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Mirror heating and COD in high-power lasers
(Catastrophic Optical Damage )

Jens W. Tomm and Ignacio Esquivias

Outline

1. Introduction

1.1. Failure modes of high-power diode lasers

1.2. Catastrophic (Optical) Damage (COD) and Catastrophic
Optical Mirror Damage (COMD)
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2. Experimental
2.1. Available techniques for in-situ analysis of COMD (quick intro)
2.2. Experimental results
WWW|e *
*
BRIGTER : Tutorial at the BRIGHTER meeting at the Department  of Physics 2

* o, * Lund University, Sweden, June 27-29, 2007



' (o)
AN N
8 )
L (e
5 1/]
2\ ER :
N ™
TOT

w/

Mirror heating and COD in high-power lasers

POLITNICA : :
(Catastrophic Optical Damage )
Jens W. Tomm and Ignacio Esquivias
Outline
3. Modeling of facet heating
3.1 Introduction
3.2 Electrical models
3.3 Thermal models
3.4 Facet heat sources
3.5 Some modeling results
4, Techniques to decrease facet heating
4.1 Surface passivation
4.2 Non-absorbing mirrors (NAMS)
4.3 Non-injecting mirrors (NIMs or blocking layers)
Conclusions
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1. Introduction

1.1. Failure modes of high-power diode lasers
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A-) 1.2. Catastrophic Optical Damage (COD) and
Catastrophic Optical Mirror Damage (COMD)

Substrate Substrate

Rechenberg et al. Inst. Phys. Conf.
Ser.160, 479 (1997).

acﬁvelhyar

Heat sink g
....._...l 7
GSCRL ZORV Hil ¢ f%uh"

$4800 20 OKV 15.4 mm x 300 SE(L) . 100 pm
Tomm et al. Quantum Well Laser Array
Packaging McGraw-Hill, New York (2006). Ko et al. Appl. Phys. A 68, 467 (1999). Frigeri et al. Inst. Phys. Conf.

Ser.160, 483 (1997).

WWW/e * «
*
BRIGHTER K Tutorial at the BRIGHTER meeting at the Department  of Physics
** N ** Lund University, Sweden, June 27-29, 2007



A DED

finy )
=l P
W == 5

7

e
L
’

pou.ecmc,« 1.3. Physical origins of facet failures (COMD)

Surface — surface recombination velocity, S, sometimes Vg

Infinite space
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1.3. Physical origins of facet failures (COMD)
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POLITECNICA
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1. Translation symmetry
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1.3. Physical origins of facet failures (COMD)

Consequences:
1. Substantial modification of the band structure at the surface.

£ 4

Pg

b ]

Accumulation Depletion Inversion

2. Surface as additional localized recombination channel.

S, the surface recombination velocity quantifies the efficiency of this
mechanism, not its microscopic origin.
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Some values for S at GaAs-surfaces

POLITECNICA Sample Dopant D Surface Surface s

(cm) {cm?/fsec) | preparation orientation | (cm/ sec)
TR, NS
n-Gahs Te 6x10% 13 Br:Methanol (100) 5+1x10%
n-GaAs 1077 13 Br:Methanol (111B) 3+1x105
n-GaAs 10" 13 NaOC1 (111A) 3+1x10°
p-GaAs Cd 7x10'7 6.8 Br:Methanol (111B) 4+1x10%
p-GaAs Cd 7x1077 6.8 NaOC1 (111A) 4+1x105
p-GaAs 1.7x10"7 11.0 oxide 3° off (100) 7+1x10°
(oxide) 200 nm
p-GaAs 1.7x107 11.0 Br:Methanol | 3° off (100) 7+1x10°
(without
oxide)
n-GaAs 2x10'8 7.0 Br:Methanol (100) 3+1x10°
(without
oxide)
n-GaAs 2x10'8 7.0 HF:HC1:H.O- (100) 3+1x10°
n-GaAs 2x1018 7.0 oxide (100) 2+1x1068
(oxide) 50 nm 400 ps
p-GaAs Zn 1x10" 6.5 Br:Methanol | 3° off (100) 3+1x106 K._Jatrasmnas
GaAs:Cr 10'6-1017 10 Br:Methanol | 2° off (100) 2+1x10° ana © .
150 ps information

WWWe * *_ S acts as an additional heat source at the surface
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1.4. The thermal runaway model of COMD

Temperature at the facet is determined by

- surface recombination rate ~5*on
- gradual aging (increased S>S;) ~ §*dn All these
- re-absorbed power ~P menc]:gsgl_?ms
- current = increasing.
- bulk-temperature ~U*l-P

Problems:

- We do not know the weight factors
- No means to separate them from each other.
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1.4. The thermal runaway model of COMD

Power within the facet (a.u.)

