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Naparovanie
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Vyhody: lepSie pokrytie, mensSie radiatné poskodenie, nanasanie zliatin
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Technika , lift-off* Technika , lift-off*

A-expozicné svetlo - o .
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. T / /
Substrat Substrat
) ) 20
Porovnanie materidlov Porovnanie materidlov
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(eV) dielectric electron mobility down field electron  conductivity n type

constant mass  (cm? (10% velocity (W (107 v o 100
V1571 Vem™t) em K™Y em™Y) g
a
InN 0.6 ~ 0.7 15.0 004 4000 20 1.2 0.8 direct ©
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AN 62 8.5 0.20 2.0 2.9 direct g
s 11 118 019 150 03 10 L5 indirect ®
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g
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Vyuzitie

Tlakové MEMS senzory
na EIU SAV
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Aplikacie tlakového senzora Three shaft civil turbofan

® Environmental conditions
Core casing vibration 90mm

Oil system 250°C+ sec!/40gpk

di= B
[ = ~ E 350°C air temperature beneath
core covers

HPC delivery >800°C, >42 bar Turbine entry gas 1600- HP turbine blade metal
2100°C, 40 bar/600psi temperature ~1100°C

Wireless Sensors - Motivation

@ Current state of the art
1 3000+ parameters measured
on development engine
1 Miles of sensor wiring
o Cables expensive, present
risk of failure
1 Cables tie engine modules
together — difficult to
dismantle engine in case of
problem
Build and test bed change
can be long and expensive
® Wireless sensors enabling
technology for cost savings

C-HEMT senzor

Princip - piezoelektricky jav C-HEMT

Nehostinné prostredia source ®2©  prain

= odolné materialy (AIN, GaN, AlGaN) C— 2DEG.
ol L Al G ﬂ
----- i
'y

GaN oddefovacia vrstva (2 um)
7 R
oN v
2

AN vrstva (40 nm)
@G Substrat ZDEG

" Substrat 330 um

o Spontanna a piezoelektricka polarizacia v napnutych vrstvach AlGaN a GaN
[o01]

1 o Elektrony zachytené vo forme 2DEG na rozhrani AlGaN/GaN
[010]

[1oo] e Zmena polarizacie v dosledku pdsobenia externych sil

® Vyuzitie pre konstrukciu tlakovych senzorov
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SRIE of i substrale
(anisokopicICP etching
InSF, gas)

Circular membranes defined by a deep Circular membrane defined by a deep
back-side etching of i substrate back-side etching of Si substrate

AlGaN/GaN membrane Backside view focused on ring
thickness membrane with small gate area

L&

Details of patterned sequentially ring membrane Backside view focused on ring

membrane with large gate area

Tlakové MEMS senzory
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SRIE of Si substrate SRIE ofSi substate
(anisalrapic CP etzhing (snisctregic ICP etening
inSF, gas) n 6, gas)

Circular ring membrane defined by a deep A sequential circular ring membrane defined
back-side etching of Si substrate by a deep back-side etching of Si substrate
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Inducad voltage [ V]

tlak

Canlilever defleciion ampituce [sm]

Membrana + piezoel. jav

y ndboj

y na

Piezoelektrick

Dynamicky tlak (kPa-MPa)
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Princip Cinnosti Princip Cinnosti
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Procesna technolodgia

SiN Izol4cia
Drain Gate Source

Naparovanie

GaN (3 pm) Epitaxia

Leptanie

<BACK

Suciastka
LrY  BF  TLE

GaN
Si substrate T thin AN layer
{ {otch stop layer)
t
circular diaphragm
Si
=

a)
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Praskanie membran

Praskanie membran
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Experiment = kriticky tlak Experiment = o (rezonan¢na metédéﬂﬁw
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Aplikacia diamantovych vrstiev
(NCD/MCD)

CVD of diamond films

Nucleation (seeding) Diamond growth

Diamond crystal

Diamond seed

Nucleated substrate Diamond film

siabuiubuielaluiuieies 1)

i (. ‘alal

Ellipsoidal cavity resonator Aixtron P6

ais

Simulation: IAF, Freiburg
(distances in mm)

bell jar

= =
Substrate holder

vysoka pevnost’
vysoka tepelna vodivost’
nizka teplotna rozt'aznost’

