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Abstract

The microelectronics development with new fields of applications like microsystems, sensors and multichip modules
needs the permanent increasing of miniaturization and the complexity at the chip level. It is looking too for
high precision, relatively cheap and small series of production technologies. A modern cheaper design concept
and novelty, manufacturing process will be shown on the paper. The paper deals with the design of the process,
the topology design of different types of products on thin films basis. The laser processing the metallic thin films
drawn on a glass substrate. By using laser trimming technology which could be fully automated, the standard
processing technologies like photo-lithography, mask and etching are not need to be used any more.
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1. Introduction

The thin film sensors, multichip modules and
Microsystems need accurate thin active and passive
components. Laser trimmed resistors are trimmed to
value by a laser beam vaporizing a cut into the resistor
element. Benefits of the process include a relatively
clean, precise process, capable of high through

After layer deposition and topology design the
production process can go in two different ways:

- photolithography line (in case of large series);
- direct cutting line (in case of short series). In the
latter case the whole topology is cut directly on the
different metallic layers like NICr, CuAlMo etc
using the energy of a laser beam or a micro discharge
of an electro erosion needle. This way the expensive
photolithography, masks and etching technology
steps left out as a previously paper shown [1].

For instant thin film resistors, after the
photolithography or cutting processes are still
inaccurate. This is caused, first of all by the deviations
of sheet resistance and the geometrical sizes.

High accuracy can be reached by post-
adjustment. The trimming process is usually based
upon changing of plane form of the resistors. The
main advantage of this method is that the layer
structure remains unchanged and the quality of
layer will not deteriorate during the adjusting
process.

Placing of discrete elements and packaging of
the circuit comes after trimming.

2. Thin film laser trimming workstation

A new, cheaper design, manufacturing and
trimming process used the method the laser direct
writing process: the design topology is draw on a
glass plate, covered by Ni — Cr resistive layer by a
laser beam. Main parts of the system are following: (i)
Q- switched Nd:YAG laser equipment MEL-40 ( see
Fig.1 ) for direct cutting;(ii) co-ordinate table with
the substrate holder; (i) co-ordinate table
controller;(iv) resistance meter unit with a scanner;(v)
controling computer with following technical
characteristics: [see Table 1]
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Fig.1. Direct trimming laser system type MEL-40

Tabel 1- MEL laser specifications

Wavelengths 06 Microns (YAG)
053 Microns ptional Green
YAG)
063 Microns HeNe

Max. Cut Width 100Microns

Laser Spot Circular

YAG Laser Q-Switched Single Mode and
Multi-mode

Overhead Moving Beam 3"x3"

Beam Position Resolution 0.5 Microns

Internal Computer PC Compatible with Software
External Computer Interface |EEE 488

Optional Work Handing Step and Repeat on Manual

3. Generally design conditions

The topology designer program designs the
layout of the thin film resistor network under the
following conditions:

- maximally ten independent resistors can be placed
on the chip;

- the topology contains only the resistors, the electrical
interconnections between the resistors, other
components must be realized on a PCB circuit board;
- the output contact points of a resistor may be either
the opposite side or the same side of the circuit holder
chip;

- the resistor element completely covers the area
between its output contacts.

The outline form of the resistor depends on the
resistor value:

+ small value resistors can be designed in rectangle
form (type 1). In this case, during the trimming
process, we decrease the width of the resistor;

+ high value resistors can be designed in meander
form. The output contacts of resistor may be the
opposite side of the chip (type 2) or the same part of
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the chip (type 3). In this case, during the trimming
process, we open the previously filled loops.

The aim of the designing task is to determine the
width of the resistor stripe, the number of meander-
loops and, in case of type 3 meander form, the height
of the loop. As the resistor completely covers the area
between the output contacts, the length of the resistor
stripe can be calculated using the stripe-width and the
loop number.

The input data of the topology design program
are the following:

(i) sheet resistance of the resistor layer (50....400 ohm
/ square), (ii) minimal width of the resistor stripe. It
depends on the cutting technology. In the case of the
laser cutting the suggested value is 50 um;

(i) number of resistors;(ii) the required value of
resistors,(iii) the outline form of resistors.

