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A buried heterostructure based on Fe-doped InP semi-insulating layers

is optimised for both high output power and large modulation bandwidth

operations up to 70�C in a 10 Gbit=s directly modulated 1.3 mm
InGaAsP=InP distributed feedback laser. The slope efficiency of

0.19 W=A and �3 dB bandwidth of 10 GHz at 1.5 times threshold

current is demonstrated experimentally.

Introduction: An uncooled 1.3 mm distributed feedback laser diode

(DFB-LD) directly modulated at 10 Gbit=s is considered as an

appropriate candidate for local area networks and metropolitan area

networks. There have been many studies on improving the high

temperature and high frequency performances of uncooled DFB-

LDs based on an InGaAsP=InP material system. Although a laser

with the current blocking structure combined with p-InP and n-InP

layers shows an excellent static performance up to high temperatures,

it is very difficult to realise high speed operations for more than a few

Gbit=s owing to the non-negligible parasitic effects [1, 2]. More

desirable dynamic responses at room temperature are expected in a

laser based on Fe-doped semi-insulating buried heterostructure

(SI-BH). However, its static and dynamic performances at high

temperature seem not to be so good owing to the large DC leakage

current [3]. In this Letter, we investigate three types of SI-BHs in an

uncooled 1.3 mm DFB-LD for both high speed and high efficiency

operations up to high (70�C) temperatures.

Fabrication: 1.3 mm multiple-quantum-well distributed feedback

laser diodes (MQW DFB-LDs) with three different types of current

blocking structures were fabricated. The schematic structures are

shown in Fig. 1. The etched mesa buried heterostructure (EMBH)

was grown by a four-step metal organic chemical vapour deposition

(MOCVD) and dry etching process. The strain compensated and

modulation-doped MQW active layers were used for high frequency

operation. The total well number is 12. The well and barrier consist of

þ0.8% strain and 7 nm-thick and �0.2% strain and 10 nm-thick,

respectively. The normalised optical coupling coefficient kL (product

of coupling coefficient k and cavity length L) is estimated as 2.0 from

the measured spectrum. The cavity length is 200 mm and the mesa

width is 1.2 mm. The facets are coated with 0.1 and 95% reflectivities.
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Fig. 1 Schematic structure of 1.3 mm InGaAsP=InP DFB laser

SEM pictures of three different current blocking structures shown

Current blocking structures: Three different current blocking structures

were prepared in this experiment, namely n-i, n-i-n-i and n-i-n-p, where

i-InP layer stands for an Fe-doped semi-insulating layer. The Fe ions in an

InP layer are known to form electron traps in themiddle of the bandgap. The

n-i blocking structure represents the successively grown BH layers of

p-InP(clad)=n-InP(2 mm)=i-InP(1 mm)=n-InP(substrate). The n-InP layer is

introduced to prevent hole injection from the p-InP(clad) layer. The

n-i-n-i structure represents p-InP(clad)=n-InP(0.8 mm)=i-InP(1.5 mm)=
n-InP(1.0 mm)=i-InP(1.0 mm)=n-InP(substrate), which corresponds to

doubly stacked n-i blocking layers. The n-i-n-p denotes p-InP(clad)=
n-InP(0.8 mm)=i-InP(1.5 mm)=n-InP(1.0 mm)=p-InP(1.0 mm)=n-InP(sub-
strate). This structure is designed to prevent electron injection from

the substrate to the i-InP layer.

Results: Fig. 2 compares light power–current (L–I ) characteristics of

three different SI-BHs at low (25�C) and high (70�C) temperatures.

The threshold currents of n-i, n-i-n-i and n-i-n-p blocking structures

are 7(23), 8(28) and 9.5(23) mA, respectively, at two different

temperatures of 25�C (70�C). The slope efficiencies at the current

of 1.5 times threshold current are 0.39(0.12), 0.42(0.19) and

0.38(0.22) W=A, respectively. All measured lasers show a sidemode

suppression ratio (SMSR) of more than 40 dB at the maximum output

power. In the n-i blocking structure, the temperature dependency of

threshold current seems to be good. However, the slope efficiency is

severely degraded at the high current injection or the high tempera-

ture, which may result from the double injection phenomenon [3]. To

decrease this leakage, it is necessary to reduce the i-InP area opening

to the p-InP clad layer. Therefore, we inserted a thin n-InP layer inside

the i-InP layer. This structure is labelled as an n-i-n-i blocking

structure and greatly improves the slope efficiency at the high current

injection level. But there still remains a small double injection

area which corresponds to p-InP(clad)=i-InP=n-InP(substrate). We

attempted to cover the whole active region with the p-InP layer by

growing the p-InP layer as an initial layer at the SI-BH regrowth step.

