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Elektronika v poc¢atcich
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Objev tranzistoru

CSR - 1949 prvni tranzistor
mimo Bell laboratori

Helmar Frank

Jan Tauc

\ e 1947 tranzistor.
(Baardcenetal)




Rozvoj elektroniky
Prvni tranzistorovy radiopfijimac na svéte 1954
Regendy TR-1
vyvinuty v Tl, vyroba firma IDEA

4 tranzistory

Barvy tranzistori vychazejl z redlneho barevneho znacens pouzder - :
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Rozvoj elektronlky

Prvni Ceskoslovensky tranzistorovy
radiopfijimac T58 /A (1958 — 1960)

e QObsahoval 27 kondenzatord, 33 rezistor( a 2 potenciometry
e \/yrobek z TESLY LanSkroun

i
- [ W0
__,-_:-';.:E A

M HIT= )
e ST o
& L r




Rozvoj vypocetni techniky

Logaritmicke pravitko
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Prvni pocitac¢

14.2.1946
Plocha 150 m?
Pfikon 300 kW
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. . o ~ . Obsahoval 17 468 elektronek, 7200
ROZVOj vypocetnl technlky krystalovych diod, 1500 rel¢, 70 000

rezistort, 10 000 kondenzatoru, cca 5 mil.

Prvni elektronikovy pocitac ENIAC ruéné pajenych spoju, hmotnost 30 t, zabiral
3 b o :
14 2 1946 83831 , spotfeba 150 kW, cena vyvoje 500 tis
Plocha 150 m? __ \Vstupivystup - démé stitky
Pracovisté vkladani Poruchovost - témé&f kazdy den vyhorelo

Prikon 300 kW programu do stroje nékolik elektronek, traduje se, ze kdyz byl

zapojen, poulicni svétla Philadelphie slabé

~ poblikavala. Do 1948 zabiralo odstranovani
. zavad az polovinu uzitného Casu.
Vypocéty a programovani
Pouzival desitkovou soustavu, byl
programovan pfrepinaci.
_a Vyuziti

:2: UrCen pro vypocty palebnych tabulek pro
::: délostrelectvo US army za druhé sv. valky,
e valka skongila dfive nezli mohl byt stroj ve
valce vyuzit., pomahal s vypocty pro vypocet
atomové bomby - vypocCty se provadely
paralelné ru¢né v Los Alamos a soucasné i
.2 na ENIACU a vysledky se kontrolovaly
vzajemnym porovnavanim)



//upload.wikimedia.org/wikipedia/commons/4/4e/Eniac.jpg

Vyvoj elektroniky za 70 let

Od jednoduchych ke slozitym elektronickym systémum
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Jak je rychly rozvoj ostatnich oblasti

1948
*Rychlost 100 km/hod
Spotreba 12 1/100 km
*Nosnost 5 lidi
*Cena 30 tis. KCs

2019
*Rychlost 16 000 km/hod?
Spotreba 0,2 /100 km?
*Nosnost 106 lidi?
Cena 3,60 KE?

T.P.Ma, The Moore’s Law and Modern CMOS
Technology, CVUT v Praze (aktualizovano)




Zvysovani integrace = zmensovani rozmeéru

'EVOLUTION IN CMOS
MANUFACTURING PROCESSES
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Porovnani rozmeéru hradla tranzistoru a viru

& S0nm

e ———

Tranzistor pro 90 nm proces Virus

« Tloustka hradlového oxidu = 1,2 nm
* Pro 65 nm proces — hradlovy oxid 0,8 nm
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Vypocetni moznosti a Mooruv zakon

Obecny tvar Moorova zakona - vypocetni schopnosti rostou 2x/2roky
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Nové elektronické struktury a principy
Beyond CMOS Devices

1. Electronic 2. Spintronic |
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Nové 3D tranzistory

Intel 22 nm procesory - ,3-D* tranzistory (TriGate) pro Ivy Bridge, SpinFET
Vertikalni tranzistory s nanodratky.

Kanal ve formé sloupeCku (nanodratek jako uzka polovodiCova tyCinka).
Hradlo nebo vice hradel - okolo sloupecku/nanodratku tvori ,obal”.

