Laser Physics II (PH482/582-VT1 Spring 2026) Tentative Schedule:

# Date Text Topics
1 Jan 12 (Mo) Module 1. LEO Ch11.1-11.4, Class Lecture Tunable Lasers, Organic Dye Lasers
Jan 14 (We)  Tunable Lasers LEO Ch11.1-11.4, Class Lecture Tunable Solid-State Lasers, Alexandrite & Ti-Sapph. Lasers, TM:II-VI Lasers(Clas:
Homework 1, Due January 28
Jan 19 (Mo) MLK Holiday No classes
3 Jan 21 (We) LEO Ch11.1-11.4, Class Lecture Tunable Solid-State Lasers, Alexandrite & Ti-Sapph. Lasers,
TM:II-VI Lasers(Class Lecture)
4 Jan 26 (Mo) Class Lecture Color Center Lasers
5 Jan 28 (We) Exam 1 Exam 1 over chapter 11
6 Feb 2 (Mo) Module 2. Ch 12.1-12.7 and class lecture Semiconductor Lasers, Semiconductor Physics Background
7 Feb 4 (We) Semiconductor Ch 12.1-12.7 and class lecture Semiconductor Lasers, Homework 2, Due February 11
8 Feb 9 (Mo) Lasers (Ch.12.8-12.15) Semiconductor Lasers
9 Feb 11 (We) (Ch.12.8-12.15) (Class Lecture, Ch.13) Semiconductor Lasers. Ray Tracing in an Optical System Homework 3, Due Maff
10 Feb 16(Mo) Module 3. (Class Lecture, Ch.13) Semiconductor problem Solving. Ray Tracing in an Optical System
11 Feb 18 (We) Gaussian Beams (Class Lecture or Ch.16.1-16.7) Gaussian Beams
12 Feb 23 (Mo) znd-:.)ptncal (Class Lecture or Ch.16.1-16.7) Gaussian Beams
avities
13 Feb 25 (We) (Class Lect. Ch.15 and Ch.16.8-16.14) Optical Cavities
14 Mar 2 (Mo) (Class Lecture or Ch.15 and Ch.16.8-16.14) Optical Cavities; Three and four Mirror Focused Cavities
15 Mar 4 (We) (Ch.16.8-16.14) Optical Cavities; Cavities for Producing Spectral Narrowing of Laser Output.
Sample Problems for Test 2
Mar 9 (Mo) Spring Break No classes
Mar 11 (We) Spring Break No classes
16 Mar 16 (Mo) Exam 2 Exam 2 over chapters 13-16
17 Marl1l8(We) Module 4. (LEO Ch. 17) Optics of Anisotropic Media
Nonlinear Optics. Homework #4 problems 17.2; 17.3; 17.4; 17.5 ch.17 LEO Due March 25.
18 Mar23(Mo) Wave propagation (LEOCh. 17) Optics of Anisotropic Media
19 Mar25(We) inanonlinear (LEO Ch. 19, 20) Wave Propagation in Nonlinear Media Homework # 5 due April 6
20 Mar 30(Mo) medium. (LEO Ch. 19,20) 2nd Harm. Generation. Up and Down-Conversion, Optical Parametr. Amplificatic
21  Aprl(We) Frequencyup and  (LEO ch. 19,20) 2nd Harm. Generation. Up and Down-Conversion, Optical Parametr. Amplificatic
down conversion
22  Apr 6 (Mo) (LEO Ch. 18) The Electro-Optics and Acousto-Optic Effects and Modulation of Light Beams
Homework #6 due April 13 Homework #5 review
23  April 8 (We) Module 5. Detection (LEOCh.21.1-21.6) Detection of Optical Radiation
24  April13 (Mo) of light (LEOCh.21.6-21.8) Noise in Photodetectors Homework #7 due April 20
25 April15(We) (LEOCh.21.6-21.8) Photodiode Arrays and CCDs; Sample problems for test 3
26  April 20 (Mo) Exam 3 Exam 3 over chapters 18-22
27  April 22 (We) Review for Final Review for Final
28 April 27 (Mo) FINAL GRADES FINAL EXAM Over chapters 11-22 and class notes 4:15-6:45 pm at ESH3160



		#

		Date

		

		Text

		Topics



		1

		Jan 12 (Mo)

		Module 1.

