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Abstract : A 1160μm laser diode and elect roabsorption modulator monolithically integrated with a novel dual2
waveguide spot2size converter output for low2loss coupling to a cleaved single2mode optical fiber are demonst rated.

The devices emit in a single t ransverse and quasi single longitudinal mode with an SMSR of 2516dB. These devices

exhibit a 3dB modulation bandwidth of 1510 GHz ,and modulator DC extinction ratios of 1612dB. The output beam

divergence angles of the spot2size converter in the horizontal and vertical directions are as small as 713°×1810°,re2
spectively ,resulting in a 310dB coupling loss with a cleaved single2mode optical fiber.
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1 　Introduction

In recent years , an elect roabsorption modula2
tor ( EAM) which operates using t he quant um2con2
fined Stark effect (QCSE) is at t ractive as an exter2
nal modulator because of it s many feat ures ,such as

low power consumption , low drive voltage , small

size , large modulation bandwidth , polarization2in2
sensitivity ,and potential for monolit hic integration

with ot her component s[1～3 ] . An optical device inte2
grated wit h a spot2size converter ( SSC) has also

been paid more at tention for it s direct coupling to

an optical fiber with low2lo ss coupling ,large align2

ment tolerances , and simple packaging schemes

without using a micro2lens or tapered fiber [4 ] .

Monolit hic integration of a laser diode (or semicon2
ductor optical amplifier) and t he EAM wit h a SSC

outp ut ( LD2EAM2SSC) is much more at t ractive

for a t ransmit ter module in t he optical fiber com2
munication system. This is because of it s low2cost

packaging due to it s large spot size which is well

matched to t hat of a single2mode fiber (SMF) [5～9 ] .

However ,most of t hem are based on buried st ruc2
t ure wit h or wit hout selective area growt h

(SA G) [3 ,5 ,6 ] . Moreover ,most of t hem involve com2
plex growt h step s ,excessive p rocessing step s ,st rict

p rocess tolerance ,and poor device performance. In
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t his paper ,a 1160μm novel LD2EAM2SSC is fabri2
cated by selective area growth and dual2core tech2
nology. For t he LD2EAM section , a double ridge

st ruct ure is employed. A ridge st ruct ure also exhib2
it s very low capacitances ,which enables ,for exam2
ple ,high bit2rate operation in integrated laser2mod2
ulators[ 10 ] . For t he SSC section , a buried ridge

double2core st ruct ure (BRS) is incorporated. The

combination of t he ridge and BRS st ruct ure can

take advantage of both t he easy processing of the

ridge st ruct ure and t he excellent mode characteris2
tic of t he BRS. This is t he first time that such a

st ruct ure is reported ,as far as we know. Furt her2
more ,t he novel LD2EAM2SSC was easily fabricated

using only t hree step s low2pressure metal2organic

vapor p hase epitaxial (L P2MOV PE) growt h and a

conventional p hotolit hograp hy and wet etching

process. More important ,t he device emit s in a sin2
gle t ransverse mode and quasi single longit udinal

mode wit h a side mode suppression ratio ( SMSR)

of 2516dB ,alt hough no grating is fabricated in the

LD region. Furt hermore , t hese devices exhibit a

3dB modulation bandwidt h of 1510 GHz ,and modu2
lator DC extinction ratio s of 1612dB. The outp ut

beam divergence angles of t he spot2size converter

in t he horizontal and vertical directions are as small

as 713°×1810°, respectively , resulting in a 310dB

coupling lo ss with a cleaved single2mode optical fi2
ber. All t he performance indexes are as good as or

bet ter than t hose of other counterpart s[3 ,5 ,6 ] .

2 　Device structure and fabrication

Figure 1 shows t he schematic st ruct ure of the

LD2EAM2SSC. The outp ut end of t he device has a

300μm2long dual2waveguide SSC ,for which t he ac2
tive core is linearly tapered f rom 3μm to 0μm along

with t he propagation direction while it s passive

core is 8μm2wide and 50nm2t hick , a 012μm InP

space layer between t hem. So in t he LD and EAM

section most optical power is confined in the active

core. However ,in t he SSC section ,t he optical pow2
er is gradually t ransferred to t he passive core along

with t he SSC active core becoming narrow. Eventu2
ally ,at t he outp ut facet of SSC ,the optical mode is

determined only by t he t hin passive core ,which is

designed to expand and stabilize t he beam from t he

LD and EAM for efficient coupling to an SMF. Fol2
lowed t he SSC regions are t he LD and EAM sec2
tions. The LD and EAM sections are 600μm2long

and 150μm2long , respectively , with a 50μm2long

etched elect rical isolation region between t hem. A

conventional double ridge waveguide st ruct ure is

used for the LD and EAM region. However ,a bur2
ied ridge double2core st ruct ure (BRS) is incorpo2
rated for t he SSC regions.