Emitor a kolektor tranzistoru jsou primo nad sebou

Vertical surrounding-gate transistor

Vertikalni tranzistorové

struktury maji Sestiboky
prufez, z nékolika materialu l 'i 't 'l -
(In, Ga, P, A|). W(Gale{‘

- Inp 7Gap 345 NW

InP barrier

Nur;emumufﬂu

Si-doped

InGaAs NW Ing 5Alp 5As

&-doping
Ing 5Alp 5As

Ingp 7Gap 3As

. outer shell layer
ndoped

InGaAs NW
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Nové polovodicové materialy + diamant

Si - fyzikalni a technologické
parametry se blizi limitnim
hodnotam

Diamant - perspektivni material
zejména pro oblast vykonovych vf
tranzistort s velkym vykonem

Power

Uplatnéni - bezdratové
komunikacni systemy vcetne
mobilnich siti, komunikacni
satelity, RF a TV vysilace,
Frequency chemicky agresivni prostredi atd.

Poznamka:

Tepelna vodivost - az dvacetinasobné prevysujici tepelnou vodivost Si (tzn.
vetSi odvod tepla a moznost Cinnosti pfi vysokych teplotach - diamantoveé
soucastky s PN prechody 400 °C)

Kodes,J.: uebni texty
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Hlavni smer vyvoje elektroniky (vcetne RF)

Mainstream Electronics vs. RF Electronics

Mainstream electronics

Transistor types
» Bipolar: BJT (few Applications)
 FET: MOSFET (Standard)

Microprocessors, memories, consumer electronics

Semiconductors
. Si

RF Electronis
(HF, GHz, microwave electronics)

Transistor types
* Bipolar
- HBT (Heterojunction Bipolar Transistor)
- BJT (Bipolar Junction Transistor)
* FET
- MESFET (Metal Semiconductor FET)
- HEMT (High Electron Mobility Transistor)
- SIT (Static Induction Transistor)
- MOSFET (Metal Oxide Semiconductor FET)

Semiconductors
* llI-V's (GaAs, InP

AlGaAs, InGaAs, InAlAs, ...

* Si

» SiGe

* Wide bandgap materials
(SiC, GaN, AlGaN)

INFODAY 2019
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Vyvoj RF tranzistoru

The Evolution of RF Transistors

| | | | | | | | | |
1000 1
GaAs pHEMT
p . u .F >
AlGaAs/GaAs HEMT. v ™ n /
GaAs MESFET. InP HBT
E 100 3 |
O . InP HEMT
e AlGaAs/GaAs HEMT
Y
“ié Ge BJT
& 10 3 1
fma
fT .
Transferred substrate

1960 1970 1980 1990 2000

Year

Important Trends:

» Continuous increase of the frequency limits, i.e. f; and f__, (llI-V’s)
* Increase of output power (wide bandgap transistors)
» Low-cost RF transistors for consumer mass markets (Si-based)

9
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Mobilni komunikace
Internet veci
Datové a senzorove site

The

INTERNET
OTHINGS

Physician!
ol Authorized users

/"—'—_‘H"‘x Sensor node @
e _.:Z:-E‘I

master node

Base statig/
g "l:

Medical Server
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1G az 2G

Generation

{
3

Device
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Specifications

1G

Year 1991
Standards AMPS, TACS
Technology Analog
Bandwidth -
Datarates -

2G

Year 1991
Standards GSM, GPRS, EDGE
Technology Digital
Bandwidth MNarrow Band
Data rates < 80 - 100 Khit/s

S G
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3G az 4G

Generation Device Specifications

3G

Year 2001
Standards UMTS /H5PA
Technology digital
Bandwidth Eroad Band
Data rates up fo2 Mbit/s

3G

4G

Year 2010
Standards LTE, LTE Advanced
Technology digital
Bandwidth Mobile Broad Band
Data rates xDSL-like experience
1 hr HD movie in 6 minutes




5G

Generation Device Specifications
G & £
5 %“ - Tear JURD-2030
.-d wm' T:nl-n:::: figital
.att g'r' 5 i;::l;:l:ﬂ: III.I::I:::.__II:I._I:I;-_II::l._II.l

e Dostupnost vsude.

