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The results of complex studies of static and dynamic performance of 1550 nm-range VCSELs, which were created

by direct bonding (wafer fusion technique) InAlGaAs/InP optical cavity wafers with AlGaAs/GaAs distributed

Bragg reflector wafers grown by molecular beam epitaxy, are presented. The VCSELs with a buried tunnel junction

diameter less than 7 µm demonstrated a single-mode lasing with a side-mode suppression ratio more than 40 dB;

however, at diameters less than 5µm, a sharp increase in the threshold current is observed. It is associated to the

appearance of a saturable absorber due to penetration of optical mode into the non-pumped regions of the active

region. The maximum single-mode output optical power and the −3 dB modulation bandwidth reached 4.5mW and

8GHz, respectively, at 20◦C. The maximum data rate at 20◦C under non-return-to-zero on-off keying modulation

was 23Gb/s for a short-reach link based on single-mode fiber SMF-28. As the length of the optical link increased

up to 2000m, the maximum data rate dropped to 18Gbit/s. The main factors affecting the high-speed operation

and data transmission range are defined and discussed, and the further ways to overcome themit are proposed.
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1. Introduction

The demands of the data centers and the supercomputers

growing yearly to increase the traffic-carrying capacity and,

at the same time, the length of the optical interconnections

stimulate not only the active introduction of the com-

munication optical lines based on the single-mode fiber,

but search in new technical solutions as well. Due to

the low energy consumption, the low losses in the SM

fibers and compatibility with the classic technology of

wavelength division multiplexing, there is an evident round

of scientific interest in the vertical-cavity surface-emitting

lasers (VCSEL) [1]. As the traffic-carrying capacity of the

communication optical channels can be increased within

the technology of the spatial division multiplexing (SDM)

using the few-mode fiber (FMF) or the multicore fiber

(MCF) [2], using the VCSELs for implementation of the

new-generation multi-channel optical data transmission is a
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very promising solution [3]. At the same time, the long-

wave VCSELs open wide perspectives in implementation of

low-cost and energy-efficient high-speed multi-channel long

optical interconnections [4]. Thus, the increase in the speed

and range of the optical data transmission using the single-

mode long-wave VCSELs is utterly relevant.

The classical method of creating the monolithic

(i.e. grown in a single growth process) 1550 nm-range

VCSELs based on the system of the InAlGaAsP/InP

materials is associated with a problem of low contrast of the

refraction indices and low heat conductivity of the ternary

and quaternary InP lattice-matched solid solutions, thereby

resulting to the strong self-heating effect and limiting the

output optical power (∼ 1.6mW @ 20◦C) and the high-

speed performance (∼ 4GHz @ 20◦C) [5]. The alternative

method of creation of the 1550 nm-range VCSELs is a

combination of the active range based on the system of

the InAlGaAsP/InP materials with the distributed Bragg

reflectors (DBR) simultaneously having a high reflectivity

and increased heat conductivity. Presently, there are two

main promising approaches: the hybrid integration of the

optical resonator with high-contrast metal-dielectric mirrors

(hereinafter referred to as HC-VCSEL) and the wafer fusion

technology (hereinafter referred to as WF-VCSEL).
Within the first approach, the replacement of only one

semiconductor InAlGaAs/InAlAs DBR with the dielectric

mirror has resulted in the increase in the modulation

bandwidth of the HC-VCSEL with the active region based

on the strained InAlGaAs quantum wells (QW) up to

12GHz at 25◦C [6] and demonstrated a back-to-back data

transmission (BTB) at the speed of up to 25Gbit/s with

direct current modulation in the nonreturn-to-zero mode

(NRZ) [7]. Due to application of the concept of the

short-cavity and reduction of a diameter of the current

aperture, this approach has been further developed to

implement record-high small-signal modualtion bandwidth

∼ 22GHz @ 25◦C and to increase the data transmission

rate to 50Gbit/s in the BTB configuration, as well as to

demonstrate faultless data transmittivity via the single-mode

fiber SMF-28 for 200m at 40Gbit/a and 1 km at 28Gbit/s

without applying the algorithms of digital predistortion and

error correction [8]. However, the approach used in the

HC-VCSEL design based on minimization of the mode

volume in order to achieve higher resonance frequencies

significantly limits the output optical power of the lasers [9].
The disadvantages of the described approach also include

the necessity of using special dielectric materials (AlF3, ZnS,
CaF2) for DBR formation.

