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Abgract : A new fabricating method is demonstrated to realize two different Bragg gratingsin an identical chip usng

traditional holographic exposure. Polyimideis used to protect one Bragg grating during thefirst period. The technical

process of this method is as smple as that of standard holographic exposure.
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1 Introduction

Bragg grating is used in fiber-optic communi-
cation systems to complete the wavelength selec
tion. It has been inserted in the structure of InPF/
INnGaA sP laser diodes snce 1980’ sin order to a
chieve a reliable dngle-mode operation and narrow
line width at room temperature'™ . Traditional hol-
ographic exposureis used to define the grating pat-
tern on the photoresist and wet etching or dry
etching is used to tranger the pattern to the semi-
conductor optical confining layer. These technical
processes are mature and smple in semiconductor
fabrication ,s0 the DFB and DBR laser diodes be-
come the key light sourcesfor fiber-optic communi-
cation systems. This technology ensures the devel-
opment of a wavelength divison multiplexer ,inclu-
ding the DWDM and CWDM.

Compared with the DWDM ,the CWDM has
wider channel spacing such as 20nm ruled by 1 TU-
Tin G694.2"% Asaresult it can be used for wide
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band communications and especially for metropoli-
tan networks. Low cost and smplicity of light
source are the initia requirements for CWDM.
Multiple DFB laser modules in parallel or varied
Bragg gratingsin DFB laser array are fabricated to
realize the multiple wavelength light source. How-
ever ,the DFB laser module in parallel requires a

complex fabricating processing'™

,&-beam writing,
to realize varied Bragg gratings,which is costly. It
is highly desrable to vary the las ng wavelength of
the light source used in CWDM without using
rather complicated and expensive procedures.

In this paper a modified holographic exposure
is presented to fabricate two different gratings in
an identical chip. The processng of this new meth-
odis as smple as that of traditional holographic
exposure ,s0 the period of Bragg grating for differ-
ent wavelengths can be conveniently realized.
Thus ,two lasng wavelengths corresponding to the
standard channel spacing of a CWDM can be a
chieved by this smple method.
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2 Technical realization

Holographic exposure commonly is used to
fabricate the Bragg grating of a DFB or DBR laser
diode. This conventional method for grating defini-
tionis shownin Fig. 1.
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Fig.1 Holographic exposure setup for grating defini-
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The period of Bragg grating is given as fol-
lows* )

AN =N\/2919 (1)

where/\ represents the period of the Bragg grat-
ing A’ is the wavelength of the illumination laser
used ,and® is demonstrated in Fig. 1. After expo-
sure ,an interference pattern is formed on the sur-
face of the sample ,which has been coated by a pho-
toresst. Generally ,wet etching or RIE or ECR is
used to trander the pattern to the surface layer of
the sample after the developing of the photores st
is coated on it. Compared with the e-beam writing
process, this technique is smple,fast, and low-
cost ,suitable for fabricating the Bragg grating of
the DFB laser used in CWDM. But ,this technique
can only achieve a uniform period of gratingin ani-
dentical chip, s0 we develop the modified hologra

(2) ) 6

phic exposure to realize two different periodsin an
identical chip. Thus,the double wavelength DFB
laser based on an identical chip is realized.

The modified holographic exposure is comple-
ted through four steps. The technical flow is shown
in Fig.2. Firstly ,a standard contact photolithogra
phy combined with chemical etching through pat-
terned photoresist is used for the definition of the
areafor the first grating,with the period A ,while
the remaining area for the second grating ,with the
period B ,is protected with InP. Secondly ,the peri-
od of gratingis conformed from Eq. (2)'® :

As = 2rs/\ (2)
whereAs is the Bragg wavelength in free space, rs
represents the real part of the effective refractive
index of the waveguide structure without the grat-
ing,and A gives the period of the grating struc
ture. Combined with Eq. (1) 8. corresponding to
the first wavelength is confirmed for the holo-
graphic exposure. After stripping photoresist and
cleaning the surface of the sample thefirst grating
is fabricated in relevant area by traditiona holo-
graphic exposure. Then ,polyimide is coated homo-
geneoudly on the whole surface of the sample;to
protect the first grating,contact photolithography
and developing the photoresist are again used to
define the areafor the second grating (with period
B) . Cleaning the polyimide and etching the InP in
those areas complete the definition of the area for
the second grating. At last f2 for the second wave-
length isconfirmed through the combination of Eq.
(1) with (2). The second grating is also realized in
relevant area by the traditional holographic expo-
sure.
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Fig.2 Technica flow of modified holographic exposure (a) Definition of the area for the first grating;

(b) Definition of the areafor the second grating; (c) Bragg grating of different periods 1 InP substrate;

2 InGaAsP confining layer ;3 active layer ;4 InGaAsP confining layer ;5 InP;6. Polyimide
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3 Results:double wavelength DFB la-
ser based on an identical chip

The DFB laser isfabricated on InP substrate.
The waveguide structureis success ully grown by a
low pressure MOV PE at 665 . The thin bulk ac
tive layer possesses a certain tendle strain to en-
sure a larger gain spectrum band (about 108 nm)
and the central wavelength is fixed at 1570nm!".
The varied Bragg gratings are fabricated in the up-
per waveguide layer by modified holographic expo-
sure. The SEM of the two gratings with different
periodsis shownin Fig. 3. The periodsof these two
gratings are 244. 5 and 241 4nm ,respectively ,cor-
responding to two wavelengths with a spacing of
20nm. After fabricating the two varied grating ,the
InP cladding layer and the InGaA s contact layer are
grown in the second step epitaxy. Then,the ridge

Fig.3 SEM photo of the Bragg grating in the device
1 Buffer layer ;2 Lower waveguide layer ;3 Active lay-
er ;4. Upper waveguide layer.

etching, ion implantation, sputtering p-electrode
(Ti/ Pt/ Au) and vaporizing nelectrode (Au/ Ge/
Ni) are success ully completed. Finally ,the devices
are cleaved and AR-coating is carried out in the
front and rear facets. The ridge width of the laser
array isabout 21 m. The total device length isabout
50Q m and each laser section is 25U m. The lasng
spectrum of this device is given in Fig. 4. Two
wavelengths ,1542 4 and 1562 5nm ,are achieved in
the identical chip under different work conditions.
Both have high SMSR. This result benefits from
the Bragg grating with different periods. The out-

put light power from one facet of each sectionisa
chieved to several milli-watts.

Rear section
_25 | Front section

A,=1542.4nm A,=1562.5nm

Light power intensity/dBm
<
n

MM

1 L s 1
1555 1565 1575
Wavelength/nm

. "

-100 > .
1535 1545

Fg.4 Lasing spectra of the device with varied Bragg
gratings

4 Conclusion

A novel modified holographic exposure is a
chieved. Polyimide is used as a protector for the
first grating in this method of realizing a different
grating in an identical chip. This new fabricating
method is as Smple as the conventional holograph-
ic exposure and the technical realization is compati-
ble to the traditional technical processng of semi-
conductor DFB laser diodes. The cost islow enough
to apply potentially in fabricating the multi-wave-
length DFB laser used in CWDM. This technique
provides a foundation for fabricating more compli-
cated matrix laser array and other optical integrat-
ed devices.
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