
UV laser-induced high resolution cleaving of Si wafers for micro-nano devices 
and polymeric waveguide characterization 

R. Casquel3*, M. Holgado3, J.J. García-Ballesteros3, K. Zinovievb, C. Férnandez-Sánchezb, 
F.J. Sanza3, C. Molpeceres3, M.F. Laguna3, A. Lloberab, J.L Ocaña3, C. Domínguez13 

1 Centro Láser UPM, Universidad Politécnica de Madrid, Campus Sur UPM, 28031 Madrid, Spain 
b Instituto de Microelectronica de Barcelona, Centro Nacional de Microelectronica - CSIC, Campus Universidad Autónoma de Barcelona, 08193 Bellaterra, Barcelona, Spain 

A B S T R A C T 

Keywords: 
Laser cleaving 
Micro-nano photonic chips 
Polymeric waveguides 
Silicon fracture 

In this work we propose a method for cleaving silicon-based photonic chips by using a laser based micro-
machining system, consisting of a ND:YV04 laser emitting at 355 nm in nanosecond pulse regime and a 
micropositioning system. The laser makes grooved marks placed at the desired locations and directions 
where cleaves have to be initiated, and after several processing steps, a crack appears and propagate 
along the crystallographic planes of the silicon wafer. This allows cleavage of the chips automatically 
and with high positioning accuracy, and provides polished vertical facets with better quality than the 
obtained with other cleaving process, which eases the optical characterization of photonic devices. 

This method has been found to be particularly useful when cleaving small-sized chips, where manual 
cleaving is hard to perform; and also for polymeric waveguides, whose facets get damaged or even 
destroyed with polishing or manual cleaving processing. Influence of length of the grooved line and 
speed of processing is studied for a variety of silicon chips. An application for cleaving and characterizing 
sol-gel waveguides is presented. The total amount of light coupled is higher than when using any other 
procedure. 

1. Introduction 

Silicon based mass production technology at the micro/ 
nanoscale is increasing the number of devices every year. This 
miniaturization and integration is broadening the functionality of 
micro-nano devices rapidly for a wide field of applications such 
as micro-nano systems, MEMS, MOEMS, lab-on-a-chip, or sensing 
devices [1-3]. In this term, high resolution wafer dicing and cleav
ing is a significant feature in order to control both the fabrication 
processes and the functionality characterization of the devices. Ini
tial fabrication steps are usually implemented on a Si wafer that 
contains a large number of devices. After this, quite often the wafers 
have to be cleaved to analyze the vertical facets to control the 
fabrication processes or, in the case of photonic devices, to make 
accessible input and output waveguides in order to evaluate their 
optical response. However, although wafer dicing and polishing 
is a reliable process for this purpose, it is time consuming and a 
significant know-how is needed to implement at micro-nano scale. 

In this work we propose an alternative procedure for cleaving, 
using a Nd:YV04 laser emitting pulsed UV radiation at 355 nm in 

nanosecond pulse regime and a high resolution positioning system 
for cleaving without human manual intervention. The laser is used 
for making grooved marks that help on initiating the cleavage crack 
formation. The formation of the grooves provides a well-controlled 
mechanism for a clean crack formation through the material to 
reach sub-micro domains in micro-nano structures fabricated over 
Si wafer for their analysis. In particular, we demonstrate the ben
efit of this procedure for polymeric waveguides [4], in which the 
polishing may produce strong damage, reducing the optical output 
until making it negligible in some cases. Results of measurements 
are higher for laser cleaving process than for any alternative process 
employed. 