The second approach can unify unique possibilities of the

system of the InAlGaAsP/InP materials (in terms of imple-

mentation of the effective active region) with the advantages

of the system of the AlGaAs/GaAs materials (in terms of

creation of the effective semiconductor DBRs) to obtain

the record-high (> 6mW@20◦C) output power in the

single-mode lasing [10,11] without applying the additional

methods of selection of the high-order modes in contrast

to the first approach [12]. It should be noted that despite

the necessity of subsequent double fusion of the wafer of

the InAlGaAsP/InP optical resonator with the wafers of the

upper and lower AlGaAs/GaAs DBR, the WF-VCSELs of

this kind potentially can ensure the reliability that satisfies

to the standard GR-468-CORE Telcordia [13]. In case of

application of the InAlGaAs quantum wells as the active

region, the maximum modulation bandwidth around 8GHz

has been achieved and the error-free data transmission for

10 km at 10Gbit/s has been demonstrated in the NRZ-

modulation mode [14]. For further improvement of the

laser high-speed performance we have proposed to used the

active region based on the thin strained InGaAs/InAlGaAs

quantum wells [15]. In terms of implementation of sharp

heterointerfaces, the most preferable option is to apply the

molecular beam epitaxy (MBE) technology as it ensures

growth control atomically in contrast to the metallo-organic

chemical vapor deposition (MOCVD) [16]. Recently,

we have shown the general applicability of the MBE

method at all the stages of VCSEL heterostructure creation,

including the epitaxial re-growth for formation of the buried

tunnel junction (BTJ) [17] and demonstrated the effective

WF-VCSELs of the spectral range of 1300 nm [18,19].

The study presents the results of the detailed VCSEL

studies of the spectrum range of 1550 nm realized within

the MBE method and the wafer fusion technology. The

statical characteristics and the mode composition of the laser

radiation are studied depending on the size of the current

aperture. The method of the small-signal frequency analysis

has been applied to investigate the mechanisms limiting

the high-speed performance of the lasers. It has included

determination of the range of optical data transmission

using the developed single-mode lasers at the direct current

modulation in the NRZ-mode.

2. Experimental samples

The WF-VCSEL was designed with the geometry of

the vertical optical microresonator surrounded by undoped

semiconductor DBRs, with injection of the carriers through

the intracavity contact layers (IC layers) of the n-type and

the tunnel junction for minimization of absorption at the

free carriers [10,11]. The WF-VCSEL hybrid heterostructure

(Fig. 1) of the spectrum range of 1550 nm is formed

by subsequent double fusion of the wafer of the optical

InAlGaAs/InP resonator with the wafers of the upper DBR

based on the 22.5 pairs of the AlGaAs/GaAs layers and the

lower DBR based on the 35.5 pairs of the AlGaAs/GaAs

layers on the Wafer Bonding System EVG 510. The

specifics of the technology applied for wafer fusion are

given in the study [20]. The active region was the strongly-

strained In0.74Ga0.26As QWs of the thickness of 2.4 nm

(the lattice mismatch parameter ∼ 1.4%), separated by

the lattice-matched barrier In0.53Al0.16Ga0.31As layers. In

order to increase the mode amplification by modification

of the longitudinal confinement factor, the number of

the wells is increased to 10, while the thickness of the
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Figure 1. Schematic presentation of the transverse section of the device design of the WF-VCSEL and the distribution of the intensity of

the fundamental mode electromagnetic field |E2| (in relative units) and the doping level N (in cm−3) along the refraction index profile n
within the microresonator. DBR — the distributed Bragg reflector, IC — the intracavity contact, TJ — the tunnel, BTJ — the buried

tunnel junction, QW — the quantum well, UD — undoped.