~AT

Scheme
1 iy
Surface
B recombination
0 1 2 3

Operation current (a.u.)
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1.4. The thermal runaway model of COMD

Power within the facet (a.u.)

~AT

Scheme
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1.4. The thermal runaway model of COMD

Power within the facet (a.u.)

~AT

Scheme
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n Re-absorption
dominates
Re-absorption
Surface
B recomFination
= Clurrent
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Operation current (a.u.)
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=Y 1.4. The thermal runaway model of COMD

Scheme
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<= 1.4. The thermal runaway model of COMD

Scheme
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1.4. The thermal runaway model of COMD

Power within the facet (a.u.)
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=Y 1.4. The thermal runaway model of COMD

Scheme
~ Facet temperature
as measured
/ Total
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1.4. The thermal runaway model of COMD

Experiment
30 - | | - |
. Single chip 808 nm
o5 | BA device, cw i
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iy Current (A)
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1.4. The thermal runaway model of COMD

Experiment
30 ' J J ' J
. Single chip 808 nm
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1.4. The thermal runaway model of COMD

Experiment
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1.4. The thermal runaway model of COMD

30

Experiment
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=Y 1.4. The thermal runaway model of COMD

Reverse facet

M
—
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Temperature

Cavity length

What happens with a semiconductor (QW) if the temperature increases?

- More free carriers get generated (conductivity increases)
- Band edge shrinks (absorption increases)
- Degradation gets increased
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=Y Example: Re-absorption of laser light at the
heated facets

300 K
1000
800 -
Laser emission

F.E 600 - energy
e/ 4
S 400-

200
G 0
5 N
O -200 T T ' T ' !

1.53 1.54 1.55 1.56 1.57 1.58
Photon energy (eV)
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“=Y  Example: Re-absorption of laser light at the
heated facets

350 K 300 K

1000
800 -
Laser emission
F.E 600 - energy
8/ i
S 4004

'g - \__/ \/
> 2004+
1.53 1.54 1.55 1.56 1.57 1.58
Photon energy (eV)
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=Y Example: Re-absorption of laser light at the
heated facets

350 K 300 K

1000
800 - /
Laser emission
F.E 600 - energy
8 i
S 4004

I~

204 v 0
153 154 155 156 157 158

Photon energy (eV)
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COMD scenario: Thermal runaway

Light absorpticn at the facel = Monradiative recombination
l L]
Electron-hole pair generation Heating of the facel
‘ T
. ' Light absomption at the
Heating — Heating of the cladding layer
1 _ Bandgap engrgy reduction |
Bandgap energy reduction — of the cladding media
= Catastrophic optical damage + Catastrophic optical damage
Henry et al. J. Appl. Phys. 50, 3721 (1979) Chen and Tien, J. Appl. Phys. 74, 2167 (1993)
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COMD mechanism in QW-devices

.
]

a0k S0W Loser — B40 nm /
= — ArTOff
. f‘f,?,'&n / Tang et al.
20 Appl. Phys. Lett.

/ 60, 1043 (1992)

(a) /' (b)

Output Power {mW)

DH Laser — 830 nm
A
3 U#Ar* Off
[=]
[+
-—
a
5 —arton
° Time
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—— Art Oon
N {4 mW)
n ] i
0 40 a0

120 0 40 80 120
Current (mA}

126

=
o

Temporaiura Aisa {K)
.
o

Evidence for current-density-induced heating of AlGaAs
single-quantum-well laser facets

Tang et al. Appl. Phys. Lett. 59, 1005 (1991).

