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inGaAsP(1.3 um)/InP vertical-cavity surface-emitling laser grown

by metalorganic vapor phase epitaxy

Long Yang, Ming C. Wu, Kuochou Tail, Tawee Tanbun-Ek, and Ralph A. Logan

AT&T Bell Laboratories, Murray Hill, New Jersey 07974

(Recetved 16 Octeber 1989; accepted for publication 19 December 1989)

We report InGaAsP/InP vertical-cavity surface-emitting lasers ( VCSELs) with an emission
wavelength near 1.3 um grown by metalorganic vapor phase epitaxy. The VCSEL structure
contains a double-heterostructure cavity, a metal mirror, and a $i0,/8i dielectric stack (three
pairs) mirror with a measured reflectivity of 98%. A threshold current as low as 5 mA for 15-
pm-diam devices with a I-um-thick active layer at 77 K was achieved, which is close to the
best reported value (6 mA ) within the accuracy of the pulse measurement. The highest

operating temperature was 220 K.

Vertical-cavity surface-emitting lasers (VCSELs) are of
interest as components of a two-dimensional laser array with
a narrow-divergent beam output. In addition, surface-emit-
ting lasers offer the advantage of wafer scale testing and the
possibility of monoelithic integration with other electronic
devices. Recently, room-lemperature cw operations of
GaAs/AlGaAs VCSELs at 0.88 um wavelength was report-
ed. '~ Fiber butt coupling and random data modulation with
open eyes up to 500 Mbits/s were alsa demonstrated’ in
these lasers. However, tor VCSEL lasing at L3 and 1.55 um
wavelengihs of interest {o optical communications, a thresh-
old current of 6 mA at 77 X was reporfed by iga and
Uchivama® and Oshikiri ef ¢.° In this letter we repori the
fabrication and performance of the InGaAsP (1.3 pm ) /InP
VCSE laser which employs 2 double-heterostructure cavity,
a metal back mirror, and a 8i0,/8i dielectric stack mirror.
The threshold current as low as 5 mA achieved from 15-pum-
diam devices at 77 K is comparable to the best reported value
{6mA) for the VCSE laser in this material system within the
accuracy (0.5 mA) of the pulse measurement.

The VCSEL structure is shown in Fig. 1. Using atmo-
sphere pressure metalorganic vapor phase epitaxy
(MOVPE), a 0.4 um S-doped’ InP buffer layer was grown
on an #-type (100)InP substrate, followed by a ¢-nm-thick
InGaAs etch stop layer. The laser cavity consists of a 1-um-
thick S-doped (2x 10" em™ *) InP n-cladding layer, a 1-
pm-thick S-doped (1 X107 cm %), Ing 1, Gag s Ao e Pag
active layer, a 0.5-um-thick Zn-doped (510" ¢m %) InP
p-cladding layer, a 0.5-um-thick Zn-doped (110" cm™ 7)
InP p-cladding layer, and a 0.12-um-thick Zn-doped
(2107 em™) Ing o, Gag o A8y s Prr contact layer. The
heavily doped contact layer facilitates the top nonailoyed
contact. A threshold current density of 6 kA/cm” um at
room temperature was obtained from the fabricated wide
stripe edge-emitting lasers, indicating a high material quality
of the grown sample.

The sample was first thinned down to about 10¢ pm
thick. Ni/Ge/Au/Ag/Au N-type metal contact was clec-
tron beam evaporated on the back side of the sample and
lifted off to form 100-pm-diam windows. Contact annealing
was carried out at 400 °C for 15 s. Then, a chemical vapor
deposited (CVID) Si0, etching mask with 15 gm diameter
was patterned by standard photolithography. 0.6-um-high
mesas were ctched by Br: methanol. After removing the SiO,
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etching mask, another 300-nm-thick SiQ», was deposited.
Contact windows were opened using a photoresist mask.
Then, 150 nm Ag/530 nm An were evaporated to form the #-
type metal contact and the back mirror of the laser. In order
to fabricate the front mirror on the other side of the cavity,
the InP substrate under the mesa area has to be removed.
The substrate etch was done by 3HCL1H,G solution at room
temperature. Duc to the excellent ctching selectivity, the
etch stopped on the etch stop layer and left a mirror-like
surface. Then, the etch stop layer was removed by
4H,580,1H,0,: 10H,O solution at 4 °C. Finally, a three-pair
Si(,/Si dielectric stack mirror was electron beam evaporat-
ed to form the front mirror of the laser. From a test InP
substrate, the deposited dielectric mirror on a test InP sub-
strate was tested and a reflectivity of 98% +- 1%, to our ¢x-
perimental accuracy, was obtained for the wavelength near
1.3 pm. The VCSEL devices were cleaved from the wafer
and mounted to 2 Au-plated Si substrate for testing.