barriers is decreased to 7 nm [15]. As a result, the total

strain of the layers of the active region was ∼ 0.36%

in relation to the InP substrate material. The lateral

current and optical confinements were realized in within

the BTJ concept [21] by formation in the composite

In0.53Ga0.47As/In0.53Al0.16Ga0.31As of the tunnel junctions

of small mesas of the diameter of 4−8µm by chemical

etching of the n++- and p++-In0.53Ga0.47As layers with

subsequent epitaxial re-growth of the surface relief by the

n-InP layer with the modulated doping profile [17]. The

mesa etching depth was selected as a compromise between

the high output optical power in the single-mode lasing

and suppression of the effect of the saturating absorber in

the non-pumped parts of the active region, which occurs

in a relatively weak transverse optical confinement [22].
It should be noted that the epitaxial growth of the initial

heterostructures of the optical resonator and the DBRs as

well as the burial process have been implemented by the

MBE method on the industrial unit Riber 49. Other details

of the WF-VCSEL heterostructure design are given in the

studies [17,22].
The device design of the WF-VCSEL is a triple mesa

structure (Fig. 1) fabricated as follows. The first mesa

is formed by plasma-chemical etching in the inductively-

coupled plasma in the upper AlGaAs/GaAs DBR for

opening up the upper IC layer. The second mesa is formed

by chemical etching in the InAlGaAs/InP optical resonator

for opening up the lower IC layer. The third mesa is

formed by chemical etching in the lower IC layer in order to

reduce the capacitance of contact pads. The SiN dielectric

layer is formed by plasma-chemical deposition for electrical

insulation. The windows to the contact layers are formed by

plasma-chemical etching of the SiN dielectric. The contacts

and the contact pads Ti/Pt/Au are formed by the lift-off

method. The special features for manufacturing of the lasers

of this type are given in the study [23].

3. Results and discussion

Fig. 2 shows the current-voltage and watt-ampere charac-

teristics (WAC) for WF-VCSELs with a various diameter

of the BTJ mesa diameter, which are measured within

the wide range of the temperatures. The lasers with the

BTJ mesa diameter of 4µm exhibit a jump-like increase in

the output optical power with the increase in the pumping

current, accompanied by the sharp increase in the observed

value of the threshold current (hereinafter referred to as

WAC nonlinearity), thereby impeding adequate evaluation

of the slope efficiency of the lasers (see Fig. 2, a). As

this VCSEL design is not optimized for operation at high

levels of dissipated power, the thermal WAC rollover is

observed at relatively small operating currents ∼ 13mA,

thereby limiting the maximum output optical power at the

level of 3.4mW. The devices exhibit the lasing via the

fundamental mode (the so-called single-mode regime) with

the side mode suppression ratio (SMSR) > 50 dB within

the whole operating range of the pumping currents (see
Fig. 3, a). The observed WAC nonlinearity can be caused

by both the sharp increase in the diffraction losses at

the BTJ mesa periphery [24] as well as by the formation

of the saturating absorber outside the BTJ mesa region

(taking into account the lateral current spreading) [25]. The
increase in the external temperature of the laser results

in amplification of the WAC nonlinearity effect and lasing

disappearance at the temperatures > 40◦C. As the light

Semiconductors, 2022, Vol. 56, No. 8
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Figure 2. Current-voltage characteristics and watt-ampere characteristics of WF-VCSEL with the BTJ mesa diameter 4 (a), 6 (b) and

8 µm (c).

scattering/diffraction on the refraction index heterogeneities

weakly depends on the external temperature, it can be

suggested that it is mainly contributed by the light ab-

sorption at the resonance wavelength in the unpumped

parts of the active region, which is sharply amplifying

as the maximum of the amplification spectrum of the

active region approaches the resonance wavelength of the

microresonator.

