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ABSTRACT:

A new 3-D laser micromachining method of 3-D fldgilstructures has been introduced to
enhance the current micromachining technology. Mmhehining is carried out with a simple
2D movement of the laser beam on the work piecas Tiethod can be applied for
machining 3-D geometries or bending edges in varimaterials. The purpose is to extract
the material by an ablation of matter in order ¢hiave “V” shape for multi-bend structure.
The process is well controlled and only selectieé/imide material removing on bending
edges was used. Two-layered polyimide-copper adgemnds considered. This is a practical
case for multilayer structures such as layered ositgs and coatings. The mechanical
bending analysis of the system with residual stress carried out with COMSOL
Multiphysics. Variations in strain and stress oé tstructure are demonstrated. Dynamic
bending features were also measured and compaiedda laser cut and bended substrate.
It's mechanical reliability is improved.

Keywords. micro-machining, 3-D package, laser processingrlablation of polyimide, mechanical
structures in polyimide, reliability test

mechanical stress simulations have been carried out
INTRODUCTION to prove the necessity of laser micromachining.

As the complexity of electronic systems for poréabl 3-D PACKAGING WITH BEND-AND-
electronic, aerospace, and military applications

increases, more demands are placed on Iightweighlc"-rAY FLEXIBLES

and compact packaging technologies. To meet thesgyhen the composite structure, which is called a fle
demands, the three-dimensional (3-D) packagingcircuit, is bent, the metal is plastically deformaad
technology is now emerging as a breakthrough ofgives a mechanical strength to the structure. The
overcoming the limit of two-dimensional (2-D) objective during bending makes certain that theaimet
packages. With its versatility, laser processing bycan overwhelm the polymer to hold the final shape.
selective ablation of surface patterns can be tsed There are two different paths: making the copper
fabricate structures into flexible polymer substsat thicker may make etching a bit more difficult; itlw

One of the first studies and working high intercecin @ISO take longer to etch and will use more chesistr
3-D System in a Package was that of Chandler N. ePn the other hand, reducing the thickness of the
al. [1]. solved the 3-D design problem. AnotheD)3- pol_ymer in a Welljdeflned, narrow Wln_dow is u_sed.
Stacked Integrated Circuit model was employed by!hiS bending ~window generation is a unique
IMEC company in 2006, where the connections were2PPlication of laser material processing. A bending
realized by micro-vias. Both assemblies were usingVindow can be used to define the exact position of
rigid materials and clumsy 3-D design. In this stud the bending ed_ge as well as the radius and theeang|
a newly developed 3-D flexible package design andf the deformation [4] [S].

the reliability of the package will be evaluatedhwa

dramatic improvement in compactness resulting in

five power chips in a package with lower overattar

needs Fig. 1, [2],[3]. Dynamical and normal
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whereo is the stress tensor.
The Force in tensorial form:

ip:(pxor+pyoT+pzoE) (6)
Py

Package in 2D Bending at the edges where P X, P, are the x, y, z normal vectors in

P point.
Stressin Big Bending Defor mation

Beam bending is analyzed with the Euler-Bernoulli
beam equation. For big deformations the streshen t
cross-section is calculated using the formula eq. 7
Fig. 2 shows the deformation during bending. The
applied forceF at theP point deforms the beam with
ypdistance causing stress in it [7][8].

The cube is ready, wires are on the outer sidepitChe inner y
side.

Fig. 1: Packaging with Bending the polyimide /
/]

MATHEMATICAL DESCRIPTION,

Mathematical equations for mechanical simulationsFig. 2 Bending deformation
are based on Newton's Law. The equilibrium

yp

equations expressed in the stresses for 3-D arel{eq aZy
tensorial form in eq.2.) [6][13]: El g =-F (L - X) (7)
do OrT or after integrations
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stress at the function of the distance from the
beginning of the beam:

g, Txy T, azu M
0'”- = TYX Uy Z-yZ (2) ax = Ux(y) = Eﬁ yp = |_ yp (10)
Iy Ty O where:
for 2D the equation can be reduced to: F is the normal force
E is the Elastic modulus
do, Ot A is the section area
FE=——"— t is the thickness of the beam
0x ay 3) M is the bending moment
ot 0o R is the local bending radius (the radius of bendihg
F=-—"-—" the current section)
ox oy | is the area moment of inertia

whereF denotes the volume forces (body forces). ya is the position along y axis on the section area i
Using compact notation, this relationship can bewhich the stress is calculated.
written as:

F=-0Oo 4) Assumptions must be made:



Assumption of flat sections - before and after - Bending cuty__
deformation the considered section of body remains -
flat. Shear and normal stresses in this sectiohattea
perpendicular to the normal vector of cross section
have no influence on normal stresses that arelehral
to this section.
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The big bending is usually assumed when bending
radius ‘R’ is smaller than ten section thickness t:Fig. 5 polyimide after multilevel machining

R <10It . In our case R=50-100 um , t=100 pm. Provide the largest bend radius possible

BENDING WINDOW OPENING BY The designer is always advised to provide the kirge
LASER practical radius through bend areas. For singleaimet

layers, it is about 3—6 times the circuit thicknéBsis
In the experiments, a one-sided DuPont Pyraluxdesign approach is especially important, not ooly f
flexible substrate was involved (FR9150R). The dynamic flex, but also in flex applications thaear
thickness of the insulation layers of the sample wa apparently static in nature, for example, bend-and-
100um). stay structures. IrFig. 6 the graphic and simple

The material removing process is a simple step-by.equation illustrates the effect of bend-radius diten
step work where the material is removed layer byon the copper foil [9].

layer, moving the laser beam in parallel lines. The
whole ‘V’ shape is roughly 40 pm wide (Fig. 3).