Scenarios are based on consideration of
intrinsic properties.
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2. Experimental

2.1. Available techniques for in-situ analysis of COMD
2.1.1 Micro Raman Spectroscopy

400 pm ‘single-chip device’ Stokes
fom ombar 1500 ——— l T l
Substrate 3
Epitaxial layer \‘U/ 1000
sequence >
‘»
C I -
Heat sink _,GE) J hv Anti-Stokes
= 500 TO >
®©
S
Substrate ©
o
Cladding layer (1.5 pm)
Position, where the . 0 L L . L . L . L . L L
Temperature measurement /-E Waveguide (1.0 pm) -300 -200 -100 0 100 200 300
should be done. Cladding layer (1.5 pm)
wavenumber (cm™)
4
V,—V h T temperature Voh frequency of phonons
Ly _ const MRS exp( CVP’“) Ist Stokes intensity h Planck’s constant
1, o V4V kT last  anti-Stokes intensity c velocity of light
/ U frequency of excitation light k Boltzmann constant
WWW]e * *
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2.1.1 Micro Raman Spectroscopy

O

M-l =

n 7 .GA- 2 &
Q)

>

P
Methodology: Calibration of the temperature
measurement

Two completely independent approaches

Example:
based on the same spectra: P
1. Intensity ratio 2. Line position 300 - L@
L - L e from intensity ratios
0.5 i = ~ 268—% — e from spectral positions
- 9% (A I N 200
204 }a 266 [ 0
o v S }]%i\ s
© : @ 264 % 5
; 0.3 S . i
g i /8 £ 262 E 100
£ 0245 /i/ é 3%
1 4 5 260 bee .
0.1 258 N 0
0O 100 200 300 400 500 0O 100 200 300 400 500
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2.1.1 Micro Raman Spectroscopy

u-Raman-Spectrometer DILOR-xy

Monitor
CCD-camera

Edge filter

CCD-camera
(cooled)

i i Polarizer

|
Filter Polarizer

N\ Triple
monochromator

Heat sink
Peltier
cooled

Microscope {

Argon-laser

Optoelectronic

E. 2 5.8 8.k

Hamem imtemy (20 |

device PAw
xyz - Piezo translation stage '
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2.1.1 Micro Raman Spectroscopy

Example:
120 Standard AlGaAs
w/ 2 W single emitter
100 .74
i repetition rate 20 kHz
X o 1 pulse width 8 us
> J— duty cycle 16%
facet pulsed
bulk CcW 9.6 K/A
— pulsed 2.2 K/A
B b facet cw 32.2 K/IA
bulk pulsed. pulsed 12.4 K/A
0 red data obtained by phRaman
0 1 2 3 4 5 open symbols from wavelength shift
| (A : :
(A) Device failure
for cw operation
WWWje * x|
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POLITECNICA

2.1.2 Thermoreflectance

P. W. Epperlein, G. L. Bona, and P. Roentgen, Appl. Phys. Lett. 60, pp. 680-682, 1992.

Si detector

—||=

Function
geEnerator

Reflecting

objective

III
| Laser

*J-{/dlude

cﬂHeut sink

wtage

Chopper

WWWJe * *
BRIGHTERK]
* *

* o, K

Tutorial at the BRIGHTER meeting at the Department

Reflectance R

06 ]
05 -
04 ]
03 .
0.2 -
0ar 42%5 S S
Q '.:3 lb 15

Photon enerqgy Av(eV)

Wawer et al. phys. stat. sol. (a) 202, 1227, (2005).
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2.1.2 Thermoreflectance

Thermoreflectance maps from front facets of broad-area lasers

=400 mA

WWW]e *
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0.50
0.45+

0.40+

Reflectance

0.354

Probe laser

AlGaAs

-0.4

o
N
1

GaAs

o
o

TR-signal (a.u.)
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Photon Energy (eV)

VX

22 24 26 28 30

Ochalski et al. Appl. Phys. Lett.

