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Chapter 2

Fundamental Processes in a Laser

2.1 Light-Matter Interaction

E1 E2

N1 N2

N2

N1
=

g2
g1

exp

(
E1 − E2

kBT

)
,

g1 g2
kB

(
dN1

dt

)

ab

= −B12N1ρ(ν),

B12 ρ(ν)

T

ρ(ν) =
8πhν3

c3
1

ehν/kBT − 1
.



Chapter 2 Fundamental Processes in a Laser 3

1 2 3

Fig. 2.1 Light-matter interaction processes in a two-level system: 1 - absorption, 2 - spontaneous
emission, 3 - stimulated emission.
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2.2 Light Amplification
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2.3 Semiconductor Lasers

2.3.1 Semiconductors

Z Z N

N

Ef Ef

Eg



Chapter 2 Fundamental Processes in a Laser 5

eV

Ef

Ef

E
le

ct
ro

n
 e

n
e
rg

y

Position

p n
+-

Fig. 2.2 A schematic of a forward-biased p-n junction. The horizontal axis represents the position,
and the vertical axis the electron energy. The energy difference between the Fermi ener-
gies is given by eV , where V is the voltage due to the electrical field, and e is the electron
charge.

2.3.2 Semiconductor Laser Diode
µ

µ
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Fig. 2.3 A schematic of a semiconductor laser diode in a form of a forward-biased p-n junction. The
active layer width is d, L is the cavity length,w is the laser diode width, and E represents a
polarization.

2.3.3 Resonator
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L

gain medium

Fig. 2.4 The propagation of a plane wave between two mirrors in the gain medium. The length L
describes the distance between mirrors.
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Chapter 3

Laser Construction

3.1 Design Overview

f NA

L1

OC

L2PZT
LD CL

IF

Fig. 3.1 External cavity diode laser design. LD - laser diode, CL - collimator, IF - interference filter,
L1 - aspheric lens, PZT - piezo-electric transducer, OC - output coupler, L2 - output colli-
mation lens.
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f NA

3.2 Interference Filter
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3.3 Electrical Control Parts
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Fig. 3.2 Fabry-Pérot type interference filter with a sandwich design. The angle α is the incidence
angle, β is a reflection angle in interferometer and n is the refractive index of glass.
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3.3.1 Temperature Control System
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DTC 110

TH10K

Peltier device

Cooling plate

Unit to be cooled
Temperature signal

Cooler current

Fig. 3.3 Temperature control system consisting of Peltier device, TH10K thermistor, DTC 110 con-
troller, cooling plate and the unit to be cooled.

1

T
= A+B ln(R/R25◦) + C ln2(R/R25◦)−D ln3(R/R25◦),

T R R25◦C

25◦C A B C

Ω
◦C ◦C

R25◦(kΩ) A(K−1) B(K−1) C(K−1 D(K−1)

10 3.354× 10−3 2.562× 10−4 2.141× 10−6 7.241× 10−8

Tab. 3.1 The data for thermistor (Thorlabs TH10K [22]): R25◦C is the thermistor resistance at 25◦C,
and A, B and C are constants.
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Fig. 3.4 Temperature versus resistance for TH10K.

V

T1 T2
Conductor A

Conductor B

Fig. 3.5 Two conductors, A and B, in a temperature gradient T2 > T1. A net thermovoltage is mea-
sured with a voltmeter.
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∆V = S∆T,
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Fig. 3.6 A series of alternating n- and p-type semiconductor elements.

Fig. 3.7 The design of a commercial Peltier device. Adopted from Ref. [26].
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Fig. 3.8 Piezoelectric effect in a quartz crystal. The positively charged ions represent silicon and the
negatively charged ions represent oxygen. Adopted from [27].

3.3.2 Piezoelectrically Tunable Resonator

Ej

Pi = χijEj

χij

Di = Ei + Pi = (1 + χij)Ei = ϵijEj (i, j = 1, 2, 3).

Sij = dkijEk,

Sij dijk
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L

L

z

U

Fig. 3.9 Ring actuator length L changing with an applied voltage U .

∆L
U

∆L = SzL = dzzEzL0 = dzzU,

dzz U Ez

Sz L

3.4 Mechanical Design of an ECDL
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Fig. 3.10 A 3-D schematic of the mechanical design: (1) - cavity housing, (2) - vacuum chamber, (3)
- thermoplate, (4) - collimation tube, (5) - interference filter, (6) - piezo, (7) - out-coupler, (8)
- protection board, (9) - window, (10) - cat eye lens, (11) - collimation lens, (12) - backplate
with vacuum feedthroughs , (13) - two Peltier elements, (14) - thermistor.
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Fig. 3.11 The assembly of piezo to output coupler using TorrSeal glue.

