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Abstract : The compressively st rained In GaAs/ In GaAsP quantum well dist ributed feedback laser with ridge2wave2
guide is fabricated at 1174μm. It is grown by low2pressure metal organic chemical vapor deposition ( MOCVD) . A

strain buffer layer is used to avoid indium segregation. The threshold current of the device uncoated with length of

300μm is 1115mA. The maximum output power is 14mW at 100mA. A side mode suppression ratio of 3515dB is ob2
tained.
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1　Introduction

High st rained In GaAs/ In GaAsP quantum well

dist ributed feedback lasers at wavelengt h range

f rom 116 to 210μm can be used in remote sensing ,

pollutant detection ,and molecular spect roscopy[1 ] .

However , t he high st rain quant um wells make it

difficult to obtain high performance laser diodes.

Wit h the increase of t he wavelengt h f rom 116 to

210μm , the indium concent ration in t he quant um

well should be increased. However , high indium

concent ration will lead indium segregation during

t he quant um well growth. At long wavelengt h

range t he laser characteristics deteriorate because

of large optical lo ss , such as Auger recombination

and intervalence band absorption. Much effort has

been spent on t he research of long wavelengt h la2
sers ,mo st of which were prepared by MB E such as

a 2105μm DFB MQWs laser successf ully fabricated

by metalorganic molecular beam epitaxy ( MO2
MB E) under low temperat ure[ 2～4 ] . A high perform2
ance In GaAs/ In GaAlAs QW 1183μm laser was re2
alized by solid2source molecular2beam epitaxy

(MB E) [5 ] .

Hydrogen chloride ( HCl ) gas monitoring is

important ,such as in t he semiconductor p rocesses ,

because it is widely used for etching or cleaning in

L SI manufact uring and silicon epitaxial p rocess.

HCl has a st rong absorption line at 11744μm. In

t his paper we report on t he low threshold In GaAs/

In GaAsP QWs diode lasers with wavelengt h of

1174μm grown by MOCVD. During t he MOCVD

growt h ,a st rain buffer layer is used to avoid indi2
um segregation. Mechanisms of indium segregation

are related to t he growt h conditions and t he surface

quality of t he interface. Growt h conditions are well

understood , such as low growt h temperat ure , high
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Ⅴ/ Ⅲ, and growt h rate are widely used in high

st rained materials growt h. Based on t he knowledge

t hat st rained layers can be used to remove threa2
ding dislocation ,we insert a st rain buffer layer to

improve the quality of t he interface on which the

st rained quant um wells are grown. The t hickness

of t he st rain buffer layer is below t he critical t hick2
ness.

2　Experiment

The wafer used in t his work was grown by

metalorganic vapor p hase epitaxy ( MOV PE) wit h

a horizontal reactor under low pressure of 212kPa

and at 655℃. TM G , TEGa ,and TMI were Ⅲgroup

metalorganic sources ,P H3 and As H3 were Ⅴgroup

sources. Si H4 and D EZn were employed as n2 and

p2type dopant s. Ⅴ to Ⅲ ratio are 70 in t he In GaAs

well layer and 250 in the In GaAsP barrier layer as

well as confinement layer . A 40nm t hick In GaAs

layer ( with st rain of 119 %) was grown first as

shown in Fig. 1. A st rain In GaAs layer (wit h st rain

of 019 %) was grown before t he high st rained In2
GaAs layer as st rain buffer layer to improve the

quality of the interface between InP and high

st rained In GaAs. The band diagram of t he laser

st ruct ure is shown in Fig. 2. The buffer layer of

Fig. 1 　Schematic of the st ructure used for investiga2
ting the effect of a In GaAs st rain buffer layer on surface

quality

1μm2t hick wit h graded n2type doping InP ( Si2
doped , n = 1 ×1018～5 ×1017 cm - 3 ) was grown on

t he n2InP subst rate. The four2pair quantum2well

st ruct ures sandwiched between 100nm2t hick In2
GaAsP (λ= 113μm) SCH layers were grown suc2
cessf ully. The same st rain buffer layer as described

above was grown in t he lower In GaAsP SCH lay2

Fig. 2 　Band diagram of In GaAs st rained QWs laser

st ructure

er . The wells were compressively st rained

( + 116 %) In0. 77 Ga0. 23 As with a thickness of 7nm

and t he barriers were tensile st rained ( - 013 %)

In GaAsP (λ= 112μm) wit h a t hickness of 10nm.

