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Introduction

I
Targeted Applications:

Pumping of solid-state lasers
Pumping of Er or Er/Yb lasers and double cladding

amplifiers: 975 nm and 915 nm

Broad area laser Ridge Tapered laser

<+“—>
< > <>
~ 100 um Few pm Few tens of um
High Power Low Power High Power
Highly multimode Single mode Single mode
High beam quality High beam quality
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What is Brightness?

Case of a single emitter aet e
: P
BrightnessB = W)
S(cm?) W(srd)
P 1
| 2M M
/ Slowy 23S
Beam propagation factor — g

2 _ p N N
MI=—"—W,.0,e. < === Fastaxis: diffraction limited beam (M2, ~ 1)

4
2 _ P L . )
M, _—Wi/ez o o <= Slowaxis: 1<M2<20
il
High P and Low M?;
b High B
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| What is Brightness?

Case of a bars

Optical fiber
Beam
shaping > @y
optics
BPR: = \/ BPP, " BPP, £ i BPP;per = if iver 2NAgipe
J2 J2
Condition for efficient
coupling
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. What is Brightness? ©

Total emissive width

<

I Case of a bars

BPRP. =w,~ Ja N — diffraction limited beam

a,

BPP, =Total emissivewidth” q, <«l=—== weneedalow g,

Beam shaping optics |::> N intermediary beams

— D BPP, =BPP, " N
BPP, =BPP, /N

High P and Low g
P High B
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Broad area lasers

Internal parameters

_ AlGalnP
a, =0.5cm’ Large Optical

h. = 86% Cavity (LOC) GalnP

Jcl> = 86 Alcm? I Ee——— GalnAs 1QW
GGy =15cm GalnP
AlGalnP

Characteristic temperatures

T, =179 K 15 400
T1=572K 14 | Am=048 cm’* GGo = 14.7cm™
o hq.int = 86 % i _ 2
on 2 mm % sl g.int 7a 300 Jo= 85.6 Alcm
as-cleaved K M £
BA laser = 127 = L0 |
(CW)
11
10 ' ' 100
0.0 0.1 0.2 0.2 0 5 10 15 20 25
Length (cm) 1/L (cm™)
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Broad area lasers

Power charactersistics

Far-field profile (fast axis)

8 50 1.0
w03
Ser o 20| abm o o
= 25°C 130 & g 06 T -
2 cw 20 S =
@) o) = 04 ¢
o < o
27 10 3 o, Exp.
= ————— Theory
° 0 2 ;1 é é 10O o0 | | |
: 2 25 50
Current (A) >0 ° Angole(°)
AR/HR
2 mm x100 pm
l, = 411 mA
hg = 1.05 W/A
Pnax = 7 W
g = 32° FWHM
-v lab
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. Broad area lasers

Far-field profile (slow axis)

1.0
1W CW
20°C

08 1
> 90
g o6 | FWHM
= <
S o4}
(@)
o

10.7°
2T at 1/e?
0.0
-10 -5 0 5 10
Angle (°)
M2 = 15.3 at 1/e2
M2ss =17.1
B = 7.8 MW/cm?2/sr
1H1-v |ab
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. Tapered lasers: IG1 (©

|
Power characteristics (CW)

1.0 50
1 0.8 {40
< o
HR Few tens S =
.. 0.6 430
—=mll] | o :
Dcz 0.4 20 8'
| | AR 3 20°C 3
2.5 mm g o2 CW 108
0.0 ' ' ' ' ' ' ' 0
00 02 04 06 08 10 12 14 16
Current (A)
Temp. lin hy Rq Ty Popt  Current Lambda
cc)  mA) WA W)  (°C) (mw)  (mA) (nm)
20 89 0.75 0.48 179 1000 1500 018.7
Near max. power
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. Beam profiles at 1IW CW (slow axis) ©

Near-field at waist

=
o

o
©

0.6f

Optical Power (a.u.)
o
D

=
o

o
©

0.6

Optical Power (a.u.)
o
D

Far-field

0.2 0.2}
0.0 ] 0.0
0 10 20 30 40 50 -10
Position (um) Angle (°)
2 2
M T 1/e<3.0 Angle ~ 10° at 1/e?
M#ss <3.0 at W CW
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Tapered lasers: Clarinets (©