Cleavage of silicon devices is a task often performed manually, 
using diamond scribers, or dicing the wafer with a tool, and 
finally polishing the surface. By using a laser beam any physical 
contact with the device is avoided, which can be a significant 
improvement. Studies in the dynamics of crack formation, when 
using laser-based techniques, have been taken out, both from 
experimental and theoretical point of view [5-9]. In a general way, 
the cleaving is applied to brittle materials, such as glass, ceramic 
materials, and silicon wafers. For example, Lin and collaborators 
used a line-shaped beam [7] and a combination of line-shaped 
beam and a circular beam pulsed laser [8] to cleave a sheet of glass, 
whereas Ueda et al. [5] used a laser beam scanning at a certain 
speed to generate cleaves on a silicon wafer and ceramic materials 



Fig. 1. Schematic of the experimental setup. 

such as alumina and zirconium. They used a circular spot size of 
650 |jim (Ueda) and a line shape beam of 15 mm x 0.7 mm (Wang). 
Finally, Tsai and Liou [9] studied the fracture dynamics for several 
materials, thicknesses, spot sizes and the reached stability of the 
crack formed, and the reasons of non-stable cracks. 

In contrast with these works, we used a laser with a micrometric 
spot size, in the order of 20 |jim, empowered with a microposition-
ing system. The reason for using a micrometric spot is to achieve a 
highly precise positioning of cleavage planes. This is of high impor
tance when characterizing photonic chips, as their size is often in 
this range: for example we find resonant rings with a diameter in 
the order of 100 |jim in diameter [3], or Distributed Bragg Reflectors 
(DBR) with a cavity length of 20 |jim. With a spot size of this order, 
and a precision in positioning of 1 |jim, we are able to ensure the 
cleavage of a device with a size of 50 |jim or even smaller. 

The particularity of silicon, compared to other brittle materials, 
is that it is crystalline, with a diamond-like lattice; silicon wafers 
are generally classified depending on the orientation of the crystal; 
most common wafers are (1 11), (1 0 0) or (11 0). Cracks are gener
ated mainly along these planes, as the required energy to break up 
is significantly lower compared with any other direction [10]. The 
dynamics of the generation of the crack have been detailed in the 
literature [11]. 

2. Experimental process 

The cleavages were carried out with a laser-based micromachin-
ing system (Optec ML-100), consisting of two laser sources emitting 
UV light within nanosecond pulse duration regime (solid state and 
excimer lasers). AX-Y positioning table with a spatial resolution 
of 1 |jim is also included, besides of a CCD camera. The laser used 
for these experiment is an optically pumped (with laser diodes) 
ND:YV04 laser, with these characteristics: aTEMoo Gaussian beam, 
maximum power of 5 W, repetition rate from 5 kHz to 150 kHz, 
pulse duration of 12 ns, emitting at 355 nm. Light is focused on the 
sample with a spot size of 20 |jim through a 0.15 NA focusing lens. 
The system has been used for several applications, mainly related 
with microprocessing materials such as amorphous silicon and ITO. 
In [12] are detailed these process besides the main characteristics 
of the system. 

Fig. 1 shows a schematic representation of the experimental pro
cedure used. The laser focuses on the sample, and scans along the 
Y direction with a speed v. A linear groove is created in the sur
face of the chip, with a length L. After several scannings, the crack 
appears, and it propagates along the grooved line direction as the 
scan continues. The properties of the beam depend strongly on the 
optical pumping and the repetition rate. For our experiments we 
chose 15 kHz and current of the diode pumping at 75% of the max
imum current as these parameters provide a higher beam quality, 

although lower average energy (2 W) within a smaller spot diame
ter (20 |jim compared with 40 |jim at maximum power). 

Previous works mentioned in Section 1, as the cleaving of sil
icon by Ueda et al. [5] and the line-shaped beams from Lin [7,8] 
showed that the laser heating induces compressive stresses around 
the laser spot, which are relaxed when the laser stops, and then 
turn into induced residual stresses, which produce the crack when 
a threshold value is reached. So a moving laser source is used, and 
the cracking starts in an area after the scanning of the laser. Also, 
calculations based on finite element software [7,8] showed that 
the stress state produced on the focused element is complex, and 
shearing stresses play an important role in the crack formation. 