The Eg increased f rom SCH layer (λ= 113μm) to

t he barrier layer (λ= 112μm) continuously. Rela2
tively high barrier height s also act as carrier bloc2

king layers[6 ,7 ] . Bragg corrugation wit h a pitch of

271nm was formed on t he upper confinement layer

using holograp hic lit hograp hy. After definition t he

grating was dry2etched and chemically wet2etched

to t ransfer t he pat tern f rom t he resist into t he sem2
iconductor . Following removal of t he resist , t he

grating was t hen overgrown wit h InP and highly

doped In GaAs layer to make a good Ohmic con2
tact . At last ,a ridge wave2guide laser wit h an active

region widt h of 3μm was fabricated. The uncoated

laser samples were mounted on a copper heat sink

with p2side up .

3　Results and discussion

In Fig. 3 t he PendellÊsung f ringes appear be2
tween t he InP subst rate peak and high st rained In2
GaAs peak ,indicating a very high crystalline quali2
ty of t he high st rained In GaAs layer . Without t he

st rain buffer layer t here is no PendellÊsung f ringes

and t he FW HM of the peak of high st rained In2
GaAs is wider ( not shown in this paper) . So t he

st rain buffer layer improves t he quality of the sur2
face of InP on which t he high st rained In GaAs is

grown. The st rain buffer layer was also used in t he

DFB laser to improve t he quality of t he quant um

wells.
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Fig. 3　Rocking curve of sample with large st rainε=

119 %

Figure 4 shows t he CW light2current charac2
teristics of t he DFB laser in t he temperature range

f rom 10 to 40℃. The laser cavity lengt h is 300μm.

At 20℃,t he t hreshold current is 1115mA and the

slope efficiency ranges f rom 0131 to 0135W/ A.

There is no sat uration of outp ut power up to

14mW. In the temperat ure ranges f rom 10 to 40℃,

t he characteristic temperat ure T0 is 57 K , which is

comparable to t hat of t he 1155μm2wavelengt h In2

Fig. 4 　Light2current characteristics under CW opera2
tion 　Inset shows the current dependence on mount

temperature.

GaAsP/ InP2DFB laser . Bot h t he maximum outp ut

power and t he slope efficiency are higher t han

t hose of t he 1174μm DFB laser reported in Ref . [ 8 ]

which is t he best result until now as far as we

know. Figure 5 shows t he lasing emission wave2
lengt h wit h t he injection current of 50mA

( 617mW ) . The side mode suppression ratio

(SMSR) is 3315dB. Single2mode operation is ob2

served over relatively wide temperat ure and injec2
tion current range. Figure 6 shows t he changes in

wavelengt h wit h current in temperat ure range f rom

10 to 30℃. The current2t uning rate of t he DFB

mode is 01014nm/ mA at 10℃, 01016nm/ mA at

20℃, and 01013nm/ mA at 30℃, which is in t he

same order as those of t he conventional 113 and

115μm lasers. The total wavelengt h t uning range is

216nm from 10 to 30℃. The laser diodes had a

screening procedure : 24h under automatic current

cont rol ( ACC ) at 150mA driving current and

100℃ (measured at t he heat sink) . The t hreshold

current and t he slope efficiency almost did not

change.

Fig. 5　Wavelength of DFB laser at CW operation with

injection current of 50mA

Fig. 6　Wavelength variation with changes in operation

temperature and injection current

4　Conclusion

In conclusion , t he DFB laser emit ting at

1174μm has been fabricated by int roducing a large
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comp ressive st rain in t he In GaAs/ In GaAsP quan2
t um well . The laser performance is comparable to

t hat of t he 1155μm2wavelength In GaAsP/ InP2DFB

laser ,which has t he same MOCVD growt h condi2
tion and fabrication process. Under CW operation

t he t hreshold current is 1115mA and t he maximum

outp ut power is more t han 12mW. The slope effi2
ciency and t he characteristic temperat ure in a

300μm long laser were 0131～0135W/ A and 57 K ,

respectively. The wavelength tuning range was

216nm f rom 10 to 30℃wit h a t uning rate of about

01014nm/ mA. As an optical source , it is suitable

for HCl gas monitor system.
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1174μm压应变 In GaAs/ In GaAsP量子阱分布反馈激光器 3

潘教青　王　圩　朱洪亮　赵　谦　王宝军　周　帆　王鲁峰

(中国科学院半导体研究所 光电子研究发展中心 , 北京　100083)

摘要 : 制备了 1174μm脊波导结构压应变 In GaAs/ In GaAsP量子阱分布反馈激光器.采用低压金属有机化合物气

相沉积法生长器件材料 ,应用应变缓冲层防止 In的分凝 .未镀膜的腔长为 300μm 的器件阈值电流为 1115mA ,

100mA时最大输出功率为 14mW ,边模抑制比为 3315dB.
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