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I run a small aesthetic clinic in Korea. During years of skin laser procedures, 
many questions came to my mind, which I tried to answer by searching for 
relevant papers or books. Searching for these answers led me to write this 
book. I would like to clarify that this book is about Korean patients, and from 
the perspective of a private-practice laser physician. Since Korean skin is 
similar to Chinese or Japanese, this book may be helpful to private-practice 
doctors in China or Japan. Also, because the principle of lasers does not 
change, I believe that by applying the principle of lasers this book may also 
be of help to private-practice doctors in other countries. Most of all, I am sure 
that this book will help you answer many of the questions that the laser physi-
cian faces daily during skin laser procedures.

It would be ideal to write a medical book based on the papers that the 
author has personally experimented and published, but in private practice this 
is quite difficult. This is why I selected and inserted various portions of papers 
and books that I found relevant and which matched my experience. I also 
added my personal comments regarding these contents.

From childhood, I found memorizing without understanding very diffi-
cult. This led me to love mathematics and physics. Biology and medical stud-
ies were rather difficult for me. Fortunately, understanding skin laser required 
a lot of physics, which made this topic so intriguing for me. However, most 
papers regarding skin lasers disregarded physics and compared only clinical 
results, resulting in inconsistent results from paper to paper. Also, it was dis-
appointing to see that most private-practice physicians used only the manu-
facturer's recommended parameters without thinking about the principle. 
Fortunately, through the papers and books of world-renowned scholars, I was 
able to think straight. In particular, I would like to thank and pay tribute and 
respect to Richard Rox Anderson and Edward Victor Ross Jr.

I would especially like to thank my wife, Mi Ran. Without her support 
this book would not have been possible. I would also like to thank my two 
children, my trustworthy and kind firstborn son Jeong Jin and cute and dili-
gent youngest son Yoo Jin. Jeong Jin! You are a son that every father wants. 
You can do anything! Please remember that your Dad loves you very very 
much.

Preface
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Finally, even though it is becoming increasingly difficult for private prac-
tices, I hope that my book may be a small beacon for private-practice laser 
physicians. Let us all shout a Korean cheer!

Aza Aza Fighting!

Daejeon, Republic of Korea Jae Dong Lee
30 April 2020
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Principles of Laser

1.1  Generation of Laser

The world consists of light and matter. When 
light and matter meet, they interact with each 
other and make various physical and chemical 
changes. For example, if you stand under the 
clear autumn sky, you can feel your body warm-
ing up even in the cool weather (Fig. 1.1). This 
phenomenon occurs when light is converted into 
heat in the skin. Conversely, light can be created 
by applying energy to a material. This phenom-
enon is used when laser is made.

1.1.1  Electromagnetic Radiation

Light refers mainly to the visible range (400–
760 nm). But visible light refers to light in the 
narrow sense, while light in the broad sense 
refers to electromagnetic radiation (EMR). 
Electromagnetic waves are all the energy that 
travels in space in the form of waves by electric 
and magnetic fields [2]. Electromagnetic waves 
range from visible rays to short wavelengths 
of γ-rays and X-rays to the long wavelengths 
of microwaves and radio waves (Fig.  1.2). 
Electromagnetic waves have both the prop-
erties of waves and energy-bearing particles 

(photons). This is called wave–particle duality 
[3]. In the macroscopic world, which is usu-
ally visible, it exhibits properties of waves, but 
in the microscopic world, which can only be 
seen under a microscope, it exhibits properties 
of particles.

Each electromagnetic wave has its own wave-
length and frequency [4]. Lasers used mainly in 
the dermatologic field express electromagnetic 
waves with nanometer (nm), which is a unit of 
wave. The electromagnetic spectrum used in the 
dermatological field includes ultraviolet (UV), 
visible, near-infrared (NIR), mid-infrared (MIR) 
and far-infrared (FIR) (Table 1.1) [2].

1

Fig. 1.1 Light and matter

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6556-4_1&domain=pdf
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1.1.2  Principles of Laser Generation

The most basic unit of light is photon and the 
most basic unit of matter is atom. Atoms are 
composed of a nucleus, containing positively 
charged protons and neutral neutrons. Negatively 
charged electrons orbit the nucleus (Fig.  1.3). 
Electrons orbit in a stable resting state (ground 
state). This state is the state of lowest energy. 
When energy comes in from the outside (this is 
called pumping), the ground state electrons jump 
to a higher energy level at a position further from 
the nucleus and will then be in an excited state. 
But the excited state is a very unstable state and 
the electron will try to return to the stable ground 
state. As the excited electrons return to their rest-
ing state, they release the energy in the form of 
photons with the orbit energy difference. This is 
called spontaneous emission [2].