In our case, we could not generate clean cracks just by heat
ing the surface of the chips, due to different parameters (smaller 
spot sizes, smaller energy, different wavelength, lower speed of 
scanning available, among others). So our strategy consisted of gen
erating grooves along the crystalline planes, scanning several times 
with the laser at a certain speed (v). These grooves define exactly 
the planes where we want the crack to appear. In the first scan
nings, the incident energy is used in removing material. After this, 
the sample is just heated. However, as the geometry has changed, 
also change the stress distribution, and the end of the groove is an 
area where stress can have a multiplying factor, similar to the clas
sic problem of a notch in a sample, for example explained in the 
work of Pilkey [13]. This suggests that the crack is more likely to 
start at the end of this groove, as schematically drawn in Fig. 1, and 
this is what happened into the maj ority of our experiments. Hauch 
et al. described a similar phenomenon in their work [11], where 
the speed of formation of the crack is higher as the crack length 
increases. 

The steps for the process are the following: the first stage con
sists of positioning the sample into the micromachining tool. We 
have to ensure that the groove created is parallel to the crystal-
lographic plane of the silicon chip. If this is done properly, the 
shearing stresses dominating the crack formation will be also con
tained in a crystallographic plane, making absolute value of stress 
needed for cracking lower. These planes came defined by the flat of 
the wafer. For this purpose we have a goniometer, so the sample is 
turned a certain angle until the wafer flat is parallel to one of the 
scanning axes. After this, we make the laser grooves on the material, 
with a scanning speed v and a length of the groove L. As the energy 
density is quite high, in the first laser scannings the energy inci
dent to the wafer removes material and creates the groove. Finally, 
after several scannings, the crack appears, and propagates along a 
crystallographic plane. When the groove is oriented parallel to one 
of this planes, the crack propagates faster, otherwise the crack and 
the groove will form a small angle, with slower propagation. At a 
certain number of laser processes, the crack stops and there is no 
more advance. However, the cleavage plane is well defined, and just 
by moving the chip, it gets divided into two different parts. Fig. 2 
shows a cleaved chip, and the comparison between grooved area 
and where the crack appears. The cleaved surface reached is highly 
smooth, with high stability of formation of the crack (there is no 
significant change in the direction of growth). 

3. Results 

We have cleaved a wide variety of Si-based chips using this 
procedure. Among all the parameters to be optimized within the 
process, we have found the most important ones to be the length 
of the groove and the speed of processing. We cannot determine 
solely the influence of repetition rate in the process, as a change 
in this rate provokes a change in beam properties also (quality, 
shape and size of the beam). For this reason, 15 kHz and maximum 
power at this rate (2 W) are constant for all the experiments, as this 
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Fig. 2. Optical microscope and SEM cross sections ofthe laser grooved and cleavage 
areas. 

configuration provides the better beam quality, furthermore. The 
scanning speed is between 15 and 100 |jim/s. The processing speed 
can have influence in the speed of generation ofthe crack, as Ueda 
et al. [5] reported. However, they used a speed between 1 mm/s 
and 36.7 mm/s, compared with the speed of 100 |jim/s used in this 
work, which is several orders of magnitude higher. 

Fig. 3 shows the laser procedure for two different processes. 
Fig. 3a represents a processing speed of 15 (JL/S, whereas in Fig. 4b 
this speed is 100 \±/s. The groove length is for both cases of 2 mm. 
In (a) crack appears in the scanning number 4 (533 s of total scan
ning), and in (b) in number 10 (200 s), and the total length ofthe 
crack is higher in the second case, besides of having a more lin
ear growth. This suggests a better behavior of the cleavage when 
scanning speeds are higher. 

