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According to CIR forecast, LD for Communication
will Over 1 Billion US$ in 2014. Most basic optical
communication devices are pretty cheap now except
the DFB LDs which satisfied the DWDM
requirement. Therefore it is highly desirable to
develop a low cost DFB LD manufacture process.

DFB Laser price

DFB LD Regular DFB 2. 5Gbit/s 10Gbit/s DFB | DFB for
Die (10G) DFB (DWDM (DWDM) CATV
$50 about $100 $250-$500 $600-$1000 $300
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ITU-T standard for DWDM wavelength plan

ITU STANDARD FIBER-OPTIC TELECOMMUNICATION CHANNEL:
FREQUENCY AND WAVELENGTHS

CH FREQUENCY ( GHz) Yiavelength (nm) CH Frequency Wavelength (nm)
15 191500 156550 44 194400 154214
16 191600 15564 68 45 194 500 1541.35
17 191700 1553 85 16 194E00 154055
18 191800 1563 .06 47 194700 1539.77
19 191900 1562 23 48 194800 1538.98
20 192000 1561.42 49 194900 1538.19
21 192100 1560.61 =0 195000 1537.40
22 192200 155979 51 195100 1536.61
23 192200 1558 9@ 52 195200 153582
24 192400 155817 53 195300 1535.04
25 192 500 1557 .36 54 195400 1534 25
26 192600 155555 =5 195500 1533.47
27 192700 155575 56 195600 1532 .68
28 192 800 1554 9 57 195700 1531.90
29 192900 1554.13 58 195200 1531.12
30 192000 1553.33 29 195900 1530.33
31 193100 1552 .52 a0 195000 1529 .55
32 193200 1551 .72 61 196100 1528.77
33 1293300 1550.92 62 145200 1527.99
34 193400 155012 63 196300 1527 .22
35 193500 154932 64 195400 1526.44
36 193600 1548 51 65 195500 1525 66
37 193700 154772 66 196600 1524 89
38 193500 1546 92 67 196700 152411
39 193900 154512 68 195800 152334
40 194000 154532 E 15900 1522 .56
a1 194100 154453 70 197 000 1521.72
42 194200 154373 71 197100 1521.02
43 194300 1542 94 72 197200 1520.25

Frequencees are accurate values wavelengths are dependent on the madia progenties.



Nano-imprint Technique for DFB Laser

Nanoimprint Advantages for DFB LD
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A few Challenges for DWDM DFB based on
Nanoimprint Process

High quality and cost effective mold
Anti-stick recipe

Mold and Wafer protection
Epitaxial layers protection

Defect controlling



Multi-Channel DWDM LD Made on one Single

Wafer
Bragg Grating Equation:
A =2nA
AA =1.6nm

ITU Regulation of 200 GHz Channel Spacing means 1.6nm difference in wavelength,
at wavelength of 1550nm, the grating period on InP is only about 240nm,
thus the corresponding adjacent grating periodic difference is only 0.25nm
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Second Mold by Duplication Process
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Defect Controlling
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Pressure Optimum
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Experiment results

46.875 nm

1M 22.728 nm
2 1 - 1o oc
RaClc) 1.862 nm
= Rma = 8.173 nm
) = = = — ~ - 6.859 nm
Rz €nt 4
rRadius  56.708 nm
= sigma nm
T | |
[ 1.00 2.00 3.00
m distance rm
Spectrun stancedL) nm
m
Surface distance
= distance
distance
v s
bc Min 0 /um
HEA0E e e 20 RMS amp 0.075 nm




Intensity(dBm)

v Ll v 1 v L] v L] v 1
1530 1540 1550 1560 1570 1580
Wavelength(nm)

Channel Spacing Uniformity of manufactured DFB LDs.
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DFB Mold With ¥2 Wavelength Phase Shift
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T-DFBREF F 2 1l 23 1

p-lnGaAs  200nm 1xX10  Contact layer

P-InP LY Cladding layer

- 13
p-InGaAs 200nm  1X10 Contact layer nm 1x10"

P-InP 1600 nm 110 Cladding layer

Etching stop

p-InP 20 nm 13 1018 layer u-InP 400 nm Uid Cladding layer
p-InP 100nm  1x 108 Spacer
; Waveguide
120 100nm 1310 Up cladding layer 1.24Q 400nm Uid (Evrer
Maw 100nm  1xX10% PL:1540 nm
n-InP Down cladding
i 100nm X 1018

1.20 100nm 13109 D°W'|’ GECoE buffer 1x10 laver

ayer

- 18
n-InP buffer  500nm  1X10 sub
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Vertical Cavity Surface Emitting Laser
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Outline

What is VCSEL

Different from Edge Emitting Laser
Structure of VCSEL

DBR

Long Wavelength VCSEL
Applications




VCSEL

= What does VCSEL stand for?
= Vertical Cavity Surface Emitting Laser
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VCSEL and Edge-Emitted Laser
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from wafer to single devices
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VCSEL vs. Edge-emitted Laser
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How does it work?
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Mirror

p-doped
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DBR structure design

= Requirement

high reflectivity

high reflective index contract
Compatible with the quantum layer
good electrical conductivity

low thermal resistance
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p-DBR composite mirror |

F 1

- - -
gain medium

e
n-DBR composite mirror 2

(DBR = distributed Bragg retlector)
« VCSEL = gain + mirrors for feedback



Calculating the Layer Thickness

Maxima or minima in
the reflected intensity
occur at specific film
thickness

The dielectric layered
structure that consists
of alternating quarter-
wave layers of two
different materials is
the simplest way of
achieving high
reflectance

N e flection

thickness
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Effect on number of pairs
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The structure of VCSEL
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Structure of VCSEL
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The structure

of VCSEL
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Approaches for long wavelength VCSEL
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Material gain - As N increases, radiative
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InAs quantum dots

SulTicient material gain™
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Monolithic DBR have low index
contrast—mneed mav periods
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Extremely reactive Sh-containing DBRs.
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SulTlicient gain at long wavelength?

InAs quantum dots
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VCSEL arrays
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VCSEL & B
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