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Reactive sputter deposition

Efficient way to deposit
compound films from

metallic targets;

Formation of compound
both in the film and on the

target surface;
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Berg’ s model

* A qualitative way to describe reactive sputter deposition

TiN
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2Q.+F.(1-6.)=F_6.

Qtotal = Qt + Qc + Qp
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S. Berg, T. Nyberg, Thin Solid Films, 476 (2005) 215-30.



How to avoid hysteresis?

Gas pulsing

Small target

High pumping speed
And others

And about geometry system?



TMS (GAMS = Grid Assisted Magnetron Sputtering)
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GAMS - Grid Assisted Magnetron Sputtering

* Reduction and, in some cases, elimination of the hysteresis. But
what 1s the mechanism?
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Modeling reactive sputter deposition of titanium nitride in a triode magnetron
sputtering system

]J.C. Sagas **, D.A. Duarte 2, D.R. Irala *°, L.C. Fontana ®, T.R. Rosa ?

* Technological nstitute of Aeronautics, Plasmas & Processes Laboratory, 12228-900, 5. | dos Campos, Brozil
b Santa Catarina State University, Plasma Physics Laboratory, 89223-100, Joinville, Brazil

ARTICLE INFO ABSTRACT

Available online 18 July 2011 In this paper, the so-called Berg's model was successfully employed in order to model the reactive sputter
deposition of titanium nitride (TiN) by a triode magnetron sputtering ( TMS) system. Such system consists ofa

Keywords: grounded grid introduced between the target and the substrate. The grid acts as the anode, and the glow

Berg's model discharge is formed between the target and grid. The qualitative model was compared to experimental data.

Magnetron sputtering

esl cF In addition, results from a conventional MS system were also compared to the ones from the modified TMS
Titanium nitride

system. [t was possible to observe that (a) the width of the hysteresis region is narrower for TMS for all
modeled conditions; (b} the hysteresis width increases as a function of grid-to-target distance,
© 2011 Elsevier B.V. All rights reserved.




Berg’ s model applied to GAMS
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Berg’ s model applied to GAMS

A, — effective grid area

A, - transversal area of
the sputtered particles flux
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Sputter erosion rate
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The effect of the grid

Gas consumption (sccm)
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Modeling the reactive sputter deposition of N-doped TiO5 for application in
dye-sensitized solar cells: Effect of the O, flow rate on the substitutional N
concentration

D.A. Duarte®*, ].C. Sagds?, A.S. da Silva Sobrinho?, M. Massia:P

* Technological Institute of Aeronautics, Plasmas & Processes Laboratory, 12228-900 5do José dos Campos, 5F, Brazil
b Federal University of Sdo Paulo - ICT, 12231-280 Sio José dos Campos, 5P, Brazil

ARTICLE INFO ABSTRACT

Article history: In this paper an original numerical model, based on the standard Berg model, was used to simulate the

Available online 17 October 2012 growth mechanism of N-doped TiO; deposited at different O; concentrations in the reactive gas mixture.
For evaluation of the numerical model, films were deposited in the same conditions as those used in the

Keywords: numerical approach. Films were analyzed by profilometry, optical spectrophotometry, Rutherford back-

N-doped TiOz scattering spectroscopy (RBS) and X-ray photoelectron spectroscopy (XPS). Results show that oxidation

ggf;t;::;ﬁ“m" deposition of TiN plays a fundamental role for incorporation of substitutional N in the TiO; lattice and the overall

structure of the films, aswell as, the chemical composition obtained from numerical model is in agreement

Dye-sensitized solar cells )
to experimental data.

@ 2012 Elsevier B.V. All rights reserved.




Deposicao de TiOXNy

Table 1
Reactions employed in the numerical model.
i Reaction Equation
1 Ti(s)+03(g)— TiOa(s) Q; =a§525F029{;5A5
2 Ti(s)+0(g) — TiO(s) Q = agﬁch.&;gAs
3 TiO(s)+0(g) — TiOz(s) Q) = a§45 FoB4sAs
4 TiO(s) +N(g) — O—Ti—N(s) Q= ag4SFN945A5
5 2TiO(s)+ Na(g) — 20—Ti—N(s) Qg = ﬂgstN; B45As
6 2TiO(s)+ 05(g) — 2TiOy(s) Q: = agstc.z B45As
7 2Ti(s)+Na(g) — 2TiN(s) Q = agﬁstNE BssAs
8 Ti(s)+N(g) — TiN(s) Q; = agﬁsFN&;SAg
9 TiN(s) +02(g) — TiOz(s) +N(g) Q3 =a§§5F02935A5
10 TiN(s)+0(g) — TiO(s)+N(g) 0 = ﬂggnggggﬂs
11 2Ti0(s)+0(g) — Ti; 03(s) Q= ﬂ§45F0945ﬂs
12 Tip 03(s)+0(g) — 2Ti0y(s) Q) = a355F0955A5
13 2Ti203(s)+02(g) — 4Ti03(s) >, = a2 Fo, O55As
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Fig. 3. Chemical composition at the collecting area obtained from Berg model and
RBS as function of the O, flow rate.
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Energy band-gap (eV)
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Hysteresis-free deposition of TiOxNy thin films: Effect of the reactive @msmrk
gas mixture and oxidation of the TiN layers on process control

DA. Duarte *°, M. Massi *", J.C. Sagas %, A.S. da Silva Sobrinho ?, D.R. Irala *-¢,
L.C. Fontana

* Technological Institute of Aeronautics, Flasmas & Processes Leboratory, 12228-900 5] Campos, 5B Brozil
" Fedderal University of 580 Paulo, Institute of Science and Technology 12231-280 5. Campos, 5° Brazil
 Santa Cataring State Universitg, Plasma Physics laboratory, 89219-7 10 foimville, SC Brazl

9 Catholic of Santa Catering, 89203-005 joimille SC Brazil

ARTICLE I NFO ABSTRACT
Article Ristory: This paper investigates the effect of the reactive gas mixture { Mz 4+ Oy + Ar) and oxidation of the nitnde
Received 25 February 2013 layers on the system stability dunng the reactive sputter deposition of TiOwM, thin films. The present

Received in revised form
17 August 2013
Accepted 20 August 2013

research is an extension of previous investigations conducted by Severin et al. (Appl. Phys. Lett., 88
(2006) 161504 and Duarte et al. (Appl. Surf. Sci., 269 (2013) 55—59) in which the Berg's model was used
to study reactive deposition of oxvnitrides. The results show that the addition of MNa to the process avoids
the formation of a hysteresis loop and facilitates the deposition of films with fractions of Ti0s at any
Reactive depositicn value. These achievemenis are nqt possible without this procedure. In contrast, despite eliminating
Berg's model plasma instahilities, the addition of M. decreases the mas.s deposition rate due to the modifications inthe
Hysteresis sputtering vield. Other results show that the oxidation of TiN also plays a key role in the mass deposition
TIOLN, rate and in the hysteresis loop.

T, @ 2013 Elsevier Ltd. All nghts reserved.
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