89, 071104, 1-3 (2006).
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Comparison between Thermoreflectance and
micro-Raman-scans

Heterostructure
<« >
80 @)
o
o 60 °
9 o.. %o 400 mA
g 40’ * y . :0 [ ] ° ° °
8 %
E 20 T T T T A T T T
—~ 80 (b)
3 1 Substrate
Dots:  Raman S g o "
~200 s per data point S | L.
Line:  Thermoreflectance SIS N S5 800 mA
; 407 ®e
1s per data point .
20 1 T 1 T T T I T T T T T T
O 5 10 15 40 60 80
i y (Um)
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Surface sensitive temperature test methods:

- micro-Raman
- Reflectance-methods

both are also sensitive
- surface alterations (TR even to mirror!)
- to stresses

Alternative analytical methods:

Photoluminescence (Batrrier)
Cathodoluminescence

Real time observation of the near-field
EL

L-1-V

Destructive Analysis

PLM

CL

TEM, X-ray

WWW]e *
*
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POLITECNICA

2.2.

Experimental results:

Surface temperature measurement

P=1.5W, T, =25C

5% of total P,__at the facets (2.5 % each)
120 : . . e B
' e T 100
1001 o T -
| AlGaAs ¢ (exp.) —— 2D heat source
80 T 80 Z,=1 um
- 5 ZO=5 Hm R. Puchert et al
£ 60 % z,=10 pm Appl. Phys. A 66,
— T. i G 60} 483-486 (1998).
40 ~
0 | —
20- il
40 Lk bulk temperature (exp.)
0 i .
0 50 100 150 200 heat sink temperature (exp.)
20 | : | | : | : | :
| (MA) 1 2 3 4 5

RW-laser G. Erbert FBH-Berlin
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front facet
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3.0 — : : : : 200 |
] | 4 Oh
o asorh
] ] _ 150+
B
215 S 100
o 3
)
1.0 =
Q
I=3.0 Acw Q 50-
T =25C L
0.5~ degr.rate = 3.7x10°
(i.e. > 50 kh to 80 %)
0.04————————— 0
0 1000 2000 3000 4000 5000 0.0
Operation time (h) 1 (A)
COMD-level lowers during aging ...
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2.2. Experimental results: Direct
monitoring of COMD

emitter device
failure failure

R

—~~ 3001~ ® surface temperature / _

8 T~ @ bulk temperature T

o 250 fﬂ' i

5 1

S 200 ]

= A

(¢D] 150 __*

E’é 100 T

= TNt | |-

o 0 o-¢- o 9009

o= | EE'

0
0 1 2 3 4
3W 3W J. W. Tomm et. al
] Appl. Phys. A 70, 377-381 (2000).
W Wle * « cw operation current (A)
*
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2.2. Experimental results:
Direct monitoring of COMD

rear facet ‘ front facet
unpumped region unpumped region

170 mA

420 mA

525 mA

525 mA after 2 min

525 mA after COD

100 um

Al-free RW-laser (w=3.5 pm) 980 nm, P-5p=7.6 MW/cm?
WWW|e * * K. H. Park et. al Appl. Phys. Lett., 73, 2567-9 (1998).
*
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POLITECNICA

Substrate

\

2.2. Experimental results: How to lower
facet heating?

Approach: Current blocking

layer

Epitaxial layer (active region)
/

X

Heat sink

/Solder layer (1-5 um)

Insulator

\

Substrate

Epitaxial layer (active region)

v

Solder layer (1-5 m
/ yer (1-5 pm)

Heat sink

WWW]e *
*
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* *
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Device properties

7 nm Ing 1,Gag ggAs QW, A=940 nm
800 nm Gag gAlg ,As-waveguide
200 um wide stripes, L=2 mm,
mounted p-side down

5 T T T T T T T T

standard
4+ —— 30 um blocking layer ]

L(A)

F. Rinner et. al J. Appl. Phys. 93, 1354-1362, (2003).
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POLITECNICA

‘regular device’

