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Moore &
more than Moore

Flirjes Péter

E-mail: furjes@mfa.kfki.hu, www.mems.hu
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A SZILICIUM

Felfedezd: Jons Berzelius
1823, Svédorszag

Természetes elofordulas:
granit, kvarc, agyag, homok

2. leggyakoribb elem a F6ldon

Egyéb felhasznalas...
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A SZILICIUM — mint kémiai elem

Silicon

Tulajdonsag: szlirke szin(i, fémesen csillogg,
nagyon kemény anyag.

Rendszam: 14 (1s2 2s2 2p6 / 352 3p2)

4. fécsoport / félfém

Racs: a gyémantéhoz hasonlé

Elektromos tulajdonsag: FELVEZETO

e
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A FELVEZETOK

A félvezetGSk ellenalldsa: ??? 10° - 103 1/Qcm

Hogyan valtozik a vezet6k ellenallasa a hémérséklettel?

negativ hmérsékleti egyiitthaté

Freeze out N 7
region szabad elektron o ) o,
J/ s D],
Extrinsic region . °"£O._:;:\/c§ vegyerték elektron
v B ° o0
____‘U Ao o _J. 4
félvezets AR AR LS
p(ohm-cm) Intrinsic region
_ vezetési sav ]
! szabad
elektron .
tiltott =5 | vezetési
Eg =66V P i Eq =leV iav
fém vegyertek- t%_'f vegyértek-
sav 3 sav
| lyukak
TK) i ! i—
szigeteld félvezetd féem
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Sharge
neutral region = neutral region

A DIODA

Adalékolt félvezetok: n (elektron) és p (lyukvezetd) tipus

carrier concentration
[log scale]
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A TRANZISZTOR The Nobel Prize in Physics
1956

William Bradford John Bardeen Walter Houser
Shockley Prize share: 1/3 Brattain

Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 1956 was awarded jointly to William
Bradford Shockley, John Bardeen and Walter Houser Brattain "for
their researches on semiconductors and their discovery of the
transistor effect”.

Helyettesiti az elektroncsovet.
Funkciok:
kapcsold / erGsit6 / fesziiltségstabilizalas

—" - s - e
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AZ ELSO INTEGRALT ARAMKOR

The Nobel Prize in Physics
2000

= A tranzisztor megOIdéS az Zhores |. Alferov Herbert Kroemer Jack 5. Kilby
elektronC56 prObIéméira (pl Prize share: 1/4 Prize share: 1/4 Prize share: 1/2

fogyasztés, megbizhatatlanség)_ The Nobel Prize in Physics 2000 was awarded "for basic work on
information and communication technology” with one half jointly

i i to Zhores I. Alferov and Herbert Kroemer "for developing
= Az lnteg ralt aramkor megoldja a semiconductor heterostructures used in high-speed- and opto-

diszkrét elemek kapcsolésénak electronics” and the other half to Jack S. Kilby "for his part in the
.. , , invention of the integrated circuit".
problémait (helytakarékossag).

Photos: Copyright & The NMobel Foundation
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TERVEZERELT TRANZISZTOR (FET)

A CPU és a memdria alapegysége

Funkciok: er8sités (analdg jelek), kapcsold
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AZ ELSO SZAMITOGEP
Neumann Janos (1903-1957)

""w‘:-ﬂ-. ,_ Koo

Kidolgozta az elektronikus
szamitogépek logikai
elrendezését a kettes
szamrendszert alapjan.

Alapelemei: memoria,
programtarolas, utasitas
rendszer
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A SZAMITASI KAPACITAS FEJLODESE

o The accelerating pace of change...
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HANY TRANZISZTOR FER EL EGY CHIPEN?

A MOORE TORVENY Six-Core Core i7
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1 000 000 000 Core i7 [Quad)
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INTEL CORE i7

5th Gen Intel Core Processor

Intel® Core™ i7-5600U Processor with Intel® HD Graphics 5
with Intel® HD Graphics 4400

4th Gen Intel® Core™ Processor
0.96B transistors, 131mm?