With the increase in the BTJ mesa size, there is

attenuation of the WAC nonlinear effect and the increase

in the limit temperature, at which the lasing is observed,

which is caused by a growing transverse confinement factor

for the fundamental mode. Thus, the lasers with the BTJ

mesa diameter 6µm exhibit the lasing with the threshold

current < 2mA and the slope efficiency 0.4W/A at the

temperature of 20◦C. The differential resistance does not

exceed 95−100Ohm due to omitting the InGaAsP layers

as the contact layers. Since the VCSEL thermal resistance

is reversely proportional to the size of the current aperture,

and the series electrical resistance is reversely proportional

to the area of the current aperture, then the self-heating

effect with the current increase is mostly pronounced in the

lasers with the small sizes of the current aperture. The

increase in the BTJ mesa size can extend the range of

the operating currents and increase the maximum output

optical power to 4.8mW (see Fig. 2, b). The limit value of

the wall-plug efficiency is up to 20%. It should be noted

that the increase in the lateral sized of the buried relief (re-
growtth of the surface relief formed in the TJ) results in the

reduction of the transverse confinement factor for the high-

order modes and contributes to the implementation of the

single-mode lasing with high sizes of the BTJ mesa. As a

result, the lasers demonstrate stable single-mode operation

with the magnitude SMSR > 45 dB at the BTJ mesa size

below 7µm.

With the increase in the temperature to 70◦C, there is

evidently the increase in the threshold current to 6mA

as well as the fall of the maximum output optical power

and wall-plug efficiency to 2.1mW and 9%, respectively.

The limit temperature at which the lasing is observed is

up to 95◦C. It should be noted that at the temperatures

> 50◦C, specific features inherent to the effect of the

saturating absorber, which is related to reduction of the

actual spectral mismatch of the resonance wavelength of

the microresonator in relation to the gain spectrum of the

active region with the increase in the temperature.

For the lasers with BTJ mesa size > 7µm, the WAC

nonlinear effect is fully suppressed (the transverse confine-

ment factor is close to 100%). However, there is anomalous

WAC behaviour of another kind — the increase in the

slope efficiency with the increase in the pumping current.

Thus, the lasers with the BTJ mesa size of 8 µm at the

temperature of 20◦C exhibit the lasing with the threshold

current < 2mA, the wall-plug efficiency ∼ 19% and the

maximum output optical power of ∼ 5.8mW (see Fig. 2, c).
At the small pumping currents, the slope efficiency reaches

0.35W/A (the region I), but at the higher currents it

increases to 0.41W/A (the region II). This effect may be

related to specific features of the change of the mode

composition of lasing emission. The analysis of the lasing

spectra has revealed a sharp fall of the magnitude SMSR

and switching into the multi-mode lasing within the region II

(see Fig. 3, c). Apparently, the detected behavior is related

to irregularity of distribution of the pumping current density

across the area (the current concentration at the BTJ mesa

periphery, the so-called current crowding), which is typical

for VCSEL with carrier injection through the IC layers [26]
and leading to the reduction of the effective injection of

the charge carriers for the fundamental mode in comparison

with the high-order modes. It should be noted that the

Semiconductors, 2022, Vol. 56, No. 8
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Figure 3. WF-VCSEL lasing spectra with the BTJ mesa diameter 4 (a), 6 (b) and 8µm (c), measured at the temperature of 20◦C.

detected effect will be amplified with further increase in the

BTJ mesa size.

With the increase in the temperature, there is evidently

a growing threshold current, predominantly caused by

the thermal escape of the carriers from the thin InGaAs

quantum wells [11]. Thus, at the temperature 70◦C, the

threshold current increases to 3.5mA, and the maximum

output optical power and the wall-plug efficiency fall to

2.2mW and 9.5%, respectively. The limit temperature at

which the lasing is observed is up to ∼ 110◦C. Moreover,

the WAC inflection point between the regions I and II is

shifted towards the bigger currents, while the difference

in the slope efficiency is negated, which is apparently

related to the sharp increase in the optical losses for the

high order modes in the unpumped parts of the active

region.