120

Approach: Current blocking layer

device with a 30 um current blocking layer

120

* o, Kk

*
] L]
0 . 10 Reduction of the facet over-heating by
80 s | m| @ ® a factor of 3-4.
n y
P 60 EA g 60 :
" o h S 3 3 For this type of QW device the facet
T L 0 0
, 3 'ﬁﬁ:f E heating <= 5 A is not caused by the
204 ™ 20-?‘{ i
. . optical load.
ol 0
0 1 2 3 4 5 0 1 2 4 5 160
I (A) I(A)
blocking | facet averaged facet 140
layer temperature| waveguide | overheating
length rise temperature | (K/A) 5’5
(um) (K/A) rise (K/A) Z 120+
A 0 (17.3+1.5) | (3.6+0.1) (13.7+1.6) i 100
- i
B 0 (16.2+1.5) | (4.0+0.2) (12.2+1.7) 3
C 30 (7.11.3) | (3.7#0.2) | (3.4%15) ~ 80-
D 30 (7.9+1.7) (4.3+0.2) (3.6+1.9) ¢
60 ————r————— 17
8 10 12 14 16
WWWije * * F. Rinner et. al J. Appl. Phys. 93, 1354-1362, (2003).
* COMD power (W)
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Approach: Quantum-dot lasers

d Device properties*

3 layers of InAs/GaAs QDs or Ing ,Gag gAs QW,
A=1100 nm

300 nm GaAs-waveguide

50 um wide stripes, L=1 mm, mounted p-side up

A 4

3 T T T T T T T T
dot , _
diod *Ch. Ribbat and R. Sellin 2r 1
oGS “High power quantum dot
laser lasers” in M. Grundmann =
(Ed.) S
Nano-Optoelectronics o
Concepts, Physics and 1r l
Devices, Springer,
Heidelberg, pp. 353-370,
heat sink 2002.
0
0.0
WWW/|e * x
*
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Approach: Quantum-dot lasers

devices mounted p-side up
pulsed operation (5 us pulses, 28 kHz rep. rate, 14% duty cycle)

35 Reduction
of the facet
307 e qw * |  overheating
sl © QD ) by a factor
. of more than 2
20 s
. /I/ I
15 [ J p
o | o 5 O
3
101 | ® S o P
o /‘Zu o
5‘)7 ) VT i Rt A 9
o7
0 04 L
0 1 2 3 4 5 0 1 2 3 4 5
| (A) | (A) J.W. Tomm et al.
SPIE Proc. 4993 (2003).
WWW]|e * x
*
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Outline (I1)

3. Modeling of facet heating and COMD
3.1 Introduction
3.2 Description of facet heating models
3.3 Some modeling results
4. Techniques to decrease facet heating and COMD
4.1 Surface passivation
4.2 Non-absorbing mirrors (NAMS)
4.3 Low optical confinement structures
5. Conclusions
WWWje * x|
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3. Modeling of Facet Heating and COMD

3.1lintroduction

POLITECNICA

Goals of modeling
« Better understanding of physical processes
o Qualitative guidelines to improve reliability and COMD level
« Optimum: Quantitative recommendations to optimize laser design
and develop strategies for improving performance

Main difficulties of modeling facet heating
 Those of modeling laser diodes:
v' 3D device
v' Complex optical/electrical/thermal interaction
v Spectral/ temporal issues
v" Unknown and non-uniform internal parameters
* Plus... those of facet heating:
v Surface physics/chemistry
v"Unknown basic mechanisms

WWW]|e * x
*
BRIGTER : Tutorial at the BRIGHTER meeting at the Department  of Physics 49

* o, * Lund University, Sweden, June 27-29, 2007



POLITECNICA X

VET

L 22
& SI‘,J
%
o =
I3
kY
>
o L

8 RS,

Temporal / Spectral
« CW / Dynamic
 Single-frequency

Laser Model
e Selfconsistent or not

Electrical Models
« Monopolar/ Bipolar Thermal Models
«3D/2D/ 1D « 3D/2D/ 1D
* Definition of surface o Definition of bulk and
recombination facet heat sources
WWW]e *
*' Tutorial at the BRIGHTER meeting at the Department  of Physics 50
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&) 3.2 Description of Facet Heating Models
Electrical Models (I)

1D (z), Longitudinal direction: [Henry 79], [Nakwaski 90], [Yoo 92], [Chen 93], [Schatz 94],
[Menzel 98], [Romo 03]

P dn ] d’n n
= +D——-—-Aln-n, N,
— d ed, dZ? T,
z-axis N
p " =-sn
Facet aZ z=Facet
2D (x-z), Longitudinal and lateral directions: [Lee 93]
P d 2 2
n J d°n d°n n
= +D-—+D-——-—-An-n, )N,
dt  ed_, dz dx® 1,
> . N
Z-axis -axis Main drawback
J is longitudinally uniform (or assumed)
Facet
WWW|e * *
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Electrical Models (1)

2D (y-z), Long. and vertical directions: [Romero 99], Laser Simulator HAROLD 3.0

V=V, « Poisson equation
y-axis ?