Tunable Lasers

		LEO Ch11.1-11.4, Class Lecture

		Tunable Lasers, Organic Dye Lasers



		2

		Jan 14 (We)

		

		LEO Ch11.1-11.4, Class Lecture

		Tunable Solid-State Lasers, Alexandrite & Ti-Sapph. Lasers, TM:II-VI Lasers(Class Lecture)

Homework 1, Due January 28



		

		Jan 19 (Mo)

		

		MLK Holiday

		No classes



		3

		Jan 21 (We)

		

		LEO Ch11.1-11.4, Class Lecture

		Tunable Solid-State Lasers, Alexandrite & Ti-Sapph. Lasers,

TM:II-VI Lasers(Class Lecture)



		4

		Jan 26 (Mo)

		

		Class Lecture

		Color Center Lasers



		5

		Jan 28 (We)

		

		Exam 1 

		Exam 1 over chapter 11 



		6

		Feb 2 (Mo)

		Module 2. Semiconductor Lasers

		Ch 12.1-12.7 and class lecture

		Semiconductor Lasers, Semiconductor Physics Background



		7

		Feb 4 (We)

		

		Ch 12.1-12.7 and class lecture

		Semiconductor Lasers, Homework 2, Due February 11



		8

		Feb 9 (Mo)

		

		(Ch.12.8-12.15)

		Semiconductor Lasers



		9

		Feb 11 (We)

		

		(Ch.12.8-12.15) (Class Lecture, Ch.13)

		Semiconductor Lasers. Ray Tracing in an Optical System Homework 3, Due March 16



		10

		Feb 16 (Mo)

		Module 3.

Gaussian Beams and Optical Cavities

		(Class Lecture, Ch.13)

		Semiconductor problem Solving. Ray Tracing in an Optical System



		11

		Feb 18 (We)

		

		(Class Lecture or Ch.16.1-16.7)

		Gaussian Beams



		12

		Feb 23 (Mo)

		

		(Class Lecture or Ch.16.1-16.7)

		Gaussian Beams



		13

		Feb 25 (We)

		

		(Class Lect. Ch.15 and Ch.16.8-16.14)

		Optical Cavities



		14

		Mar 2 (Mo)

		

		(Class Lecture or Ch.15 and Ch.16.8-16.14)

		Optical Cavities; Three and four Mirror Focused Cavities



		15

		Mar 4 (We)

		

		(Ch.16.8-16.14)

		Optical Cavities; Cavities for Producing Spectral Narrowing of Laser Output. 

Sample Problems for Test 2



		

		Mar 9 (Mo)

		

		Spring Break

		No classes



		

		Mar 11 (We)

		

		Spring Break

		No classes



		16

		Mar 16 (Mo)

		

		Exam 2 

		Exam 2 over chapters 13-16



		17

		Mar 18 (We)

		Module 4. Nonlinear Optics. Wave propagation in a nonlinear medium.

Frequency up and down conversion

		(LEO Ch. 17)

		Optics of Anisotropic Media 

Homework #4 problems 17.2; 17.3; 17.4; 17.5 ch.17 LEO Due March 25.



		18

		Mar 23 (Mo)

		

		(LEO Ch. 17)

		Optics of Anisotropic Media



		19

		Mar 25 (We)

		

		(LEO Ch. 19, 20)

		Wave Propagation in Nonlinear Media Homework # 5 due April 6



		20

		Mar 30(Mo)

		

		(LEO Ch. 19,20)

		2nd Harm. Generation. Up and Down-Conversion, Optical Parametr. Amplification



		21

		Apr 1 (We)

		

		(LEO Ch. 19,20)

		2nd Harm. Generation. Up and Down-Conversion, Optical Parametr. Amplification



		22

		Apr 6 (Mo)

		

		(LEO Ch. 18)

		The Electro-Optics and Acousto-Optic Effects and Modulation of Light Beams 

Homework #6 due April 13 Homework #5 review



		23

		April 8 (We)

		Module 5. Detection of light

		(LEO Ch.21.1-21.6)

		Detection of Optical Radiation



		24

		April 13 (Mo)

		

		(LEO Ch.21.6-21.8)