It should be noted that the previously realized single-

mode WF-VCSELs of the spectrum range of 1550 nm based

on the InGaAs quantum wells and the n+/p+-InAlGaAs

tunnel junctions have demonstrated the smaller efficiency

(∼ 14%) despite the higher slope efficiency, which is appa-

rently related to the higher electric resistance of the devices

and the smaller number of the quantum wells [11]. At

the same time, the 1550 nm-range single-mode WF-VCSELs

based on the InAlGaAs quantum wells and with the

n+/p+-InAlGaAs tunnel junctins are much inferior in terms

of the threshold current values with the comparable level of

the slope efficiency [10,14]. At the same time, the 1550 nm-

range HC-VCSELs based on the InAlGaAs quantum wells

and with the n+-InGaAs/p+-InAlGaAs tunnel junctions in

the geometry of the short microresonator demonstrate the

single-mode lasing only at the BTJ mesa sizes < 5µm,

thereby limiting the maximum output optical power at the

level of 2.2mW [9].

The small-signal frequency analysis (measurement of

the S-parameters) was performed using the vector circuit

analyzer Rodhe & Schwarz ZVA 40 and the photodetector

New Focus 1434 with the bandpass 25GHz. The high-

speed performance of the injection laser in the current

modulation mode is affected by thermal effects which limit

the attainable resonance frequency, damping of the relax-

ation oscillations resulting in the reduction of the resonance

peak amplitude, and by a bandpass (the cutoff parasitic

frequency) of the electrical circuit connecting the signal

generator and the internal source of the laser oscillations

therebetween. However, the strong effect of the saturating

absorber, which is usually accompanied by the hysteresis

impedes adequate interpretation of the dynamic characte-

ristics of the lasers with the BTJ diameter < 5µm. Fig. 4, a

shows the amplitude-frequency characteristics (AFC, the

parameter S21) for the lasers with the BTJ diameter of

6µm which are measured at the temperature of 20◦C. The

effective modulation bandwidth f −3 dB (evaluated by the

AFC fall level at −3 dB) reaches 6GHz at the pumping

current of 4.5mA and then is saturated at the level of

∼ 8GHz. The corresponding value of the MCEF-factor

(MCEF= f −3 dB/(I − I th)
0.5), determining the modulation

current efficiency factor (MCEF) stays within the range

∼ 3.6GHz/mA0.5. The obtained results correlate well with

the data for the 1550 nm-range WF-VCSELs based on the

InAlGaAs quantum wells and the n+/p+-InAlGaAs tunnel

junctions [14].

In order to evaluate the WF-VCSEL key parameters, the

classical model of response of the single-frequency laser

to the sinusoidal modulation of the pumping current has

been applied [27]. In order to minimize the error when

solving the reverse problem of measurement data analysis

S21, the cutoff parasitic frequency of the low-frequency

Semiconductors, 2022, Vol. 56, No. 8
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filter formed by the electric elements of the laser has been

independently determined from the equivalent laser diagram

rebuilt based on the data of measurement of the reflectance

of the input HF-signal (the parameter S11). According to

the results of Fig. 4, b, the cutoff parasitic frequency f P

of the laser with the BTJ diameter 6µm is first of all

growing with the pumping current, but at the voltages

> 1.6V it is saturated at the level of ∼ 5GHz. The rate

of rise of the resonance frequency with the current, the

so-called D-factor (D = f R/(I − I th)
0.5), which reflects the

level of the differential gain and the mode volume, exceeds

3.2GHz/mA0.5, which is noticeably higher than results

obtained for the 1550 nm-range WF-VCSELs based on the

InGaAs quantum wells and the n+/p+-InAlGaAs tunnel

junctions [11]. As a result, the resonance frequency f R

at the pumping currents > 6mA exceeds the effective

modulation frequency and reaches ∼ 12GHz.

