
A substrate-mode holographic collimating and beam shaping element for laser diodes
Jen-Tsorng Chang, Der-Chin Su, Zhi-Xian Huang, and Yang-Tung Huang 

 
Citation: Applied Physics Letters 70, 919 (1997); doi: 10.1063/1.118441 
View online: http://dx.doi.org/10.1063/1.118441 
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/70/8?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Beam collimation and transport of quasineutral laser-accelerated protons by a solenoid field 
Phys. Plasmas 17, 023107 (2010); 10.1063/1.3299391 
 
Monolithic integration of AlGaInP laser diodes on Si Ge  Si substrates by molecular beam epitaxy 
J. Appl. Phys. 100, 013103 (2006); 10.1063/1.2209068 
 
Monolithically integrated tunable external-cavity laser diode using InP-based planar waveguide collimating lens
and optical deflector 
Appl. Phys. Lett. 87, 221112 (2005); 10.1063/1.2132518 
 
Integrated chirp compensation in a monolithic passively mode-locked semiconductor diode laser 
Appl. Phys. Lett. 86, 221104 (2005); 10.1063/1.1940728 
 
Characteristics of monolithically integrated two-wavelength laser diodes with aluminum-free active layers 
Appl. Phys. Lett. 78, 853 (2001); 10.1063/1.1347019 

 
 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

140.113.38.11 On: Fri, 03 Oct 2014 05:54:39

http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1077920811/x01/AIP-PT/APL_ArticleDL_1014/AIP-2293_Chaos_Call_for_EIC_1640x440.jpg/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=Jen-Tsorng+Chang&option1=author
http://scitation.aip.org/search?value1=Der-Chin+Su&option1=author
http://scitation.aip.org/search?value1=Zhi-Xian+Huang&option1=author
http://scitation.aip.org/search?value1=Yang-Tung+Huang&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.118441
http://scitation.aip.org/content/aip/journal/apl/70/8?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/pop/17/2/10.1063/1.3299391?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/100/1/10.1063/1.2209068?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/87/22/10.1063/1.2132518?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/87/22/10.1063/1.2132518?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/86/22/10.1063/1.1940728?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/78/7/10.1063/1.1347019?ver=pdfcov


 This a
A substrate-mode holographic collimating and beam shaping element
for laser diodes

Jen-Tsorng Chang, Der-Chin Su,a) and Zhi-Xian Huang
Institute of Electro-Optical Engineering, National Chiao-Tung University, Hsinchu, Taiwan,
Republic of China

Yang-Tung Huang
Department of Electronics and Institute of Electronics Engineering, National Chiao-Tung University,
Hsinchu, Taiwan, Republic of China

~Received 4 November 1996; accepted for publication 16 December 1996!

A new type of substrate-mode holographic collimating and beam shaping element for laser diodes
is presented. Techniques and design considerations are described. A sample is fabricated and its
function is demonstrated. It has many merits, such as easy fabrication, low cost, compactness of
monolithic structure, and is easily used. ©1997 American Institute of Physics.
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Owing to its compactness, lightness, and low cost, a
ser diode is often used as a light source in many scien
and engineering applications.1 Because of the characteristic
of a laser diode, its light beam is divergent with an elliptic
cross section.2 So some elements, such as conventional
fractive optical elements,3,4 graded-index optical elements5

micro-Fresnel lenses,6 and holographic optical elements,7 are
proposed to obtain a collimated beam with a circular cr
section to meet the requirements of many applications. C
ventional refractive optical elements with a pair of anam
phic prisms are bulky and expensive. Although other opti
elements have small size, it is difficult to fabricate them a
align them in an optical system. To solve these problem
new type of collimating and beam shaping element for la
diodes with substrate-mode holographic structure is p
posed. A sample is fabricated and its function is dem
strated. It has many merits such as easy fabrication, low c
compactness of monolithic structure, and is easily used.

