Lect. 22: Semiconductor Lasers

— Semiconductors lasers are small, cheap and very efficient

— Lasing wavelength:
Bandgap of direct semiconductor materials (lll-V compound semiconductors)
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Lect. 22: Semiconductor Lasers

- ALGa,_As (ternary) and In,_Ga,As,_,P, (quaternary) material systems
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Lect. 22: Semiconductor Lasers

Semiconductor Laser Structure: PN Junction + Mirror (Cleaved Facets)
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Lect. 22: Semiconductor Lasers

Efficient carrier confinement: PIN structure with large E; for P, N regions
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Injected carriers are spread—out Double heterojunction: Confinement of
=> smaller density |njeCted carriers
=> larger density
For population inversion, >1
N1 ) Pz
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Lect. 22: Semiconductor Lasers

The Nobel Prize in Physics
2000

B8

Zhores |. Alferov Herbert Kroemer
Double heterojunction Prize share: 1/4 Prize share: 1/4

The Nobel Prize in Physics 2000 was awarded

to Zhores I. Alferov and Herbert Kroemer “for developing

semiconductor heterostructures used in high-speed- and opto-
electronics"”
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Lect. 22: Semiconductor Lasers

Efficient photon confinement: PIN structure with smaller n for P, N regions

Smaller E, material has larger n (n;>n,)

= Dielectric waveguide!

=> More photons interacting with injected
electrons and holes in the active region

= larger I
With I'<1,
gy =7 In—=a, (mirror loss) => rg, =—In—=a,
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Lect. 22: Semiconductor Lasers

Optical Power (mW)
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Lect. 22: Semiconductor Lasers

Analytical expression for I,

Assume optical gain increases linearly with injected carriers: g =a(N —N,)

1) Determine carrier density (N,,) required for g, :

gth am . 0[
N +N,, =—0 . Ny, =—"+N,
th = a gth T th = Fa
2) Relatioship between | and N
dN I N

LI ] _N.
it Qv 7 In steady-state, | = . qVv

(V : volume of active region, z: carrier life time)

3) Determine I, from N, assuming steady-state

N o 1
Sl =—0.qV = (™ +N,)=-qV
th . q (Fa o)z_ q
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Lect. 22: Semiconductor Lasers

Analytical expression for dP/dlI

—Assume injected carriers are all converted into photons
by stimulated emission when | > |,

— Change In photon density with time Optigal Power (MW)
dn,, 1-1, Ny 1
— -2 7=
dt qV Tph V-Otm
— At steady-state,
| -1,
Non = q—\/t “Ton h
— How many photons out of laser per second? === Tp
— Output power P
Hon_V — — dP +Hw
P. _ MY me |~y T v =Hw Skl c— =
Ton qV Ton q dl q
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Lect. 22: Semiconductor Lasers

More detailed model:
— Injected carriers are not 100% converted into photons: conversion efficiency, n.;

— Photons can be lost internally by impurities, scattering, - : internal loss, o
e . : a, a, +a, _ (P Tt i 1
Modifications: Qo i H => P by =+ No) -V
|
| -1 | -1
N, thh Ty = i Vth “Ton
1 1
Toh = ==>
V-a, V'(am+aint)
out/generation
= o/ (ot P oV ROV i £ = !
Mint ALx AVAPE Eon Eon,m v,
Pra =10 (1, )~ =2 T (1)
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qV P z-phm q ph,m
o «o
= 5 77int(| - Ith)
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Lect. 22: Semiconductor Lasers

Homework:

A semiconductor laser has following properties.
— Cavity length: 500 pm — Active region thickness: 0.2 um
— Active region width: 2 pym — Confinement factor: 0.15

- Internal loss: 6 cm™

— Mirror reflectivity (both facets): 0.3
— Effective index: 3.5 — Carrier lifetime at threshold: 2 nsec

The gain characteristics for the active region material are shown in the figure shown below.

Answer the following questions. Use interpolation when necessary.
(a) What is the threshold gain in cm™ for the laser?

(b) At what wavelength can the first lasing mode be observed?

(c) Estimate the threshold current for the first lasing mode.

(d) As the injected current increases, more than one lasing modes are observed. What is the

mode separation in nm?
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Lect. 22: Semiconductor Lasers

Homework:
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