» Continuity equations for holes and electrons

QW balance for holes and electrons
1 P e Boundary conditions:
_> Q
. _ VRF 1 —_ SURF 1 -_— SURF
z-axis  J(z) " |:Iqénormal _5 Jnn =R Jpn =-R
J_ Facet — N2
RSURF _ - (nsPs _rll) \=f(N,,E,,0,)
V=0 Sop(ns+nTs)+Son(ps+st)

Main drawback: Only valid for Broad Area Lasers

3D (x-y-z): Not yet reported

WWW]|e * x
*
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Thermal Models (I)

Heat Flow Equation: D(KDT) - _VV(X; Y; Z)

K: thermal conductivity
w (X, Y, z): local heat sources

1D (z), Longitudinal direction: [Henry 79], [Yoo 92], [Menzel 98]

2D (x-z), Long. and lateral directions: [Lee 93]

2D (y-z), Long. and vertical directions: [Romero 99], Laser Simulator HAROLD 3.0

3D (X-Yy-Z): [Nakwaski 90], [Chen 93], [Schatz 94], [Romo 03]

"Tricks" to consider the heat sink
Mathematical methods

WWW]|e * x
*
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Thermal Models (I1)

Local Bulk Heat sources

e Jouled|J|?-p

e« SRHO n

e Auger [0 n3(or n-p? + p-n?)

* Free carrier absorption U (n-0y, + p-0y,)-Ny, (X, Y, 2)

» Excess power: uniform, needed for thermodynamical balance

Facet Heat sources

 Surface recombination UJ n and s, (or surface trap density)
* Optical absorption U P, and N, (X, y)

out

D Surface |
.A/ recombination P A/Optlcal |
Absorption
4 n
WWWle * = Facet Eacet
*
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Laser model

POLITECNICA

Dynamic models: [Nakwaski 85&90], [Menzel 98]

10000 —

« Time dependent solution
» Direct information on Thermal run-away

AT K

CW models: [Henry 79], [Yoo 92], [Chen 93], [Lee 93],
[Schatz 94], [Romero 99],[Romo 03], Laser
Simulator HAROLD 3.0

 Thermal run-away can be inferred from
lack of convergence of
electrical/thermal equations T'm R

Non-Selfconsistent: [Henry 79], [Nakwaski 90], [Yoo 92], [Chen 93], [Lee 93], [Schatz 94],

» Solves only a region close to the facet

Selfconsistent: [Menzel 98], [Romero 99],[Romo 03], Laser Simulator HAROLD 3.0

» Solution of the complete cavity

WWW]|e * x
*
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3.3 Some modeling results

ITEC ]
POLITECNICA Temperature profiles (I) FACET
e I 10s g}lOO
- - 9334 E)’
2_/ 4(3680.
o g
= =
: "§ Iq—) 604
g 0 2 4 6 8 10 12 14
GE) Longitudinal Axis (um)
= 5
gloo' n-side
g .
9 g0- p-side
N
o
Temperature profile depends on g QW HS
. @© T T v v
thermal conductivity L o 2 a4 6 & 10

Vertical Axis (um)

Y4
T Wle * **AT(Z) =AT(0) exr{-l_m] Ly, Thermal diffusion length
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Temperature profiles (I1)

POLITECNICA

[Chen 93]  GaAs/AlGaAs laser [Romo 03]
o 100
@
& AVERAGED — Goda (K, = 04 W)
E | .:I- E‘ADL . ] b goo | — i’“ {I{:‘-‘Tm
= BRUGGER AND EPPERLEIN S 173 — - Rl 0P {¥_ic?
é _.(._U, B Hﬂ.ll'l’ﬂ'_—ﬂf:g H
[N S
QO BOO
& o E M GaAs J
1 5 | —
N o =k
= — 00 b~ o e e e T e
=
S InP
=
W0 =0 30 %00
DISTANCE (MICROMN) Longiuding Poglon {um)
Along the facet (y-axis) Along the cavity (z-axis)
Typical thermal diff. length ~ 1-3 pm
WWWi/e * x
*
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Facet Temperature vs Power/Current (1)