This n-i-n-p blocking structure completely removes the double injec-

tion area around the mesa region. The most excellent DC perfor-

mances such as output power and threshold current at an elevated

temperate are obtained in this structure. However, the threshold

current at low temperature is slightly higher compared to others.

This may come from the increase of internal optical loss due to the

diffused Zn atoms into active layers.
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Fig. 2 L–I characteristics for n-i, n-i-n-i and n-i-n-p current blocking
structures

j n-i (25�C); u n-i (70�C)
m n-i-n-i (25�C); n n-i-n-i (70�C)
d n-i-n-p (25�C); s n-i-n-p (70�C)

Fig. 3 shows the frequency responses of lasers of different blocking

structures. The 3 dB bandwidths at 25�C are measured as 14, 13 and

3 GHz for n-i, n-i-n-i and n-i-n-p at the output power of 12 mW,

respectively. The largest 3 dB bandwidth and the smallest low-

frequency roll-off are observed in the n-i blocking structure. It is

clear that the 3 dB bandwidth of a laser with n-i-n-p is limited by the

low-frequency roll-off instead of an intrinsic laser response. Conver-

sely, 3 dB bandwidths of the remaining lasers seem to be limited by the

damping phenomena in the frequency responses. It is noticeable that the

resonance peaks of a laser with n-i-n-i are clearly viewed at 25�C as

well as at 70�C. The parasitic components such as a series resistance

and a parallel capacitance in lasers can be extracted from the measured

current–voltage and frequency response subtraction method [4],

respectively. The measured series resistances are 3.5, 5 and 5 O for

n-i, n-i-n-i and n-i-n-p, respectively. The parasitic capacitances are

estimated as 2.5, 3.0 and 4.0 pF for n-i, n-i-n-i and n-i-n-p, respectively.

The n-i-n-p blocking structure shows the largest capacitance since both
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forward-biased and reverse-biased p-n junctions are widely spread out.

Even though the n-i blocking structure produces the smallest capaci-

tance, the maximum frequency response at high temperature is limited

by the maximum output power.
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Fig. 3 Small-signal frequency responses under different output power and
operating temperature for n-i, n-i-n-i and n-i-n-p current blocking
structures

j n-i (Pout¼ 12 mW at 25�C); u n-i (Pout¼ 4.3 mW at 70�C)
m n-i-n-i (Pout¼ 12 mW at 25�C); n n-i-n-i (Pout¼ 7 mW at 70�C)
d n-i-n-p (Pout¼ 12 mW at 25�C); s n-i-n-p (Pout¼ 8 mW at 70�C)

A transmission experiment was performed at the back-to-back and

after 20 km transmission at 25�C for the n-i-n-i blocking structure.

A PRBS (231� 1) 10.3 Gbit=s binary sequence was used in the

experiments. At the peak-to-peak modulation voltage of 3.0 V, the

optical output power was 4 dBm. Negligible dispersion power penalty

of less than 0.1 dB was achieved.

Conclusions: A laser operating at high speed up to 10 Gbit=s and

high temperature above 70�C has been developed by optimising the

current blocking structures of Fe-doped semi-insulating layers. The

n-i, n-i-n-i and n-i-n-p current blocking layers were investigated

experimentally. Lasers with n-i-n-p and n-i-n-i layers showed good

static performances up to 70�C. Lasers with n-i and n-i-n-i layers

showed good frequency responses. From these experimental results,

the n-i-n-i current blocking structure was discovered as one of the

excellent current blocking structures to achieve both high-power and

high-speed modulation. Threshold current of 28 mA, slope efficiency

of 0.19 W=A, SMSR of above 40 dB and 3 dB bandwidth of above

10 GHz were realised at 70�C for a laser with the n-i-n-i current

blocking structure.
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