The architecture of this new type of substrate-mode
lographic collimating and beam shaping element for la
diodes is depicted in Fig. 1. It consists of two asymmetri
holographic lenses and a monolithic glass substrate. The
vergent elliptical light coming from a laser diode with lon
axis being along thex axis, is incident on the holographi
lens H1 . Here, the light component in the meridian pla
containing thex axis (x-meridian plane! is diffracted and
collimated, and its diffracted angleud is so designed that it is
larger than the critical angle of the interface between air
the glass substrate. So the diffracted light is guided in
substrate and propagates along thex axis. On the other hand
the light component in the meridian plane containing they
axis (y-meridian plane! is diffracted by H1, and becomes
more divergent. And its width becomes wider as the lig
propagates in the substrate. Its propagation distance in
substrate is so designed that its width equals that of the l
component in thex-meridian plane. Hence, as the light bea
reaches another holographic lens H2, it has a circular cross
section. Because of the diffraction at H2 , the light compo-
nent in thex-meridian plane changes its direction and pas
normally through the substrate, and the light componen

a!Electronic mail: t7503@cc.nctu.edu.tw
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the y-meridian plane is collimated. Finally, a light bein
parallel to the incident light with a circular cross section
obtained.

To easily understand the diffraction properties and g
metrical relations of this element, Fig. 1 is redrawn as Fig
In the unfolded configurations in Fig. 2, the direction of t
light beam propagates straight without changing its direct
being due to reflections. Figures 2~a! and 2~b! represent the
light paths in thex- andy-meridian planes, respectively. Fo
convenience, the parameters related to the holographic le
H1 and H2 are denoted by subscripts 1 and 2, those in
x- andy-meridian planes are denoted by superscriptsx and
y, respectively. Because the recording and the reconstruc
waves in both thex- andy-meridian planes originate from o
converge to point sources, the general diffraction proper
of a holographic lens can be used in these two planes.
relevant coordinates (Rq ,bq) are the positions of the poin
sources in these two planes; whereRq(q5o,r ,c,i ) are the
distances from the point sources of~object, reference, recon
struction, image! to the center of the hologram, andbq are
the off-axis angles of the waves. Based on the paraxial w
approximation, the relevant readout equations for a ho
graphic lens are given as8–10

f i5fc6~f02f r !, ~1!

sin b i5sin bc6m ~sin b02sin b r !, ~2!

FIG. 1. The architecture of the substrate-mode holographic collimation
beam shaping element for laser diodes; LD: laser diode, H: holographic
SU: substrate.
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1

Ri
x 5

1

Rc
x 6mS 1Ro

x2
1

Rr
xD , ~3!

cos2 b i

Ri
y 5

cos2 bc

Rc
y 6mS cos2 bo

Ro
y 2

cos2 b r

Rr
y D ; ~4!

wherem5lc /l r is the ratio between the reconstruction a
recording wavelengths. The6 refers to11 and21 orders of
the diffracted images of the holographic lens. Here, only
real image is of interest, and the minus sign is used herea
instead of61 in the equations. Moreover, the necessary c
ditions for an efficient aberration-free holographic lens
given as9–11

bo5sin21~a sin b i1b sin bc!,
~5!

b r5sin21~a sin bc1b sin b i !,

TABLE I. The fabrication parameters of the collimation and beam shap
element.

lc 672 nm l0 441.6 nm

R1x
i ` b1x

i 42° R1x
0 111.3 mm b1x

0 33.67°
R1x
c 20 mm b1x

c 0 R1x
r 23.9 mm b1x

r 6.58°
R1y
i 18.5 mm b1y

i 42° R1y
0 19.3 mm b1y

0 33.67°
R1y
c 20 mm b1y

c 0 R1y
r 17.3 mm b1y

r 6.58°
R2x
i ` b2x

i 0 R2x
0 ` b2x

0 6.58°
R2x
c ` b2x

c 42° R2x
r ` b2x

r 33.67°
R2y
i ` b2y

i 0 R2y
0 638.7 mm b2y

0 6.58°
R2y
c 82.5 mm b2y

c 42° R2y
r 92.8 mm b2y

r 33.67°

FIG. 2. The unfolded configurations for~a! x- and ~b! y-meridian planes,
respectively.
920 Appl. Phys. Lett., Vol. 70, No. 8, 24 February 1997
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Rr
x5S aRc

x 1
b

Ri
xD 21

,6 ~in the x-meridian plane!, ~6!

