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Abstract : This paper report s on the design ,fabrication ,and performance of an integrated elect ro2absorptive modula2
ted laser based on butt2joint configuration for 10 Gbit/ s application. This paper mainly aims at two aspect s. One is to

improve the optical coupling between the laser and modulator ;another is to increase the bandwidth of such devices by

reducing the capacitance parameter of the modulator. The integrated devices exhibit high static and dynamic charac2
teristics. Typical threshold current is 15mA ,with some value as low as 8mA. Output power at 100mA is more than

10mW. The extinction characteristics ,modulation bandwidth ,and elect rical return loss are measured. 3dB bandwidth

more than 10 GHz is monitored.
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1　Introduction

Wit h the rising demands of higher bit rate for

long2haul data2t ransmission , multi2quant um well

( MQW ) dist ributed feedback lasers integrated

monolit hically wit h an elect ro2absorptive modula2
tor ( EML ) have been intensively investigated as

suitable light sources for long2haul and high2bit2
rate fiber2optic communication systems. Among va2
rious integration schemes such as selective area

growt h ( SA G) [1 ] , but t2coupling[2 ] , quant um well

intermixing ( QWI ) [3 ] , identical active layer

( IAL) [4 ] , double stack active layer (DSAL ) [5 ] ,and

twin2guide st ruct ure ( T GS) [6 ] , etc. , t he but t2joint

integration is a mo st potential one to reach a per2
fect performance level , since this approach allows

independent optimization of t he laser and t he mod2
ulator sections. However ,rigorous fabrication tech2
nologies (overcritical etching and re2growt h step s)

are required for t his integration approach. In t he

previous paper ,we have demonst rated an improved

butt2joint met hod , which can successf ully realize

efficient coupling between t he dist ributed feedback

laser diode (DFB LD) and elect ro2absorptive mod2
ulator ( EAM) [7 ,8 ] . In t his paper , we focus on t he

modulation performance of such a monolit hically

integrated DFB LD and EAM using t he but t2joint
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technique.

2　Device structure

Figure 1 shows a schematic cross2sectional

view of t he ridge2waveguide integrated light

source. First ,t he lower2SCH2layer and active layers

of t he laser on a planar n2InP subst rate were grown

by L P MOCVD. The active layers of t he laser con2
sist of 5 comp ressive2st rained In GaAsP quant um

wells. Af ter the active layers on t he modulation re2
gion were partially etched off , t he active layers of

t he modulator , consisting of 9 tensile2st rained In2

Fig. 1　Schematic cross2sectional view of the integrat2
ed DFB laser and modulator with two different MQWs

GaAsP quant um wells ,were selectively grown over

it . Then an upper2SCH2layer was grown over the

entire surface. The grating ,which is localized in the

laser section ,is realized by convenient holograp hic

lit hograp hy , dry and wet etching. p2InP confining

layer and p + 2In GaAs contact layer was then per2
formed over t he whole wafer . The ridge2waveguide

( RW G) configuration is shown in Fig. 2. The

lengt h of t he laser , t rench , and EAM is set to be

250 , 50 , and 150μm , respectively. As for the

waveguide st ruct ure , we adopt low2mesa ridge

st ruct ure for t he laser ,in which the ridge etching is

stopped just above the In GaAsP waveguide layer ,

and a combination of low2 and deep2 mesa is em2
ployed for t he EAM section to gain t he low capaci2
tance. The width of t he top and bot tom mesas is 3

and 7μm respectively. Elect rical isolation between

t he laser and modulator is over 50kΩ. The modula2
tor facet is coated wit h an anti2reflection film and

with a high2reflection film for t he DFB laser . To

reduce t he elect rical capacitance of t he EAM , t he

EAM2RW G is wrapped in 3～4μm polyimide wit h

a low dielect ric constant of 315 , and t he bonding

pad (70μm diameter) is fabricated on polyimide as

well .

Fig. 2　Ridge2waveguide configuration of the integrat2
ed laser2modulator

3　Device characteristics

At room temperat ure , t he typical t hreshold

current of EML is 15mA ,with some value as low

as 8mA. The optical outp ut is about 10mW at a

DFB current of 100mA and a modulator voltage of

0V at 25℃. As shown in Fig. 3 ,a static extinction

ratio as large as 28dB is obtained at an applied re2
verse voltage of - 4V ,wit h 150μm modulator . All

t hese static characters of such a device have been

reported previously.

Fig. 3　Extinction ratio of the EML

The modulation bandwidt h of the EA modula2
tor is p rimarily RC limited. A short EAM offers
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high response f requency. Unfort unately ,as t he de2
vice lengt h is reduced t he extinction ratio decreases

simultaneously. Much effort is made to reduce

EAM capacitance wit hout compromising t he ex2
tinction ratio . There are two basically parallel com2
ponent s of capacitance for this st ructure , which

have been measured by the C2V method at 1M Hz.

Wit h polyimide the bonding pad capacitance can be

reduced to below 0104p F ,and t he modulator junc2
tion capacitance is less t han 014p F per 100μm mod2
ulator lengt h.

The measuring module consist s of a small

gold2plated copper case , a t hermoelect ric cooler , a

microwave SMA connector as a RF inp ut terminal

to route t he bias voltage and t he modulating sig2
nal . The EAM2DFB chip was mounted p2up on an

AlN submount with a coplanar waveguide and an

integrated 50Ω TaN termination matching load.

Figure 4 shows t he elect rical ret urn loss ( S11 )

which is lower t han - 10dB up to 15 GHz. The

small2signal E/ O f requency response is measured

using an Agilent 71400 lightwave signal analyzer at

a DFB incident current of 100mA , a DC bias of

- 215V and a 0dBm RF signal . A 10 GHz 3dB

bandwidt h has been monitored ( Fig. 5 ) , which

greatly reaches t he required bandwidt h for a

10 Gbit/ s t ransmission system.

Fig. 4　Elect rical return loss S11 measured

4　Conclusion

Through optimizing the EML st ructure and

fabrication process ,minimizing st ray capacitance of

t he modulator ,we have got ten a low t hreshold cur2

Fig. 5　Small2signal response measured　ILD = 100mA ,

V EA = - 215V ,0dBm modulating signal power

rent ,a high outp ut power ,and an over 10 GHz 3dB

bandwidth butt2joint integrated elect ro2absorp tive

modulated laser . Compared wit h t he modulator

junction capacitance ,t he modulator pad capacitance

becomes negligible. Therefore , to f urther improve

modulation speed of an EML ,we should intensively

decrease the area of modulator junction.
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用于 10 Gbit/ s传输的对接集成 DFB2LD/ EA2MD光源 3

李宝霞　胡小华　朱洪亮　王保军　边　静　赵玲娟　王　圩

(中国科学院半导体研究所 光电子技术国家研究中心 , 北京　100083)

摘要 : 报道了用于 10 Gbit/ s传输的 DFB激光器和 EA调制器对接集成器件的设计、制作和器件特性.工作主要集

中于两个方面 :提高激光器和调制器间的光学耦合 ;通过减小调制器电容提高调制带宽.集成器件显示出了良好的

静态和高频特性 :阈值电流典型值为 15mA ,最小值为 8mA ;100mA激光器偏置电流下 ,输出功率大于 10mW ;对消

光比、电学回波损耗和调制带宽进行了测试 ,3dB带宽的测量值超过 10 GHz.
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