Cu

Polyimide

Elongation[%]=

L

Fig. 3 Cross section of 'V’ cut creation steb-bggst Fig. 6 Equation of elongation

Multilevel laser machinin . . .
uit 'ning The elongation requirements for the copper foil

Investigation on the different geometrical forms of increase significantly as the bend radii decrease.
bending windows has proved that the applicatioa of During the bending procedure, the elongation liofit
single 'V’ form window for 90 bending is not the material should not be reached to avoid copper
reasonable (Fig. 4). breaking. The copper’s elongation at break is 40%.
Fig. 7 shows the elongation values at differentdben
radii and substrate thicknesses [10].
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Fig. 1: Fig. 4 Cu cracks at the edge (bending angfg 52 0%
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Bends over 90° place the greatest stress on forme
areas. To decrease the mechanical stress, bendirfg. 7 Elongation vs. bend radius and thickness

with distributed parameters was used. The bending i _ ) o
not concentrated at one point. Normally, if the bending radius is smaller than 200

) ) ] um, it results in more than 40% elongation, which is
Fig. 5 shows the cross section of multi-shapedthe limit in copper break. With multilevel bending
bending windows. The ‘V’ shape’s angle and rasteryindow formation, the mechanical stress and the
Can. be Calculated .in the funCtion Of the bendingek)ngation have been decreased by distributed
radius and the bending angle. bending. As a result, a 180° bended polyimide




substrate is seen in Fig. 8. The bending radijssis The new form was compared to a non laser cut and

about 50 pm,
windows (6*30°).
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Polyimide

Bending radj

Fig. 8 Polyimide bended at the angle of 180°

EXPERIMENTAL RESULTS
Dynamic Tests

As this radius is small and it is feared that aknaill

reached with six smaller bendingbended substrate, Fig. 11. As it can be seen in the

graphs the dynamic mechanical property of the
polyimide hasn't fallen off, on the contrary the
mechanical reliability is improved. The laser micro
machined polyimide could stand 6 times more
moving cycle than the original polyimide.

be formed by the time, we decided to measure its
dynamic bending feature (sheet resistance vs. time)
For the experiment a test coupon showikig. 9is

the recommended standard specimen pattern for

either single- or double sided flexible printed ingy

[12]. The sheet resistance of the copper was

continuously measured and logged by computer.
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Fig. 9. Bending-test piece.

Copper break was noticed by increasing in resistanc
At this moment the bending test cycles have been
of cycles has been

aborted, and the number
registered.
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Fig. 10 Measuring structure
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Fig. 11 Dynamic bending of Polyimide
M echanical Stress Simulation

A mechanical bending analysis was carried out in a
two layered, polyimide + copper substrate. The “F”
force represents the distributed load, which behds
system (Fig. 12).

Polyimide

Fig. 12 Bending model

The Graphical simulation results can be seen in Fig
14 while the numerical results are in Fig. 15. The
maximum Stress marked with white colour, and its
value is $10° Pa During the simulation the following
material properties were used (Table 1) [10][11].



Table 1. Material properties

Kapton Copper
Material model Isotropic Isotropic
Young Modulus [GPa] 3,1 120
Poisson ration 0,33 0,34
irlr/]:z;mal Expansion 12010° 16,5E10_6
Density [kg/ni] 1300 8960
Thickness jum] 100 30

The simulation uses boundary conditions like fixed
(eq. 13). Fig. 13 shows the coordinatesl, v )
calculated continuously [13][14].
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Fig. 13 Calculated coordinates
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No bending edge

I o0=4600

One bending edge

free end (eq.12), force contact point-

0 =41300
10 pieces of bending edges

o = 328010

10 pieces of bending edges with gap

Fig. 14 Graphical results of bending simulation

The simulation is proved the need of laser cuts for
bending edges. Comparing the result to the polygmid

without bending edges the mechanical stress is
decreased by the number of laser cuts. An other
positive effect of the gap can be observed in Fig.

As 10um gap have left between laser cuts the
bending stress is reduced by 20%.

Mechanical Stress vs. Bending Edges —&—No gap
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Fig. 15. Numerical results of bending simulatiorax¥mum values
of stress are marked.

CONCLUSION

As the result of our experiments we can state that
laser processing of polymeric materials using
optimum processing parameters has proved to be an
efficient tool for micro-machining.

Most of the polyimide substrates can be processed
and high-resolution patterns can be generated by
laser. The polyimide layer was ablated to fabricate
‘v’ form bending windows at 3Q 9¢°, 180 and the
copper leads were not damaged.

The dynamical stress test proved the processed
polyimide is 6 times better for dynamic bending in
small radius.



The simulation is proved the need of laser cuts for
bending edges. The mechanical stress is decregsed b
the number of laser cuts and the effect of the igap
also positive. A 1Qum gap reduced the bending stress
by 20%.

This technology is very likely to be applicable for
creating 3-D configuration with today's emphasis on
micropackaging likely to intensify, the benefits of
designing with flex circuitry become more appealing
than ever.
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