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Designed DOE profile with six annulis
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Irectrum

(a) (b)
Milled DOEs with continuous relief and designed wavelength of 635nm. (a)
micrograph of SEM image in 60° view angle, (b) profile measured by AFM
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DOE with
continuous relief
and 7 annulus
directly milled on
glass substrate
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Digital Instruments NanoScope
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3D model with section view
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DOE’s with continuous relief directly milled onto BK7
glass substrate by FIB, 3D micrograph measured by AFM
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Ll 1. 1. J %25y

Hov 12, 1839 08:17 AM| Image Mode: SEM Ele| Acceleration: 5 kY| Aperture: 25.00 um FOV: 70.18 um bbbl ®7.0u

10x10 micro-DOEs array fabricated by focused ion beam milling
(FIBM) directly in BK7 glass substrate

5 April 2002 Tutorial Presentation 14



Cross-section view of DOE with 3 annulus
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10x10 micro-DOEs arraywith 6 annulus fabricated by focused
lon beam milling (FIBM) directly in BK7 glass substrate
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9x9 micro-refractive lens array with f-number 5, diameter
of 60 um and NA =0.1 fabricated by focused ion beam
milling (FIBM) directly in BK7 glass substrate
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l integrated lens

- !-'-l-'-b-]-'-]-:-! X 300u

Integrated lens
with NA=0.35,
and 0.5 for
refractive and
diffractive
respectively,
fabricated by
deposition SiO,
and milling
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Micro-cylindrical lens
with size of 3x8x0.9
um directly deposited
on glass substrate by
FIB SiO, deposition
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depositied S102 plamo-conves lens

!=Et=l::=l=:=gt= >XhR.M1

SEM micrograph of microlens in 60° view angle with f#= 6, NA = 0.1, and
diameter of 10 micron fabricated by SiO, deposition on glass substrate
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= X 35u

Microlens mold
fabricated using FIBM

depth=5.3"ion dose
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From Computer Deslktop Bncyclopedia
= 2000 The Computer Language Co. Inc.

Double
Heterostructure

T active
layer
Gain-guided
Stripe silicon
dioxide
T active
|=ywer

WVertical Cavity
{WCSEL)

rmirror
stack

actiwve

region
rmirror
stack

_Conventional concept: isolated
components for fiber coupling

Handling Bar

Semicylindrical Laser Diode

Lens

Single-Mode __— 3
Fiber 3

Silicon V-Groove

Silicon Substrate

Distributed Feedback
Laser Diode X

N\
> i -
80 um 500 um
-~
2000 um

Eigure 2. The diffractive microlens focuses the laser output into a single-mode
fiber. Monte Carlo simulations suggest an 89 percent probability of a better than
—5-dB total coupling loss for a passively aligned module.




Laser Diode

Single-Mode
Fiber

\

Our approach:

\ Directly integrate diffractive lens
Slicon V-Groove  gn emitting facet of laser diode.

Substrate
Our integrated device i ,\ubs,m
Y ’
Lens 1 : ens 2
z |
Distributed Feedback N Single-Mode Fiber
Laser Diode N\ \
N
-+




One of our deposited micro-
elliptical lens by FIB with
material SiO,

10-50 m

P

\1-3 microns

| )
(@) (b)
(a) diagram of original laser diode; (b) integrated micro-cylindrical lens with the

laser diode. The microlens with size 50x5x0.85 um?3 covered on the emitting
facet, NA=0.33.
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Original laser diode emitting
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I-““—' X 200u
laser diode emitting surface

Side view of laser diode before FIB processing
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Micro-cylindrical lens Deposited
integrated with LD cylindrical lens

B - - T
i deposited microlens on emitting surface

SEM micrograph of the deposited
micro-cylindrical lens on emitting
surface of laser diode.

deposited microlens on emitting surface
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VCSEL

Gaussian beam
8-um diam.
aperture,
A=980 nm

GaAs 20, 20, 2,
] .
200 3 PD
Diffractive :
lens TZ// l \*I _______________
Z L

Fig.1. Schematic diagram of single-VCSEL integrated with hybrid microlens combined
with spherical lens and diffractive lens on the same side for collimating.



796¢€

Fig.2 Diffractive lens with
continuous relief directly milled
onto backside of VCSEL with
GaAs substrate by FIB. SEM
image in 30° view angle.

#1247 =230 um, NA=0.29, VZREIREE: 0.4 um

Beam spot diameter (um)

30- A without microlens
= with microlens

"0 20 30 40 50 60
Distance to VCSEL emitting surface (um)
Fig.3 Far-field angle (half divergence angle)
measured by BeamScope-P5™  beam
scanner, the angle calculated in terms of
incline angle of the lines, is 0.6° and 12° with
and without microlens respectively.



50 um
ETD 30.00 kV|738 m [14.7 mm| 56 ° | -- Quanta 3D

50 um
30.00 kV|30.3 mm|5.0 nA | 754 m | 56 ° Quanta 3D
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Beam profile (2D & 3D) Beam scanner: BeamScope-P5™
captured at focal plane
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Integrated blaze grating
on single mode fiber

i iCh
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@ Possible application: strain/thermal sensing

Integrated fiber system for strain/temperature sensing

Sensor for :
Temperature, pressure,etc.

Detector: linear
CCD/LED/PSD

: Bragg

Connector : SO
: grating i

\

MMF/SMF

Varied signals vs. dispersion angle:

Af (o) ¢ At
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FIB
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source _
chemical

gas

Deposited microlens

Fiber cladding Cifth N
[ approacn.

Plastic jackets Deposition method
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