POLITECNICA

[Chen 93] GaAs/AlGaAs laser [Menzel 98b] AlGaAs laser
3 L T L L) L] L] 1] 140
o ) = 1.00]
8 CALCULATED = 4204 o075
 f O  TANGETAL® = O
w < o 050
E af { g© g1oo- Euzs
& o 2 {3000
$ & &5 80 00 D4 08 12 1.8 20
w O 8_ Injection cument [ A
o — E 1
E 1F N ) - BO_
2 ‘ 3 q
T w 4
g THRESHOLD CU w 40 I E
! L
ot 1 ] P — e 20 v T I T v T v
4] 20 40 1] 80 100 120 DU 04 ] D,B 12 16 20
CURRENT (mA) injection current [ A ]
Current Current
Facet heating by surface recombination
WWW]|e * x
*
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Facet Temperature vs Power/Current (I1)

POLITECNICA

Surface recombination Facet optical absorption
100
120-
g-)\ 80+ @oo:
o FACET o FACET
§ 60 § 80-'
C T 604
(R ) !
3 e 40 BULK
= 20 2 20 f
20 30 40 o NO 20 30 40
Current (A) Current (A)

[Batko 98] 808 nm AlGaAs laser bar _
. NO Facet heating
Facet heating below
below threshold
WWW|e * * threshold
*
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Internal parameters

POLITECNICA

/ FACET

Surface recombination

100 5E+18 1000
. 90 - —7A —10A D -
~ 1 —20A —32A '—4E+18 —
& 80 ——40A E 5
i —i
o 70 Z23E+18 P 1 =
2 60 - c ‘T
© K 3 )
S 50 52T\ 7A —10A =
£ 40 I — = 20A —32A 2
— O1E+18 40 A S i
30 1 §
20 o b N -5000 ‘
o 1 2 3 4 5 0 1 2\3 4 5 0 4 5
Cavity axis (um) Cavity axi§ (um) (Hm)
[Batko 98] 808 nm AlGaAs laser bar OPTICAL
CARRIER ABSORPTION
DEPLETION
WWW]|e * x
*
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Internal parameters

POLITECNICA

Facet optical absorption

120 1800
| —7A —10A
110 —0A —— 32 A . 1600 —7A —10A
g_5100 i —20A ‘S 1400 1 —20A —32A
= 28 | < 1200 TA0A
5 20 - = 1000
© 60 S 800
L <
2 50 5 600 -
(D) e ©
— 40 =
30 -
20 ‘ ‘

0 1 2 3 4 5 O 1 2 3\ 4 5

Cavity axis (um) Cavity axis (Jxn) ity axis (um)

808 nm AlGaAs laser bar
CARRIER ADDITIONAL
[Batko 98] ACCUMULATION HEATING by Auger
rec. and FCA
WWWi/e * *
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Thermal run-away by facet optical
absorption

lterative procedure

1000 :
5 —| Electrical solver
L 800+ O
?—): 600. S0 A
“ A
% - - 60 A Heat sources
o 400- A B
L | [ | A
A A _
';200- T aAA | =40 A
iy } ©0 0606060606000 Thermal solver
Ol  J  J  J  J  J
h O 2 4 6 8 10 12 ll
ELECTRO/THERMAL ITERATIONS

——| Temperature profile

[Batko 98] 808 nm AlGaAs laser bar

WWW]|e * x
*
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Thermal run-away by facet optical
absorption

VO . .
‘ Optical Absorption ‘
I
p J, 4 | B Optical
| 4~ Apsorption
n Ty | T>T, ‘ Increase T facet ‘
Facet
V=0
Increase current and
eV . .
J=J,exp — - carrier densities
mkT

E
Jo U eXF{_k.?] Increase Auger recomb.
and FCA heat sources

[Romero 00]

WWWi|e * x
*
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Final remarks in modeling of facet heating (1)

Question: Would it be better to simulate facet heating with
3D/spectral/dynamic/electro/optical/thermal model

(microscopic and multibody) ?

