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Photonic crystal waveguide for single-mode DFB laser

W3 I K band diagram
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W3 I K band diagram
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Photonic crystal waveguide for single-mode DFB laser
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Photonic crystal waveguide for single-mode DFB laser
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W3 'K waveguide laser:

Let’s sum it up!

e Inherently single-mode DFB lasing
e No mode-hoping, low chirp

e 2D PhC allows for array integration

Wavelength engineering ?
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Wavelength control using affine deformation

A control through lattice constant

It does not work well enough

Smooth and linear control

Sensitivity of AN/Aa ~ 3 : too coarse

e-beam lithography: da > 1nm = J\ > 3nm

How to build dense array of single-mode DFB?
Hint: 2D PhC are 2D!

No sub-1 nm wavelength spacing : no dense array
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What is affine deformation ?

Undeformed Lattice
a=1.0
a
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Affine deformation

e Scale L lattice constant b
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What is affine deformation ?

Affine Deformation ~ Undeformed Lattice

=0.8 =1.0 . .
- 0 Affine deformation
8% 1 o JOOBOBOE |1
Q0000 OOOOOOI OOOOOOOOOOOOOOOO

e Scale L lattice constant b

00000000
00000000
Qo0 o

00000000
00000000
QOD00 D00
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0000000
00000000

00000000

Affine Deformation

00000000
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PhC DFB

A control

Wavelength control using affine deformation

Q control Conclu

What is affine deformation ?

a=1.0
a

51085 56600660

00000000

00000000
00000000
QO 0

Undeformed Lattice ~ Affine Deformation

0=1.2
-y R=J
[0 00000 oIl,zb
OO0O000 00O
00000000

00000000
00000000
OO Q

Affine deformation

e Scale L lattice constant b
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A control

Wavelength control using affine deformation

Q control Conclu

What is affine deformation ?

a=1.0
a

51085 56600660

00000000

00000000
00000000
QO 0

Undeformed Lattice ~ Affine Deformation

0=1.2
-y R=J
[0 00000 oIl,zb
OO0O000 00O
00000000

00000000
00000000
OO Q

Affine deformation

e Scale L lattice constant b

e « is the deformation
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Wavelength control using affine deformation

What is affine deformation ?

Undeformed Lattice ~ Affine Deformation

a Affine deformation

: JBIBEEI8IEE b ““J"‘JU\J\)\JIl.Zb
oooooooolosb 000000001 00000000

000006500 00000000 00000000 e Scale L lattice constant b

Affine Deformation

0=0.8 a=1.0 0=1.2
a

00000000 H 1
00000000 AAIIOIOG -+ JCIOOICIOIOI0 e « is the deformation
T - 00000000

e d=(a—1)bis the
displacement

00000000
An0000O0O0
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What is affine deformation ?

Affine Deformation
0=0.8
a
55 Josb

380 -
0000000
00000000

00000000
00000000
o7 on

Reduced Frequency (a/A)

a=1.0
a

3l b
00000000

00000000

00000000
00000000
Q0

K, (211/a)

Undeformed Lattice ~ Affine Deformation
0=1.2

00000000
00000000
000

Affine deformation

e Scale L lattice constant b

e « is the deformation

e d=(a—1)bis the
displacement
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What is affine deformation ?

Affine Deformation ~ Undeformed Lattice  Affine Deformation

=0.8 =1.0 =1.2 . .
R . T a Affine deformation
56510 0 3 To gu\muuqollzty .
o°<>°o°o°o°o°o°o°I TEE e Scale L lattice constant b
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displacement
i E 0.33
>
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g
g
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by 031
g
3
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What is affine deformation ?

Affine Deformation ~ Undeformed Lattice  Affine Deformation

=0.8 =1.0 =1.2 A 1
o8 . TP Affine deformation
508 lo:sb % 000000 c;Ib QOQOQOOOQOQOQOOOILZb

SEE568 )
000000600 Q0000000 00000000 e Scale L lattice constant b

WRRER0, oofooooooooooozo 00000000 e « is the deformation
20 )G 00000000
4 e d=(a—1)bis the
displacement
—_ E 0.33,
g
>
2 032F o
g
g
L 031 b
8
3
[
@ 4 —40.30 F 0.30F g

0.‘1
K, (211/a)
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Wavelength control using affine deformation

What is affine deformation ?

Affine Deformation ~ Undeformed Lattice  Affine Deformation
0=0.8 a=1.0 0=1.2 . .
R a Affine deformation
0000005 0:80 % 50550 Ib \“o{Jo“loo<:uogo;)o<_;oIl'2b .
B0 o°o°o°o°o°o°o°o° 90000000 e Scale | lattice constant b
:og?:c‘)oooooéic‘):o :o,o‘o,o‘o:o,o‘o,‘oﬁo:o PR e « is the deformation
4 e d=(a—1)bis the
displacement
% E 0.331 ; i
g e Upgg linear in «, d
E 0.32F o
g
g
% _______ 0.31 il
8N N1 N X' L B Uors
3
[
['4 E 0.30F E

T
0.1

K, (211/a)
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What is affine deformation ?