Fig. 1.2 The electromagnetic spectrum. (Reproduced from [1])

Table 1.1 The range and wavelength of electromagnetic 
waves

Range Nanometer
Ultraviolet (UV) 200–400
Visual 400–760
Near-infrared (NIR) 760–1400
Mid-infrared (MIR) 1400–3000
Far-infrared (FIR) >3000

An Intuitive Explanation about 
Spontaneous Emission. (Explanation by 
Physicist Dr. Jong Gook Lee) [5, 6]
To intuitively explain the principle of laser 
such as spontaneous and stimulated emis-
sion, the interaction of atoms and light 
should be first understood.

First, let’s think of light as a particle 
(photon) and not as wave. Particles are 
countable (one, two…). Atoms can be 
excited or unexcited when they receive 
energy. Atoms are composed of a nucleus 
and electrons. Light interacts with elec-
trons. When the electron absorbs light, it 
becomes excited and the energy of the elec-
tron increases, and when the electron emits 
light, the energy of the electron decreases. 
Now let’s suppose that atoms are a stair-
case on which electrons go up and down. 
The excited state of atoms means that elec-
trons go up on the staircase. (Atoms and 
electrons will be distinguished in the fol-
lowing contents. Electrons can be thought 
of as particles that go up the staircase.)

When we played rock–paper–scissors 
during our childhood, we went up one 

1 Principles of Laser
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a b

c d

Fig. 1.3 Spontaneous and stimulated emission. The elec-
tron is usually located in a low energy orbit (resting state). 
(a) If an electron absorbs energy, it goes up to the excited 
state. (b) As the electron in the unstable and excited state 
goes back to the low energy state (resting state), it emits 
photons (spontaneous emission). (c) If the already excited 

electron absorbs yet another photon, (d) as the electron 
return to the resting state, it will emit two photons with the 
same energy, direction, and frequency (stimulated emis-
sion). (Published with kind permission of Ⓒ Jin Kwon 
Cho 2019. All rights reserved. Modified from [1])

staircase if we won and went down one 
staircase if we lost. Similarly, when elec-
tron receives a photon, it goes up the stair-
case and is excited. The bottom of the stairs 
is the lowest energy state, which is the 
resting state. The stairs (atoms) on which 
electrons go up and down are already deter-
mined. Let’s think about an atom of which 
the staircase consists only of a resting state 
and an excited state.

The input light (Fig. 1.4) is considered as 
a particle (photon) from the atom’s point of 
view. The light enters as a wave but is a parti-
cle from the atom’s perspective. This concept 
is called wave–particle duality. The electron 
in the resting state absorbs photons and goes 

up the staircase and become excited. The 
height of the stairs varies from atom to atom, 
which represents the energy of the photon 
which can be absorbed by electrons. If a 
photon with a higher or lower energy than 
the height of the stairs is thrown at the elec-
tron, the electron will not be able to absorb 
the photon. Electrons have a picky appetite. 
Electrons can only stay in an excited state for 
a short period of time and as the excited elec-
trons return to their resting state, they must 
emit the same number of photons previously 
absorbed. The emitted photon should have 
the energy corresponding to the height of the 
stairs. In conclusion, electrons release the 
energy previously absorbed (Fig. 1.5).

1.1  Generation of Laser
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The emitted photons produce the light of a 
certain wavelength depending on the atoms. 
In nature, various lights are produced because 
various atoms are mixed in nature. For example, 
light from a match is usually red, while light 
from the stove is mostly blue. This can be eas-
ily understood if atoms are thought of as springs. 
Some springs are strong while others are weak. 
Regardless of the force applied, the time that 
spring is stretched and reduced according to its 
strength is constant. Similarly, atoms have their 
own frequency (or wavelength) which is called 
the atom’s natural frequency. Atoms emit light 
as much as it vibrates and the wavelength of 
the emitted light is inversely proportional to the 
atom’s natural frequency. Thus, if made up of 
single atoms, only one wavelength of light will 
be produced. This is the principle of monochro-
maticity, a characteristic of laser [4].

