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The deposition of Cu on polytetrafluoroethylene surface assisted by the Ar ion beam with the temperature of

1 keV is investigated numerically. Ar ions provide the kinematic mixing of Cu atoms and atoms of substrate form-
ing the connecting 10 nm layer of mixed material. This layer can ensure a good adhesion of Cu films deposited on

polytetrafluoroethylene.
PACS: 79.20 Rf

INTRODUCTION

The use of flexible circuits has become quite wide-
spread because of their low cost, ease of assembly in
interconnection systems, and the low volumes that they
occupy [1]. Flexible circuits are most commonly used in
board-to-board, board-to-chip, and chip-to-chip connec-
tions in packages having limited space and stacked rigid
boards, thus requiring three-dimensional connections.
Flexible circuits are largely used in portable electronic
products, such as notebook, mobile phone, personal
digital assistant, etc.

One of the applications for flexible circuits is high-
frequency circuit film, which is a printed circuit board
base material for high and very high frequencies. The
material consists only of polytetrafluoroethylene
(PTFE) and copper. Key point of this technology is the
very high bond strength between the copper layer and
the PTFE. Such bonding can be created due to transition
layer, which is essentially the mixed material of PTFE
and Cu atoms, implanted into the surface.

In this work, the numerical simulations are used to
investigate the possibilities to create the transition layer
by using ion beam assisted deposition technological
process [2]. TRIDYN program [3] simulates co-
bombardment of PTFE surface with low-energy Cu at-
oms and high-energy Ar ions. The results are used to
study the dynamics of transition layer and factors,
which affect the shape of the layer.

NUMERICAL SIMULATIONS

To simulate ion beam assisted deposition, the
Monte-Carlo program TRIDYN was used. It takes target
changes in the composition caused by the incident pro-
jectiles into account and allows investigation of the flu-
ence dependent effects, like change of the surface ele-
mental composition and corresponding depth profiles,
partial sputtering yields and reflection coefficients. As
interaction potential, the C-Kr potential was used. The
heat of sublimation was chosen to calculate the surface
binding energy using model 3 as described in [4].

The program does not take into account chemical
composition of the surface. Instead, only change in ele-
mental composition of the surface caused by the sputter-
ing and implantation is considered. Since the initial ele-
mental composition of the PTFE consists of C and F with
stoichiometric ratio of 1:3, this data is used as initial in-
put. The target is homogeneous at the beginning, but its

composition varied by appearance of the Cu atoms on
top of the surface and their collisional transport in the
depth. The code does not take into account Ar implanta-
tion; instead, one assumes its immediate outgassing.
According to model, used for the simulation, the role of
the Ar ions is only to initiate collisional cascades caus-
ing the transport and atomic mixing of other elements.

In simulations, the PTFE surface was exposed to the
mixed particle flux. Low energy Cu metal atoms are
seeded with energetic gaseous Ar ions. The deposition
is simulated by Cu projectiles with energy of 10 eV.
Simulations show that the reflection coefficient of Cu is
zero, i.e. 100% of particles are deposited on the surface.
The energy of the assisted Ar ion beam has a Maxwel-
lian distribution with the temperature of 1 keV. Because
of the nature of the Monte-Carlo approach, each pseu-
do-projectile is attributed to certain fluence. In simula-
tions, the total number of pseudo-projectiles is 5-10°,
each one carries the fluence of 8:10''cm™, resulting in
the total fluence of 4-10""cm™.

RESULTS AND DISCUSSION

The numerical study is focused on formation of the
transition layer, which should connect the deposited Cu
film and PTFE surface. High flux of Cu atoms is usually
created by magnetron sputtering and, therefore, its typi-
cal energy is in the range of few eV. They reach the
surface and are deposited, but generally, there is essen-
tially no penetration in the depth below the surface. The
transition between the surface and coating is sharp,
which leads to low adhesion properties. The addition of
the energetic Ar ion beam should diffuse the transition
by recoiling Cu atoms deeper under the surface.

Typical evolution of the transition layer created by ion
beam assisted deposition is shown in Fig.1. Initial penetra-
tion of Cu atoms under the surface is rather low; the con-
centration drops sharply at the depth >1 nm. At fluence
~1-10""em™ the profile provides deeper and smoother tran-
sition between the surface (100% of Cu atoms) and the
depth (at 8 nm the relative concentration of Cu atoms is
10%). At fluence of 4-10"cm?, the width of the profile
increases up to 10% of Cu atoms at the depth of 10 nm and
total depth of 15 nm for the recoiled Cu atoms.

Further increase of the fluence does not affect the
elemental profile, which becomes steady-state. Maximal
depth of penetration for the Cu recoils is limited by
maximal energy, which can be transferred trough the
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collision with Ar ion. The sputtering should also be con-
sidered as a limiting factor: it limits the number of Cu
atoms on the surface and also decreases the depth of the
Cu profile under the surface due to etching. Steady-state
profile is fluence independent, which is useful for the
technology. During exposition of the PTFE surface to
the particle flux, the measurement of the exact fluence
should be difficult task. It is recommended to overex-
pose the surface and, therefore, to obtain well predict-
able steady-state profile.
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Fig.1. The evolution of the Cu profile in the PTFE
surface exposed to flux containing 8§0% of Cu atoms
with energy 10 eV and 20% of Ar ions with temperature
of 1 keV. The fluence dependent evolution is calculated
with TRIDYN

One can vary the parameters of the ion beam as-
sisted deposition and obtain different profiles. Typi-
cally, the easiest way to influence the profile is by varia-
tion of Ar ion fraction in the total flux of particles.
TRIDYN simulations have been performed to calculate
the steady-state profiles of Cu atoms in PTFE surface.
The results of simulations are shown in Fig.2.