Figure 2 shows the light-current (L-F) characteristics of
the laser operating under the pulsed condition (60 ns, 100
kHz) at 77 and 210 K., At 77 K, a sharp lasing threshold was
scen. The threshold current is about 5 mA, which is very
close 1o the best reported value (6 mA) for InGaAsP/InP

inP/InGaAsP SURFACE EMITTING LASER

-Ag/Au CA pm p**InGohsP
7] """ CONTACT LAYER

4 um nTinGaAsP
(ACTIVE LAYER, A=13pm

fgm p inP 604 n InGols

(ETCH STOR)

e,

Caum o inP

Ny (BUFFER LAYER)
_— n* inP SUBSTRATE

L

/ 3-PAIR Si0p/51 MIRROR \

FIG. L Drevice structure of the InGaAsP/InP vertical-cavity surface-emit-
ting laser.
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FIG. 2. Light output vs the current characteristics of the VCSE laser at 77
and 210 K. The pulse width and the repetition rate were 60 ns and 100 kHz,
respectively.

VCSE lasers within the accuracy { ~0.5 mA) of the pulse
measurement at this temperature. The threshold current
density is calculated to be 2.8 kA/cm”. The output power is
in the mW range which leads to an external quantum effi-
ciency of 12%, considering the front mirror only. The lasing
spectrum at 77 K is shown in Fig. 3 when the laser was
pumped at 1.67,, pulses with 50% duty cycle. Single-mode
operation was observed with a linewidth of 0.6 nm limited by
the experimenta! setup. A far-field beam divergence angle of
5° was measured. The light output threshold was found to be
iinearly polarized. The threshold current and the lasing
wavelength as functions of temperature are plotted in Fig. 4.
The highest operating temperature was 220 K, limited pre-
sumably by a poor heat sink. The external quantum effi-
ciency decreases gradually with increasing temperatures as
shown in Fig. 2. The characteristic temperature T, for the
temperature ranging from 77 to 200 K is 87 K, which is close
to those of edge-cmitting lasers fabricated from the materiai
provided by our MOVPE system.

Shown in Fig. 5 is a typical room-temperature electrolu-
minescence of the devices observed. We can see three sharp
peaks superimposed on a broad spectrum. The broad spec-
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FIG. 3. Lasing spectrum of the VCSE laser pumped at £ = 1.6/, with 509
duty cycle at 77 K. The linewidth is 0.6 am.
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FIG. 4. Threshold current and the lasing wavelength as functions of tem-
perature. The characteristic temperature 75, is found to be 87 K between 77
and 200 K.

trum represents the gain spectrum of the active material.
Three sharp peaks are the Fabry-Perot modes. The
hinewidth of the central peak is 2.5 nm. The mode separa-
tions { ~97 mm) are in agreement with the calculated values
asing the layer thicknesses in Fig. 1 and considering the ef-
fect of the dielectric mirror. A finesse of 40 is obtained, indi-
cating that a mirror reflectivity product close to 0.94 was
achieved. In order to operate the devices at room tempera-
ture, in addition to improving the heat sink of the device, we
have to prevent the current spreading in the active layer.
This can be achieved, for example, by the buried-hetero-
structure scheme with regrown Fe:InP as a current blocking
layer. With the combination of the regrowth approach and
reducing the device area, room-temperature operations
should be possible.

We have fabricated InGaAsP/InP vertical-cavity sur-
face-emitting lasers with the threshold current (SmA) at 77
K close to the best reported value (6 mA ) within measure-
ment accuracy. A reflectivity of 989 was obtained {from the
electron beam evaporated Si0,/Si dielectric stack mirror.
Room-temperature operation of InGaAsP/InP VCSE laser
should be possible by reducing the area of the laser and re-
growing a Fe:InP current blocking layer.

5.C

25

INTENSITY {arb. units)

o !
1.2 13 1.4
WAVELENGTH {gum)

FIG. 5. Electroluminescence at room temperature measured from the
VCSE faser. Three Fabry—Perot modes can be clearly seen.
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