In some cases, the naturally emitted photons 
may meet electrons of atoms in excited states. An 
interesting phenomenon occurs at this time. As 
the electrons return to the resting state, they emit 
two photons. This phenomenon is called stimu-
lated emission [2]. The two stimulated emitted 

The higher the height of the stairs, the 
more energy the electron returns. If the 
height of the stairs is very high, the energy 
becomes X-rays and γ-rays. If the height of 
the stairs is very low, the energy becomes 
infrared light (Energy is inversely propor-
tional to wavelength.)

 
E v

c
= × =

×
h

h

l  

E: energy of radiation, h: Planck’s con-
stant (6.6 × 10−34 Js), v: frequency, c: con-
stant velocity (299,790 km/s), λ: wave.

Another thing to note is that the excited 
electrons do not always return to the rest-
ing state. However, it is likely that elec-
trons return to the resting state. Also, the 
electrons in the resting state do not always 
absorb photons but have a high probabil-
ity of absorbing photons. Thus, everything 

Fig. 1.4 The electron (packman) in the resting state 
becomes excited when it absorbs light (photon). 
(Published with kind permission of Ⓒ Jin Kwon Cho 
2019. All rights reserved)

Fig. 1.5 The excited electron (packman) emits light 
(photon) when returning to the resting state. (Published 
with kind permission of Ⓒ Jin Kwon Cho 2019. All rights 
reserved)

in the atomic world is represented by 
probability.

The above is summarized as follows:

 1. Light behaves as particles when enter-
ing a microscopic world such as atoms, 
but they behave as waves in the macro-
scopic world.

 2. Each atom has its own energy staircase.
 3. Whether the electron is in the ground 

state, goes up to the excited state, or 
comes down from the excited state to 
the ground state is all decided by 
probability.

 4. Eye for an eye: Electrons return the 
same amount of energy previously 
absorbed.

 5. The electron only absorbs photons with 
energy as high as the height of the stairs.

1 Principles of Laser
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photons have the same energy, same shape in 
time, and space just like twins. This is the prin-
ciple of coherence, a characteristic of laser [2]. 
If these two twin photons meet two electrons, 
then four twin photons are emitted. The four pho-
tons emit 8, 16, and 32 photons again, i.e., they 
increase exponentially. This is the principle of 
high intensity, a characteristic of laser.

In 1917, Einstein published the theory of stim-
ulated emission of radiation, which is the prin-
ciple of laser generation [4].

1.1.3  Composition of Laser

The conversion of electrons into the excited state 
is called “population inversion” [2], and in this 
state, photons are created exponentially with as 
many as 1020 photons when stimulated emission 
occurs [4]. Because light travels, if the medium 
is long enough, it can produce many photons. 
But because of space constraints, two mirrors are 
placed at each end of the laser medium and the 
photons travel between the two mirrors, creating 
photons exponentially. In this process, the pho-
tons that are not reflected vertically to the mirror 
disappear and only the vertically reflected pho-
tons remain (Fig.  1.8). That is the principle of 
collimation, a characteristic of lasers [2].

One of the two mirrors reflect 100% of light, 
another mirror passes through the light partially 
so that some of the stimulated photons go off the 
two mirrors, past the delivery device, and are col-

An Intuitive Explanation about Stimulated 
Emission. (Explanation by Physicist Dr. Jong 
Kook Lee)

In the above explanation of spontaneous 
emission, only the irradiation of light to the 
atoms in resting state was considered. Now 
let’s think about what will happen when 
light is irradiated to an excited atom. Light 
with the energy which is equal to the height 
of stairs should be irradiated; nothing will 
happen if the energy is larger or smaller. 
As previously explained, all is decided by 
probability in the atomic world. Let’s think 
of the electron on top of the stair as a person 
on top of the mountain. If the wind blows 
softly, there is little chance that the per-
son will fall from the top but if a typhoon 
blows, the chances are greater. Likewise, if 
a photon is thrown at an excited electron, 
the likelihood that the electron falls to the 
ground is greatly increased. Throwing pho-
tons at excited electrons and making them 
fall to the resting state is called stimulated 
emission. The excited light is not absorbed 
by the electrons, but rather the photons 
shake electrons, just as the wind shakes the 
person. However, the electron that falls to 
the ground must emit photons, so two pho-
tons pop out (Fig. 1.6).

Two photons mean that light with twice 
the energy comes out. In other words, the 
light coming out is twice as bright as the 
input light. Matter consists of many atoms. 