The program counts with the 1.2 times nominal

resistor value, taking the deviation of the sheet
resistance into consideration.
In the case of meander form resistors, the resistor
value in the corners of the meanders decreases
because of the right angle resistor form. The modified
corner resistor value is the 0.599 times smaller like the
original one. The design of product and calculations:

R=R x1dR G 1)

where:1 is the length of resistor stripe, d is the width
of resistor stripe, G is called geometrical parameter

Let's mark: H number of loops, d width of
resistor, K distance between the output contacts of
resistors (n*2.5, where n 1..9), ¢ minimal width of
resistor stripe (input data)

With these the geometrical parameter of a
meander form resistor calculated (see Eq2), the
distance between output contact lines is 7.5mm:

@7%ij” MEAB 2D ) o pibss (@)

Value of G can be calculated also from formula (1)
taking the deviation of sheet resistance into
consideration (see Eq.3 ):

G =1.2'"R/Ra (3)
The maximal width of resistor stripe can be
determined (see Eq.4 ):

7.5-08+c
= ¢

max (4)
2xH +1
Substituting (4) for (2) we take a quadratic equation

for H (see Eq.5)
Bi VBZ —4xAxD (5)

2xA
Where: A = 4K +7.528¢c+7.2 :B = 2cG + 3.764cc + 4K
- 3.018: D = K-6.7G-3.309
The H value is not on integer, so it must be
rounded down. Substituting the H value and G value
(3) for (2) the value of resistor can be accurately
calculated ( see Fig.6 ).

H=—

196 Guido Tosello, Hans Nergaard Hansen, Kornel Ehmann and Stefan Dimov (Eds.)

_ 75+(QxH +1)x(K +1.8) ©)
1.2+ R/R, +1.882x(2xH +1)

In the case of rectangular form resistor (type 1)
the width of resistor stripe (d) can be calculated from
formula (1), taking the deviation of sheet resistance
into consideration (see Fig.7 ).

d:I.Z&xl (7)
R

The topology designer program runs under
Windows. The topology can be designed in either
automatic or manual mode. In automatic mode, after
input of the technological and resistor data, the
program calculates and writes on the screen the main
parameters of the layout. After it the program draws
(or prints out) the designed layout on the screen or
printer. The layout design of a sample network, which
contains 7 resistors (see Fig.2 ), the topology of this
network (see Fig.3 ) and the wafers substrates (see
Fig.4 ) and application range dimensional. are shown.

Fig. 3. The designed topology

4. Specific requirements for laser trimming.

The general requirements for laser wavelength
for optimum material removal and for success in laser
trimming is usually the choice of wavelength.

The different materials react differently to
various wavelengths. (see Table 2 ) Effective removal
of metals depends (see Table 3 ) how much energy
is absorbed and how much is reflected . The more
energy absorbed, the easier the metal will vaporize
and be removed. In general, metals absorb shorter-
wavelength energy better. As on the previously paper
shown [2] that for example, gold is 1% absorbing
at1064 nm, 40% absorbing at 532 nm, and 45%
absorbing at 355 nm.. In the gold example cited
above, even though gold is more absorbing at 355 nm
than at 532 nm, the microscope transmission of laser
energy at 532 nm usually makes it the preferred



wavelength for cutting gold. Aluminum can be cut
using either 1064 or 532 nm. The absorption is
relatively constant from about 1,100 nm to about 400
nm with a slight increase in absorption around A
different process removes organic material, such as
polyimide. UV energy is able to break the chemical
bonds between the carbon-carbon, carbon-oxygen,
and carbon-silicon atoms. These bonds break with
sufficient energy in the range of 339-445 nm. The third
harmonic of an Nd:YAG laser is 355 nm. It is an
excellent wavelength for breaking the atomic bonds of
the polyimide molecule.

Tablel 2 Thin film resistors properties
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Table 3 The most usual substrates for a full range of
~generic’electronics applications
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Fig.4. Wafers substrates and application range dimensional
overview

Dielectrics “C": NPO
Resistors “R"; SiCr and TaN
Conductor “L": Cu 1pm io 20 pm

300 pmffl

5. Trimming experiments and process results

Once the initial checks had been made on the
laser, the cut shape parameters were loaded (see
Fig.5 a). As D Ulieru and Elena Ulieru have shown [3],.
a standard “L” cut was selected with a first leg (leg a)
plunge depth of 50% of the width of the film, starting
20% of film length from one conductor pad
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Fig.5. a) L-cut trim pattern SEM micrographs of laser kerfs
trimmed at minimum and maximum parameter settings:
(b) power = 1000 mW, Q-rate = 8 kHz, bite size =5 Im, and
(c) power = 500 mW, Q-rate = 16 kHz, bite size = 10 Im. in
5a beam settings , determining the optimum laser

The surface morphology of trim kerfs produced
at the maximum power with minimum Q-rate and bite
size, as well as at the minimum power with maximum
Q-rate and bite size were characterized by SEM (see
Fig. 5 b and Fig.5 ¢ ).

It is clearly seen that the thermal damage to
material surrounding the laser kerf, the HAZ, is much
greater with higher power and lower Q-rate and bite
size (see Table 4).

The kerf then turned through 90_ and the second
leg (leg b) was cut down the center line of the resistor,
with maximum length at 10% of the film length from
the second conductor pad ( see Table 5).

