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Abstract media by electric fields, which are created by applying

voltages to the electrodes.
The TonerJet print process is based on toner transpogt

through small apertures in flexible printed circuits, FPC:s.
The transport is controlled by electrodes, that are etche
into the flexible material. The print uniformity
requirements have made it necessary to find a hig
precision manufacturing method for the apertures and th
electrodes. Excimer laser aperture processing is the meth
used to achieve this.

One of the main challenges has been the registratio
between the apertures and the electrodes. This has led || [ Paper or Belt |
the development of a special masking method. Back Electrode

Cleanliness of the FPC surface during the +1000 V
manufacturing process is of importance for uniformity and
for the reliability of the insulating layers applied
afterwards. Plasma cleaning was chosen due to its
possibility to clean the inner walls of the apertures, and its
lack of mechanical impact. A suitable cleaning cycle has The FPC consists of a base material, polyimide, an
been developed. etched copper pattern on each side of the base material,

Through this, a manufacturing method that isand an insulating layer, which may be polyimide or
competitive regarding yield, cost and quality has beemarylene, on top (see Fig. 2).
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Figure 1. Cross-section of the print zone.
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Introduction S Insulatl/ng layer
The TonerJet technology is a direct printing process whe ; v .
charged toner particles are deposited directly onto a pri B Th'Cijes
medid (paper or belt) to form a visible image pattern. Thg| Base Al ggﬁgo
print media passes at single pass four printheads, one o um
each colour, mounted in fix positions. The adressability i ; '
usually 600 dpi, and each printhead covers the full width
the print media. One big challenge for the manufacturin Deflection
method is to meet the requirements of uniformity over th electrode
printhead width.

The printhead (see Fig. 1) consists of a flexible printed
circuit, FPC, which contains and supports control
electrodes, formed by an etched copper pattern. Each

Figure 2. Cross-section of an aperture in the FPC.

control electrode circumscribes an aperture. The area on Requirements
the FPC that contains the electrodes and the apertures is _ _
from now on referred to as the print zone. The manufacturing of TonerJet printheads is to some

A toner supply sleeve transports toner to the prinﬁxtent similar to inkjet printhead manufacturing, but there
zone. The toner is transferred from the sleeve to the print
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are significant differences that have led to the development
of the methods shown in this paper.

The mat important technida requiremerg in
manufacturingthe Tonewet printhead are tolerance and
cleanliness Of course the procss used ako has to be
suitable for masproduction.

Tolerances

Critical parameteyare apertureize, paition andthe
taper andsmoothnes of thewalls. Due to the importance
of uniformity in the print, apertureize muwst be comstant
within a fev um, and psition must not deviate mor¢hana
few pm from the centre of the control electrode.

The requirement of centering the aperture the
control electrode addan exta challenge.Polyimide is a
flexible material, thatshrinks and expansl dightly with
temperature and humidity. Even if the environmerkeipt
corstant, small deviatiors in its size may occur. This
mears tha the alsolute paition of the control electrode
has to be found, at lesh at certain interval during the
machining. This can be done with a vison system. The
alternative, to find the f& electrode, and time using
corstart stepsize, would mean a sk of ending upwith an
accumulated error in the other end of the print zone.

A certain degree of taper of the apertuvalls is
acceptablewhich enabls us to use laser & manufacturing
method. Smoothnes is important b facilitate the toner
transport through the aperture.

Cleaning

Thorough cleaning of th&PC surface & important,
since additional layerof material are applied on thePC
surface after the laer manufacturingAny waste remaining
from manufacturingwill affect the adhgon of additional
layers. Another asped is that waste corsisting of
conductirg material act as a shield for the electric fields
used in the print proces andwill therefore influence the
transfer of toner fromdleeve to print media.

Manufacturing Methods

Background

When chosing manufacturing method, bota mass
production situation, and prototype production stube
corsidered.For the lab work and prototype production it is
necessry to be able to manufactuseall series of varying
designs. Still, it is desirable to e similar method for
prototype manufacturingsaor mass production, m order
to avoid unplesant surprises. Thus, flexibility and
tolerance are importanshort term parametsrwhilst cost,
speed,yield etc. has to be fulfilled long term. In order to
verify the latter, extesive tests and cat calculatiors have
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been made,sing input from areswhen thee method are
used in masproduction today.

Excimer Laser

Few manufacturing methadmeet tke high tolerance
requiremers, so therefore excimer $ar was chosen, due
to its high precsion and flexibility insmall series.

Since centering the aperture in the cohetectroc is
a critical parameter, an exact and convengefution is to
use the control electrodestlf as a mak for the laser
beam. In order to do thithe area arouhthe electroe has
to be protected from the beam. Thesdla mwst also be
adjusted in order not to damage the control electrode,
which is around 5 pm thickand therefore possible to
remove with laser. The methods described below are
suitable ways to implement ths. Method no. 1. and 2. have
been developd in co-operationwith Resonetics Inc.,
Nashwg, NH, USA, and Method 3. ly FujikuraLtd, Chiba,
Japan.

Method 1.

