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Highly Resistive InP Embedded InGaAsP/InP Lasers Entirely Grown by llydride YPE
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1.3pm InGaAsP/InP buried heterostructure

laser diodes were grown enby hydride vapor phase epitaxy. For reducing the parasi-tic
capacitance, selective growth technique of an Fe-doped InP embedding layer
was adopted. It was found that resistance for the embedding layers depends
on the channel structure. Current blocking effect was enhanced by increasing the channel width. At 20"C, the threshold current and the external
differential quantum efficiency were 23mA and L7%/facet, respectively.
3dB-down ro1l-off frequency of over 10GHz was observed with the sma11signal response. Furthermore, 5Gb/s RZ random pulse modulation was
tirely

successfully demonstrated

.

1. Introduction

This paper reports electrical properties

fnGaAsP/InP buried heterostructure (BH)

for Fe-doped selectively embedding
layers. It. was found that the embedding
layer resistance depends on the channel
struct.ure. The current blocking eff ect ot
the Fe-doped InP embedding layers has been

measured

laser diodes with a Fe-doped InP current
blocking layer are attractive high-speed
light sources, because of their 1ow
parasitic capacitancel. Moreover, Highly
resistive InP embedded BH lasers are
suitable for mass production due to simple

enhanced

Double heterostructure wafers

structure and easy fabrication.
Hydride vapor phase epitaxy (VPE) for
Fe-doped fnP has such advantages as that l)a
smaller concentration of Fe is required in

attaining high resistivity,

by increasing the channel wj-dth.
were

grown by hydride VPE. Then, Fe-doped InP
current blocking layers were fabricated by
selective VPE growth. The laser properties
and the high frequency response in the BH
,lasers are obtained.
2. The growth and the electrical property of

because purer

InP can be grown and 2)tota11y selective embedd.ing growth with a flat surface is possible. VPE for double heterostructure (DI{)
wafers has aclvantages over liquid phase
epitaxy in regard to productivity, controllability and uniformity. DH wafers, growr by
hydride VPE with a multi-growth-chamber2,
show . highly uniform laser characteristics3
and high reliabil ity4. Entirely VPE grown BH
lasers with current blocking layers consisting of Fe-doped InP are promising from the
view points of laser characteristics and

Fe-doped InP

The hydride VPE apparatus used for Fedoped InP growth was clescribed previously5.
An In source containing Fe metal (an Fe/In
source) and a pure In source were set
separately in the source region. Compared to
the previous report, the length of the Fe/In
source region was increased to ensure the
sufficient reaction time between the supplied HC1 and the Fe/In source. The doped Fe
concentration, evaluated by SIMS measurementsr was proportional to the 2nd power of

mass production.
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partial pressure over the
Fe/In sourcer BS shown in Fig. 1. This 1s in
agreement with therrnodynamic calculations.
It is shown that the reaction time between
Fe and IIC1 is sufficient to achieve thermodynamic equilibrium in the present experiment. Fe concentration could be controlled
sinply by initial ficl partial pressure. Superior controllability for Fe doping was obtained wit.h the present scheme.
the initial

concenLrations were 7,2-8.5x1014 .*-3. The
maxirnum resisLivity obtained was 3.2x1OB
ohm-cm. SIMS depth profiles show that the Fe
concentration hras uniform along the epilayer depth and changed rapidly at the interface between t.he epi-1ayer ancl the substrat.e. The abrupt change in the Fe concentration is important for device applica-

HC1

tions.
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Fe CONCENTRATION

fto
Fig.2,
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Fig.l,
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of the doped Fe concentration on FIC1 flow rate supplied

Fe-doped InP

(

cm-3)

layer resistivity as a

function of doped Fe concentration.

The dependence

The maximum

over Fe/In source. Fe concentrations
were evaluated bv SIMS.

resistivity obtained

was

3.2x108 ohrn-cm.

The electri-ca1 properties of Fe-doped
InP embedding layers were measured. A cross
sectional view of a sample is shown in Fig.
3(a). The samples were fabricated as fo11ows. FirsL, Fe-doped InP layers (ru108 ohrncm) were grown on an n-InP substrate. Next,
chemical etching was performed on the wafer
to form channels using SiC2 masks. Then, Fedoped fnP was selectively grown in the chan-

Figure 2 shows the resist.ivity of Fedoped InP layers as a function of doped Fe
concent.rations evaluatecl by SII{S measurements. In order to lnvestigate electrical
properties, samples rsith 0 . 5mm/ AuGe /Ni
electrocles deposited on them were fabricated
from Fe-doped InP layers grown on n-InP substrates. The layer resistivity hras estirnated
from the ohmic region of the current-voltage

nels.

