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The laser diode facet damage is one of the impeding factors of the high-power laser diode operation. To
overcome this restriction laser diode facet coating can be utilized. During the high power operation of the
laser diode, it is observed that the single layer anti reflection (AR) coating at the front facet shows optical
damage while the multilayer high reflective coating at the back facet remains undamaged. To determine
the “damage threshold” of the materials used for AR coating, an e-beam evaporated AloOs, MgFs, and SiO2
single layer thin films on GaAs substrate have been optimized for the wavelength ~ 1060 nm. The diode
pumped Q-switched Neodymium Yttrium Aluminum Garnet (Nd:YAG) laser (1064 nm) was used to da-
mage the samples. The damage on the sample was observed under the microscope. The effective damage
radius on the samples was 150 pm and average continuous wave laser induced damage threshold was

found > 10 W.
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1. INTRODUCTION

The wutilization of the high power laser diodes
(HPLDs) increases with technological advancements.
The application of the HPLD systems is not only limited
to the consumer electronics but also used in high energy
systems [1]. Hence, the HPLD is required to operate
over a long period of time without any significant deg-
radation in performance. The high power operation of
the laser diode is primarily limited due to the thermal
rollover and/or the laser facet damage. The thermal
limitations of the laser diode can be eliminated by vari-
ous laser structure designs e.g. quantum well intermix-
ing [2, 3] while the laser facet damage can be improved
by facet coating with appropriate dielectric materials
besides the laser structure improvement [4].

The laser diode performance improvement can be
achieved by single-layer (4/ 4 thick) anti-reflection (AR)
and A/ 4 thick multi-layer high reflection (HR) coatings
at front-and-back facet, respectively [5]. This dielectric
facet coating serves as passivation and protection
against external effects viz. oxidation, moisture effects,
ete. It also enhances the maximum output power and
efficiency by modification in facet reflectivity [6, 7], and
shows good stability during the long term operation [8].
Hence, with the development of high power laser diode
the facet coating with high damage resistance need to
be optimized.

The most common practice to investigate the laser
diode facet coating properties is the pre- and post-laser
diode characterization viz. Optical power (L)-
Current (I)-Voltage (V) testing. In addition to that some
researchers put efforts to measure the long term relia-
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bility and catastrophic optical mirror damage (COMD)
test of the laser diode after facet coating. The COMD of
the laser diode is a spontaneous (occurs without prior
significant) event due to the high power density at the
facet region. As the COMD event is random and the
theoretical models proposed for the damage mechanism
are device dependent. The probability of COMD occur-
rence in most of the applications of the laser diode is
infrequent, especially in case of longer wavelength de-
vices. So it is good to characterize the facet only for its
damage threshold rather than characterize it after de-
vice facet coating, which costs not only the material
processing but also the whole device failure.

One possible way to find the damage threshold of
the optical thin-film is the laser induced damage test-
ing. The laser damage threshold (LDT) is defined as the
fluence (energy density per unit surface area, J/cm2) at
which an irreversible damage/change occurs in the opti-
cal material as a result of laser illumination [9]. Various
methods have been demonstrated for measuring the
laser induced damage threshold (LIDT) of the thin-film
optical coating viz. 1-on-1, S-on-1, R-on-1 etc. A common
method is to expose a focused laser beam onto the sam-
ple and after illumination the coating is inspected for
the damage using microscopy [10], as shown in Fig. 1.

The present manuscript discusses the LDT meas-
urement of the optical thin-films deposited on to the
GaAs samples with varying thicknesses viz. 1/4, 31/ 4,
and 54/4. The diode pumped Q-switched Neodymium
Yttrium Aluminum Garnet (Nd:YAG) laser (1064 nm)
was used to damage the samples. The sample prepared
for LDT was characterized for its reflectivity before the
damage test. The laser induced damage was observed
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initially by visible flash and finally under microscopic
observation. The preliminary results show that the
damage on the samples was only due to the heating
effect rather than optical absorption into the sample.
Moreover, there was no significant effect observed on
LDT as a function of film thicknesses.

2. EXPERIMENTAL

The single layer anti reflection (AR) coatings of the
Al203, MgFs2 and SiO2 (MERCK) were deposited in a
270° bend 6 kW electron beam evaporation system in a
high vacuum coating unit (Hind High Vacuum Co. (P)
Ltd.). The system is equipped with thin film deposition
controller (SQC-122¢c SIGMA) to precisely monitor and
control the thickness and deposition rate of the thin
film. The single layer coatings were carried out on
GaAs substrate and optimized for the wavelength
~ 1060 nm. The substrate was cleaned thoroughly
using trichloroethylene (T'CE), acetone, and methanol.
The AR films have been deposited with constant rate of
2 Alsec on a rotating substrate (30 rpm). Radiant heat-
er was used to maintain the desired substrate tempera-
ture of 200 °C. The reflectivity of the deposited film on
a GaAs substrate was measured ex-situ.