What if all the atoms are excited and they 
all receive one photon? Because the elec-
tron that receives one photon returns two 
photons and the electrons that receive these 
photons also return two photons each, ulti-
mately, numerous photons pop out of the 
matter (Fig.  1.7). These photons have the 
same energy and become light with the 
same wavelength, which is laser.

Fig. 1.6 When an excited electron (packman) meets a 
photon, they fall down to the ground state and two pho-
tons pop out. These two photons have the same energy. 
(Published with kind permission of Ⓒ Jin Kwon Cho 
2019. All rights reserved)
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lected in one place by the lens. Ultimately pho-
tons are delivered to the skin (Fig. 1.9).

If you look inside the laser machine, they 
consist of three parts: pumping system, laser 
medium, and optical cavity with two mirrors 
[2]. Additional devices are the cooling device 
and the delivery system. External energy source 
serves to supply energy (pumping) and laser 
medium excites the electrons by the energy 
received from outside. Electricity or flashlamp 
is used as an external energy source. The typi-

cal laser that uses electricity as external energy 
source is CO2 laser and the typical laser that 
uses flashlamp as external energy source is 
Q-switched laser.

In laser mediums, there are gas types (CO2 
and argon), liquid types (dye), and solid types 
(ruby, alexandrite, Nd:YAG, and diode). The 
wavelength of the laser is determined by the 
laser medium [2]. For example, CO2 generates 
10,600 nm wavelength, ruby 694 nm wavelength, 
and alexandrite 755 nm wavelength (Table 1.2). 

Fig. 1.7. Two photons 
meet four excited 
electrons and create four 
photons. In this way, 
photon is amplified to 
produce bright light. 
(Published with kind 
permission of Ⓒ Jin 
Kwon Cho 2019. All 
rights reserved)

Fig. 1.8 Principle of a 
laser. (Reproduced 
from [3])

1 Principles of Laser
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So, when we talk about the type of laser, when 
you say ruby laser we know that the wavelength 
of the laser is 694 nm, and vice versa. Therefore, 
we must know the wavelength corresponding to 
the laser medium.

However, Nd:YAG laser can produce 1064, 
1320 nm, etc., and diode laser can produce 808, 
810, 1450 nm, etc. In other words, some lasers 
are able to produce multiple wavelengths with 
one medium. This is why when describing a laser, 
the wavelength and medium must be described 
together. For example, “694-nm ruby laser.” In 
addition, because the laser machine itself varies 
depending on the irradiation time, the irradiation 
time should also be described. However, I say 
simply “Q694” or “long1064” in conversation or 
lectures because of long name.

IPL (intense pulsed light) is different from 
laser in that it does not have a laser medium and 
optical cavity. It only has flashlamp as the exter-
nal energy source [4]. Flashlamps are different 
from single-wavelength lasers because they emit 
a variety of lights. Flashlamps are surrounded by 
water so that wavelength above 1000  nm with 
high water absorption coefficient is absorbed by 
the water and disappear, so that only the light 
below 1000 nm is emitted. If UV wavelength is 
cut off by the optical cutoff filter, 500–1000 nm 
wavelength light can be emitted. Various wave-
length bands can be selected depending on the 
optical filter. For example, 640-nm filter emits 
light in the wavelength range of 640–1000 nm.

1.1.4  Three-Level and Four-Level 
Lasers

For stimulated emission, the electron in the 
ground state should move to the excited state. But 
excited state is unstable so that electrons should 
move to the ground state before stimulated emis-
sion. Therefore, there are no two-level lasers 
in which only the ground state and the excited 
state exist. To prevent returning to the ground 
state, mediums with metastable state—which is 
a stable state between ground state and excited 
state—are used in real lasers [8].

LASER SYSTEM

Optical cavity Pumping system
Partially

reflective surface Converging lens

Focal length

Focused beam:
minimum spot size

Beam diverges minimally
after exiting cavity

Lasing mediumCompletely
reflective surface,

i.e. mirror

Fig. 1.9 Laser system. Laser consists of lasing medium, pumping system, optical cavity, and delivery system. 
(Reproduced from [7])

Table 1.2 Laser media and wavelength. (Modified 
from [2])

Laser type Lasing media Wavelength (nm)
Liquid Dye 585, 595
Gas CO2 10,600

Argon 510
Excimer 308

Solid Ruby 694
Alexandrite 755
Er:YAG 2940
Nd:YAG 1064, 1320
Diode 808, 810, 1450

1.1  Generation of Laser
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Thus, the laser which has ground, excited, and 
metastable state is called the three-level laser and 
the laser that has two metastable state is called 
the four-level laser. The typical three- and four- 
level lasers are ruby laser and Nd:YAG laser 
(Figs. 1.11 and 1.12) [3].

