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1. Motivation
Why is the system B-C-N interesting for research and deve lopment ?

2. PECVD Coating process

PECVD systems
Which precursors are used ?

3. Boroncarbonitride (BCN) layers
Characterization (ERDA, IR, TEM, Hardness, wear resis tance)

4. Conclusions / Outlook
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1. Motivation

The B-C-N system:
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2 Modifications:
CUBIC c-BN / diamond = hard
HEXAGONAL h-BN / graphite = soft / lubricating

similar structure and outstanding properties
high potential for applications
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Applications for BN:

c-BN: cutting tools, abradant medium, insulator

1. Motivation

h-BN: high temperature lubricant, high
performance ceramics, diffusion barrier,

insulator, coating on fibre reinforced composites
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Advantage compared with carbon:

Better oxidation behaviour !

» c-BN (stable on air > 1000C /
Hardness is constant up to 600C)

 diamond (stable on air < 600C)
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1. Motivation

Results so far:

Deposition of h-BN layers using PECVD

Suiteable deposition parameters to produce h-BN layers o n silicon are found!

Characterization of composition (EPMA, ERDA) and stru  cture (IR, Raman, TEM)

Goal of our work:

Combine the outstanding properties of carbon and BN in a B-C-N coating!

Transfer and improvement of the h-BN deposition techni gue for BCN layers
Using PECVD to produce hard and self lubricating BCN lay  ers on Si and steel

Characterization of composition (ERDA), structure (IR, TEM) and mechanical
properties (hardness, wear resistance)
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2. PECVD Coating Process

microwave generator

Technical data:

plasma__|
gas inlet « Base pressure 2*10 -8 mbar
recipient * Process pressure 1*10 -2 mbar
Load-Lock
chamber REOCUESON » Microwave power 0 — 800 W

injection
* RF Power 0 — 100 W

e substrate temperature up to 800C
turbomolecular

pump e process gases: Ar, N ,, H,, NH; etc.

substrate holder heatable up to 800°C
with RF electrode
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2. PECVD Coating Process

Trimethylborazine Triethylamine-borane
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3. Boroncarbonitride layers

Layer composition (ERDA):

MW-PECVD [TMB + N5 + CgHg]
MW-PECVD [TMB + N>]
MW-PECVD [TMB + Ar]
MW-PECVD [TMB + Ar + C gHg]
GD-PECVD [TEAB + Ar]
GD-PECVD [TMB + Ar]

e carbon content is influenced by
benzene flow, type of precursor and plasma gas

Q0O EEO M

» with TEAB as precursor
carbon rich layers are produced

 carbon replaces nitrogen in the layer 40

Nitrogen 50 0 Carbon

5

60

Composition of the layers measured with 10

ERDA in the ternary BCN phase diagram. 100,

The elements were standardized to 100%. 0 0 2 30 40 5 60 70 8 9 100
Boron
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p-TOF [Kandle]

2000

3. Boroncarbonitride layers

* N0 oxidation on the surface

* H contents up to 23 at% are found

* depth profiles show a homogenous distribution of
the elements B,C,N,H over the layer thickness

4 010"

7500

T~

E500

B0 o

5500

._'_._._,_F--'FE 1B
B
G

\q

s fum-%ﬁvﬁuﬁ xh,aﬂw«"mﬂr“ﬁu (

30x10" | -
= *v’f m }?;I
= [
£ \i \
1
IntEnsizet E zlnxlﬂ-'l = iy, Pl et ity e b | {
= A
100 2 ke
56 z . \ |
|
32 , u\D’c\:_n_u_u'u-D"n"u-n“'ﬂ’““ﬂ—H—ﬂ ,‘:._WA:[_"‘:| ]
1.0:210° =

0o

¥ A i 5 o e T o,
T—a F T UL T
1000 2000 3000 0.0 5.0x10" 1.0x10" 1.5%10" 2.0¢10"
Energia [Kanile
gie | ] depth [atams cim™]
Technische Universitdt Chemnitz  Institut fur Che  mie  Professur Physikalische Chemie  StraRe  der Nationen 62

09111 Chemnitz




N
o
|

w
o
!