Nd:YAG
Laser Source

Sample

Fig. 1 —The schematic of the laser damage threshold
measurement

The standard methods for the laser damage thresh-
old measurement are 1-on-1, and S-on-1 tests [9]. The
limitations of these methods are: time consuming com-
plex implementation and data analysis and each exper-
imental condition required to expose a sample to the
new damage site. Hence, an unconventional laser dam-
age test has been performed as per the available facili-
ty. The LDT test was carried out using diode pumped Q-
switched Nd:YAG laser system (Model. Hallmark Diode,
Sahajanand Laser Technology Ltd., INDIA). The laser
produced a beam with a Gaussian spatial profile. The
detail technical specification of the laser system used for
pulsed LDT is mentioned in Table 1.

The beam spot size was set by adjusting the distance
between sample and positive/focusing lens (focal
length = 70 mm) i.e. 1.17 mm for pulsed and 0.39 mm
for continuous wave (CW) LDT measurement. (focal
length = 77 mm). The sample was adjusted slightly dis-
placed from the normal in order to avoid the effect of
interference and reflection of the irradiated laser from
the sample to the source. The average output power of
the collimated laser beam was measured with power
meter (Laser power meter, OPHIR Photonics). The ser-
vo motor enables the sample to travel across the laser
path (with speed of 200 mm/s) which irradiates the la-
ser with frequency of 200 Hz. The damage sight on the
coated sample was observed using a polarization micro-
scope (LABOURLUX 11, Leitz).

J. NANO- ELECTRON. PHYS. 5, 02016 (2013)

Table 1 — Laser system specification used for the pulsed LDT

measurement
Diode Pumped,
Laser Source Q-switch NdI:)YAG
Wavelength 1064 nm
Beam Mode TEMoo, M2 < 1.2
Laser Power (Avg.) 0.5t0 1.5 W
Pulse width 100 ns
Pulse Frequency 200 Hz
Resolution 1u
Qutput beam diameter 6 mm (1/e2)

3. RESULTS AND DISCUSSIONS
3.1 Reflectivity Measurement

The mirror polished GaAs sample was coated with
single layer quarter wave optical thick (QWOT) of dif-
ferent dielectric materials viz. Al2Os, MgFs, and SiOa.
The LDT was measured for the samples with different
material thickness viz. A/ 4, 34/ 4 and 54/ 4 optimized
for the wavelength ~ 1060 nm. The reflectivity of the
coated thin films on GaAs substrate was measured
using self assembled reflectivity measurement setup.
The experimental reflectivity was measured in refe-
rence with standard gold mirror and compared with
simulated results. Figure 2 shows the experimental
and simulated reflectivity of the optimized sample. The
reflectivity simulation was discussed by V.A. Kheraj et
al. in detail [11]. The reflectivity measured for other
samples with different thickness is shown in Table 2.

Table 2 — The measured and calculated thin film parameters

: Thickness Reflectivity (%)
Material 2

A) Exp. Sim.

Al203 Al4n 4.89 4.97
341 4n 6.63 7.09

54/ 4n 5.63 6.32

MgF2 Aldn 8.21 8.33
34/4n 7.04 8.24

51/ 4n 6.60 6.75

Si02 Al4n 5.83 5.75
341 4n 5.20 5.32

51/4n 6.57 6.61

3.2 LDT Measurement

The samples were irradiated with increasing beam
fluence up to 1.5 W average power (starting from 0.1 W
with 0.1 W step increase) for pulsed LDT. In case of
CW LDT measurement the power was increased up to
the damage with 1 W step increase. The spacing be-
tween consecutive damage spot with different fluence
was kept enough to avoid the intermixing of damage
conditioning on nearby damage spots. The preliminary
confirmation of the damage to the samples was: by ob-
serving spark/flash during irradiation and also using
CCD camera (75X zoom) mounted on the laser system.
After each irradiation to the sample the damage site’s
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Fig. 2 — Optimized QWOT single layer facet reflectivity curve
for Al:Os, MgF2 and SiO2

snap shot was taken to compare the influence of the
increasing damage fluence.

In case of pulsed LDT measurement increase in
damage spot diameter with increasing laser power was
observed for all samples, as shown in Fig. 3. Table 3
and 4 contains the LDT data of AleOs, MgF2 and SiO2
measured in pulsed and CW operation, respectively.

As followed the optical microscopy the damage
threshold of the sample with different thickness is al-
most equivalent and there is no observable difference
found.
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Fig. 3 — Photographs of pulsed laser induced damage for sin-
gle layer QWOT (a) Al:Os, (b) MgFs, and (c) SiO2 on GaAs
substrate

It has been reported by T.W. Walker et al. that the
LDT of the oxide materials shows no significant change
as a function of thickness while MgF2 shows slight var-
iation in LDT with thickness [10]. The microscopic
observation of the CW laser induced damaged site
clearly illustrates the melt substrate material as shown
in Fig. 4.