Maybe YES, but probably NOT

WWW]e *
*
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=/ Final remarks in modeling of facet heating (I1)

Question: Are all relevant issues included in present

facet heating models ?

Clearly NOT
LIS LI
Facet Facet T
Z-axis \ b %ﬁ# Z-axis

Defects

axis —b Hot spots < axis —b

WWW]e *
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Outline (I1)

3. Modeling of facet heating and COMD
3.1 Introduction
3.2 Description of facet heating models
3.3 Some modeling results
4, Techniques to decrease facet heating and COMD
4.1 Surface passivation
4.2 Non-absorbing mirrors (NAMS)
4.3 Low optical confinement structures
5. Conclusions
WWWje * x|
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4. Techniques to decrease facet heating
and COMD

v Non-Injecting-Mirrors (NIMs), or current blocking layers
v' Quantum Dot lasers

v' Facet passivation

v" Non-Absorbing-Mirrors (NAMS)

v" Low optical confinement structures

WWW/e *
*
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4.1 Facet Passivation

POLITECNICA

Unpassivated facet: high Passivated facet: low
surface recombination velocity recombination velocity
P P
n n \
_ \ _ f . AR coating
Oxides, adsorbates... AR coating Passivating

Passivation techniques: layer

v E2 process [Gasser 92]: UHV cleaving + in situ a-Si  (or Ge, Sb) deposition
v Sulphation, (NH ,)S, treatment + coating

v" Hydrogenation or Nitridation + coating

v Deposition of ZnSe, Si 3N, Ga,0; or ...

Technological receipt: patent or industrial secret !!!

WWW]e * x
*
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4.2 Non-Absorbing-Mirrors (I)

NAM —
region Interdiffusion 300
process _
| S
|
P ! % 200
| 2
n Ew 1 Eg”Eg 5
! 2 100
Facet 3
Standard QW Interdiffused QW 0
AE, | \ /ﬂ
Eqp eV . =

el

[Kawazu 01]

_ 25°C CW
Window

¢ COD

i _~Non-Window

100 200 300 400
Operating Current (mA)
780 nm AlGaAs laser

Laser photons are
not re-absorbed at
the facets
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Non-Absorbing-Mirrors (ll)

60 g
254\
xS ~ ] | =32 A
£ O 20- \
= 404 standard : ) \
O} O 154
'S ]
CG % r \-
LL LL  10-
20-
— — )
< <
NAM: 5 pm; 50 meV o1
0 0

0O 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80

Current (A) AE, ., (MeV)

Facet heat source: surface recombination

[Batko 98] 808 nm AlGaAs laser bar
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4.3 Low optical confinement waveguides

POLITECNICA

high d/ I" designs
Large Optical Cavity Asymmetric Structures
10
2 810 nm AlGaAs
5 (1— R) . Z 8{ cop *
VA Y, g
max,cw COMD 5 B
(1+ R) R \ /
&2
= 4 thermal
[Botez 99] § e rollover
2 2.
— =
PCOMD — Internal power 0 7 r , :
density at COMD 0 0.2 0.4 0.6 0.8 1
W/cm?
( ) [Petrescu 02] & (um)
WWWi/e * x
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5. Conclusions (I)

POLITECNICA

v Front facet heating represents an important issue for COMD and long
term reliability
v' Mechanisms:
1. Surface recombination appears as an additional heat source at
facets.
2. Surface recombination is the starting point of facet heating.
3. Above threshold, re-absorption of laser light increases surface
recombination rate and facet temperature.
4. Further mechanisms, e.g. absorption at interfacial layers,
surface currents...
v There are techniques allowing the monitoring of:
 Facet temperatures (URaman, Thermoreflectance)
e Evolution towards COMD

WWW]|e * x
*
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POLITECNICA

AN NN

5. Conclusions (lII)

COMD scenario: thermal runaway model
Modeling tools can help to understand the underlying physics
Modeling tools, validated by experimental results, can provide guidelines

to improve devices

v" There are options to make devices more robust against COMD:

Current blocking layers (NIMs)
QD-gain media

Surface passivation
Non-Absorbing Mirrors (window)
Low optical confinement designs

v' There is still a lot to learn about facet heating and COMD !l

WWW]e * =
*
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