and

Ro
y5cos2 boY S a cos2 b i

Ri
y 1

b cos2 bc

Rc
y D ,

Rr
y5cos2 b rY S a cos2 bc

Rc
y 1

b cos2 b i

Ri
y D ,6

~ in the y-meridian plane!,

~7!

where a[(m11)/2m1D, b[(m21)/2m1D, D5(m2

21)sin2 bi /(16n
2m2)1(sin4 bi)/(32n

4), andn is the refrac-
tive index of the recording material. Furthermore, to assu
that the diffracted wave can be guided in the glass subst
by total internal reflection,b i(5ud) must satisfy the relation

ng sin b i>1, ~8!

whereng is the refractive index of the glass substrate. An
for beam shaping shown in Fig. 2, the beam widths at H1 and
H2 in the x- and y-meridian planes should satisfy the fol
lowing conditions:

d2
x5d2

y5d1
x52R1c

x tan ux, ~9!

R1i
y ~5R2c

y 2tx /sin ud!

R2c
y 5

d1
y

d1
x , ~10!

and

tx.2d1
x , ~11!

where ux is the divergent angle of the laser diode in th
x-meridian plane, andtx is the lateral propagation distanc
between H1 and H2.

In order to demonstrate its feasibility, a substrate-mo
holographic collimating and beam shaping element for a
ser diode~TOLD 9215!, manufactured by Toshiba America
Electronic Components, Ltd., is designed and fabricat
This element is fabricated with self-made dichromated ge
tin and a He–Cd laser of wavelength 441.6 nm. The thic
ness of this emulsion layer after fixing is 12mm, and its
refractive index is 1.52. Its output wavelength is 672 n

FIG. 3. Optical setup for demonstrating the performances of this eleme
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 This a
under the conditions of temperature 20 °C and current so
35 mA. And its divergent anglesux and uy in the x- and
y-meridian planes are 47° and 12°, respectively. Let
working distance from the laser diode to H1 to be 20 mm,
then the fabrication parameters can be calculated base

FIG. 4. The photographs of the laser beam shapes of~a! the incident light at
H1 , and the output light at~b! 100 mm and~c! 500 mm, after the element
respectively.
Appl. Phys. Lett., Vol. 70, No. 8, 24 February 1997
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the above Eqs.~5!–~11! and are summarized in Table I. An
the cylindrical lenses are used to generate the desired p
sources in thex- andy-meridian planes and two holograph
lenses on a monolithic BK7 glass substrate with thicknes
20 mm and refractive index of 1.517 are fabricated. T
element is performed with the setup shown in Fig. 3,
which a piece of ground glass is used for the imaging pla
and a CCD camera is focused on this plane. For testing
performances, the ground glass is located atP1 , P2 , and
P3 to take the beam shapes and their results are show
Figs. 4~a!, 4~b!, and 4~c!, respectively. Figure 4~a! represents
the beam shape of the incident light at H1 . And Figs. 4~b!
and 4~c! represent the beam shapes of the output light at
and 500 mm after the element, respectively. From these
ures, it is obvious that this element has good performance
collimating and beam shaping for the laser diode we u
Although there is a lateral shift between the incident lig
and the emergent light as this element is used, their opt
axes are parallel and perpendicular to the element, and
very easy to introduce this device into an optical syste
And the collimating and beam shaping elements for ot
laser diodes with different wavelengths can be fabrica
similarly.

A new type of substrate-mode holographic collimati
and beam shaping element for laser diodes is presented.
feasibility of this element is demonstrated, it can be ma
with easy fabrication, low cost, normal input/output co
pling, compact monolithic structure, and it is very easy
introduce this element into an optical system. With the p
tentials of the laser diode, it may be very useful in imagi
systems and optical interconnections.

This study was supported by the National Science Co
cil, R.O.C., under Contract No. NSC84-2215-E-009-034.
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