35% more 37% smaller
transistors die size

FEaal »

5th Gen Intel® Core™ Processor
1.3B transistors, 82mm?
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INTEL 2003 - 2011

90 nm 69 NMm 45 nm 32 nm
2003 2005 2007 2009

arht- g

3D TRI-GATE
tranzisztor

~
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TECHNOLOGIA: a homoktol a processzorig

-
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PLANAR vs. 3D TRANZISZTOR (intEl)'

10 ¢

14
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TECHNOLOGIA: a homoktél a processzorig (3D TRI-GATE MOS)

-
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MORE THAN MOORE

MEMS:

az erzekelok forradalma

-
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' '

M EMS: SI SZE NZO RO K _ | B | 1 - Headlamp levelling control / Interior

Ligting controls / Infotainment controls /
Instrument panel dimming controls /
Traction control / HVAC controls / Airbag
enable-disable / Tachograph mode switch
{ Mavigation system function select

2.~ Mirror mermory

.- Door position sensor

4.~ Seat:

- Seat heating control

- Recliner position sensor

-Head restraint position sensor

- Lumbar position sensor

- Seat memory position sensor [linear &
rotary)

5.- Headlamp levelling sensor / Ada ptive
frontlighting

t.- HVAC air flap position sensor

7.- Windshield wiper delay control/
Steering angle position sensor

£.- Gear select position sensor

.- Window position sensor

[.- Pedal position sensor

Suspension & chassis height

.- Thrattle position / air-intake valve

2.~ Swirl system / EGR

L.~ Liguid level sensor

15.- Power sunroof control / Convertible
hood control

1&. - Rear-view mirror actuator feedback
SEnsor

17~ Anti-collision radar

18.- Anti-pinch sensor / Aided parking

Példa: autdipari alkalmazas

=  Motor / sebességvalto
diagnosztika és kontrol

=  Elet- és kozlekedésbiztonsag

=  Komfort

—_ i i o —
P Ll 3 —

N
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| Lisa (1983): : | iMac (1998): | iPod (2001):  iPhone (2007): | iPad (2010)
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SZEDJUK SZET VIRTUALIS IPHONE-UNKAT!

2014
IPHONE 6

Szenzor Hub:

2012/13 = Nyomas
IPHONE 5 = 6" tengelyl
2010/11 gyorsulasméré
IPHONE 4 Szenzor Hub:
= Ujjlenyomat
= Giroszkép = Ujjjlenyomat
2008/09 | = MEMS mikrofon = Giroszkop
IPHONE 3 = RGB / Proximity = Giroszkép = Magnetométer
2007 COMBO = Magnetométer = MEMS Mikrofon
IPHONE = Magnetométer = Magnetométer = MEMS Mikrofon
= Gyorsulasméré
= Gyorsuldsméré = Gyorsuldsméré = Gyorsuldsméré = Gyorsuldsméré (diszkrét)
= Proximity = Proximity = Proximity = Proximity / RGB = Proximity / RGB
= Kornyezeti vilagitas = Kornyezeti vilagitas = Kornyezeti vilagitas = Kornyezeti vilagitas = Kornyezeti vilagitas

’ Hungarian Academy of Sciences = Centre for Energy Research = Institute for Technical Physics and Materials Science furjes@mfa.kfki.hu
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SZENZOROK AZ IPHONE-BAN

Kornyezeti vilagitas: ErintSképernyd: Proximity:

a képerny6 érintés Telefon tavolsagat méri a Ujjlenyomat:

fényerejének helyinformdcié a felhasznald arcatol. A HOME gombba épitett (ami Rotdcio szenzor (a normal
beallitasahoz (akku processzor Kikapcsolja a billenty(izetet zafir boritdsu) kapacitiv horizonthoz képest): a GIRO
élettartam) szdmara telefonalds kdzben. szenzor 500ppi felbontassal. adataibdl.

@ &3{““

Fingerprint  Attitude

e

Ambient Light Touch Screen
e

~ il .)h t‘-umm Spin axis y, T
V'TEI/ Gimbal Rotor G ‘
. ravity
Accelerometer __Gyroscope Moisture Magnetometer °
is AN
GIROszkdp: Nedvesség: Magnetométer: Gravitacié:
a forgasi sebességet méri a a Fold magneses terét a garvitacid iranyat
kilénboz6 tengelyek kordl. méri 3 merGleges irany méria 3D
MEMS eszkoz. mentén. gyorsulasérzékel6
szenzor adatai alapjan.