Also, a higher length ofthe groove also eases the crack showing 
up. This is in accordance with stress concentration factor calcu
lation [13]. Not only the total length ofthe groove is important, 
but also the relation between length groove and total length of 
the chip, as noted in the equation of stress concentration. How-

Fig. 4. Cleaved chip with a set of sol-gel waveguides with different thickness on 
silicon. Captions using (a) optical microscopy and (b) scanning electron microscopy. 

ever, the length of the groove has practical limitations. The chips 
to be cleaved have often reduced size, sometimes smaller than 
10 mm x 10 mm. The groove must be made in an area where there 
is no photonic structure, as the laser scanning would damage them. 
So grooves are limited to a length generally in the order of 2 mm 
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Fig. 3. Number of laser groove-made processes vs. cleavage crack length. 



or lower. However, this length has demonstrated to be enough for 
most of the cleaved chips. 

It must be noted that the cleaved chips, or the chips intended to 
be cleaved in the future, can be built over different type of silicon 
wafers (crystal orientation, doping, thickness), and with layers of 
several materials (dielectrics, metals, polysilicon), variations that 
have influence in the fracture limit of the chip [14]. Besides this, the 
size of the chips is not uniform, and neither is the available space 
for making the groove on it. So we have tried to develop a standard 
process to cleave a wide variety of chips. A process consisting of 10 
scans at a speed of 100 |jim/s, with a length over 2 mm has proved 
to work in almost all varieties of chip. 

In particular, Fig. 4 shows an example of two chips with a set of 
sol-gel waveguides on them, the first one (a) with circular waveg
uides, and the other with linear ones (b). These are polymeric 
waveguides, in which laser cleavage is under our point of view of 
high interest, as the quality of the facets has critical importance to 
have any signal during the photonic characterization. 

The chip in Fig. 4b consists of several sol-gel waveguides, with a 
height of 35 |jim, a length close to 10 mm, and width up to 200 |jim. 
These sol-gel polymer waveguides were fabricated as described 
elsewhere with slight modifications [15]. They should be cleaved 
in orderto release their facets since an excess of the sol-gel material 
appeared at both ends of the structures due to the MIMIC fabrica-
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Fig. 5. SEM images of the facets of sol-gel polymer waveguides, (a) Laser cleaved, 
(b) Manually cleaved. Quality of facets of laser cleaving is much higher. 

Fig. 6. Qualitative estimation of the waveguide facets formed by laser cleaving. The 
light exiting the waveguide has a smooth intensity distribution what is an evidence 
of good quality of the facet. 

tion process [16]. Fig. 5 shows SEM images of the facets of sol-gel 
waveguides manually and laser cleaved. Clearly, with laser cleav
age the facets are of higher quality. In (b) seems that the crack has 
propagated along different crystalline planes, in contrast with (a). 
Manual cleavage would be good enough as long as these were not 
photonic waveguides. 

The waveguides became fully accessible after cleaving and 
we managed to couple about 20% of HeNe laser light (632.8 nm) 
focused by an objective lens on the waveguide facet (19.3 for 
100 |jim waveguide, and 21.3 for 150 |jim). This has been higher in 
any case to the efficiency usually obtained when we couple light 
using the same method into the waveguides with manual cleav
ing (7.15 for 100 |jim and 4.25 for 150 |jim). Besides, yield for laser 
cleaved waveguides was of 90%, compared to 66% with manual 
cleaving. 

The quality of the chip facet might be estimated by intensity 
distribution of light exiting the cleaved waveguide. Light exiting 
the waveguide was projected by an objective lens with NA 0.65 
onto a CCD camera. An image of the exiting mode of light with 
TE polarization is presented in Fig. 6. The mode is continuously 
distributed, which is an evidence of high quality of waveguide facet. 

4. Conclusions 

We have developed a methodology to cleave Si-based chips 
using a laser micromachining tool. Accuracy and resolution in gen
erating the cracks and high quality of facets of the photonic devices 
are main advantages of this method. Highly smooth surfaces are 
reached, with the advantage of reducing risk of damaging pho
tonic waveguides, as the laser scanning is performed at a distance 
of them. A particular application for a polymeric sol-gel waveguide 
is also presented. The amount of light coupled to the waveguide is 
higher (up to four times) than those obtained using other methods 
(manual cleavage, dicing and polishing). 
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