In mass production it is favourable to manufacture
multiple aperturs smultaneowly, which is possble since
the laser bean is uniform over an area containing up to 50-
100 aperture A mask with arrays of holes allows this (see
Fig. 3). Since there $ a risk of shrinkage in the flexible
material,which meas the dstance beween the apertures
may bedightly altered fromFPC to FPC, it might be
necessry to manufacture a e masks for multiple
aperture with different pitch.

Mask for multiple apertures

\

Laser
beam

Laser
beam

Figure 3. Cross-séimn of FPC duimg lasermanuacturing of
apertures, using both a separatesk as well as control
electrodes to confine the bhea

Thus, sectiors containing 50-10 aperturs are
manufacturedfollowed by stepping of the worktable to the
starting point of nexsection.A vison system canbe used
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in orde to find the control electrode thas gtarting point
for everysection of the print zone.

Since the laser beam g confined by the control
electrode, it $ not so criticd exactly where the laser hits
the FPC, as long & it is on the control electrode. THuhis
method does not require as higleranceson the mak or
the work table stepping, compared to tdasewhen only
the mak is used to confine the beamsefe Fig. 4).
Lowering the toleran@ requiremerd is of couse very
importart not only technically, but &b for the
manufacturing cost.

For prototype production, irsmall series, cost and
speedof the processis lessimportant,while flexibility and
possbility to change dsgn is the key saue. Therefore, the
aperturs are then made one at a timéhich facilitates the
mask production.

Method 2.

Apertures made by laer have a conical css section,
with awall taper of a fer degres. The method ab@wiill
therefoe result in aperturs with a smaller diameter on the
deflection electrodeide than on the control electrodde.

In the cae that asmaller diameter on the control
electrodeside is required, or if the isulating layer is
applied prior to the aperteimanufacturing the following
method is advantageous.

Mask for multiple apertures
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beam
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Figure 4. Cross-sé¢imn of FPC duimg lasermanufacturing of
apertures, using a separateask only to confine the bea
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Method 3.

Method 3. $, apart fromsome major differenc
similar to Method 1. In th8 case a contact nsk for
multiple apertureis used EeeFig. 5).

Contact mek for multiple apertures
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Laser
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Figure 5. Cross-section of FPC during lageanufacturing,
usng a comact mask.

The mak is put in direct contaowith the FPC surface,
and thework tablestepping & replaced § a continuowly
moving table, which meas the laer beam $ scanned
along the mask. Thus, it is possilbbeusea mak covering
the full print zone width, provided the nkasan be
manufacturedvith high enough accuracy.

The control electrodesiused & a secord mask, giving
high aperture position accuracy, without as high
requiremerg on the mek, just asin Method 1.

Plasma Cleaning

During the laser proces some of the polyimide
materid is not completey vaporsed, and $ depgaited & a
waste layer, mainly comsting o carbon. This
contaminationdeteriorats the adhdon of the additional
layers that are applied afteards. Also the fact that the
contaminatio corsists of an electrically conducting
materid cawses some difficulties. Conducting material acts
as a shield for the electric fielslthat are sed for the toner
transfer, ard may also cause short circuit between
neighbourig contrd electrods, in the cae where the
insulating layer § applied later.

It was therefore necgsary to find a method to clean
both the FPC surface, and the innawalls of the aperturg
with smallest possble mechanical impact oneéhi-PC. The
alternative chsen s plasma cleaning,which is already
used in indwtrial applicatiors for cleanig of polymes,
and fulfils the requiremestabove.A suitable proceswas
developed in co-operatiomith AdvancedPlasma Systerrs,
Inc., St. Petesburg, USA.

The contaminatig carba is not only depsited on the
surface, but ab embedded into the aperturealls, in
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polyimide tha is partly melted during the ¢ar
manufacturingA cleaning cyclevith only onegas mixture

appeard not to be efficient enough. Therefore the

following sequence of gas mixtures is used:

1. Ar+Q,
2. CR+0,
3. Ar+0,

In the first step, the oxygen reatvith and bind to
the carba depait, while the argon functiom as an ion
bombardment of theurface. Ths step remove the carbon
depait on thesurface.

In the secondstep, the polyimide materiakisdowly
etched way by the tetrafluoromethan(CF,), in order to
expae the embedded contamination. The oxygesdaae
function & in the first step.

The thirdstep remove any pssble remaindes from
the precedingtep.

Samples from this cleaning sequence hay been
investigated @wing Scanning ElectronMicroscopy (SEM)
and EnergyDispersive Spectrescopy (EDS), and the rault

is satisfying.

Figure 6. SEM picture: Cross-section of an aperture
directly aftermanufacturing.
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Figure 7. SEM picture: Cross-section of an aperture
after plasna cleaning.

Summary

In order to find a hig speed manufacturig methal for
Tonedet printhead, while still competitive regarding yield
ard cogt, excimer laer aperture manufacturing and gtea
cleaning have been instegated.

By using the control electrode presert in the
printhead, aasecondary msk, the accurag requirements
on the excimer lser system can be hered, while ill
maintaining highspeed.

A plasma cleaning cycle, containing threeps with
different ga mixtures, has been found to benaefficient
and non-dgructive cleaning method for both thePC
surface and the side of the apertuse

Throudh these techniqus discused above, a
manufacturig methal that s competitive regarding vyield,
cost and quality habeen formed.
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