3. Boroncarbonitride layers

H content [at%]
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Influence of H dosage

* no significant influence on layer
composition in the examined range

* H dosage has a positive effect on
layer stability

Influence of benzene dosage

* H content slightly increases
Effect is low in comparison with TMB

TMB is main hydrogen source!

Influence of substrate temperature

» Substrate temperature is (beside TMB
dosage) the main influence on the
hydrogen content of the samples
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3. Boroncarbonitride layers

Infrared Spectroscopy
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3. Boroncarbonitride layers

Infrared Spectroscopy
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3. Boroncarbonitride layers

TEM pictures : TEM picture of a BCN layer on Si (300T substrate tem  perature):
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3. Boroncarbonitride layers

TEM pictures : TEM picture of a BCN layer on Si (500T substrate tem  perature):
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3. Boroncarbonitride layers

TEM pictures : TEM picture of a BCN layer on Si (800T substrate te  mperature):
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3. Boroncarbonitride layers

Hardness measurements

* Hardness and Youngs modulus
correlate with substrate temperature
and the H content

Reasons:

« disturbed BN structure with orientation
perpendicular to the surface

» more cross-linking of the layer
elements due to the reduced H content
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Bias voltage [V]
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3. Boroncarbonitride layers

Deposition on high speed steel

substrate temperature [C]

2. Temperature RT to 300C

Higher values ® layer damage (stress)

mie

Professur Physikalische Chemie

StralRe

der Nationen 62

0 100 200 300 400 500 600 700 800
0
-100 -  optimal bias voltage : - 400V
B B [ ]
-200 | = | i " * Youngs modulus ca. 140 GPa
-300 - i E E i [ ]
400 | m g ] 160 -
T 140 - . w--kccocA
-500 - . . & 120 - A A
@ 100 - s =
-600 | = . 2 80 -
S 60 . A Si/500C
-700 - o 40 Io’ m steel / 300C
c .
Process window for steel substrates: s 4 A SIT300C
1. Bias voltage -100 to -450 V 0 200 400 600 800

negative Bias voltage [V]

09111 Chemnitz



3. Boroncarbonitride layers

REM picture :

» Smooth and dense layers without
visible pores

HRTEM image:

» weak lamellae structure
» perpendicular to the substrate surface
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3. Boroncarbonitride layers

Thermo shock tests:

Hydraulic- Temperature: 550+20C
cylinder Contact pressure: 78 MPa
Hold time/Pause: 5s/10s
Antibody: HS 6-5-2
probe — Cooling gas: Air
Protective gas: Ar
Cooling gas Number of cycles: 500
Antibody —
furnace |
Protective gas |

Samples show no crack initiation or
other layer damages after 500 cycles
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3. Boroncarbonitride layers

Annealing tests: 1. 500 € Ar/ Air - 1 hour
2. 700 € Ar/ Air - 1 hour
3. 1000C Ar/ Air - 1 hour

- BCN layers with C contents < 25 at% are stable upto 70 0T in Ar or Air!
Different carbon incorporation with benzene dosage?

H content decreases to 8 at%
IR / Raman spectra are not influenced in the range from 400 up to 1600 cm -1

Wear resistance test:

In comparison to steel on steel — no lower friction coeff icent
but lower abrasion on the Antibody (factor 267 - 550)
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4. Conclusions / Outlook

Deposition of BCN layers

« stable BCN layers on silicon and steel substrates can be d eposited using
TMB as precursor

 carbon content is adjustable with additional benzene dosa ge

« combination of microwave plasma and substrate bias is nec essary

* H contents up to 23 at% are found, decreasing with high er substrate temperatures

» Hardness / Youngs modulus correlate with substrate tempe rature / H content

* Hardness / Youngs modulus values up to 22 /173 GPa ar e obtained

Expected results in the next time;:

* XPS and Transmission Electron Diffraction — layer struc ture and atomic bonding
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