Vyuziti - smartphony a dalsi
periférie (inteligentni hodinky,
fitness pasma a inteligentni alarm
pro domacnost, termostat apod).

rmp,,m“"’;‘xﬂ“‘ - * Rychlost - 4G sité staZeni filmu
4 v HD kvalité za 6 min, 5G sité za
: 6 S
l’:W‘"““"‘~‘~'i‘rn:u:-m'rI:1!.1r'-'l?'-af‘m‘l\

5G is about Communication, Storage, Processing...

22




Senzorove site v lekarstvi (BAN) - loT

Senzorova sit Typicke vyuziti:

v lékarstvi [ elektroencefalografii (EEG)
BAN (Body O elektrokardiografii (EKG)
Area Network) 1 elektromyografii (EMG)

] electrooculografie (EOG)
- Teplota, tlak

) vodivost kuze

Wireless Body Area Network

n

* Breathing
¢ Activity

- apod.

* ECG
* Heart beat

* Blood pH
. * Glucose

* Dissolved oxygen
* Carbon dioxide
* Temperature

/ BAN Body Area Network,

http://psychickeobtezovani.webnode.cz/news/ban-body-
area-network/, 8/2012

2019 -



http://psychickeobtezovani.webnode.cz/news/ban-body-area-network/

Senzorove site v lekarstvi (BAN)

Medical staff

Cloud Data hase

Internet Cloud
(Global Cloud)

Wiraless
Access Point

24



Senzorove site v lekarstvi (BAN)

| italne

2]

-

A,

Esiriguacy
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Pristupove systéemy (bezpecnost)
Senzor otisku prstu

=7 26
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Biometricka meéedia - oko

Prevod obrazu duhovky do el. podoby:

L




Biometricka média - obliCej




Biometricka média — geometrie ruky

» Tato metoda proméruje geometrii celé ruky
» Charakteristicka data obsahuji délku prstu, Sifku kloubd, tvar ruky;, ...




“NOT ENOUGH POWER IS
GENERATED”

you don’t you

generate consume
enough ! too much!

And this largely
explains the absence
of killer applications

using energy
harvesting

!
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Non
Electrical
World

Micropower System -100.WV

Thermal, Vibrational, RF, Light, Bio-chemical

2019




Elektronika versus MEMS, MOEMS

Opto- OPTIKA
Mechanika

Husak, M.: Mikrosenzory a mikrosystémy, Academia 2008

T

=T
) .
i : 2 D 1 9



Propojeni Elektronika + senzory + aktuatory

MIKROSYSTEM
(senzory+zpracovani
signalu+aktuatory)
SENZORY CUATO
vstup , Vystup Vstu / " Vystup
Neelektricke lektricky elektricI:Dky Neelektrické
signaly signal ignal signaly

),

Zpracovani

Biochemické signalu

[
i

Husdk, M., prednasky:
Senzory v elektronice

INFODAY 2019



Integrace na Cipu

integrace:

*SoC (System-on-Chip)
SIP (System-in-a-Package)
3D inteqgrace:

*heterogenni skladani ruznych integrovanych obvodu, {j.
kombinace digitalnich CMOS s paméetmi (DRAM, non-volatile,
atd.), smiseny signal, bipolarni (RF) nebo slozené z polovodicu
1-V.

Dr. J-B. Lee ,EE 7v82
Introduction to MEMS

CMOS RF

MEMS

FRAM

Chemické senzory
Elektro-optické senzory
Elektro-biologické senzory




Pressure Belt Cross Section MEMS Sensor integrated on an
MCM with Embedded Passives

High reliability MEMS device

coatin
egment 9 Tab Lead ASIC Chip

tﬂrl‘ﬂi r_/lf”ffl - - / ||I7||J—:_L i .

next Tapecarrier IEEE Bus Flip chip
lule wiring traces bonds

(Vertical scale enlarged for illustration only)

N N ]

L

“k\m “1

‘ '- ‘
s ]
ERsEitUsing M =S
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MEMS-Enhanced Jet Engine