In three-level laser, lower laser level is ground 
state so that there are many electrons in low 
energy level. Therefore, high energy is needed 
for population inversion and a flash lamp with 
high output is used. Thus three-level lasers are 
usually pulsed-wave lasers. Because three-level 
laser needs high output, this makes them expen-
sive but, the laser can produce very high energy 
(pulse energy 20 J). On the other hand, four-level 
lasers need low energy for population inver-
sion so that low output flashlamp can be used. 
Therefore, most continuous-wave lasers use four- 
level laser [3].

Fig. 1.10 When the electrons in the ground state rise to 
unstable excited state, it falls back to metastable state. 
(Published with kind permission of Ⓒ Jin Kwon Cho 
2019. All rights reserved)

An Additional Explanation of Laser Principle 
(Explanation by Physicist Dr. Jong Kook Lee)
The principle of laser cannot be understood 
perfectly, with only the concept of stimu-
lated emission described earlier. The reason 
for this is because atoms in excited states 
may not only be emitted by stimulation but 
may also be emitted spontaneously. Even if 
you try to put electrons in the excited state, 
and try to induce stimulated emission by 
irradiating light, it is of no use if the elec-
trons are already spontaneously emitted. 
And electrons fall at random in any state 
during spontaneous emission (in the previ-
ous figures, ground state was expressed as 
if it was one, but in fact, there are several 
ground states) so that miscellaneous kinds 
of light are emitted and some of the light 
are absorbed by the electrons again. As a 
result, light with less energy than the input 
is emitted. Therefore, it is necessary to 
have a mechanism that su  ppresses spon-
taneous emission and proceeds only with 
stimulated emission (Fig. 1.10).

In Fig. 1.10, the concept of metastable 
state is introduced. Special materials can be 
used to create metastable states. The rule 
for changing electron’s state is as follows

 1. The electrons in the ground state rise up to 
the excited state by the pumping process.

 2. But the excited electron cannot fall to 
the ground state. It can only fall to the 
metastable state.

The excited electrons accumulate in a 
metastable state over time. When a lot of 
electrons accumulate in the metastable state 
and light is irradiated, strong light is emit-
ted and the laser we want can be produced.

Three-level laser

Short-lived

Long-lived

Laser transmission

Ground state

3

1

2

Fig. 1.11 For a three-level laser system, it is possible to 
achieve a larger population of level 2, as compared to the 
ground state, by very intense pumping form level 1 to 
level 2. (Reproduced from [9])
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1.2  Characteristics of Laser

Laser is named LASER after the first letter of 
Light Amplification by Stimulated Emission of 
Radiation [2]. Currently, lasers can produce from 
100  nm to 3  mm wavelength. In dermatology, 
from 308-nm excimer laser to 10,600-nm CO2 
laser is used. Laser can be divided into continu-
ous wave and pulsed wave by irradiation method; 
the time of irradiation is from second to femto-
seconds (10−15 s). Also, laser with a high output 
density of up to 1010 W/cm2 can be produced [4].

Lasers have four characteristics which are dif-
ferent from light (Fig.  1.13). First, the photons 
with one wavelength are emitted depending on the 
laser medium (monochromaticity), and second, 
the two twin stimulated emitted photons have the 
same shape in time and space (coherence). Third, 
the laser goes straight without spreading sideways 
(collimation). And finally, photons are increased 
exponentially up to 1020 (high intensity). Of the 
four characteristics, coherence is important for 
laser manufacturing. Because of coherence, the 
wavelengths of the photons are overlapped so that 
the energy of the photons cannot be canceled out 

and the laser of high intensity can be produced. 
Therefore, laser can also be called the machine 
which amplifies low-output light and converts 
to high-intensity light. However, from the laser 
physician’s point of view, monochromaticity is 
more important because laser should be selected 
by target chromophore. Monochromaticity will 
be discussed later.