characteristics. This characteristic dependence of resistivity on Fe concentration was
supported by a calculation taking into account the neutrality condition of the
minori-ty carriers. The background carrier

wafer surface and t.he samples were annealed
at 430oC. Currents passing through the embedding layer with an applied voltage of 1V
(If,) were measured for the samples with dif-

Without removing Si02 masks, a
Ti/Pt / At electrocle was evaporated over the
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tical to the cryst.al plane of the side wa1l
of the present grooves, than for (100). The
resistivity of an epi-layer on a (111)A substrate was 5,6-21x103 ohm-cm. Therefore, the
improvement in the current blocking effect

ferent groove shapes and width. It was found
that IL depends on the groove shape, and
especially on the channel width. 11 t.ended
to decrease with increasing channel width.
For exarnple , ot 5F* channel width ' IL included a few-tens of nnA range. This IL value
r./as greater than the value expected f rom
Fig. 2. At ZOyn channel width, however, the
total resistance for the embedding layer increased, and the IL value l./as less than
about ld, as shown in Fig. 3(b).

by increasing channel width can be explained
as follows: the growth on a (111)A plane is
suppressed and the growth on a (100) plane
occurs preferentially, rvhich results in the
high resistance.
3. BH lasers entirely grown by VPE
DH r.rafers were grown by hydride VPE on
the (100)-[110] 20off n-InP substrates. The

e-doped InP

embedding layer
electrode

grorvth temperature was 690oC. The DH rvafer
consisted of an n-fnP buffer layer, a 1.3;rm
InGaAsP active 1ayer, a p-InP cladding layer
and a p-InGaAsP cap layer. Then, double
channels were formed by wet chemical etchi.g, using an Si02 mask. Channel width was
20yn. In the second growth, Fe-doped InP r^ras
selectively embedded with hydride VPB in the
channels at 600oC grovrth temperature. The
schematic cross section of t.he device is
shonn in Fig. 4. The laser \r/as p-side up
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The

passing current through the embedding
1ayer. (a) Sample sLructure.

(b) Itr histogran.

1.3pm active

layer

Fe-doped InP

The change of the embedding laYer

Fig.4, Struct.ure for highly resistive

resistance urith increasing channel width was
con jectured to be clue to the change of the
growth mechanism in the channel grooves. It
is possible that the resistivity of the Fedoped InP epi-layer gronn on a certain crysta1 plane is lower than for other planes. In
order to confirm this possibllity, electrica1 properties for Fe-doped InP layers grown
on d.ifferent substrate planes were measured.

embedded 1.3ym InGaAsP/InP buried

InP

heterostrucLure lasers.

To evaluate thresholcl current density
(Js6) Sj-02 stripe lasers with dif f erent
'
stripe wiclth, were fabricated by using the
same wafer. For .46yn stripe width, the Jth
value was 2.2kA/cn2. The net Jan value with
eliminating the influence of current spreading was L.7kAf cm2 ,
Figure 5 shows light-output versus CW

It was f ounrl that the resistivity is lovrer
for a (111)A plane substraLe, which is iden91

drive current (L/I) curves. At 2OoC, the
threshold current and the external differential quanLum efficiency were 23mA and
L77"/facet, respectively. The CW threshold
current increases with temperature proportional to exp(T/To), with To=61K in the
20oC-50"C range.
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successfully demonsLratecl.
The authors wish to acknowledge A.Usui,
R.Lang, H.Watanabe, M.Ogarva, K.Kobayasi and
K.Minemura for fruitful discussions and encouragement. The authors also thanlc E.Saito
hras

t50

DIRECT CURRENT (mA)

Fig.5, CW light output versus drive current
(L/I) characteristics for 1.3;rm
TnGaAsP/InP lasers entirely grown by
hydride

20oC CV operation,

the thresholcl current
and external differential quantum efficiency
were 23mA and I77"/facet, respectively. 3dBdovin ro1l-off frequency of over LOGHz rras
obtainerl. Furthermore, 5Gb/s RZ modulation
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for laser processing.

VPE.

Reference

Sma11-signal

responses .with a
sinusoidal modulation for the BH lasers, eit
several CI,I bias 1eve1s, were measured. 3dBdown roll-off frequency of over 10GHz was
observed. Figure 6 shows optical response
for 5Gb/s RZ random pulse modulation. Nice
eye opening has been realized. High
frequency response could be confirmed in the
lasers embedded with Fe-doped InP.
4. Conclusions
Fe-doped semi-j.nsulating InP embedded
InGaAsP/InP lasers were fabricated entirely
by hydride VPE. With Fe-doped highly resistive embedding layers, it was found that the
resistance for the embedding layers depends
on channel structure. Current blocking effect increased as the channel became wider.
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