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Abstract 
 

We have investigated the effects of current blocking layers in 10 Gb/s 1.3 mµ  DFB lasers in 
view of the slope efficiency and the modulation bandwidth. It is experimentally shown that the 
current blocking structure consisting of p-InP(clad)/n-InP/i-InP/n-InP/i-InP/n-InP(sub.) gives a  
high slope efficiency as well as a large modulation bandwidth of above 10 GHz at 70 .  o C
 
 

I. Introduction 
 

In direct-modulated semiconductor laser diodes 
for ultra high-speed communication, the unsuitable 
current blocking structure may limit the modulation 
bandwidth and the differential efficiency due to the 
parasitic effects and the leakage current, respectively 
[1]-[4]. Leakage current increases threshold current, 
which in turn results in bad temperature performance. 
Although a laser with commonly used p-InP/n-InP 
blocking structure shows an excellent static 

performance, it is very difficult to operate more than 
2.5 Gb/s because of non-negligible parasitic effects [2]. 
Better dynamic response is expected in a laser based 
on Fe-doped semi-insulating buried heterostructure 
(SI-BH). However, its temperature performances are 
not so good due to large DC leakage current [3].  

In this paper, we compare the static and dynamic 
performances of 1.3 mµ  MQW DFB-LDs with 
different SI-BHs and suggested one of good SI-BHs 
for both 10 Gb/s and 70  operations. o C
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Fig. 1 Chip configuration (Three kinds of blocking structure) 



II. Current Blocking Structures 

1.3 mµ  multiple-quantum-well distributed 
feedback laser diodes (MQW DFB-LD) with three 
different kinds of current blocking structures are 
fabricated. The schematic structures are shown in Fig. 
1. The etched mesa buried heterostructure (EMBH) is 
grown by using three-step MOCVD (Metal-organic 
chemical vapor deposition) and dry etching process. 
The strain compensated and modulation-doped MQW 
active layers are used for high frequency operation. 
The total well number is 12. The well and barrier 
consist of (+0.8% strain and 7nm thick) and (-0.2% 
strain and 10-nm thick), respectively. The normalized 
optical coupling coefficient Lκ  is estimated as 2.0 
from the measured spectrum. The cavity length is 
200 mµ  and the mesa width is 1.2 mµ . The facets are 
coated with 0.1% and 95% reflectivities. 

Three different current blocking structures are 
prepared in this experiment, namely n-i, n-i-n-i, and n-
i-n-p where i-InP layer stands for a Fe-doped semi-
insulating layer. Doped Fe ions are known to form 
electron traps in the middle of the bandgap. The n-i 
blocking structure consists of p-InP(clad)/n-InP(2 mµ  
thick)/i-InP(1 mµ  thick)/n-InP(sub.). 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 mµ  thick)/i-InP(1.5 mµ  thick)/n-
InP(1.0 mµ  thick)/i-InP(1.0 mµ  thick)/n-InP(sub.), 
which is doubly stacked n-i blocking layers. The n-i-n-
p denotes p-InP(clad)/n-InP(0.8 mµ  thick)/i-InP 
(1.5 mµ  thick)/n-InP(1.0 mµ  thick)/p-InP(1.0 mµ  
thick)/n-InP(sub.). This structure is designed to prevent 
electron injection from the substrate to i-InP layer. 
 
 

III. Results and Discussions 
 
A. Static performances 

Fig. 2 compares L-I characteristics with three 
different SI-BHs at low (25 ) and high (70 ) 
temperatures. The threshold currents (

o C o C
thI ) of n-i, n-i-

n-i, and n-i-n-p blocking structures are 7(23) , 
8(28) , and 9.5(23) , respectively for two 
different temperatures of 25 (70 ). The slope 
efficiencies at the current 

mA
mA mA

o C o C
1.5 thI I= ×  are 

0.39(0.12)W/A, 0.42(0.19)W/A, and 0.38(0.22)W/A, 
respectively. All measured lasers show the side-mode 
suppression ratio (SMSR) more than 40dB at the 
maximum output power. 

In the n-i blocking structure, the temperature 
dependency of threshold current looks like good.  
However, the power efficiency is severely degraded at 
the operating condition of high current injection or 
high temperature. We think that the major current 
leakage results from carrier injections from p- and n-
cladding layers to i-InP layer around the mesa, which 
is known as the double injection phenomenon.  
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 Fig. 2 L-I characteristics of lasers with three SI-BHs, 

n-i, n-i-n-i, and n-i-n-p  
 

In order to decrease the amount of double carrier 
injection in n-i blocking structure, it is necessary to 
reduce i-InP area opening to p-InP clad layer. We 
inserted a thin n-InP layer inside i-InP layer. This 
structure is named as n-i-n-i blocking structure. It 
greatly improves slope efficiency at high current 
injection level. But there still remains a small double 
injection area which consists of p-InP(clad)/i-InP/n-
InP(sub.). The deep and vertical etching process is 
employed to reduce the double injection area as small 
as possible. 