Fig. 1 　Schematic diagram of the LD2EAM2SSC

The LD2EAM2SSC is fabricated using a only

t hree2step L P2MOV PE process ,one of which is t he

SA G step . For t he first epitaxial growt h , InP buff2
er , 50nm2t hick n2type 1115μm bandgap In GaAsP

quaternary ( Q) lower waveguide and a 012μm n2
InP spacer layer are grown. Then , two SiO2 pads

are patterned on t he spacer layer in t he LD region.

The MQ W2SCH stack is t hen grown. The MQW

struct ure consist s of ten st rained In GaAsP quan2
t um wells and nine In GaAsP barriers , SCH layers

(100nm ,λ= 112μm) on both sides of t he MQ W2
layer . The oxide pads cause an enhancement of t he

growt h rate and a reduction of the bandgap energy

of t he Q2waveguide in t he middle of t he gap be2
tween t he oxide pads. The SA G process creates a

bandgap difference between the modulator and t he

laser diode of 75nm as measured wit h small2spot

p hotoluminescence (see Fig. 2) . After removing t he

SiO2 , t he lateral taper is formed by selective etch2
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ant of MQW2SCH layers f rom t he SSC regions. A

sharp taper tip less t han 014μm at t he SSC section

is easily achieved by normal p hotolit hograp hy com2
bined wit h an undercut etching. So ,t here is no need

for a submicron pat tering using expensive and

time2consuming e2beam lit hograp hy. A t hin p2InP

Fig. 2 　PL spect ra of the LD and EAM region 　

FW HM of LD and EAM is 27meV and 26meV ,

respectively.

cladding layer , 112Q etch stop layer , p2InP over2
cladding ,and an In GaAs cap layer are t hen grown

in t he t hird epitaxial growt h step . This is followed

by conventional double ridge waveguide processing

of t he LD and EAM sections. The widt h of t he LD

and EAM upper mesa and the maximum widt h of

t he lower mesa are 3μm and 8μm ,respectively (see

Fig. 3) . The LD and EAM are elect rically isolated

by etching away t he highly conductive In GaAs cap

layers between the two sections and He + is implan2
ted in t he t rench. Figure 1 illust rates these de2
scribed feat ures. To eliminate t he excess light ab2

Fig. 3 　SEM picture of EAM transverse section

sorption in t he In GaAs cap layer ( lat tice matched

In GaAs has an absorption wavelengt h of 1167μm)

in t he SSC regions , t he In GaAs cap layer in t he

SSC region is entirely etched away. A SiO2 dielec2
t ric layer is t hen deposited on t he wafer . Polyimide

is defined on eit her side of t he LD and EAM mesa

for planarization of it s ridge st ructure and reduc2
tion of EAM sp urious capacitance of t he p contact

pads to enhance t he modulation bandwidt h. Af ter a

contact hole is etched on t he top of t he LD and

EAM ridges ,standard p2 and n2metal layers are e2
vaporated.

3 　Device performance

The typical lasing wavelength of t he LD2
EAM2SSC is around 1160μm at 25 ℃ and t he

breakdown voltage of t he EAM is at - 10V. Isola2
tion elect ric resistance between t he LD and EAM

section is more t han 100kΩ while the total EAM

capacitance is 014p F at a reverse bias of 2V which

leads to a 3dB modulation bandwidth of 1510 GHz.

Figure 4 shows t he laser typical optical spec2
t rum of t he device at 198mA and 25 ℃ when t he

EAM biased voltage is 0V. Quasi single longit udi2
nal mode is observed wit h an SMSR of 2516dB ,al2
t hough no grating is fabricated in t he LD region.

This is p robably because t he interfaces among t he

LD ,EAM ,and SSC divide the whole cavity lengt h

into some sub2sections ,and t he optical f requencies

t hat are resonant wit h any of t he sub2section

lengt hs are enhanced. The mode selection is caused

Fig. 4 　Emission spect rum of the LD2EAM2SSC
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by ref raction of the mode on the scale of t he cavity

rat her t han by diff raction at the scale of t he emis2
sion wavelength.