The obtained values indicate a substantial potential of

the proposed active region. In fact, in accordance with

the analysis of the main mechanisms affecting the high-

speed performance of VCSELs, with domination of the

thermal effects, the maximum modulation bandwidth is

determined by the resonance frequency, and in accordance

with the expression f −3 dB,thermal =
√

1 +
√
2 f R , it reaches

∼ 18GHz, thereby substantially increasing the experimental

values f −3 dB. In case of the domination of the mech-

anism related to the low cutoff parasitic frequency, the

maximum modulation bandwidth, in accordance with the

expression f −3 dB,parasitics = (2 +
√
3) f P , provides the value

> 18GHz. With domination of the effect of damping

of the relaxation oscillations, the maximum modulation

bandwidth is determined by the rate rise of the damping

coefficient with the square of the resonance frequency,

the so-called K-factor, and, in accordance with the ex-

pression f −3 dB,damping = 2π
√
2/K, it exceeds 20GHz at

the moderate densities of the photons (the corresponding

value K ∼ 0.45 ns). Thus, the combination of the two last

mechanisms leads to the sharp decrease in the amplitude of

the resonance peak at the relatively small pumping currents.

It should be noted that the value of the cutoff parasitic

frequency is mainly contributed by the parasitic capaci-

tance of the region of the reversely shifted p+n-transition
(outside the BTJ), so with the increase in the BTJ mesa

size, some increase in the frequency f P is observed.

However, the increase of the mode volume with the

increase in the BTJ mesa area results in the fall of the

D-factor and the MCEF-factor (to ∼ 2.8−3.0GHz/mA0.5

and ∼ 3.0−3.2GHz/mA0.5 at the BTJ mesa diameter of

8µm, correspondingly). As a result, there is no substantial

improvement of the modulation characteristics of the studied

WF-VCSELs with the increase in the BTJ mesa size.

Taking into account switching into the multi-mode lasing

at the diameter of > 8µm and the drop of the MCEF-

factor with the increase in the BTJ mesa size, the biggest

practical interest is in the single-mode lasers with the BTJ

diameter of 6 µm. For them, the analysis of the rate and

the range of data transmission of the studied VCSELs in

the mode of direct current modulation has been performed

with coding by the amplitude forma in the NRZ-mode using

the pseudorandom binary sequence (PRBS) of the length

(27−1) at the temperature of 20◦C. The measurements

were performed directly on the WF-VCSEL wafer without
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Figure 5. Eye diagrams of WF-VCSELs with the BTJ diameter of 6µm at the direct current modulation in the NRZ-mode at the various

length of the fiber-optic line: a) 23Gb/s — the data transmission in the BTB configuration, b) 21Gb/s — the data transmission for 500m,

c) 20Gb/s — the data transmission for 1000m, d) 18Gb/s — the data transmission for 2000m. The operating current — 16mA, the

modulating voltage — 300mV. The measurement temperature — 20◦C.

separating it into separate chips and mounting them into

the HF casings. The initial modulating signal was formed

by the binary combination generator SHF 12105A, and its

amplitude was controlled by means of amplifiers and atten-

uators. Using the bias-tee, the modulating signal was added

to the constant component giving a current operating point

and then supplied to the laser by means of the HF probe.

The WF-VCSEL radiation was introduced into the single-

mode fiber SMF-28. The re-reflections were suppressed by

an optical isolator. The optical sensor Tektronix DPO7OE1

with the bandpass of 33GHz was used for transformation

of the optical signal into the electric one, which was then

record by the real-time oscillograph Tektronix DPO75902SX

with the analogue bandwidth 59GHz.

Fig. 5 shows the eye diagrams for a various length of

the fiber-optic line. The operating current and voltage

of the modulating digital signal were selected so as to

ensure the maximum modulation bandwidth within the

wide current range (i.e. simultaneously increase the

data transmission rate and the height of eye diagram

opening) and were ∼ 16mA and 300mV, respectively.

The maximum transmission rate in the NRZ-mode for

the BTB configuration is 23Gb/s.The area of transition

between the two adjacent clock interval (which corresponds

to intersection of rising and falling fronts of the two eye

diagrams) distinctly traces two separate groups of the front

and fall lines, thereby indicating the presence of determined

noise in the optical channel. At the same time, the

blurred lines in each group indicate the presence of random

noise.