1.2.1  Parameters

Laser has various parameters of energy (Table 1.4). 
Energy is the number of emitted photons during a 
single pulse. Because high-quality laser emits a lot 
of photons during a single pulse, energy is used to 
represent the power of laser in pulsed wave laser 
in which irradiation time is fixed. On the other 
hand, power is the number of emitted photons 
in unit time. The time concept is included in the 
power compared with energy. Because power is 
the number of photons “per hours” in engineer-
ing concept, the concept is the output, capacity 
(force) of a machine. Because “energy = power × 
time,” energy means “the total amount of applied 
force” or “the amount of work which a machine 
has done.” Power is mainly used to represent the 
output of continuous-wave laser [10].

Thus, energy and power are all used to express 
the output of laser. But, for laser physicians, the 
number of irradiated photons on skin is impor-
tant, which is why the concept of unit area is 
needed. Therefore, the parameters of energy den-
sity and power density are used. Energy density 

Four-level laser

Short-lived

Long-lived

Short-lived

Laser transmission

Ground state

3

1

2

2’

Fig. 1.12 For a four-level laser system, it is possible to 
achieve, even by weak pumping into the long-lived level 
2, a population inversion as compared with the short-lived 
level 2′, due to its short life, level 2 empties immediately. 
(Reproduced from [9])

Unit conversion of a second should be 
understood (Table 1.3). In most laser texts, 
for example, it is not written as 10−3 s, but 
rather in milliseconds, or simply the abbre-
viation ms. The novice laser physician may 
be confused by the unfamiliar second unit. 
The least you need to know is which units 
are bigger or smaller. Also, since all the 
units are shorter than 1 s, you might think 
that there isn’t a big difference between 
each unit, but you must remember that 
there’s more than 1000 times the difference.

1.2  Characteristics of Laser
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is the number of irradiated photons in a single 
pulse, in unit area of skin. It is often called flu-
ence. Power density is the number of photons 
which are irradiated on skin, per unit time and 
unit area.

So which parameter is more important? 
Fluence or power density? When laser con-
tacts skin, temperature rises. In other words, 
light energy is converted into thermal energy. 
The more the number of photons, the higher 

the temperature will be. Because the number of 
photons is included in both fluence and power 
density, the higher fluence or power, the higher 
temperature will be. But if the number of photons 
is the same, which temperature is higher? Ten 
photons in skin per 1 s or 10 photons per 10 s? 
Of course, in the former case, the temperature 
will be higher. For example, in both the former 
and the latter, fluence is 10  J/cm2. But power 
density is 10 W/cm2 in the former case and 1 W/
cm2 in the latter case. That is, power density is 
more important than fluence to us. But, you may 
think that fluence is more important because only 
fluence appears in the panel of commonly used 
Q-switched laser and only the fluence can be con-
trolled in Q-switched laser. In even CO2 laser, the 
unit of power is not W/cm2 but Watt. Therefore, 
laser physicians should keep power density in 
mind even if power density is not represented in 
the laser panel.

Table 1.5 shows the fluence and pulse dura-
tion, which is often used clinically for each laser. 
Corresponding power density was also  calculated. 
The table shows some interesting phenomena. 
The vertical line of the pulse duration shows that 
power density increases rapidly as the pulse dura-
tion decreases [4]. Even when fluence decreases, 

Table 1.3 Unit conversion of a second

Units Second
Millisecond (ms) 10−3

Microsecond (μs) 10−6

Nanosecond (ns) 10−9

Picosecond (ps) 10−12

1

2

3

4

Glass prismWhite light

PolychromaticMonochromatic

Coherent

DivergentCollimated

High intensity Low intensity

Incoherent

Laser light Non-laser light(e.g., flashlight)
Fig. 1.13 Four laser 
properties. (Modified 
from [2])

Table 1.4 Energy parameters of optical radiation

Parameter Units Formula
Energy Joule (J) Energy = power × s
Power Watt 

(W) = J/s
Power = energy/s

Energy density 
(fluence)

J/cm2 Energy 
density = energy/cm2

Power density 
(irradiation)

W/cm2 Power 
density = power/cm2

1 Principles of Laser
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power density rises sharply. As mentioned previ-
ously, there is a big difference in (1) fluence that 
is displayed and the (2) real power density.

