatur der gesamten
haufig und lange o Leistung Kapazitat-
stromlos ist e PowerlLoss entsprechend des

Protection Datenaufkommens

als Minimum

MLC/ TCL'COder sar MLC / TLC TLC / pSLC OSLC, SLC
5
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: Technologien kurz erklart

In SLC ist eine Zelle geladen oder nicht, 0 or 1

Charge states In MLC werden zwei Bit gespeichert, wie folgt:

o 0/0=0
o 0/1=1
1 o 1/0=2
o 1/1=3
o Inklusive der Entladung, also 4 Ladezustande

TLC speichert 3 Bits, also 8 Ladezustande
QLC hat entsprechend 16 Stati

= Stellen Sie sich eine Zelle wie einen Eimer vor, der von einem
Hahn auf ein Level gefiillt wird

= Zwei Faktoren bestimmen den Fiillstand:
o Zeit
o Druck

=
[
]

= Oeffnen Sie einen Hahn tausende Male, verschleiB3t dieser:
o Der Fllstand verandert sich (iber die Zeit
o Bitfehler treten auf
o Leichte Varianz wird korrigiert, doch es gibt natirlich Grenzen

SLC MLC TLC QLc




Why do all these Technologies exist?

Consumers are never happy with prices, ask more capacity for less money
Semiconductor suppliers have several ways to achieve higher density at a lower cost:
o Shrink technology, so more dies fit on one wafer
o Improve yield by modifying the process
o In case of memory, store more bits per flash cell
MLC was just the beginning, technically much worse than SLC
o 60-100k P/E cycles vs. 3-8k P/E
TLC started with 1500 P/E cycles, but improved.
o Today, ATP specifies Micron 176 Layer flash up to 11k
QLC starts at 500 P/E cycles
o for most embedded applications unsuitable, the reason ATP has no QLC products yet

Memory Market is driven by consumers, which ignites innovation and cost-down efforts
o The embedded market is significant, too. 90% of CPUs are embedded. But memory capacity is lower overall.
o Suppliers like Micron and Kioxia maintain hand-picked technologies for 4-5 years,
mainly when they have own (embedded) business for these.

o 176-Layer Micron TLC flash for example is only for embedded, higher P/E (5k)
and avaliable from 2024 until 2030




“s Product Lines

Superior Value Momentum
Mid-range endurance, Mid-range endurance, Balanced Performance,
enhanced ATP mainstream mainstream
feature set feature set feature set

Premium
Feature/Description Uncompromising

endurance/performance

NAND Type / Configuration

Data Integrity

Under Sudden Power

Fail In-Flight Data Coverage

Extended Commercial Temp (-20°C to 75°C)!

Industrial Temp (-40°C to 85°C)!
Customized HW Feature
Customized FW Feature

Customized Validation/ Testing Flow

Fixed BoM
Longevity
LTB/LTS 6+6 6+6




Produktserien — Bestandige Nomenklatur

N 651 S

Interface

N: PCle (NVMe)
A: SATA

B: USB

I: PATA/IDE (CF)
S: SD/microSD
E: e.MMC/eMCP
U: UFS

Endurance

80: SLC

75: High Endurance pSLC
70: pSLC mode

65: High Endurance TLC
60: Native TLC/MLC

50: Native QLC

40: Read-Intensive NAND

Technology
lterations

Reserved to

define Core
technology/interface
generation change

Product
Line

P: Premium
S: Superior

V: Value

M: Momentum

Temperature | Series

c: Commercial a: Automotive

i: Industrial S: Securstor

a: Automotive e: Industrial Enterprise
w: Extended
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Performance Cached

SPEED

SSDs koenen 2 Cache-Stufen haben, DRAM und SLC Cache
Leistungsabfall Giber die Belegung der Kapazitat sieht so aus:

7000 MB/s

5500 MB/s 1

5000 MB/s 1

4500 MB/s 1

4000 MB/s 1

3500 MB/s

3000 MB/s

2500 MB/s

2000 MB/s

1500 MB/s 1

1000 MB/s 1

500 MB/s 1

0 MB/s

2234 MB/s

726 MB/s

| M”

842 MB/s

6659 MB/s -
6500 MB/s 1
6000 MB/s - 6502 MB/s
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0GB

200 GB

400 GB

600 GB

800 GB 1000 GB 1200 GB 1400 GB

1600 GB

1800GB 2000 GB

DRAM / SLC pCache aktiv.
Die “Bis zu” Angaben...

pPSLC Cache aufgebraucht,
schreibt nun TLC mode

Re-organisiert den pSLC Cache
parallel zum Schreiben von
Daten
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Performance with no pSLC Cache

