
第 26卷　第 12期
2005年 12月

半　导　体　学　报
CHIN ESE J OURNAL OF SEMICONDUCTORS

Vol. 26　No. 12
Dec. ,2005

3 Project supported by t he Key Plan of t he National Natural Science Foundation of China (No . 90101023)

　Ding Ying 　male , was born in 1976 , PhD candidate. His research interest s are in design and fabrication of buried heterost ructure SLDs ,

SOAs ,and DFB lasers for optical fiber communications.

　Wang Wei　male ,was born in 1937 ,academician of Chinese Academy of Sciences. His research interest s are in InP based semiconductors opto2

elect ronic devices.

　Received 21 J une 2005 ,revised manuscript received 26 August 2005 Ζ 2005 Chinese Institute of Elect ronics

A Broadband Long2Wavelength Superluminescent Diode Based
on Graded Composition Bulk In GaAs 3
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Abstract : A novel unselective regrowth buried heterost ructure long2wavelength superluminescent diode (SLD) with

a graded composition bulk In GaAs active region is developed by metalorganic vapor phase epitaxy (MOVPE) . At a

150mA injection current ,the full width at half maximum of the emission spect rum of the SLD is about 72nm ,ranging

from 1602 to 1674nm. The emission spect rum is smooth and flat . The ripple of the spect rum is less than 013dB at

any wavelength f rom 1550 to 1700nm. An output power of 413mW is obtained at a 200mA injection current under

continuous2wave operation at room temperature. This device is suitable for the applications of light sources for gas

detectors and L2band optical fiber communications.
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1　Introduction

Superluminescent diodes (SLDs) are optimum

light sources for many applications such as optical

fiber gyroscopes ,sensors ,and optical fiber commu2
nications. It is very important for SLDs to have

broad spect ra , small fluct uation of emission spec2
t ra , and high outp ut power in these applica2
tions[1～3 ] .

To date ,several met hods have been used to in2
crease spect ral widt h ,such as using t he n = 1 and n

= 2 simultaneous t ransitions in a quant um well [ 4 ]

and employing non2uniform multiple quant um2
wells[5 ] . However ,it is difficult to obtain a smoot h

amplified spontaneous emission ( ASE) spect rum

using these met hods.

In t his paper , a novel broadband long2wave2
lengt h SLD wit h unselective regrowt h buried het2
erost ruct ure (B H) fabricated by metalorganic va2
por p hase epitaxy ( MOV PE) is described. We a2
dopt a graded composition bulk ( GCB) In GaAs ac2
tive layer [6～9 ] to get a wide bandwidt h[ 10 ] in t he

long2wavelengt h region. Alt hough graded composi2
tion has been applied for a long time to GaAs2based

material , it has seldom been applied to InP2based

material because t he concomitant st rain easily leads

to relaxation and dislocation. The GCB In GaAs ac2
tive layer p resented here is different f rom previous

devices in that it includes a tensile st rain and a

compressed st rain[ 11 ] .

We also st udy unselective regrowth B H tech2
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nology. Unselective regrowth B H is independent of

t he mesa shape and t he dielect ric mask ,so it is easy

to realize a confined st ruct ure.

Our experimental result s show t hat t he SLD

chip has a 3dB bandwidt h of 72nm at a long wave

band. The ASE spect rum is smooth and flat . This

kind of long2wavelengt h broadband SLD can be

employed as a methane detector because met hane’s

absorption lines rep resent t he first overtones of the

inf rared active f undamentals and are located at a2
bout 1165μm[12 ] . Furt hermore , t here are many po2
tential applications for t his kind of SLD including

optical communications[13 ] ,remote sensing ,molecu2
lar spect roscopy ,and medical uses[14 ] .

2　Device structure

The unselective regrowt h B H SLD was fabri2
cated in t hree step s of MOV PE growt h. First , a

112μm t hick n2doped InP buffer layer was grown

on an n2InP subst rate. The active region waveguide

st ruct ure was grown on t he buffer layer . The active

region consist s of an 85nm undoped GCB In GaAs

active layer sandwiched between 90nm undoped

and lat tice2matched In GaAsP separate confinement

heterost ruct ure ( SCH ) layers wit h a band gap

wavelengt h of about 112μm (112Q) . The symmet2
ric2graded composition of t he bulk In GaAs active

layer is obtained merely by changing t he TM Ga

flux and keeping t he TMIn and t he As H3 constant

during epitaxy growt h. The TM Ga flux changed

f rom 10 to 619 and back to 10 continuously. A TM2
Ga flux of 815 corresponds to t he In0. 53 Ga0. 47 As

matching to the InP subst rate for our MOV PE sys2
tem , 10 corresponds to a tensile st rain of