		Noise in Photodetectors Homework #7 due April 20



		25

		April 15 (We)

		

		(LEO Ch.21.6-21.8)

		Photodiode Arrays and CCDs; Sample problems for test 3



		26

		April 20 (Mo)

		

		Exam 3 

		Exam 3 over chapters 18-22 



		27

		April 22 (We)

		

		Review for Final

		Review for Final



		28

		April 27 (Mo)

		

		FINAL GRADES

		FINAL EXAM Over chapters 11-22 and class notes 4:15-6:45 pm at ESH3160








Laser Physics |l

PH482/582-VTD (Mirov)

Semiconductor Lasers
Ch 12.1-12.15
Lectures 6-9

Spring 2026
C. Davis, “Lasers and Electro-optics”
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Semiconductor Lasers
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Intrinsic and Extrinsic Semiconductors
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T he p-rz Juurictiorz

Trhe p-r: junction is a homojunction between a p-type and an nz-Zype
semiconductor. It acts as a diode which can serve in electromics as a
rectifier, logic gate, voltage regulator ((“Zener diode),
(varactor diode):

and tuaner
and in optoelectronics as a light-emitting diode
(ILLED), laserxr diode, photodetector, and solar cell.

A p-rz junction consists of a p-type and an n-type section of thhe same
semiconducting materials in metallurgical

contact withh each other.
The p-type region has an abundance of holes (Imajority carriers) and
few mobile electroms (minority carriers)s

the n-type region has an
abundance of mobile electrons and few holes. Both charge carriers
are in continuous random thermal motion in all directions.

p-typé n-type

Flectron energy

Carrer
concentration
I
|

Position
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When the two regions are brought into contact the following sequence of event takes place:

Electrons and holes diffuse from areas of high concentration toward areas of low concentration. Thus
electrons diffuse away from the n-region into the p-region, leaving behind positively charged ionized
donor atoms. In the p-region the electrons recombine with the abundant holes. Similarly. holes diffuse
away from the p-region, leaving behind negatively charged ionized acceptor atoms. In the n-region the
holes recombine with the abundant mobile electrons. This diffusion process cannot continue
indefinitely, however., because it causes a disruption of the charge balance in the two regions.

As a result, a narrow region on both sides of the junction becomes almost totally depleted of mobiie
charge carriers. This region is called the depletion layer. It contains only the fixed charges (positive
ions on the n-side and negative ions on the p-side. The thickness of the depletion layer in each region
is inversely proportional to the concentration of dopants in the region.

The fixed charges create an electric field in the depletion layer which points from the rnz-side toward
the p-side of the junction. The built-in field obstructs the diffusion of further mobile carriers through

the junction region.

An equilibrium condition is established that results in a net built-in potential difference V, between the
two sides of the depletion layer, with the m-side exhibiting a higher potential than the p-side.

The built-in potential provides a lower potential energy for an electron on the n-side relative to the p-
side. As a result, the energy bands bend. In thermal equilibrium there is only a single Fermi function
for the entire structure so that the Fermi levels in the p- and 7- regions must align.

No net current flows across the junction. The diffusion and drift currents cancel for the electrons and

holes independently.

Depletion laver

Iz

Electric field

Electon energy

F )
n ()

Carrier
concentration

A p-n junction in thermal equilibrium at T=0K. The deplietion layer, energy band diagram, and concentratior
mobile electrons N(x) and holes p(x) are shown as functions of position x. The buils build in potential differe

VvV, corresponds to an energy eV, where e is the magnitude of the electron charge.
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The Biased Jwurnnctiorz
An externally applied potential will alter the potential difference between the p-
and n-regions. This, in turn, will modify the flow of majority carriers, so that
the junction can be used as a ""gate.”
If the junction is forward biased by applying a positive voltage V to the p-
region, its potential is increased with respect to the r-region, so that an electric
field is produced in a direction opposite to that of the built-in field. The
presence of the external bias voltage causes a departure from eqguilibrium and a
misalignment of the Fermi levels in the p- and nz-regions, as well as in the
depletion layer. The presence of two Fermi levels in the depletion layer, £, and
FE 5 represents a state of guasi-equilibrium.
The net effect of the forward bias is a reduction in the height of the potential-
energy hill by an amount eV. The majority carrier current turns out to increase
by an exponential factor exp(eV /A7) so that the net current becomes 7 = i
exp(eVzkgT ) — iy, where i; is a constant.
The excess majority carrier holes and electrons that enter the n- and p- regions,
respectively, become minority carriers and recombine with the local majority
carriers. Their concentration therefore decreases with distance from the
junction. This process is known as minorirty carrier injection.