Power characteristics (CW) 08 . . . . 40
HR 2° Few tens S 0-6¢ 10 =
of pum . m
% 0.4} 20 =H
| | AR x 3
@ 3]
2.5mm 2 02 10 =
o) E
Borruel et al. 0.0 : , , , 0
APL 87, p. 101104 (2005) 0.0 0.2 04 0.6 08 1.0
Borruel et al. Current (A)
CLEO Europe 2005,
Paper CB6-4
Temp. liy hy Rq Ty Popt  Current Lambda
) mA) WA W)  (C) (mw) (mA) (nm)
20 177 1.10 0.63 121 680 1000 917.3
Near max. power
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Beam profiles at 0.65 W CW

Near -field at waist Far-field

=
o

o
©

0.6f

Optical Power (a.u.)
o
D
Optical Power (a.u.)
o
N

0.2 0.2
0.0 y 0.0
10 20 30 40 50 60 -10
Position (um) Angle (°)
M2 at 1/e2< 1.4 Angle ~ 5° at 1/e2
M2ss <2.5 at 0.65W CW
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: Beam properties (slow axis)

|
Evolution of apertures with current Evolution of M? with current

25 : : : : : 25 4
20°C —0— M’ss
—~ ? cw o 1% 3 O —A— M at e .
g 151 / {5 5 o D\ o H
) g——=0Hd Q 2L 20°C D\D/ \EI I:/ .
= — @ D Ccw
< 10r %>-&/D 410 i = A/k
S 5t Al r—n 45 23
%.o 0'.2 o'.4 016 OI.8 1'.0 1.2O 0.0 0.2 0.4 06 08 1.0 12
Current (A) Current (A)
Low and stable M? at 1/e2< 1.4
angle of ~5° M2ss <2.5
at 1/e?2 at 0.65 W
P -v lab
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Interest for the Clarinet lasers for bars

I
25 ' ; : : : . . 25
_ 20+ e D/D\D/D/D\D\D/D\D/D —420
Sl ® l1s 2 |::> IG1: Divergence increases
3 o with current
= 100 /A_A/A {10 =
£ AR A 5
ow
0 T S S N 0
00 02 04 06 08 10 12 14 16
Current (A)
25 : 25
20°C
_ 20+ cW g 420
5 15 E/ 15 =
~ _ I «3 . .
g R " o :> Clarinet: Divergence Stable
® 10} - J10 & .
£ 0 B\A\ @_} = with current
S 5 A=A A—A 15 23
0 e 0 Very advantageous
0.0 0.2 0.4 0.6 0.8 1.0 1.2 for bars
Current (A)
P 1-v lab
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! Comparison of single emitters (©

g=_ W)
Sor?) Wsrd) High P and Low M?,
_P 1 :> b High B
| 2MZM?
Structure Power M? Brightness
(W) at 1/e>  (MW/cm?/sr)
BA Laser 0.60 13.7 5.2
1.00 15.3 7.8
5.00 18.0 33.2
Ridge* 0.15 15 11.9
IG1 0.60 2.6 27.6
1.00 3.0 39.8 _
Clarinet 0.65 1.3 59.7 > | r'f;?:‘ﬁ;i a
* Per facet
* N _
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. Conclusions ®

I
High power Laser structure
Very low internal losses (a; < 0.5 cm™)
Very low J, (86 Alcm?)

High brightness on single emitters

IG1 lasers
1.0WCWat15A. At1W. M2=3.0 at 1/e2 B = 40 MW/cm?2/sr

Clarinet lasers
0.65WCW at 1.0 A, M>=1.3 at 1/e2 B = 60 MW/cm?/sr
Interest of low angles for bars

Small arrays and bars were realised

6xIG1 array: 4W CW
6 mm bar (16 groups of 4xIG1): 20W CW

Future work New laser structure with GaAlAs claddings
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