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Designed DOE profile with six annulis
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(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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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



5 April 2002 Tutorial Presentation 11



5 April 2002 Tutorial Presentation 12



5 April 2002 Tutorial Presentation 13



5 April 2002 Tutorial Presentation 14

10x10 micro-DOEs array fabricated by focused ion beam milling 

(FIBM) directly in BK7 glass substrate
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Cross-section view of DOE with 3 annulus
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10x10 micro-DOEs arraywith 6 annulus  fabricated by focused 

ion beam milling (FIBM) directly in BK7 glass substrate
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9x9 micro-refractive lens array with f-number 5, diameter 

of 60 m and NA =0.1 fabricated by focused ion beam 

milling (FIBM) directly in BK7 glass substrate



5 April 2002 Tutorial Presentation 23

Beam profile of the 9x9 micro-refractive lens array 

measured by BeamScope-P5TM
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Integrated lens 

with NA=0.35, 

and o.5 for 

refractive and 

diffractive 

respectively, 

fabricated by 

deposition SiO2

and milling
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Micro-cylindrical lens 

with size of 3x8x0.9 

m directly deposited 

on glass substrate by 

FIB SiO2 deposition
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SEM micrograph of microlens in 60 view angle with f#= 6, NA = 0.1, and 

diameter of 10 micron fabricated by SiO2 deposition on glass substrate
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Microlens mold 

fabricated using FIBM
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Conventional concept: isolated 

components for fiber coupling
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Our integrated device

Our approach: 

Directly integrate diffractive lens 

on emitting facet of laser diode.
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(a) diagram of original laser diode; (b) integrated micro-cylindrical lens with the

laser diode. The microlens with size 5050.85 m3 covered on the emitting

facet, NA=0.33.
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One of our deposited micro-

elliptical lens by FIB with 

material SiO2

Micro-cylindrical lens integrated with LD
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Original laser diode emitting 
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Side view of laser diode before FIB processing
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SEM micrograph of the deposited
micro-cylindrical lens on emitting
surface of laser diode.

Deposited 

cylindrical lens

Micro-cylindrical lens 

integrated with LD



5 April 2002 Tutorial Presentation 40

Fig.1. Schematic diagram of single-VCSEL integrated with hybrid microlens combined 

with spherical lens and diffractive lens on the same side for collimating.
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Fig.2 Diffractive lens with

continuous relief directly milled

onto backside of VCSEL with

GaAs substrate by FIB. SEM

image in 30 view angle.
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Fig.3 Far-field angle (half divergence angle)

measured by BeamScope-P5TM beam

scanner, the angle calculated in terms of

incline angle of the lines, is 0.6 and 12 with

and without microlens respectively.

设计参数 f=230 m, NA=0.29, 浮雕深度: 0.4 m
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FIB在光纤端面直写衍射微透镜实验结果
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Characterization results using 

WYKO interferometer

Veeco干涉仪测量结果
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Beam profile (2D & 3D) 

captured at focal plane

20 um

15 um

Beam scanner: BeamScope-P5TM

实验结果:集成DOE聚焦性能测试
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Integrated blaze grating 

on single mode fiber

FIB在光纤端面直写闪耀光栅实验结果
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Characterization of the 

blaze grating by WYKO

实验结果
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Possible application: strain/thermal sensing

Integrated fiber system for strain/temperature sensing 

Varied signals vs. dispersion angle:

f ()  

Detector: linear 

CCD/LED/PSD

Light 

source

Connector
Bragg 

grating

Sensor for :

Temperature, pressure,etc.

MMF/SMF

Micro-

grating

core

cladding
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光纤布拉格光栅工作原理
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光纤布拉格光栅工作原理



5 April 2002 50

光纤布拉格光栅工作原理

ΔλＢ ＝λＢ（１－Ｐｅ）Δε

＋λＢ（αｆ－ξ）ΔＴ
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Plastic jackets

Fiber cladding

Deposited microlens

TMCTS 

source
chemical 

gas

FIB

Fifth approach:

Deposition method

Microlens fabricated by FIB deposition
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