- 0122 % , and 619 corresponds to a compressed

st rain of 0116 %. The energy band diagram of the

growt h st ruct ure including t he InP cladding layer

developed in the t hird growt h step is shown sche2
matically in Fig. 1. From Fig. 1 ,we can see t hat the

GCB In GaAs active layer includes a complex st rain

region ,viz. a tensile st rain region and a compressed

st rain region. The tensile st rain region has a larger

energy gap and t he compressed st rain region a

smaller energy gap t han t hat of t he In0. 53 Ga0. 47 As

material . The p hotoluminescence ( PL) spect rum of

t he active region is shown in Fig. 2. The peak

wavelengt h is about 1636nm. The f ull widt h at half

maximum ( FW HM ) is 161nm f rom 1545 to

1706nm. The reason for t he wide spect rum and rel2
atively long2wavelengt h is t hat different composi2
tions correspond to different energy gap s for t he

GCB In GaAs active region even t hough t he st rain

effect partly counteract s t he gap shif t resulting

Fig. 1 　Schematic energy band diagram of growth

st ructure

Fig. 2　PL spect rum of SLD’s active region at room

temperature

f rom t he composition change. Even so ,t he GCB In2
GaAs active region with a complex st rain st ruct ure

yields a wider and smoot her spect rum t han an ac2
tive region wit h a simple st rain. Following the first

st ruct ure epitaxy shown in Fig. 3 (a) ,a 118μm2wide

mesa st ripe tilted by 10°was made by p hotoresist

mask lit hograp hy and wet etching as shown in
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Figs. 3 (b) and (c) . Second ,a pair of p/ n current2
blocking layers were formed on the whole area by

unselective MOV PE regrowth as shown in Fig. 3

( d) . Third , a current channel was made by wet

etching in the current2blocking region above the ac2
tive region st ripe as in Fig. 3 (e) ,and t hen a 2μm2
t hick p2doped InP cladding layer and a 012μm2t hick

p + 2doped In GaAs contact layer were grown by

MOV PE. After t he MOV PE growt h ,t he wafer was

t hinned down to 100μm and was metallized and al2
loyed. Then , t he wafer was cleaved into about

800μm2long bars ,bot h facet s of which were coated

by antireflection coating (AR coating) to diminish

emission spect rum modulation. Finally , t he chip s

cut f rom t he bars were mounted on a heat sink.

Figure 3 (f ) shows the whole schematic st ruct ure

after the t hird epitaxy growt h and elect rode fabri2
cation.

Fig. 3　Schematic diagram of the SLD fabrication process　(a) First epitaxy growth ; (b) Etched photoresist ; (c) Wet2
etched mesa by photoresist mask ; (d) Second epitaxy growth to form p/ n current2blocking layers ; (e) Wet2etched current

channel ; (f) Whole st ructure after the third epitaxy growth and elect rode fabrication

　　Figures 4 (a) and (b) show t he scanning elec2
t ron microscope ( SEM ) p hotograp hs of a cross2
sectional view taken in t he SLD fabrication process

corresponding to Figs. 3 (e) and (f ) . In Fig. 4 (a) ,

we can see a 2μm2wide current channel above t he

active region located in the center of the figure

with a f uscous color . The widt h of the current

channel is almost equal to that of the active region.

Fig. 4　SEM photograph of cross2sectional view taken in process　(a) Correspond to Fig. 3 (e) ; (b)

Correspond to Fig. 3 (f) which was the whole st ructure after the third epitaxy growth
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　　Figure 5 shows a microscope p hotograp h of

t he planform view of a 300μm chip surface. The in2
set is a local amplification. The st ripe is tilted 10°

f rom t he normal to t he cleaved facet to suppress

resonance. This angle is larger t han conventional

tilt angle of 7°to much f urt her decrease t he ripple

of emission spect ra.

