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Abstract 

In this paper we discuss the new advancement comes in the 
path of laser technology and how they work in different 
fields. We discuss the different types of lasers having 
different properties and also written some applications and 
advantages use in future. The laser plays a vital role in 
optical fiber communication system and therefore it is 
necessary to do some advancement in the previous 
technologies. 
Keywords: Laser Technologies, MPU. 

 
1. Introduction 

 
Optical technologies are currently employed for data 
transmission in a wide range of systems, from long-
haul to access networks. Application areas have 
recently extended to encompass transmission over 
shorter distances, such as rack-to-rack interconnects 
at data centers and in supercomputers. This 
expansion in applicability is thanks to the advantages 
provided by optical interconnects, in both capacity 
and power consumption, compared with their 
electrical counterparts. For short-distance 
interconnects, the development of the vertical-cavity 
surface emitting laser (VCSEL) was essential [1]. 
The operating energy of VCSELs is as much as ten 
times lower than that of edge-emitting lasers. With  
internet traffic currently increasing at an exponential 
rate, the throughput of micro-processing units 
(MPUs) in servers and routers must be increased, and 
power consumption reduced, to cope with 
requirements. The demand for chip-to chip and on-

chip optical interconnects is therefore on the rise. 
Vertical-cavity surface-emitting lasers (VCSELs) 
have evolved as the emitters of choice for short-
distance high-speed data communications, thanks to 
their low cost and high power efficiency.  
The next generation of VCSELs is presently being 
optimized for modulation rates up to 25Gbit/s, but 
demand for bandwidth at all levels of the optical 
communication network is expected to reach serial 
data rates as high as 40–100Gbit/s in the next few 
years[2]. Such requirements constitute a considerable 
challenge for optical transmitters and calls for 
radically new design concepts. One such concept is 
the transistor laser, first demonstrated in 2005, which 
promises significantly increased modulation speed. 
This three-terminal electrical device also has an 
optical output. It consists of a high-frequency 
transistor that is homogeneously integrated into the 
laser. As such, it is expected to have a number of 
unique properties with implications for high-speed 
computing and optical communication, including 
improved modulation bandwidth, linearity, and noise 
properties, as well as novel functionality made 
possible by the additional terminal. 
 
The ever-increasing need for energy in the world 
demands the development of new energy sources. 
Nuclear fusion, the process that powers the sun, has 
the potential to provide an effectively inexhaustible 
source of energy. The challenge is to create here on 
Earth the conditions that exist in the sun’s core. 
Several methods of harnessing fusion power have 
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been put forth, with the primary ones confining a 
plasma magnetically. Direct drive laser fusion is an 
example of the latter, where a spherical pellet 
consisting of hydrogen isotopes (deuterium and 
tritium) is irradiated uniformly from all directions by 
numerous laser beams. The resulting implosion 
causes the fuel to compress to extreme densities and 
temperatures, allowing fusion ignition to occur[3]. 
Performing this at a sufficient repetition rate releases 
energy that can be used to generate electrical power. 
However, as the target implodes, less and less of the 
laser beam will interact with the target and this 
reduces the efficiency of the process. Ideally, the 
laser spot size would decrease in unison with the 
pellet, a property known as ‘focal zooming.’ 
Simulations indicate that focal zooming can reduce 
the energy required for a direct drive fusion 
implosion by 30%. Several zooming schemes have 
been proposed for solid-state lasers. In each case, the 
laser spot size is determined by placing an optical 
element known as a phase plate in the beam line 
immediately before it enters the target chamber. To 
make changes to the zooming conditions, new phase 
plates have to be manufactured and installed for each 
beam, which is costly in both expense and time. At 
the Naval Research Laboratory, we have proposed, 
and recently implemented on the Nike KrF gas laser, 
a method for achieving focal zooming in a flexible 
and inexpensive manner. 
 