Affine Deformation ~ Undeformed Lattice  Affine Deformation

o8 oo 12 a Affine deformation

a

;DIO.SD SOOUTTTO

0000000 00000000

500600060 00000000 00000000 e Scale | lattice constant b
:ogo:ooooozo:o:o :020202020202020 PR e « is the deformation
& ' o d=(a—1)bis the
displacement

e Upgg linear in «, d

NN\ - Sensitivity (theory)
= 0.30F F ° AA/Ad =~ 0035

Reduced Frequency (a/A)

0.‘1
K, (211/a)
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What is affine deformation ?

Affine Deformation ~ Undeformed Lattice  Affine Deformation
=0.8 =1.0 =1.2 . .
R . T a Affine deformation

SBBBEEEE 1ngs JOBE808E b SB88888E 1 26 _

o°<>°o°o°o°o°o°o°I S0500500 96666660 e Scale L lattice constant b

:o:o:o:o:o:o:o:o BOOOIG PR e « is the deformation

KA. Q000000

e d=(a—1)bis the
displacement
2 .
< e Upgg linear in «, d
g
g
w
_______________ 0.31 E elaSaRgRe
NN AN b Sensitivity (theory)
°
[
< 030F 2 e A)N/Ad ~0.035
020 e 100x improvement !

0.2 0.0 0.‘1
K, (211/a)
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e Several DFB arrays
a =306 & 304 nm

e /" displacement d

e Spectrum = A(d)
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Affine deformation: experimentally
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Affine deformation: experimentally
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Affine deformation: experimentally

Spectral Intensity (arb. u.)
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Affine deformation: experimentally
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Affine deformation: experimentally

T
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3 L Foss © Nice results but ...
£ £
s < .
2o . . s Foe g e Random A\ shift
5 9?0 9?0 IOIOO 10|10 E
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@ o o e ... optical feedback!
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Wavelength control using affine deformation

Optical feedback is to blame

21— T T 24— T T
High feedback Low feedback
1] = array 1l 2% e arrayl o f
= array 2 . e array 2 . °
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Wavelength control using affine deformation

How to deal with optical feedback

Tools and recipes
e Reduce feedback to minimum (end mirror engineering) v
e Increase DBF robustness towards feedback

e Improve Q: (Q factor of best DFB mode)
e Improve AQ = Q1 — @ (mode selectivity)

Affine deformation is not enough

1 handle («) for 2 controls (A and Q)

17 / 26
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Double deformation for Q control

Double deformation: two handles

Affine Deformation Undeformed Lattice Double Deformation

750000000 ‘oooooooc;lb odééooubuolab

Q0000000 +--000000 00 5 ~OOO0CO0CCOa
ow w ew

SOOI - = ORI IO - SO OO OO +-

00000000 SACICIUICICID 00000000

Double deformation

L lattice constant b scaled by «
defect width w scaled independently by
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Double deformation: 2D Q maps

1st DFB mode 2nd DFB mode
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Double deformation for Q control

Double deformation: 2D Q maps

1st DFB mode 2nd DFB mode
10g10(Q1) 10910(Q2)

o
=}

o
©
o

154
©
=}

o
)
a

0.85

Defect deformation &

o
©
1=}

0.80

0.75 0.75
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Affine deformation a Affine deformation a

Mode selectivity improvement

AQ > 2.4 10*: one order of magnitude better
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U control improvement

Slow variation and no mode-hoping
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Double deformation: 2D U map
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Experimental demonstration

¢ =1.04 and « in [0.8,0.9]
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Robustness towards optical feedback

AN < 0.2nm : tenfold improvement
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Double deformation for Q control

Double deformation: experimentally

Lattice Deformation d (nm)
-110 -100 -90 -80 -70 -60 -50

e array TT (low feedback)
= array TN (high feedback)

AL (nm)
2
L]
e
L2

-1 1 1 1 1 L L
0.78 0.80 0.82 0.84 0.86 0.88 0.90 0.92
Deformation o

Robustness towards optical feedback

No mode hoping, all single-mode lasers
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Double deformation for Q control

Intro

Double deformation: experimentally

Lattice Deformation d (nm)
-110 -100 -90 -80 -70 -60 -50

e array TT (low feedback)
= array TN (high feedback)

AL (nm)
2
L]
e
L2

-1 1 1 1 1 L L
0.78 0.80 0.82 0.84 0.86 0.88 0.90 0.92
Deformation o

Improved \ control
Sensitivity A\/Ad ~ 0.009 3x improvement
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2D Photonic Crystal for DFB array
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e Powerful and versatile tool
e Coarse, fine and finer A control

e High robustness towards feedback

BUT ... proof of principle!

e We're on a membrane

e Integration / electrical pumping
= deep etching!
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2D Photonic Crystal for DFB array
e Powerful and versatile tool
e Coarse, fine and finer A control

e High robustness towards feedback

Towards bulk e- pumping
e Proof of principle (brick 1)
e Deep etching (brick 2)

e Simply merge the two !
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