Fig. 5　Microscope photograph of planform view of the
chip surface

3　Results and discussion

Before applying t he AR coating , the lasing

light power versus injection current of t he chip

with a cavity2lengt h of 500μm was measured under

continuous2wave (CW) operation at room tempera2
t ure as shown in Fig. 6. It shows t hat t he lasing

t hreshold current is about 40mA. It also shows t hat

t he chip has a st rong fluorescence before lasing due

to a st rong spontaneous emission. The lasing char2
acteristic of the 10°2tilted cavity indicates t he high

elect ro2optical performance of t he unselective re2
growt h buried hetero st ruct ure.

Fig. 6 　Light2current characteristic of chip before AR
coating

The ASE light power versus injection current

for t he SLD chip wit h an 800μm cavity2lengt h after

applying t he AR coating is shown in Fig. 7. A sin2
gle2side outp ut power of 413mW is obtained wit h a

200mA injection current under CW operation at

room temperature. The outp ut power is relatively

low ,p rimarily due to t he very narrow active region

st ripe. Furt hermore ,Auger recombination is larger

to longer wavelength. A tapered ,broad p2elect rode

and active region st ripe of SLD are necessary to re2
alize high power.

Fig. 7　ASE power versus current characteristic of SLD

chip after AR coating

Figure 8 shows the ASE spect rum of t he SLD

chip at an injection current of 150mA under CW

operation. The peak wavelengt h is about 1637nm ,

which is close to t hat of t he PL spect rum. The 3dB

emission spect rum bandwidt h ( FW HM ) of t he

ASE spect rum is about 72nm ,ranging f rom 1602 to

1674nm. The ripple is less t han 013dB at any wave2

Fig. 8 　ASE spect rum of SLD chip at 150mA under

CW operation

2132



第 12期 Ding Ying et al . : 　A Broadband Long2Wavelength Superluminescent Diode Based on Graded ⋯

lengt h f rom 1550 to 1700nm. This very small spec2
t ral ripple indicates t he very small residual facet re2
flectivity , which also indicates that lasing is well

suppressed by t he tilted st ripe and A R coating.

Figure 8 also shows t hat t he ASE spect rum is very

flat and smoot h at a 3dB bandwidt h indicating a u2
niform gain produced by t he GCB In GaAs active

layer .

4　Conclusion

In t his paper ,we show the fabrication process

and t he result s of a novel unselective regrowt h

buried heterost ructure long2wavelengt h SLD which

was developed by a t hree step MOV PE growt h

process. A flat and wide emission spect rum and a

small spect ral ripple are achieved in t he long2wave2
lengt h band by t he combination of the graded com2
position active layer ,tilted cavity ,and AR coating.

The FW HM of t he SLD’s ASE spect rum is 72nm ,

with a ripple of less t han 013dB. An outp ut power

of 413mW is obtained at a 200mA injection current

under CW operation at room temperat ure. This de2
vice is quite p romising for many applications be2
cause of it s wide emission spect rum and long2wave2
lengt h band ,alt hough f urt her st udy is required to

optimize it s outp ut power.
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基于渐变组分体材料 In GaAs的宽带长波长超辐射二极管 3

丁　颖　王　圩　阚　强　王宝军　周　帆

(中国科学院半导体研究所 光电子研发中心 , 北京　100083)

摘要 : 研制了一种新型的非选择性再生长掩埋异质结构长波长超辐射二极管 ( SLD) .该器件采用渐变组分体材料

In GaAs作为有源区 ,由金属有机物化学气相外延制备. 150mA下 ,SLD发射谱宽的半高全宽为 72nm ,覆盖范围从

1602到 1674nm.发射谱光滑、平坦 ,光谱波纹在 1550 到 1700nm的范围内小于 013dB.室温连续工作 ,注入电流

200mA下 ,器件获得了 413mW的出光功率.器件适用于气体探测器和 L2band光纤通信的光源.

关键词 : 宽带 ; 超辐射二极管 ; 渐变组分 ; 掩埋异质结构

PACC : 4272　　　EEACC : 4320J

中图分类号 : TN312 + 18　　　文献标识码 : A　　　文章编号 : 025324177 (2005) 1222309206

3国家自然科学基金重大研究计划资助项目 (批准号 :90101023)

　丁　颖　男 ,1976年出生 ,博士研究生 ,从事用于光纤通信的掩埋异质结构 SLDs ,SOAs和 DFB激光器的设计和制作.

　王　圩　男 ,1937年出生 ,中国科学院院士 ,主要研究 InP基长波长半导体光电子器件.

　2005206221收到 ,2005208226定稿 Ζ 2005 中国电子学会

4132