2. Electrically-driven photonic crystal 

laser with ultra-low operating energy 
 
Realizing a PhC laser with ultra-low operating energy 
is made possible by implementing a buried 
heterostructure in which the wavelength-scale active 
region is embedded in an indium phosphide (InP) 
PhC slab.  We call this laser a lambda-scale 
embedded active-region (LEAP) PhC laser. The 
combination of the PhC nanocavity and buried 
heterostructure allow for effective confinement of 
both charge carriers and photons in the active region 
(due to the larger bandgap and lower refractive index 
of InP, respectively), and an improved thermal 
conductivity. Because of the thin (250nm) membrane 
of the LEAP laser, we employ a lateral current 
injection structure in which electrons and holes are 
injected from the doped regions into the active 
region, where they recombine to produce photons.3 
The areas for silicon-ion implantation and zinc 
thermal diffusion are defined using photolithography, 
resulting in selective p- and n-type doping in the InP 
layer[1]. These fabrication techniques are the same as 

those used in traditional silicon complementary 
metal-oxide-semiconductor technology, making this 
method suitable for large-scale integration. By 
embedding the wavelength-scale active region in an 
InP PhC slab, we were able to achieve a directly 
modulated laser with 10fJ/bit operating energy 
In the future, the plan is to increase the output power 
and improve the temperature characteristics by 
optimizing the device structure. Furthermore, we aim 
to realize a large-scale photonic integrated circuit that 
can be used for optical communications in chip-to-
chip and on chip interconnects. 
 
 
3. Powerful high-repetition-rate tabletop 

soft x-ray lasers 
 
Plasma-based laser-pumped soft x-ray lasers, in 
which spontaneous emission is amplified in a highly 
ionized plasma column, typically have low repetition 
rates (of a few shots per day to one shot per minute in 
the first devices), which limits their average power. 
Several research groups made significant progress in 
this area, greatly reducing the size of this type of 
laser and extending the wavelength to below 10nm. 
However, the repetitions rates of these devices are 
below ˜10Hz, resulting in average powers that are 
insufficient for applications requiring high photon 
flux (such as printing nano-scale features by self-
imaging coherently illuminated masks). This 
limitation originates in thermal effects within the 
flash-lamp-pumped solid-state lasers that drive 
plasma-based soft x-ray lasers. To address this issue, 
scientists developed a compact, ultra short solid-state 
laser system driven entirely by laser diodes that 
produces picoseconds duration, D1:03_mpulses of 
sufficient energy to efficiently drive D10–20nm 
lasers at much higher repetition rates. The  device is 
the first tabletop soft x-ray laser with a 100Hz 
repetition rate, and it produces an average power of 
0.15mW at D18:9nm. In our experiments, laser 
diodes efficiently pumped a high energy (1J) chirped-
pulse amplification ytterbium-doped yttrium-
aluminum-garnet (Yb:YAG) laser, which we used to 
drive a soft x-ray plasma amplifier.  The 
amplification in a highly ionized molybdenum 
plasma—created and heated by picoseconds duration 
pulses with tailored temporal profiles from the diode-
pumped laser— produced gain-saturated, 
picoseconds-duration soft x-ray laser pulses. it 
demonstrate 100Hz generation of soft x-ray laser 
pulses of micro joule energy at D18:9nm, obtaining a 
record high average power from a coherent compact 
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source[4]. The approach increased the repetition rate 
of this type of laser by an order of magnitude, 
demonstrating the feasibility of multi mill watt 
average power soft x-ray beams on a table top. We 
anticipate this increase will enable new scientific 
research and advanced technology applications that 
require high soft x-ray photon flux. Future work 
includes the demonstration of these lasers at shorter 
wavelengths and their use in real-world 
applications[4]. 
 
4. Ultra-high-bandwidth vertical-cavity 

surface-emitting lasers 
 

Vertical-cavity surface-emitting lasers (VCSELs) 
have evolved as the emitters of choice for short-
distance high-speed data communications, thanks to 
their low cost and high power efficiency. One such 
concept is the transistor laser, first demonstrated in 
2005, which promises significantly increased 
modulation speed. This three-terminal electrical 
device also has an optical 
output. It consists of a high-frequency transistor that 
is homogeneously integrated into the laser. As such, 
it is expected to have a number of unique properties 
with implications for high-speed computing and 
optical communication, including improved 
modulation bandwidth, linearity, and noise 
properties, as well as novel functionality made 
possible by the additional terminal. Transistor-
VCSELs (T-VCSELs) combine the functionality of 
transistor lasers with the inherent advantages of 
VCSELs and, thereby, provide a potential route to 
low cost, low power consumption, and superior 
performance in digital and analog applications. 
However, these devices are presently at an early stage 
of development. Their 3D structure requires greater 
control of voltage and current distributions, and this 
makes them much more difficult than edge-emitting 
transistor lasers to design [2]. It also makes the 
contacting of the different terminals more 
challenging, and the short cavity is more sensitive to 
optical loss imposed by the highly doped base region. 
Even so, numerical simulations have shown that 
these are practical rather than fundamental problems, 
and that T-VCSELs do indeed have a great potential 
for high-frequency operation that may break the 
bandwidth bottleneck of conventional diode lasers. 
However, so far, T-VCSELs have only been operated 
at low temperatures and at 
modest power levels. Unlike typical communication 
VCSELs that use conducting mirrors and oxidation 
confinement to inject current, our design employs a 