There is another thing to note in Table  1.5. 
Power density is somewhat related to the power 
of the laser because the concept of power is 
included in power density. The power determines 
the value of laser machine. Currently, Q-switched 
laser is much cheaper and there are some IPLs 
that are expensive, but in the past, Q-switched 

laser was much more expensive than IPL. Also, 
according to selective photothermolysis (this 
will be explained later), smaller targets may be 
treated by shorter pulse duration. In other words, 
expensive lasers treat more targets because of the 
shorter pulse duration, while cheaper laser cannot 
treat certain targets because it cannot shorten the 
pulse duration.

The other parameters used for the lasers are 
shown in Table 1.6.

1.2.2  Spatial Mode of Beam

Beam profile is a term that describes the spa-
tial mode of laser beam and represents the spa-
tial distribution of laser intensity. Typical beam 
profiles are Gaussian mode and flattop (top-hat) 
mode (Figs.  1.14 and 1.15). There are many 
other different beam profiles; each beam profile 

Table 1.5 My parameters for various lasers

Radiation

Fluence (J/
cm2 = W/
cm2 × s)

Pulse 
duration 
(ms)

Power 
density 
(W/cm2)

Frequency 
double Nd:YAG 
laser (e.g., 
telangiectases)

18 10 1800

IPL (e.g., 
freckles)

17, 
broadband

7 2428

Pulsed dye laser 
(e.g., port-wine 
stains)

5.5 0.45 12,222

Q-switched ruby 
laser (e.g., 
tattoos)

4 0.00004 1 × 108

Frequency double Nd:YAG laser means 532-nm laser. 
Because frequency and wavelength are inversely propor-
tional, frequency double Nd:YAG laser means 532  nm, 
which is half of Nd:YAG’s wavelength, 1064 nm

Table 1.6 Parameters of optical radiation [2]

Parameter Units
Pulse 
duration

Seconds, milliseconds, microseconds, 
nanoseconds

Frequency Hertz (Hz) = pulses per second
Wavelength Nanometers (nm)
Spot size Millimeters (mm)

Fig. 1.14 Gaussian mode. 3D-beam profile of the C3 
laser (wavelength 1064 nm, spot size 4 mm, energy per 
pulse 450  mJ/cm2, pulse duration 8–10  ns, pulse fre-

quency 10 Hz) produced by DataRay v.500 M4 software. 
This is the typical “Gaussian” profile. (Modified from 
[11])
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is represented by the number beside the word 
of TEM (transverse electromagnetic mode). For 
example, Gaussian mode is basic mode, called as 
TEM00 and TEM10, TEM20 are doughnut-shaped 
and target- shaped mode [3].

Beam profile is determined by the shape of 
mirror in optical cavity [3]. Also, beam profile is 
determined by the delivery system and, in flat-
top mode, 80–90% in the center of the cross sec-
tion has uniform distribution because countless 
reflections occur in the flexible fiber delivery sys-
tem of fiberglass [12].

In Gaussian mode, the laser intensity is like 
Gaussian normal distribution in which the center 
of the spot is highest in intensity and decreases 
toward the edge. In Gaussian mode, the point 
where the laser’s intensity drops to 86% is defined 
as the beam diameter (Fig. 1.16) [2].

Gaussian mode may not be the shape we want. 
For example, when treating lentigines, the cen-
ter of the beam may be very strong so that PIH 
occurs, the middle of the beam may remove len-
tigines without side effects, while the edge of the 
beam may not be able to remove lentigines due to 
very weak energy. Though some degree of over-
lapping is required to make uniform distribution, 
it is technically very difficult unless a scanner is 

attached and mechanically matched correctly. 
Therefore, flat-top mode is a suitable form to 
remove lentigines. But it’s not right to simply 
say that flat-top mode is good and Gaussian is 
bad. It may vary depending on the treatment tar-
get which mode should be selected. For example, 
Gaussian mode is more appropriate than flat-top 
mode in treating melanocytic nevi.

Fig. 1.15 Flat-top mode. 3D-beam profile of the C6 laser 
(wavelength 1064 nm, spot size 4 mm, energy per pulse 
1000  mJ/cm2, pulse duration 8–10  ns, pulse frequency 
10 Hz) produced by DataRay v.500 M4 software. The dis-

tribution of the energy density is more homogeneous as 
compared with C3. The C6 beam has a flat top and most 
of the area is equal to the average of the energy applied. 
(Modified from [11])
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Fig. 1.16 Gaussian output beam distribution; 2w shows 
the spot size diameter measured at a value where the 
intensity decreases to 1/e2 of its maximum. (Reproduced 
from [13])
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