Micro heat fins of nickel rods 150 um diameter, 500 um tall,
spaced on 1.0 mm centers on a 1.7 cm diameter rod. (LSU)

Discharge Tempearature
Flame Detector Pressure Sensor

Inlet Temperature
Pressure Sensor

Fire Detection

- EGT Sensor
p— Shaft Torque Sensor
Optical Blade Temp Sensor
Thermocouple Manifold

Speed Sensor

Torgue Sensor

Temp. Sensor

FueliQil Pressure Sensor
il Debris Monitor

Micro resonant strain gage with over 10,000x sensitivity of metal iricl
foil strain gages. Nominal sensitivity 600Hz/ustrain. (UCB) ﬁfm

36




MEMS Safe/Arm/Fuse for Torpedoes

Slapper Detonator Slapper Fire-zet
| nerlial Measursment Unit imounted on sirip-ine) Fire-set and Cplizal Charging Cicuil
Rate Semsor
h! 4
H‘,{
N
H"q
'\{'."'l.. -?
"'\-\..._,._1_.\‘-
e
Flow Siensar: T,
Pressure Differential
e

MEMS technology enables:
« 17X reduction in volume &
« 4X reduction in production cost

MEMS Exploder
7 cu in

o 1YL R S PR R

MK 48 E:l-:plt:-der
118 cuin

2019




“BioFlips"—Integrated Microfluidic
System for Bio-Chemical Assay

Biofilter with Immunosensor Microvalve

Magnetic Beads
with Dendrimer
(-

Embedded

Biofluidic *.
) Chips

38



Insulin-" ¥~ Glucose
infusion Sensor
catheter

BAN Body Area Network, http://psychickeobtezovani.webnode.cz/news/ban-body-area-network/, 8/2012

it NFODAY2019 &



http://psychickeobtezovani.webnode.cz/news/ban-body-area-network/

3.8 mm

bridge input stage I SD modulator and timing generator
A/D conversion and power supply

2019 0



Kardiostimulator

_ R Wstupni
Vysousedlo )\ Tt A SYorky

IIIIIIII
------

Anténa

-
I .
o L.
S AL !
b 8l #Legh
" : 1
P ]
£ .
-

Vi0ozZka

Baterie

Izolator
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cleKironika umozniia vznik
noveho typu kardiostimulatoru

* |ze umistiti prfimo do srdce

Capsule
Electronics case  Scavenger

|

Capsule
inner

| diameter:

6.0mm

Capsule inner length : 20 — 25 mm

Kardiostimulator
EH napajenim

Rufer,L.et al, Proc. SPIE 8763, Smart
Sensors, Actuators, and MEMS VI, 87631P




RF MEMS pfepinac pro antény

B85 AROD 800 e PECVD 4 4B W, B Ha

Frekvence (GHz)

— = .=
5 10 15 20

25

30

O Snizeni fidiciho napéti spinacu -
zavesné pruziny s mensim
koeficientem tuhosti, pouzitim
vinitych struktur s perforovanymi
rameny pro snizeni hmotnosti

O Pouziti napf. ve vesmirnych
aplikacich, napr. v pikosatelitu
OPAL v roce 2000.

O Struktura MEMS prepinace
navrzeného pro antény.

Priklad - S-parametry
* RF spina¢ s L=280 um, Sifka=80 um, Sitka spodni elektr 120 um.

« Utlum S,, v sepnutém stavu byl mensi neZ 0,6 dB v pasmu
50 MHz az 30 GHz.

* V rozepnutém stavu byla namérena izolace 15 dB pfi 20 GHz a
maximalni 20 dB pfi 30 GHz.

* Odhad kapacity v sepnutém stavu je cca 54 fF a v rozepnutém
stavu cca 1,5 pF

NFODAY2019 %



MEMS technologie

RF MEMS Switches
RF MEMS se vyuzivaji ve 4G LTE mobilnich telefonech

« ZmensSovani mobilnich telefonu — klesa kvalita, nutno vyuzivat kvalitnéjsi soucastky
(MEMS)

« Laditelné antény a filtry, spinané kondenzatory pro antény pro front end 3G and 4G
telefony

+ laditelné RF MEMS filtry a antény snizi souCasné ztraty signaluo 3-5dB v
pasmech 700 MHz az 2,7 GHz.

