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Charakterystyka napieciowo-pradowa wyladowania elektrycznego w gazie [41]







Barwy stref §wiecacych w wyladowaniu jarzeniowym [36]

Swiecenie katodowe Jarzenie ujemne Swiecenie dodatnie
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Coating system

Pump Coating setup
Pump valve &

Pressure gauge

¥ Anode / +

Control unit

Gas supply (MFCs)
Pressure measurement
Timer

Gas / power supply
(control unit)

HV Pulse Generator

Plasmastrom (ungeregelt)

Pulse width (5-20 ms range

Pulse frequency (20-550 Hz) Supplier:
Diener Electronic GmbH



System specification

Power supply: 25 kV, 20-550 Hz pulsing, 5-20 ms pulse width
Gas supply: 0-40 sccm gas flow (nearly all gases useable)
dosing vapours by bubbler unit (e.g. HMDSO, metal-organics) and
use of carrier gas
Vacuum conditions: working pressure: 0.2 — 1.4 mbar

Pulse shape:

LeCroy

e

500 ps/div

?

2 kV/div
200 mA/div



Operation / plasma emission

Cathode glow Anode giow

| Negative glow Positive column striations

e |77 T 5}
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| | Dark region

—

Faraday dark space

Crooke’s dark space



Background - Discharges
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Background — discharge
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ZUr Il’umpe
Grundzustand angeregtes Atom strahlung

Electrical conduction in gases — ionization and radiation phenomena



Background — Glow discharge

P Aston’scher Dunkelraum:

Wenige Elektronen, zu langsam zur Anregung

Glimmbhaut: Hohe Ionendichte, Elektronenenergie reicht zur
Anregung (nicht ionisation)

Hittorf’scher (Crook’scher) Dunkelraum: Elektronen
werden weiter beschleunigt bis zur lonisationsenergie
Negative Sdule (Glimmlicht): Tonisationsfront, Licht durch

Rekombinationsstrahlung

i E Lx} . Faraday’scher Dunkelraum:
/:|-—+ \\_ o x Geringe Elektronenenergie als Folge inelastischer Stdfe an der
- ~ > [onisationsfront, freie Weglange kurz, Feld klein und nicht zur
= p —— b Anregung ausreichend

versch. Dunkelriume ¢ Positive Saule:

- Quasineutrales Plasma (Zn; = n,), kleines elektrisches Feld,

L
+

V /‘ '.'I“
[ Spannungsabfall durch elektrischen Widerstand
E:EE 1 Anodenfall: Negative Raumladung
Kathode || Anode
W o
1. Kathoden- negatives pos. Saule anod.
chicht Glimmlich Glimmlicht
Aston‘scher Hittorf‘scher Faraday'‘scher

Dunkelraum



Background — Glow discharge

Kathode Anode

7,
- / 1
Kathode / & || Anode
1. Kathoden~ negatives pos. Saule anod.

schicht Glimmlicht Glimmlicht

Quelle: http://w5jgv.com/rife



Background — glow discharge

Input energy (kinetic energy)

- v

Inelastic collisions Elastic collisions Dielectric loss

/\ | >
lonization -{— Excitation - ————— :
N;___:L‘ﬁ _______ _|
|

Recombination Recombination Step Reabsorption
at wall in gas excitation in gas
Radiation 7}

UV/IR/VIS Heating of gas

o and walls
radiation

Energy conversation in positive column of glow discharge plasma



Background — glow discharge

Kathode Dunkelrdume Anode
lonenstrahl \ Kathoden-
o trahl
Kanalstrahl \ >1rd

: ! Striations






























Technika limit detekcji zakres wykr.
pierwiastkow

0,1-1 % at.
0,1-1 % at.

0,1 % at.

0,1 % at. >C
0,1-1000 ppm wszystkie
0,1-10 ppm >Na


































STEM - skaningowy, transmisyjny
mikroskop elektronowy

=

S
o

SEM - skaningowy mikroskop
elektronowy

~
S
&

FIM - polowy mikroskop jonowy

REM - refleksyjny mikroskop
elektronowy
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—
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<
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PCM - mikroskop z kontrastem
fazowym

10° 107 ¢ [,STM - skaningowy mikroskop
Pozioma skala tun el Owy




Thermionic electron gun This is the type of electron
gun used in most electron
Filament microscopes. It is robust,
relatively cheap and does not
Bias
. require an ultra high vacuum.
resistor
I—l:l |:|—|7 In the thermionic electron
Wehnelt gun, electrons are emitted
eylinder o - from a heated filament and
10-1000kV then accelerated towards an
o+ anode
Crossover
— —— A divergent beam of electrons
Anode - emerges from the anode hole.
earth potential
Field emission electron gun T ———
very strang electric field (102
Vm') is used to extract
E electrons from a metal
Field — filarment. Temperatures are
emitting ti — lower than that needed for
] T SI_EEN thermionic emission.
Grid
This gives a much higher
| | | source brightnass than in
Anode thermionic guns, but requires
a very good vacuum.
Crossover




Lens C2
Apertuns

Overfocused
Focused
Underfocused

Focused:
illuminated area is at
a minimum
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Intermediate
lens

Focal length: 105




Specimen

Objective
lens

A

Diffraction pattern |

Bright field
image .