We tried to cover the whole active region with p-
InP layer by growing p-InP layer as an initial layer at 
SI-BH regrowth step. This n-i-n-p blocking structure 
completely removes the double injection area around 
mesa region. The most excellent DC performances 
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 
diffused Zn atoms into active layers. From the 
aforementioned results, both n-i-n-i and n-i-n-p 



current blocking structures seem to be good candidates 
in view of DC performances. 
 
B. Dynamic performances 

Fig. 3 compares the frequency responses of lasers 
with different blocking structures. 3dB bandwidths at 
25 o  are measured as 14GHz for n-i, 13GHz for n-i-
n-i, and 3GHz for n-i-n-p at the output power of 
12mW, respectively. The largest 3dB bandwidth and 
the smallest low-frequency roll-off are observed in n-i 
blocking structure. It is clear that 3dB bandwidth of a 
laser with n-i-n-p is limited by the low-frequency roll-
off instead of an intrinsic laser response. On the other 
hand, 3dB bandwidths of other lasers seem to be 
limited by the damping phenomena in the frequency 
responses. It is remarkable that the resonance peaks of 
a laser with n-i-n-i are clearly seen at 25  as well 
as 70 .  

C

o C
o C

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The parasitic components such as a series 
resistance and a parallel capacitance are able to be 
extracted by frequency response subtraction method 
[5]. In this method, it is considered that frequency 
response ( )H f  of a direct modulated laser consists of 
intrinsic response, ( )IH f , and parasitic response, 

. ( )RCH f
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where , , RCrf fΓ  are resonance frequency, damping 
factor, and cut-off frequency due to the parasitic RC, 
respectively. 

The intrinsic components of rf  and Γ  vary 
with the bias. However, the frequency dependency of  

RCf  is negligible. Thus, by subtracting frequency 
responses measured at two different bias levels, we 
have a subtracted curve in which all parasitic 
components are eliminated. By fitting the curve with 
the laser material parameters, we know the values of 

rf  and Γ  for different bias levels and calculate 
intrinsic frequency responses of a laser. Finally, the 
parasitic frequency response is extracted by subtracting 
an intrinsic frequency response from a measured one. 
An example is shown in Fig. 4. The parasitic 
components are modeled by a capacitance in parallel 
with series resistance, which produces low-pass filter 
effect. Since series resistance is readily known from 
the measured current-voltage, parasitic capacitance is 
obtained by fitting the parasitic frequency response. 
Fig. 5 shows extracted parasitic frequency responses of 
lasers for three different SI-BHs. The measured series 
resistances are 3.5Ω , 5Ω , and  for n-i, n-i-n-i, 
and n-i-n-p, respectively. The parasitic capacitances 
are estimated as 2.5pF, 3.0pF, and 4.0pF for n-i, n-i-n-
i, and n-i-n-p blocking structures, respectively. The n-
i-n-p blocking structure shows the largest capacitance 
since both forward-biased and reverse-biased p-n 
junction is widely spread out. Even though n-i 
blocking structure produces the smallest capacitance, 
the maximum frequency response at high temperature 
is limited by the maximum output power. 
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In order to evaluate the high-speed performance 
of the device with n-i-n-i blocking structure, a 
transmission experiment was performed at the back-to-
back and after 20km transmission at 25 . A PRBS 
(2

C°
31-1) 10.3 Gb/s binary sequence and a scaled-Gigabit 

Ethernet mask were used in the experiments. Fig. 6 
shows bit error rate(BER) at the peak to peak 
modulation voltage of 3.0V. The optical output power 
was 4dBm. Negligible dispersion power penalty of less 
than 0.1dB was observed. 

Fig. 3 Small signal E-O responses of lasers with three 
SI-BHs, n-i, n-i-n-i, and n-i-n-p. 
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IV. Conclusion 
 

A laser operating at high speed up to 10 Gb/s and 
high temperature above 70  is developed by 
optimizing the current blocking structures of Fe-doped 

C°



semi-insulating layers. n-i, n-i-n-p, and n-i-n-i current 
blocking layers are investigated experimentally. Lasers 
with n-i-n-p and n-i-n-i layers show good static 
performances up to 70 . Lasers with n-i and n-i-n-i 
layers show good frequency responses. From these 
experimental results, n-i-n-i BH is found as one of 
excellent current blocking structures to achieve both 
high-power and high-speed modulation. In a laser with 
n-i-n-i BH, the threshold current of 28mA, slope 
efficiency of 0.19W/A, SMSR of above 40dB, and 3dB 
bandwidth of above 10 GHz are realized at 70 . 

C°

C°
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

-19 -18 -17 -16 -15 -14 -13
14

12

10

8

6

 Vpp=3.0V 
 Ibias=41.37mA
 Pavg=4.0dBm

B
ER

 (1
0-Y

)

Reseived Power [dBm]

 Back to Back
 20km Transmission

 
 
 
 
 
 
 
 
 
 
 
 
 

0 2 4 6 8 10 12 14 16 18 20
-25

-20

-15

-10

-5

0

5

10

15

HRC(f)
H(f)

HI(f)

R
es

po
ns

e 
[d

B
]

Frequency [GHz]

 Fig. 6 BER characteristics of the laser with n-i-n-i 
blocking structure at 25 °  C 
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