Electron energy

A p (x)

l

concentration

n (o)

e ——— s e ——— e

Ap Excess holes

Excess :
-
electrons &n .

Carrier

2
Energy-band diagram and carrier concentrations in a forward-biased p-n junction
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Reverse Biased Junction

If the junction is reverse biased by applying a negative voltage V to the p-region.

the height of the potential-energy hill is augmented by eV. This impedes the flow of
majority carriers.

The corresponding current is multiplied by the exponential factor
exp(eV /kpT), where V is negative: i.e., it is reduced. The net result for the current is

i = iy, exp(eV/ikgsT) -i,, so that a small current of magnitude — i, flows in the reverse
direction Wwhen |, ~N | > kpd/e.
A p-7n junction therefore acts as a diode with a current-voltage (i-V) characteristic
. 3 eV
i= i | exp =
. = S T T e i —————— .
: P - e S e
e i T _
z 2 A l'"_ TiE W ‘.; a - - = * - 77_,_,,
fa) -

Y

(a) Voltage and current in a p-n junction.
(b) Circuit representation of the p-n junction
(c) Current-voltage characteristic of the ideal p—n junction diode

The response of a p-7z junction to a dynamic (ac) applied voltage

is determined by solving the set of differential eguations governing the processes of
electron and hole diffusion. drift (under the influence of the built-in and external electric
fields). and recombination. These effects are important for determining the speed at
which the diode can be operated. They may be conveniently modeled by two
capacitances, a junction capacitance and a diffusion capacitance, in parallel with an
ideal diode. The junction capacitance accounts for the time necessary to change the
fixed positive and negative charges stored in the depletion layer when the applied
voltage changes. The thickness / of the depletion layer turns out to be proportional to
(Vo -v)Z- it therefore increases under reverse-bias conditions
decreases under forward-bias conditions (positive V).

Minority carrier injection in a forward-biased diode is described by the diffusion
capacitance, which depends on the minority carrier lifetime and the operating current.

(negative V) and

16



The p-i-r2 Jurnctiornn Diode

A p-i-n diode is made by inserting a layer of intrinsic (or lightly doped)
semiconductor material between a p-type region and an n-type region. Because the
depletion layer extends into each side of a junction by a distance inversely
proportional to the doping concentration, the depletion layer of the p-7 junction
penetrates deeply into the i-region. Similarly, the depletion layer of the 7i-7z2 junction
extends well into the i-region. As a result, the p-i-n diode can behave like a p-7
junction with a depletion layer that encompasses the entire intrinsic region. The
celectron energy. density of fixed charges, and the electric field in a p-i-n diode in
thermal equilibrium are illustrated below.

Depletion Ia ver

Y

It

bHet
N

—-

Electric field

Fixed-charge

density . 2 = : : -
. Electric- ' / \ -
field magnitude = x

Electron energy, fixed charge energy., and electric field magnitude for p-I-n
diode in thermal equilibrium

One advantage of using a diode with a large depletion layer is its small junction
capacitance and its consequent fast response. For this reason, p-i-nn diodes are
favored over p-rz: diodes for use as semiconductor photodiodes. The large depletion
layer also permits an increased fraction of the incident light to be captured. thereby

increasing the photodetection efficiency
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Heterojunctions
Junctions between different semiconductor materials are called heterojunctions.
They provide substantial improvement in the performance of electronic and
optoelectronic devices.

- /
= =4 L
- S e e e e e e e

= T S S——ve T
a

S

= Ega Eg'2I Ess
fy = l T T
=
i e T T

A

83

ar

S

=

=

s

fw s

The p-p-r2 double heterojunction structure.

The middle layer is of narrower bandgap than the outer lavers.