Figure 5 shows the f unction of SMSR versus

t he LD drive current . As t he current is increased ,

t he SMSR is increased to 2517dB at 180mA. Fur2
t her increase in t he current causes t he SMSR to de2
crease. At t he same time , t he lasing wavelengt h of

t he LD2EAM2SSC is almost around 1160μm as long

as t he temperature is kept at 25 ℃.

Fig. 5 　SMSR versus LD drive current

Figure 6 shows the P2I characteristics of the

device when the modulator is biased. There is no

significant degradation of the t hreshold and the

outp ut light power observed in the integrated de2
vices wit h a different lengt h of SSC the region in

t he same wafer , which indicates t hat t here is no

large excess absorption lo ss at t he int roduction of

t he SSC. As can be seen in t his figure , as t he re2
verse bias voltage increases , t he threshold current

of t he device increases monotonically. This t hresh2
old current increment is due to the elect roabsorp2
tion induced by the reverse bias on t he modulator .

Note t he abrupt turning on of t he P2I characteris2
tics which is a common feat ure of t his kind of de2
vices. From these P2I characteristics , one can see

t hat when t he bias voltage on t he modulator is var2
ied f rom 0 to - 215V while t he current injection on

t he laser is fixed at 160mA ,t he on2off ratio is lar2
ger t han 1612 ∶1 ,normally on operation.

Figure 7 shows the far field pattern observed

f rom t he SSC facet and t hat f rom t he rear facet of

t he LD ( In Fig. 7 (b) ,t here is a side lobe at an an2

Fig. 6 　P2I characteristics of the device when the mod2
ulator is biased

Fig. 7 　Far2field pattern f rom the laser rear facet (a)

and SSC facet (b)

gle of 10°in a horizontal FFP ,which is caused by

t he reflected light f rom t he submount ) . As can be

seen in t his figure , t he LD2EAM2SSC emit s in a

single t ransverse mode , which indicates t hat there

is no degradation of single t ransverse mode charac2
teristics at t he int roduction of t he SSC. The diver2
gence angles f rom t he SSC facet are as small as

713°×1810°in t he horizontal and vertical direc2
tions ,respectively. In cont rary ,t hose f rom t he rear

facet of the LD are as large as 3010°and 49°. The

coupling loss and 1dB align tolerance for t he SSC
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facet are about 310dB , ±311μm ( horizontal ) ×

±2165μm (vertical) ,when t he device is coupled to

a cleaved SMF. However , at t he same case , t hose

f rom t he rear facet of t he LD are about 9dB , ±210

μm (horizontal) ×±117μm (vertical) .

4 　Conclusion

A 1160μm laser diode and elect roabsorption

modulator monolit hically integrated wit h a novel

dual2core spot2size converter outp ut for low2lo ss

coupling to a cleaved single2mode optical fiber is

demonst rated. The devices emit in a single t rans2
verse and quasi single longit udinal mode wit h an

SMSR of 2516dB. The DC extinction ratio of

1612dB is observed for the device with a modulator

bias of 215V. The outp ut beam divergence angles

of t he spot2size are as small as 713°×1810°,in the

horizontal and vertical directions , respectively , re2
sulting in low2coupling losses wit h a cleaved optical

fiber ( 310dB loss) . Simple fabrication procedure

and excellent performance make the device suitable

for mass2production and a cost2effective active ,or

passive ,mode locked laser [11 ,12 ] . If bot h side of mir2
rors are AR coated , t he device will become the

st ruct ure of SOA2EAM2SSC ,which offers a single

compact device incorporating bot h signal amplifier

and modulation f unctions as well as spot2size con2
version.
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半导体激光器电吸收调制器和双波导模斑转换器的单片集成 3

侯廉平 　王 　圩 　冯 　文 　朱洪亮 　周 　帆 　王鲁峰 　边 　静

(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 : 报道了 116μm 的半导体激光器和电吸收调制器以及双波导模斑转换器的单片集成器件. 该器件具有良好的

单横模特性和准单纵模特性 (边模抑制比达 2516dB) ,3dB 调制带宽为 15 GHz ,直流消光比为 1612dB ,远场发散角

为 713°×1810°,和单模光纤的耦合效率达 310dB.

关键词 : 半导体激光器 ; 电吸收调制器 ; 模斑转换器 ; 光电子集成 ; 光耦合
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