We think that the source of the determined noise is

related to the inter-symbol interference, which occurs in

case of limitation of the traffic-carrying capacity of any

component of the implemented optical communication line

(a transmitter, a receiver, the transmission physical medium)
and/or the reflection of the electric signal at the non-optimal

match of the laser impedance with the signal generator

(mismatch of the design of the UHF probe with the

topology of the contact areas, the cutoff frequency of the

laser equivalent diagram, etc.). It should be noted that it is

difficult to localize and interpret the last mechanism. But, if

the optical communication line has a problem of reflection

of the electrical signal, then as a rule there is a problem of

traffic-carrying capacity, too. Taking into account the results

of the low-signal frequency analysis, then the key cause of

inter-symbol interference is a relatively low cutoff parasitic

frequency of the studied WF-VCSELs, which finally leads

to amplitude variation of the optical signal at the high data

communication rates depending on the length of repeated

bits and previous bit states. As a result of the mismatch of

the rising and falling time within the transition area of the

eye diagram, the total jitter including the determined and

random components reaches 23 ps, thereby corresponding

to 53% of the clock signal (∼ 0.31 UI). With increase in

the length of the single-mode fiber, there is further increase

in the jitter and decrease in the eye diagram opening
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due to fiber dispersion, thereby finally resulting in the fall

from the height of eye diagram opening. As a result, the

described effect has limited the maximum rate of optical

data transmission via the single-mode fiber at the value

21, 20 and 18Gb/s for the line length 500, 1000 and

2000 meters, respectively.

4. Conclusion

It represents the results of the complex studies

of the 1550 nm-range WF-VCSELs with the composite

n+-InGaAs/p+-InGaAs/p+-InAlGaAs BTJ and the active

region based on the strained InGaAs/InGaAlAs quantum

wells. It has demonstrated a general producibility of

the lasing in the continuous lasing mode at 20◦C with

the threshold current < 2mA and the slope efficiency

> 0.4W/A. The maximum output optical power in the

single-mode lasing with the side mode suppression ratio

> 40 dB exceeds 4.5mW at 20◦C. In accordance with the

low-signal frequency analysis, the high-speed performance

of the lasers is predominantly limited by the low cutoff

parasitic frequency, which in the conditions of noticeable

dumping results in the sharp decrease in the amplitude

of the resonance peak at the moderate pumping currents.

As a result, the modulation bandwidth is limited by 8GHz

at 20◦C.

The analysis of the rate and the range of data trans-

mission via the single-mode fiber in the mode of direct

current modulation has been performed for the realized

WF-VCSELs with the BTJ size of 6µm with coding by the

amplitude non-return-to-zero format. With the increase in

the data transmission rate, there is the increase in the deter-

mined jitter predominantly due to inter-symbol interference,

thereby limiting the opening of the eye diagram. With the

increase in the length of the optical communication line, the

fiber dispersion results in the amplification of this negative

effect. As a result, the maximum rate of data transmission

via the short optical communication line is 23Gb/s, and

when increasing the length of the optical communication

line to 2000m it drops to 18Gbit/s.

The further improvement of the operating WF-VCSEL

characteristics is associated with the increase in the tem-

perature stability of the effective frequency of modulation.

To solve first problem, it is required not only suppress

the thermal escape of the carriers from the quantum well

by applying more wide-band barriers, but to suppress the

effect of saturating absorber by optimizing the depth of

etching of the composite TJ (it requires a compromise

with the high output optical power) and (or) increasing

the spectrum mismatch of the spectrum in amplification of

the active region in relation to the resonance wavelength

(it requires a compromise with the low threshold current

and the laser temperature stability). The solution of the

second problem is related not only to reducing the parasitic

capacitance of the reverse shifted p+n-transition by reducing

the doping level of the burial layer n-InP (it requires a

compromise with a relatively low resistance of the laser)
and minimization of the sizes of the device topology (it
requires a compromise with the effective heat removal), but
by reducing the mode volume (it requires the compromise

with the high optical power), optimization of the lifetime

of th photons (it requires the compromise with the low

threshold current) and the increase in the differential gain of

the active region (it requires the compromise with thermal

escape of the carriers).
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