In equilibrium, the Fermi levels align so that the edge of the conduction band drops
sharply at the p-p junction and the edge of the valence band drops sharply at the p-
7z junction. The ratio of the difference in conduction-band energies to the difference
in valence-band energies is known as the band offset. When the device is forward
biased. these jumps act as barriers that confine the injected minority carriers.
Electrons injected from the n-region, for example, are prevented from diffusing
beyond the barrier at the p-p junction. Similarly. holes injected from the p-region
are not permitted to diffuse beyond the energy barrier at the p-7z junction. This
double heterostructure therefore forces electrons and holes to occupy a narrow
common region. This is essential for the efficient operation of an injection laser

diode
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Recombination and Luminescence
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Heterojunctions
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Ternary and Quaternary Lattice Matched Materials
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Energy Barriers and Rectification
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The Double Heterojunctions
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The Spectrum of Recombination Radiation
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Semiconductor lasers
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Estimation of Semiconductor Laser Gain
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Threshold Current and Power-Voltage Characteristics
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Longitudinal and Transvers Modes
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Semiconductor Laser Structures
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Fig. 13.30. (cont.)

(d) etched mesa;

(e) constricted double
heterostructure (CDH) (will
give single transverse mode
operation113"g] ;: (F) stripe
definition by oxygen
implantation or _
bombardment.

gzl 7¢/f ole

proton

(d)

Oxide layer

Metal contact
layer

n- (or p-) GaAs
active layer

pP-GaAs
PP~-GaAlAs

e T e

n-GaAlAs
n-GaAs
(e)
+ Contact
Oxide
-GaAs
L \_I pP-Ga|_, Al As
Ga,__,.A '_,_A.S
AL Ga; As
£ < _3 n-Ga, .Al_As
- n-GaAs
n-GaAs substrate )
— Contact
+ Contact prGaAs
pt-GaAs
made resistive by P-GaAlAs confining layer
oxygen implantation ———__ |
or proton bombardment
N GaAs active layer
¥y -

I b call \N_GaAlAs confining layer

n-GaAs
substrate

S R S S A S ¥ .

— Contact

)

48



Graded-index separate confinement heterostructures
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Fig. 13.31. GRINSCH
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McDonnell-Douglas
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Distributed Feedback (DFB) and Distributed Bragg Reflection (DBR) Lasers
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Surface Emitting Lasers
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Vertical Cavity Surface Emitting Lasers (VCSEL)

Fig. 13.35. Schematic L e ATete
structure of a wvertical cawvity
surface emitting laser.
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Laser Diode Arrays and Broad Area Lasers
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Bulk Semiconductor

semiconductor nanocrystal
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Figure 2.2: Comparison between a bulk semiconductor and a semiconductor nanocrystal
showing the splitting of the bulk conduction and wvalence bands into discrete energy levels
in the nanocrystal, accompanied by the concentration of the density of states into sharp
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Quantum Well Lasers
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Rate Equations and Modulation of Semiconductor Lasers
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Static Characteristics (DC excitation)
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Frequency Response of Diode Lasers
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1) Electron-hole pairs are created in an intrinsic GaAs semiconductor (m.*=0.067m.,
m;=0.48m.) at T=0°K by the absorption of the optical wave with hv-E.,=0.05 eV (E,=1.43
eV), (since T=0, all the carriers are created by the optical pump).

(a) Identify the energy levels in the conduction and valence bands that can participate in
the absorption or gain (i.e., find what is the spacing HU.-E;. and E.-1y in eV) Assume

probability f>2(E>)=1 for E;<u. and f2(E»)=0 for E;>u. with similar relations for the
holes.

(b) What is the minimum number of electron-hole pairs necessary to achieve optical gain
at the wavelength pl.-LL,?
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hw 9 Consider a double-heterostructure (DH) laser consisting of GaAs active layer between
two AlGaAs cladding layers, which emits at 4=840 nm. Assume a carrier density at

ﬂimJ transparency Nr,-——].ZXIOlgcarriers/cmS, a cavity length L=300pm, a differential gain

spont 5 0=3.6x10"%m?, a radiative time z=4 ns, a thickness of the active layer d=100 nm, an
internal quantum efficiency 77=0.95 and a total loss per pass 1.43. Assume also that

N the refractive index of the active layer and of the cladding layﬁ are n;=3.6 and n,=3.4,

Rspont =— respectively. Calculate the current density at threshold required in this laser.
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