Cavendish Kinetics

» Pouziti v Samsung
smartphonech

- Laditelné RF MEMS S S
flltry d antény Sn|’2|’ Actucl Performance
soudasné ztraty signalu s : D AR G E
0 3 - 5dB v pasmech E o, | H.
A4 = ‘\:_'Il.lll:j:.:;
700 MHz az 2,7 GHz. : > E, Y Adapivent

1996 2000 2004 2008 2012 2016




MEMS technologie
Integrovany RF MEMS laditelny filtr pro multipasmova radia

» Integrace pasivnich soucasti (spinaCe, laditelné kondenzatory, pevné MIM
kondenzatory, induk€nosti s vysokym Q, dalSi pasivni RF/mikrovinné prvky)

» Integrace s aktivnimi prvky (CMOS obvody, senzory, RF MEMS soucastky)

f‘.,::-s-.ﬂg 2 D 1 9 http://wims2.org/report/projects_all.html|?id=hfm
bl st



Aplikace senzoru

Comfort
Atmospheric Humidity/ Airquality  Angular rate Light sensor Raim sensor  Microphones/ Inertial/ipressure Tankitire
pressure sensor temperature Sensor {Mavigation, {Automatic light, {Wash/ displays (Central locking, pressure
ﬁtrﬂﬂﬁﬂjlsslﬂﬂ controf, {Adr condition ) [Adr condition) lilt, chassis) air conditianing ) wipa conlrol) {Communication) theft protection) {On board
motranic ) % 5 F, diagnostics)

_ S \ | 7 /
Manifold absolute i | / ! /I Tilt sensor
pressure sensor \\ \ ,f"r (headiamp
(Electronic diasel X ; %, I aiming,
conirol, motronic) \\ M ", b securnity )
B
Knock sensor "
{Matronic) e
s

Mass air flow sensor ™
{Motronic - alr intake) “ \\
Angular position \\
SEnsor ke =
{Motronic — cam and ""m,x_ -
crankshaft posiion) e \\
Plezo actuator ™~
(Fugl injection) T

Rotational speed sensor __
(Electronic ransmission —
contral, matronic)

Oil gquality sensor
(Transmission

and engine) CMOS camera

Soot sensor — ™, \ (perking &id)
(Motranic — exhaust) FFH__..-"J ™ [ineriial weninots
High pressure sensor #-r”"f- % k. imrh':ig and
(Fuel injection system, : \ stability control)
comman fait) \ Out of position
Oxygen sensor ) \ ;‘f,’;f,;ﬁ
{Motronic - lambda) 3 ! \ \ \\ )
! ! \ N .
Pedal position sensor / ! { ‘-.,I \ h Seat occ L;[;a" r;coj:
(Electronic accelerator, ;’r | { 3 b \\ {Airbag)
electra-hydraulic brake) / ! ! b b b
. Radar 77 GHz Infrared  Radar 24 GHz Steering wheel Rotational speed Pressure sensor Yaw rate  Angular rate
Powertrain (lateral contral,  (Might vision  (Pre-crash, angle sensor (Antilock braking  (Vehicle dynamics, {Electranic SENSOr
abslacle delection) system) parking aid) (Vehicle dynamics} system) crash detection) stability program)  (Roll over)

[ avda v
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Senzor dotyku zad Senzor dotyku zadni

Senzor
stereozvuk

Senzor dotyku hlavy

IR komunikace |-

>

IR detekce LA
objektl ' == N Senzory dotyku

koncetin

Senzor svétla Senzory silové

zpétnovazebni ve

Ustni senzor | 14 servech
Mikrofon 2=
Senzor prstd SﬁnZOf Husdk, M.: Mikrosenzory a
a chodidla naklonu mikrosystémy, Academia 2008
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Taktilni senzory

48

INFOD 511\};2019 Husak, M., prednasky: Mikrosystémy