SPEED

Das selbe Laufwerk, nur wurde kein pSLC Cache konfiguriert

Das Ergebnis ist eine konstante Leistung iiber die gesamte Kapazitat, Praparieren der SSD

vemeidet sogenannte Garbage Collection und Einbriiche

2500 MB/s
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2000 MB/s A

1750 MB/s -
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1000 MB/s -
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0 MB/s

2101 MB/s
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2183 MB/s

0GB 200 GB

400 GB

600 GB

800 GB

1000 GB

1200 GB

1400GB 1600 GB

1800 GB

2000 GB
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Legacy Storage Interfaces

SATA - literally no development since years — SATA3 is the latest
o 600MB/s is the limit, practically it's net rather 560-580MB/s
o Used in 2.5% CFast cards, M.2, mSATA
o Vendors pull back from SATA market, in consumer SATA is dead already
o Capacities are (more) limited in SATA, due to the controllers
USB - revised every few years — USB3.2 is the latest, USB4 coming
o 20Gbit / 2.5GB/s is the theoretical limit
o Connector Type A and C o2

r T KT Ay
o Used in USB sticks, eUSB drives, some M.2 have USB as 2" interface (Key A & E) \«/ %

PATA — aged interface, discontinued
o 133MB/s with DMA
o Used in Compact Flash Cards still
= SD - no further development
o UHS I supports up to 104MB/s
o UHS II & 3 have additional contacts and go up to 312 / 624MB/s, in theory

o SD express, based on PCle, is the successor to this interface, but no adoption in the market is seen apart
from camera vendors or embedded systems. It could drive 985MB/s but is largely outperformed by
CFexpress — which became adopted in the market, e.g. by Sony and Nikon




Newer Storage Interfaces

= eMMC

Think of it like @ MMC card (predecessor of SD/USD) to solder down

HS400 means up to 400MB/s, reality is more in the 150-300MB/s range

All products must support native and pSLC mode for flash, configurable by end customers.
153-ball / 0.5mm ball pitch is the most common, next to 100 ball, 1mm pitch.

= NVMe

PCI Express is the base technology, a direct connection from peripherals and CPU :)Cl >>
NVMe is the protocol to address drives. (Non-Volatile Memory Express) EXPRESS®
Available as M.2, U.2, U.3, E1.S, CFexpress, BGA SSDs and in different generations (Gen1-5).

Gen3 and 4 are current technologies, having 1 and 2 GB/s bandwidth per lane

Drives have up to 4 lanes, resulting in 4 / 8 GB/s, Gen 5 has 16GB/s. Each Generation doubles bandwidth
Performance of drives is limited by flash speed, no longer by the interface.

Industrial controllers have up to 8 channels to address ICs, with up to 64 Chip selects to operate in
interleave. The limitation of mainly write is <4GB/s sustained(!), so Gen3, 4 and 5 perform equally.

o NVMe drives are power-hungry, which often leads to thermal issues in embedded. It may make sense to
operate in Gen3 to save power, or even just configure 1 or two lanes to limit the bandwidth.

O O O O

O O O O O O 0O
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“= Lebenszyklus
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Wenn man funf oder mehr Jahre das gleiche Produkt bauen mochte:

Production Production Phase

e m——

Design Phase

—— ATP Support Focus Sustaining Phase

Consumer Electronics Phase Out

Complete Process Ownership

o R \ 1= R
" | } | Q\ - 30k:(0
— / &_ =] — g \G
Partner Obtain Dice and Stack Pack Screening Use own PCB
production screened manage needed ATPIC's onlIClevel designs, 3D
roadmap Lotsof wafermap Densities Solder Inspect
wafers

D01

Jqnnnnnnl

Manufacture
in 1000 ppm
N2 Reflow

— =]
=} © v
— % — 1 1 Vv -
eSanaaal (@ D) v -
Apply Automated Customize
custom testing of Solutions
Firmware all areas



.Zusammengefasst, was bietet ATP?

Produkte mit langem Lebenszyklus

Fiir verschiedene Anwendungen passende Produktlinien

Hohe Qualitat in Fertigung und Komponentenauswahl

Planbare und kommunizierte Migration zwischen Generationen

Technische Finessen, um bekannte Probleme im industriellen Einsatz zu bewaltigen.

Engineering / Technischen Support in Europa

Aussergewohnliche Schreibleistung, bzw. Haltbarkeit in den Superior und Premium Produktlinien
Technisch versiertes Personal, das gerne berat und die Optionen erlautert.
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