TEM
LAB




Objective
lens

Diffraction pattern |

Low
resolution
dark field .

image

TEM
LAB




r;

Objective
lens

Diffraction pattern |

High
resolution
dark field .
image

TEM
LAB







416nim

intermediate

34 1nm

buffer 3
buffer 2

buffer 1

substrate




=
a
o
o

>
S,
n
4+
c
>
o
(&)
>
@®
S

1
X

50 60
layer depth [a.u.]
















Residual Stress Without the Strain

- Real-time holographic hole
drilling efiminates strain gages

- Windows based software

- Results in under 5 minutes

- Fully integrated systems

Hologram Obtained from
— Residual Stress Measurement

Closeup of the PRISM Residual Stress on a companent
Measurement drill setup

-
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Incident Beam

Incident Slit
















Micro-Combi-Tester

Pomiar twardo ciimoduuspr Yysto cCi
Dynamiczne wg bnikowanie

Parametry urz dzenia:

*Rodzaje wg bnikow: Vickers- k t piramidy 1369
Berkovich- k t piramidy 65°

«Zakres nastawy siy obci aj cejwg bnik: 0.02- 30[N]

Dok adno pomiaru g boko ci penetracji: 0.3nm







Metody wyznaczania mikromechanicznych w a
materia Ow oraz cienkich warstw

Micro-Combi-Tester

Mo liwo ci:

*\Wyznaczenie twardo cii modu u Younga

mi kkich, twardych, kruchych oraz

ci gliwych materia 6w

*\Wykonanie scratch-testu- testu zarysowania
*\Wykonanie testu ,ball on disk”- testu zu ycia

CIWO Ci




Micro-Combi-Tester

Scratch test




Parametry mierzone i rejestrowane w funkcji drogi z  arysowania:
*Si a normalna Fy obci aj cawg bnik

Si a oporu F; stawiana wg bnikowi podczas ruchu

*Profil powierzchni prébki P

G boko penetracjiwg bnika w czasie ruchu roboczego Pd

G boko rysypoodci eniu (tzw. wielko powrotu spr ystego) Rd
*Emisja akustyczna AE

l Detektor akustyczny

warstwa

<

Przesuw probki podo e




Coating

/ Tangential force
—
Substrate

Scratch channel

|

Sample motion

ACCOUSTIC EMISSICH (Arb Unit)




Fhoze Mo, -7 Nrzoctor-

cratch on hard dis
ead-write head
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G boko penetracjiwg bnika
















Si a normalna

enie normalne?

Pojemno ciowy
czujnik
przemieszczenia

Obci

Powierzchnia probki

Przemieszczenie, h




Analiza w asno ci odkszta ceniowych

Modu spr ysto ci ‘ Mikrotwardo

Er- Zredukowany modu spr ysto cCi

2
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enie normalne
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Przemieszczenie, h




Wg bnik

Powierzchnia profilu
przy maksymalnym
obci eniu




RO nica pomi dzy standardowym pomiarem twardo ci
a pomiarem przy u yciu MCT

AN
©

Kszta t odcisku




Badania tarciowo- zu yciowe w styku kula- p aszczyzna

Skojarzenie testowe w ruchu a)obrotowym probki, b)post powo-zwrotnym
probki.
1- przeciwprobka; 2- probka




Parametry bada (ruch post powo- zwrotny):
*Obci enie, Fn I\

Pr dko przesuwu stolika, v 4mm/min

D ugo drogitarcia, s 2mm

sLiczba cykli, N 100

Parametry bada (obrotowy):

Obci enie Pr dko Pr dko Liczba cykli, Promie
Fn[N] liniowa, obrotowa, N umieszczen

v[m/s] n[obr/min] ia kuli,
Ry[mm]

0.5 0.03 610) 5

1" 4.5




Twardo Leeb
HL=1000 B/A

Przed
uderzeniem

Twardo metod Leeba



































































residual-stress caused micro-cracks

Austenite steel substrate
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mcrack {111}
















32 layered Ti/TiN coating

[111]TiN 11 [001] a-Ti
1,0,0 Ti
2,-1,0Ti

1,-1,0Ti




TIN

interface
Ti
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IS/ It poSSIvle o reduce the amount of soft metalic pnase
oL |00SINGL e contrel en Weal?2?










coating

Penetrator

D ——

Direction of the sample movement

Surface of the coating
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