At 10% of Ar ion fraction in total incident flux, the
deposition of Cu layer is not compensated by sputtering
with Ar ion beam. As the result, the PTFE surface is
covered with layer. In Fig.2, the shape of profile for Ar
ion fraction of 10% is stable; however, the simulations
show that whole profile moves away from the surface
due to Cu deposition, preserving its shape. During the
formation of the transition, the growing Cu layer be-
comes a barrier between Cu recoils travelling from top
of the surface deeper into PTFE surface. The resulting
effect is lower number of recoiled Cu atoms and shorter
depth of the transition layer: 10% of Cu concentration is
already reached at 7 nm.

Increasing the Ar ion fraction in the total flux up to
30%, one can see that the transition layer becomes short-
er. Due to higher Ar fraction, the surface together with
deposited Cu layer is intensively sputtered. The balance
between profile formation and surface erosion is shifted
toward the erosion factor. Therefore, the transition layer

does not have enough Cu atoms to be formed. The con-
centration of Cu on surface is *70%; 10% of Cu concen-
tration is already reached at the depth of 5 nm.
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Fig.2. The steady-state Cu profiles in PTFE surface
calculated for 10, 20 and 30% of Ar ion fraction in total
incident flux

One can see that the deepest and smoothest profile
of Cu atoms in the surface is created at 20% of Ar ion
fraction in the total flux. It provides also 100% of Cu
atoms on top of surface for a better adhesion.

CONCLUSIONS

In this work, the formation of transition layer, which
connects PTFE surface and Cu deposited layer had been
studied by means of numerical simulations. The layer
has been created by means of ion beam assisted deposi-
tion; the surface has been exposed to the flux of low-
energy Cu atoms in combination with high-energy Ar
ions. It has been shown that the layer is developed until
the profile of the layer reaches stable shape either in
steady-state or in regime of Cu deposition. By variation
of the Ar ion fraction in the total flux, one can optimize
the shape of the steady-state.

REFERENCES

1. G. Brist, G. Long. Advanced Print Circuit Board
Materials. Springer US, 2009, p.273-306.

2. B. Rauschenbach. Ion beam assisted deposition — a
processing technique for preparing thin films for
high-technology applications // Vacuum (69). 2002,
Nel-3, p.3-10.

3. W. Moeller, W. Eckstein, J.P. Biersack. TRIDYN -
binary collision simulation of atomic collisions and
dynamic composition changes in solids / Comput.
Phys. Commun. (51). 1988, Ne3, p.355-368.

4. W. Eckstein, M. Hou, V.I. Shulga. Ion-induced al-
kali-silicon interfaces: Atomistic simulations of col-
lisional effects // Nucl. Instr. and Meth. B. 1996,
v.119, Ned, p.477-486.

Cmamows nocmynuna 6 pedaxyuio 19.05.2010 e.

O®OPMUPOBAHUE MEJHOI'O NEPEXOAHOI'O HAHOCJI0S B IOBEPXHOCTH
HOJUTETPA®TOPITUJIEHA CPEACTBAMU HOHHO-CTUMYJIMPOBAHHOI'O OCAXKJIEHUS
H.A. A3apenxos, H.A. bu3iokxoe
OcakieHHe MEIHOTO IOKPHITUS Ha TIOBEPXHOCTh MOJIUTETPA(GTOPITUIICHA, CTUMYIUPOBAHHOE ITyYKOM HOHOB aproHa ¢ TeM-
nepatypoil 1 k3B, U3y4anaocr MeTolaMH YUCICHHOTO MOJIeTUpoBaHus. MoHBI aproHa ob0ecrneynBail CMEIIMBAHHE aTOMOB MEIH
M TIOBEPXHOCTH, YTO MO3BOIWIO c(HOPMHPOBATH MepexoqHOH cinoil mmpuHoi 10 HM. Takoil cioit MokeT 00eCIeUnuTh XOPOIIHe
aJIre3MOHHBIC CBOMCTBA METAIUTMICCKOM TUICHKH, OCAKICHHON Ha MOBEPXHOCTH MOJUTETPAPTOPITHIICHA.

OOPMYBAHHS MIJHOI'O IEPEXITHOI'O HAHOIIAPY B IIOBEPXHI ITOJITETPA®TOPETUJIEHY
3ACOBAMM IOHHO-CTUMYJBbOBAHOT' O OCAIKEHHSI
M.O. Azapenkos, 1.0. bizoxos
OcamKeHHs. MiTHOTO TOKPUTTS Ha MOBEPXHIO MOMITETPadTOPETHIICHY, CTUMYJIbOBAaHE ITyYKOM 10HIB aproHy 3 TEMIIEpaTypoio
1 xeB, BUBYAOCh METOJJAMHU YHCEIFHOTO MOJICNIOBAHHA. [0OHU aproHy 3a0e3medyBalid 3MIiIIyBaHHS aTOMIB Mifi 1 HOBEPXHi, 10
Jo3BoMII0 chopMyBaTH mepexigauii map mmpruHoo 10 HM. Takuii map Moxe 3a0e3NnednTy TapHi aare3iifHi BIacTUBOCTI MeTa-
JIeBOT TUTIBKH, 00JI0)KeHOT Ha TIOBEPXHIO ToJiTeTpadTopeTHieHy.
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