◦C

3.5 Collimator

LD =

rff = 3−4

λ ◦C n = 4.52

◦C ◦C
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Fig. 3.12 The assembly of the thermistor into the cavity housing.
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Fig. 3.13 Collimator from the back point of view.
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3.6 Aligning the Extended Cavity
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Fig. 3.14 The external cavity from the top view. LD - laser diode, CL - collimator, IF - interference
filter, L1 - aspheric lens, PZT - piezo-electric transducer, OC - output coupler, L2 - output
collimation lens.
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Chapter 4

Optical Setup

TEM00

4.1 Anamorphic Prism Pair
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a
b

Fig. 4.1 Beam shape in the far-field taken by RayCi. Here, a is the major axis and b is the minor
axis of an ellipse of the beam.

d

D

L

30o

A
B

n

n

A

B

Fig. 4.2 Anamorphic prism pair configuration: n is the refractive index, A is the angle of incidence,
B is the angle of refraction, L is the beam displacement, D is the input beam diameter and
d is the output beam diameter.
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ε′ = ε/M = 1.02

4.2 Optical Devices

cos2(φ) φ

θ = νBd,

B d ν

1
λ2 λ

45◦

45◦

689 45◦(670689)
2 = 43◦
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Fig. 4.3 Transmission and isolation profiles for IOT-5-670-VLP Faraday tandem isolator. The shaded
region in this plot indicates the tuning range specified for this isolator. Adopted from [36].

B

B

Faraday rotatorPolarizer 1 Polarizer 2

Input Output

reflectedblock

Fig. 4.4 A schematic view of an isolator with input and output polarizer and Faraday rotator. The
figure above shows the forward light propagation and the figure below the backward light-
propagation.
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Reference mark
for coated prism
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sss
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Fig. 4.5 Polarizing beam splitter cube. The beam enters the cube from left and will be divided into
reflected s- and transmitted p-polarized beams.

Core

Claddingncl

ncrCritical angle

Incident angle

Fig. 4.6 Fiber guide from two points of view. Incident angle - θa, Critical angle - θcrit, ncl - a
cladding reflective index, ncr - a core reflective index.

NA = n0 sin θa = n0

√
n2
cl − n2

cr.

V

V =
2πa

λ
NA,

a a/λ V
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anamorphic
prism pair

ECDL experiment

wavemeter
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Faraday
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Optical fiber f = 6.24 mm

f = 6.24 mm

Optical fiber

PBS

λ/2
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Fig. 4.7 A schematic of the optical setup on the bread board.

4.3 Optical Setup
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Chapter 5

Laser Properties

5.1 Output Power

P = η(I − Ith),

Ith η
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Fig. 5.1 Threshold current optimization using a function generator to modulate the current. The blue
trace is the modulation signal, while the orange trace is the photodiode signal. The point,
where the current reaches the threshold value is indicated with an arrow.

Ith η

◦C
η
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5.2 Wavelength Selection

GD Tfilter
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Fig. 5.2 Light-current characteristics of the laser at various temperatures.
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Fig. 5.3 The slope η (blue points) and threshold current Ith (red points) versus temperature.
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Fig. 5.4 Transmission profile of the band-pass of the filter optimized for transmission at 689 nm.
The data is fitted with a Lorentzian function (blue curve) giving a FWHM = 0.43 nm.
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Fig. 5.5 Filter wavelength tuning range investigated for different operating temperatures.
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Fig. 5.6 Change of wavelength with temperature. Blue lines are linear fits to the data.
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5.3 Mode-Hop-Free Tuning Range

5.4 Linewidth

∆νFWHM =
hν

πPout
(∆ν)2,

Pout ν ∆ν

E1
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Fig. 5.7 A schematic setup of a beat signal measurement.

E2 ω1 ω2

I ∼ (E1 cos(ω1t) + E2 cos(ω2t))
2 = E2

1 cos
2(ω1t)+E2

2 cos
2(ω2t)+2E1E2 cos(ω1t) cos(ω2t)

I ∼ 2E1E2 cos(ω1t) cos(ω2t) = E1E2(cos((ω1 − ω2)t) + cos((ω1 + ω2)t)
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∆νhome−made = (271± 30)kHz.

∆ν2beat = ∆ν2home−made +∆ν2Moglabs.

∆νMoglabs = (806± 70)kHz.



Chapter 5 Laser Properties 40

 5.0  7.5 90.0 92.5 95.0 97.5 100.0 102.5
.rMquMnca (50z)

-150

-140

-130

-120

-110

-100

8o
w
Mr
 (d

Bm
/0
z)

/aussian
Data

Fig. 5.8 A beat note signal of home-made laser and Toptica: RBW = 30 kHz, sweep time 1 s,
FWHM = 271 kHz.



Chapter 5 Laser Properties 41

10 15 20 25 30 35 40 45 50
FrMquMnca (50z)

-150

-140

-130

-120

-110

Po
w

Mr
 (d

Bm
/0

z)

/aussian
Data

Fig. 5.9 A beat note signal of home-made laser and Moglabs: RBW = 300 kHz, sweep time 1 ms,
FWHM = 850 kHz.
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Chapter 6

Conclusion
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