novel epitaxial regrowth process that allows the 
cavity region to be defined by optical lithography. It 
is based on a triple intracavity current-injection 
scheme that reduces the series resistance and allows 
for a low-loss optical cavity by virtue of undoped 
mirrors and carefully designed doping profiles. The 
top and bottom mirror structures consist of 
silicon/silica and gallium arsenide/aluminum gallium 
arsenide (GaAs/AlGaAs) distributed Bragg reflectors, 
respectively, where a surface structuring of the 
former provides an option for single or multimode 
emission. Three compressively strained indium 
gallium arsenide/gallium arsenide (InGaAs/GaAs) 
quantum wells provide the optical gain, and an 
inserted high-bandgap AlGaAs layer at the bottom of 
the emitter forms a heterobarrier with the GaAs 
cavity of importance for the transistor current gain. 
The performance in terms of threshold current, output 
power, and temperature-dependency compares well 
to conventional diode type VCSELs. This is an 
important prerequisite for continued scaling of T-
VCSEL-based technologies towards higher bit-rates 
[2]. 
 
5. Wafer-fused 1300 and 1550nm-

waveband vertical external cavity 
lasers 
 

Lasers operating in the 1300 and 1550nm wavelength 
band, capable of producing high output power that 
can be coupled into single-mode fibers, are of 
considerable interest for next generation fiber lasers 
and amplifiers. The major practical application of 
these devices is increased throughput of fiber-optic 
communication systems and extending the 
wavelength range of eye-safe, high-brightness laser 
sources to meet emerging requirements in 
biomedicine, industrial processing, night vision 
illumination, and so forth. High-power lasers 
emitting at these wavelengths are also expected to 
find wide use in frequency doubled lasers emitting in 
the visible optical range to replace existing sources 
with low efficiency and low output power. Indeed, in 
the 1300–1500nm waveband the maximum output 
power that can be coupled into a single-mode fiber 
with existing edge-emitting lasers is about 0.5W, a 
factor of two to three lower than with gallium 
arsenide (GaAs)-based edge emitting lasers operating 
around 1m [5]. This is because the material gain of 
indium aluminum GaAs/indium phosphide (In- 
AlGaAs/InP) quantum wells (QWs)—in which 
electrons and holes (positive charge carriers) 
recombine to produce photons— is smaller than the 
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material gain of GaInAs/GaAs QWs. One effective 
way of increasing output power in combination with 
high-quality beams involves using optically-pumped 
vertical external cavity surface-emitting lasers 
(VECSELs). We previously developed VECSELs 
emitting in the 1300 and 1550nm range that show 
output power levels in excess of 1W. This 
performance improvement is due to the application of 
Al- GaAs/GaAs wafer-fused distributed Bragg 
reflectors (DBRs)— i.e., mirrors—to replace InP-
based DBRs with inferior optical and thermal 
properties. This technology to boost the development 
of new types of fiber lasers and amplifiers, 
frequency-doubled lasers, and high-power single-
frequency lasers in the important wavelength range of 
low-loss single-mode silica fibers. Further design 
optimization of our wafer-fused gain mirrors should 
enable an increase in output power to 10Wand 
more[5]. 
 
6.  Conclusion 
 
The previous technology lasers were not capable of 
producing high output power, for short-distance high-
speed data communications, and consume more 
power, but nowadays the advancement in lasers have 
come, so that we can see and compare the drastic 
changes in between the previous and latest 
technology lasers. The above discussed lasers are 
having the better efficiency, wavelength, output 
power, speed and many more improved properties 
built in themselves, which will be very much 
beneficial in this advance world for optical 
communication systems. 
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