The target trim value was obtained at the point
where the second leg (leg b) was finished. This was in
turn dependent upon the exact pre-trim value
resistance and also the actual laser conditions. Five
rows of resistors were trimmed for each.

Table 4. p-Values for the effect of laser trim factors
and their interactions on the standard deviation and
72 h post-trim resistance drift of the NiCr films

p-Value
Trim factors SD 72 h
Drift
Power 0.494 0.258
Q-rate 0.09 0.006
Bite size o 0.274

Power x Q-rate 0.725 0.408
Power x Bite size 0.735 0.926
Q-rate x Bite size 0.283 0.153

Table 5. Summary of optimum laser parameter
settings predicted by Minitab software

Laser Optimized Range
Parameter Setting

Power (mW) 500 500-600
Q-rate (kHz) 13.6 12.5-14.5
Bite size (um) 5 5-6

SD (%) 0.076 0.076-0.15
72 h drift (%) 0.063 0.063-0.15




Fig. 6. SEM micrographs results for bite size of (a) 5 Im
,X3000 and (b) 10lm X3000

The pulse overlap for the minimum (see Fig. 6a)
and maximum (see Fig. 6b) bite size settings of 5 Im
and 10 Im. For comparison, also shown SEM
micrographs of laser kerfs trimmed under these two
settings with the power and Q-rate set at their mid
values (see Fig.6).

X3000 X3000

Fig. 7. SEM micrographs of laser kerfs trimmed at minimum
and maximum Q-rate settings with power and bite size set
at their mid values for Q-rate of (a) 8 kHz and (b) 16 kHz.

SEM micrographs (see Fig.7) of laser kerfs
timmed at the minimum and maximum Q-rate
settings with power and bite size at their mid values (
see Fig. 7a and Fig. 7b ). The kerf width is noticeably
wider at the minimum Q-rate setting of 8 kHz than at
the maximum of 16 kHz, having values of 26 Im and
18 Im, respectively. This is due to the increase in peak
power, as the laser has more time to build up energy
when the Q-switch is switching at a lower frequency.

6. Integrated and hybrid circuitry trimming

Laser micromachining finds widespread use in
trimming and isolating electronic components on
silicon-based integrated and hybrid circuits [3]. A case
study could refer at the ultrasonic transducers. Small
high-frequency (>30 MHz) ultrasonic transducers,
made from piezoelectric ceramics, are used in
medicine to resolve small tissue-features in the skin
and eye, and in intravascular imaging applications.
For >30 MHz array-transducers, this means
structuring the surface of 50-um thick ceramic slabs
into 20-um wide rectangular ribs with ~15um wide
grooves — sizes that separate the fundamental lateral
and thickness resonance modes while also
suppressing side lobes of the acoustic beam. Excimer
lasers supply high-energy photons such short
wavelengths readily etch difficult’ ceramic materials
such as the lead zirconate titanate (PZT) used in such
transducers. We used 248-nm laser station for large
area etching (~3 mm x 10 mm) of ~3-uym resolution
(see Fig.8). the width and depth of cuts 15 and 60 pm,

18 —=— Power

0 5 10 15 20 25 30 35 40 45
Repetition Rate (kHz)
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Fig. 8. An angled close up view of the surface of an
unpolished PZT ceramic etched with a first generation 17-
element laser micromachined array pattern.

7. Further works for future laser micromachining

Our future development for laser
micromachining of photonic materials, and
microelctronic devices, microsystems already started.
Notably, our laser sources will operate at wavelengths
in the infrared, visible, near- and deep-ultraviolet. The
laser installed is a Lumonics 8 —40-kHz repetition-rate
diode-pumped Nd: YLF laser, with pulse duration
adjustable from 150 to 600 ns. The laser produces 12
W at 1.053-uym wavelength; 8 W of green and 4 W of
ultraviolet light are anticipated upon frequency
doubling and tripling, respectively, with new
periodically poled nonlinear crystal technology. A 30-
ns pulse duration option is also planned.

A new and important exploring new frontiers in
laser processing is the integration of an ultrafast laser
system into the LMF-positioning station: a diode-
pumped solid-state Cr:LiSGaF ultrashort-pulse laser
will provide 5-ps and 100-fs options at kHz-repetition
rates for photonic materials and for developing a
submicron-scale machining capability.

8. Conclusions

The laser trimming technology is a new and
modern concept of high precision adjustment of
structure elements of sensors, microsystems and
microchip modules (MCM’s) of metallic thin films

The high precision adjustment and process
repeatability with possibility of wider range of
application from thick to thin films and high
miniaturization degree products and the replacement
of obsolete technology like abrasive jet powders
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