The damage to the sample is entirely because of the
heating effect. The impurity percentage and surface
defects in the substrate and the deposited material
play a vital role in absorption and heating in to the
sample. The absorption of the laser energy leads to the
nonradiative relaxation on excited electrons and hence
causes the heating. The heat around the irradiated
area causes expansion of material and finally melts it.
Also, A.V. Kaunar et al. have reported that the GaAs
with mirror polished surface has less surface absorp-
tion than other rough surfaces and therefore higher
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Table 3 — Laser damage threshold (Pulse mode) of materials
with beam diameter=1.17 mm, frequency =200 Hz, Pulse
width = 100 ns

Experimental Materials
Parameters Si02 | AleOs | MgF2
Average Power (W) 0.85 0.8 0.7
Energy / pulse (md) 4.25 4.00 3.50
Peak power (kW) 42.5 40.0 35.0
Peak power density 3.95 3.72 3.26
(MW/cm?)

Table 4 — Laser damage threshold (CW mode) of materials
with beam diameter = 0.39 mm

Experimental Materials
Parameters Si02 | AlOs | MgF2
Average Power (W) 10 16 11
Power density (kW/cm?) 8.37 | 13.39 | 9.21

laser damage threshold [12]. The average damage spot
site diameter was ~ 150 pum, which leads to CW LDT
> 55 kW/cm2. The COD limit of the commercially avail-
able bare high power laser diodes is of the order of few
hundred watts. Hence we can certainly utilize this fac-
et coating to improve laser diode COD limit.

4. CONCLUSIONS

The laser damage threshold of the single layer Al:203,
MgF32, and SiOz has been measured. The damage on the
quarter wave optical thick dielectric films deposited on
the GaAs was done by using Q-switched Nd:YAG laser
in both pulsed and CW mode. The laser induced dam-
age on the samples was only due to the heating effect.
The surface defects and impurity in the deposited thin
film causes absorption and hence the occurrence of
damage on the surface. The effective damage radius on
the samples was ~ 150 um and average continuous
wave laser induced damage threshold was found
> 10 W. The optimized single layer QWOT thin films
have potential for laser diode facet coating application.

ACKNOLEDGEMENT

Author, Mr. G.G. Bhatt, is thankful to the Universi-
ty Grants Commission (UGC) for providing financial
assistance under the Research Fellowships in Sciences
for Meritorious Students (RFSMS) scheme.

REFERENCES

1. J.H. Marsh, IEEE Photonic. Soc. Newsletter 24, 4 (2010).

2. L.J.Mawst, A. Bhattacharya, J.Lopez, D. Botez,
D.Z. Garbuzov, L.DeMarco, J.C.Connolly, M. Jansen,
F. Fang, R.F. Nabiev, Appl. Phys. Lett. 69, 1532 (1996).

3. J.H. Marsh, Laser Technik <J. 4, 32 (2007).

4. U. Martin, COMD behavior of semiconductor laser diodes,
Annual Report — Dept. of Optoelectronics, University of
Ulm, 39 (1999).

5. Laser and Bose-Einstein Condensation Physics (Ed.
V.A. Kheraj, C.J.Panchal) (Narosa Publishing House:
2010).

6. P.V. Bhorea, A.P. Shah, M.R. Gokhale, S. Ghosh,
A. Bhattacharya, B.M. Arora, Indian J. Eng. Mater. Sci.
11, 438 (2004).

J. NANO- ELECTRON. PHYS. 5, 02016 (2013)

Fig. 4 — Microscopic view of the single layer QWOT (a) AlzOs,
(b) MgFs, and (c) SiO2 CW laser induced damage site

7. C.J.Panchal, V.A. Kheraj, KM. Patel, P.K. Patel,
B.M. Arora, T.K. Sharma, ICO20: Lasers and Laser Tech-
nologies, 6028, 35 (SPIE: 2005).

8. K. Itaya, M. Ishikawa, H. Okuda, Y. Watanabe, K. Nitta,
H. Shiozawa, Y. Uematsu, Appl. Phys. Lett. 53, 1363
(1988).

9. IS0-11254-1/2:2001(E), International Organization for
Standardization.

10. T.W. Walker, A.H. Guenther, P.E. Nielsen, IEEE <J. Quan-
tum Elect. 17, 2041 (1981).

11. V.A. Kheraj, C.J. Panchal, M.S. Desai, V. Potbhare, Pra-
mana — J. Phys. 72, 1011 (2009).

12. AV. Kuanr, S.K. Bansal, G.P. Srivastava, Opt. Laser.
Technol. 28, 25 (1996).

02016-4


http://dx.doi.org/10.1063/1.117995
http://dx.doi.org/10.1002/latj.200790190
http://nopr.niscair.res.in/bitstream/123456789/9318/1/IJEMS%2011%285%29%20438-440.pdf
http://nopr.niscair.res.in/bitstream/123456789/9318/1/IJEMS%2011%285%29%20438-440.pdf
http://dx.doi.org/10.1063/1.100403
http://dx.doi.org/10.1109/JQE.1981.1070662
http://dx.doi.org/10.1109/JQE.1981.1070662
http://dx.doi.org/10.1007/s12043-009-0081-0
http://dx.doi.org/10.1007/s12043-009-0081-0
http://dx.doi.org/10.1016/0030-3992(95)00075-5
http://dx.doi.org/10.1016/0030-3992(95)00075-5