N

Hungarian Academy of Sciences = Centre for Energy Research = Institute for Technical Physics and Materials Science furjes@mfa.kfki.hu

Magyar Tudomanyos Akadémia = Energiatudomanyi Kutatokozpont = M(szaki Fizikai és Anyagtudomanyi Intézet www.mems.hu




O O O Moore & more than Moore M 25 W

— MEMS.HU
Q00 Mems/BIOMEMS vems JO000COOCO00000000000000CCO00000000000COO0O00000000000CBoooLooooooao

/ \' Hungarian Academy of Sciences = Centre for Energy Research = Institute for Technical Physics and Materials Science furjes@mfa.kfki.hu
4 N,
AN

Magyar Tudomanyos Akadémia = Energiatudomanyi Kutatokozpont = Miiszaki Fizikai és Anyagtudomanyi Intézet www.mems.hu




000

—— MEMS.HU
000 mems /BIOMEMS

nevs JO0000000O0000000000000000000000000LOOLOULLO0LOOLOOLLOoLBOoobOan

I

ES MIT HOZ A JOVO?

Moore & more than Moore W 26

Fingerprint
(iPhone 55 15t major use)

Emerging tech:
Hall Effect i gkiand
(Samsung Galaxy) S Bis
Pressure/Barometer *Gas/chemical
(Samsung Galaxy) _ UV
: *Thermal imagin
3G 4G 5G Heart rate “Ete ging

1981 1992 2001 2007 2020 (Samsung

Accel/ Galaxy)

Magneto combo :
Accelerometer o Gyroscope Temperature -
(Samsung Proximity Magnetometer  (IPhoned) Humidity RGB, proximity;
SCH-5310 Am})[ent Light (iPhone3) 3 0 (Samsung gesture
possibly 1¢t (Original Galaxy) (Samsung
application) iPhone) . Galaxy)

] i , Gyro combo
. - High performance x5 )
RGB MEMS microphones 9-axis motion
[iPtheﬂ-:l |:|Phnne4] combo
2005 20086 2007 2008 2009 2010 2011 2012 2013 2014 2015+
- N A

Apple iPhone introduced
with 3 sensors

Samsung Galaxy has more than 10
sensors, most of any phone on market

Sources:  This little motion sensorwent to the market..., Sonja Thompson, IT News Digest, March 22, 2007; Willie D. Jones, IEEE Spectrum, A Compass in Every Smartphone, lanuary 29,
2010; Consumers boost MEMS combo sensors, Electronic Product Design and Test, March 19, 2014; Samsung Turns up the Pressure on Competition with Pressure Sensor in Galacy 54,
IHS, March 20, 2013; Behind the sixth sense of smartphones: the Snapdragon processor sensor engine, Qualcomm, April 24, 2014; MEMS for Cell Phones & Tablets, Yole
Developpement, May 2012; Fairchild, Emergence of a $Trillion MEMS Sensor Market, SensorCon, 2012; MEMS Microphone Market Tops 2 Billion Units, Mobile Dev Design, March 4, 2013
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UJ MEMS ESZKOZOK = 9tengelyli COMBO
gyorsulasmérd / GIRO

= Nyomasméré
= Nedvességérzékeld
= H6mérd

A TELEFONOKBAN

(2018) P N > N S . SR = Még tdbb mikrofon
2 < & = »  Szilicium oszcillator az
orahoz

= Antenna switch

= Gaz / biokémiai
szenzor

!;\ =  Auté fokusz (kamera)

= MEMS tikrok

E:?\Zszting (PicoProjektor)
Mikro hangszoré
MEMS = Erint6képernyd
. . ® Infravoros szenzor?
UV szenzor? Joystick = Ultrahang?
LIDAR? = LIDAR
Ultrahang?
Sugarzas szenzor? = Vélemények?

%,

s
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MOORE TORVENY

2025 - ig

375,000 transistors

Two billion transistors

Moore & more than Moore W
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