3/24/2023

AlGaN/GaN + DIAMANTE:

substrat

CVD of diamond films

SEM observation:

‘ Nucleated substrate

Diamond film grown by
CVD method

Mikroziarice
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LC resonant circuit

(o}

o— 1T

(a) Series resonant circuit

(b) Parallel resonant circuit

TESLA)\
Waren

i caalli e digeing iyl Sl 3508 .ckos
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Design

On-chip inductor realization

L=[(HoN*DavsC:)/2[In(Colp)*+ C3p+Cap?]

where N is the number of turns, 1, is the vacuum permeability (411 x 107), p is the fill ratio, Daye
is the average diameter, and C,-C, are the factors related to the layout [6].

$.S. Mohan, et al., IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 34, NO. 10, OCTOBER 1999

LC resonant circuit
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High-K dielectrics

K Gap (sV) CB offset (eV)

Si 11

Si02 39 9 32
SigNy 7 5.3 24
AlyOg 9 8.8 2.8 (not ALD)
Taz0g 22 4.4 0.35
TiOz 80 3.5 0
SrTiOs 2000 3.2 0
ZrOz 25 5.8 15
HIO; 25 5.8 14
HIS10, 11 6.5 18
LagOg 30 6 23
Y203 15 6 23
a-LaAlOs 30 5.6 18

J. Robertson, Eur. Phys. J. Appl. Phys. 28, 265-201 (2004)

Processing technology

LC Heater

Evaporation

Metallization

Si (350 um)

3/24/2023

D1 D2 D3
3 different chip sizes (diamond holder) —
e A

c1

220x220 pm?
L1 L2 320x320 pm?

420x420 pm?
c2

2 different inductors (wire width) — L1, L2
L1 L2

5pum, 10 ym
c3

5 different capacitors (area) — C1, C2,
L1 L2 C3,C4,C5
ca 100x100 pm?

90x 90 pm?
L1 L2 80x 80 pm?
70x 70 pm?
C5 60x 60 um?
L1 L2
LC Heater

Hot Filament or MicroWave

/ CVD diamond

Si (350 um)

LC Heater

Metallization

Atomic Layer Deposition

7/

Si (350 um)

17
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LC Heater LC Heater

Evaporation

Capacitor

Metallization

Metallization

Inductor

Si (350 pm) 4= Etching

AutoCAD Layout

L AR Lo T
o | 18]

anchors + ﬁ

RF pads \BA‘W_] —IJL

Red — diamond
Blue — inductor
Grey — dielectric
Magenta - capacitor
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Technology

Selective area diamond deposition on Si substrates;

Evaporation of Ti(20nm)/Au(80nm) — Inductor and first electrode of Capacitor

Atomic Layer Deposition (ALD) of dielectric layer

Evaporation of Ti(20nm)/Au(80nm) — second electrode of Capacitor

Wet etching of Si

19
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El A X e E = ]

u-heater RF simulation

¢ / ﬂw T o g
o ﬂ_,_m‘ =5
[ i T layer name descripion
[, 0 popis
Inductor L_metal
Diamond
Diamond_substrate_layer
Dielektrikum ALD Diel_Layer
Capacitor Cop_botioméunderpath Schematic view of the designed planar square LC resonant circuit (chip area
- alet 300x300um?) with expanded contacts for the rf characterization (left) and the
ﬁ:ﬂiﬁ?ﬁfﬁ?am et Popis_na_cipe - SEM micrograph of the fabricated real device before diamond membrane release
elektricky nefunkcne (right).

MikroZiari€ pre vodivostny typ
plynového senzora

pn-heater RF simulation

Discrete Froquencies vs. Fitled (AFS ar Linear)

v oty P Pt
,'/ _/,f—ﬁ‘_\ Magritude 48] - Phase seg]
- \
P e . H
/ > ] 't i |\. \
NPT
RRIEER A
i T hrhanbase
b e
ffeq (0.0000kz 10 15.00GH2) « Tepelna izolacia dosiahnuta pomocou AIGaN/GaN membranovej Struktary
(vyuZitie niz8ej tepelnej vodivosti okolia)
Simulated frequency response of proposed resonant circuit: « navrhnuta topolégia s AIGaN/GaN HEMT ako Ziaricom a Schottkyho disdou
Reflection coefficient in Smith diagram (left); reflection coefficient vo funkcii teplotného senzora

magnitude and phase (right). 124
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Mikroziari¢ a senzor

Pohlad zhora

Pohlad zo
zadnej strany

MEMS senzor mikrovinného vykonu

Kontrolna a snimacia * MEMS senzora
(NATO SfP project)

Detail of MTC Device-as a “heart”
of microwave transmitted power
sensors

Integrated Sensor Single-chip

Elektrotepelna charakterizacia MEMS prvku

® Analyza citlivosti TS
(polySi/Ni tenkovrstvovy odpor)
(10 nm/80 nm)

® Analyza transportnych vlastnosti
pHEMT mikrovinnych tepelnych
ZiariCov
(AlGaAs/InGaAs/GaAs pHEMT)

0.8 um)

(Spolupraca s UI SAV, Bratislava)

3/24/2023

(NATO SfP project, VEGA projekt)

HEMT |5 L
[s|o el o |
— L Acawss I

=]

POLYIMIDE

3D model of island based MTC Cross sections of island based
device MTC device

Realizacia MEMS prvku s vysokym stupnom technologickej
naroénosti

12 litografickych masiek (~ 60 samostatnych technologickych krokov)
obojstranna litografia

submikrometrové tvarovania

vzajomna technologicka kompatibilita

vysoka kontrolovatelnost v povrchovom
a objemovom mikro(nano)tvarovani ( )

vypracovanie metodolédgie ETM charakterizacie MEMS prvkov
vypracovanie metodolégie 2D modelovania a simulacie MEMS prvkov

podiel na vyvoji 3D T-M modelu MEMS prvku — zosuladenie s komplexnou
ETM experimentalnou charakterizaciou

erzné charakteristiky a teplotna casova Stanta
MEMS prvku
electrical

optical
simulation

Device P-V Conversion characteristic
(Voltage response = 9.74 mVimW)

Temperature sensor v
Temperature [K]

00 05 10 15 20 25 30 35 40
Power dissipation [mW]

Time [ms]

earita v elektrotepelnej
konverzii prvku
« Vysoka konverzna Gc¢innost’ prvku
(Rg~ 10 KImW)
e Rychla teplotna odozva (1~1.32 ms)
uréena nezavisle tromi metédami

Device temperature [K]

00 05 10 15 20 25 30 35 40
Power dissipation [mW]
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Termo-mechanicka analyza MEMS prvku Meranie deformacie pomocou vibrometra

dium intrinzickych termo-mechanicl
stnosti MEM
(Spolupraca s

(Spolupréica s MLC, Bratislava)

Termalna deformacia prvku

@
o

HEMT |

w

* Polovodicova heterostruktura
B= =i * Metalizané systémy
« Dielektricka fixacia a tepelna izolacia

@
o

I
o

cement [um]
~

»
o

S| GaAs

Displacement [um]

T =) Zmena deformacie

Meranie deformacie - metédy
o Statické Time [ms]
— klasicka interferometria — mikrointerferometer
— autokolimaény princip
— konfokalny mikroskop
o Dynamické
— dopplerovsky vibrometer

Power mW

Meraci bod:

onfokalny 3D scanovaci mikr /plyv stratového v

(Spolupréca s MLC, Bratislava)

Konfokalny mikroskop Zeiss
3D scanovanie s rozliSenim ~ 0,1 pm v osi z

Rézne vinové dizky scanujiceho zdroja
(450-630 nm)

Tepelne riadeny MEMS
mikroaktuator

Po prvy krat predstaveny MEMS mikroaktuator
na baze tenkych GaAs nosnikov (8 um)

Schottky diode

/f Heaters-MESFETs

-—
150 pm

MEMS aktuator na baze GaAs nosnikov Aktuator budeny rf vykonom
s hribkou 8 um (pohlad z aktivnej strany)
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