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Chapter 15

Widely Tunable Photonics

In this lecture you will learn:

• DBR lasers
• Tuning semiconductor lasers
• Sampled DBR reflectors
• Sampled DBR Lasers

Refractive Index: 

Carrier Density:

n

N
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laser   1 modulator
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WDM multiplexer 1 2 3 4

Integrated WDM transmitter chip
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detector    4
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optical
fiber

Wavelength Division Multiplexed (WDM) Systems
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Distributed Bragg Reflector (DBR) Lasers

N-InP

P-InP

InGaAsP waveguide
InGaAsP QW

La

L2

L1

Lasing Condition:

1r 2r

1

1

212
2

2
~

2

~

21

2
2

2
~

2

~

21












 







 







aa
aa

a
aa

Li
Lg

Li
Lg

eerr

eerr

1
2

2
~

2

~

21 






  aa Lg

eRR


 integer22 21  ppLaa 

Reflection phases

Electrical isolation
implants



ECE 407 – Spring 2009 – Farhan Rana – Cornell University

Distributed Bragg Reflector (DBR) Lasers
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Laser Cavity Longitudinal Mode Spacing:
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Distributed Bragg Reflectors (Side Note)
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For infinitely long grating:
     GqdGqdqh    11 22

For grating of length L:
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Distributed Bragg Reflectors (Side Note)
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For infinitely long grating:

     GqdGqdqh    11 22
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For grating of length L:
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This relation works well only 
when:
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Distributed Bragg Reflectors (Side Note)
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Electrical Tuning of DBR Lasers
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DBR Tuning current

The wavevector for which maximum reflectivity occurs is:

1n

Now suppose the index of the grating region core is 
changed by the injection of electrons and holes:
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Index Change from Carrier Injection - I

Recall the -parameter was defined as:
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For most InGaAsP semiconductors, when the wavelength is below the bandgap (as 
in the DBR sections):

218 cm 1040~ 
dN
d 20~ H

318 cm 1001.0~' 
dN
dn

Refractive index decreases by 0.01 when the electron density (and the hole density 
– assumed to be equal during carrier injection) are increased by 1018 cm-3

Most of the index change comes from the free-carrier plasma effect (Drude model 
or the intraband contribution to the dielectric constant)
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Index Change from Carrier Injection - II

For most InGaAsP semiconductors, when the wavelength is above the bandgap (as 
in the gain regions):

216 cm 104~ 
dN
dg 5~ H

318 cm 10025.0~' 
dN
dn

Refractive index decreases by 0.025 when the electron density (and the hole 
density – assumed to be equal in the gain region) are increased by 1018 cm-3

Most of the index change comes from the interband contribution to the dielectric 
constant)  
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Index Change from Temperature Change

Change in the temperature results in a change in the material bandgap and carrier 
distributions, both of which change the material refractive index

Change in refractive index is approximately:  

1-4 K 105~' 
dT
dn

Note that if carrier injection were to result in excessive heating in a poorly designed 
device, then the index increase from heating would work against index decrease 
from carrier injection!!

In well designed device, temperature can be used together with carrier injection to 
extend the tuning range
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Electrical Tuning of DBR Lasers
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Continuous Electrical Tuning of DBR Lasers
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Laser cavity longitudinal modes are determined by the condition:

 integer222 21  ppLL ppaa 

pn

DBR Tuning current

1n 2n

One can change the index of the core in the phase tuning section by injecting 
electrons and holes and thereby change the frequency of the cavity modes!
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Continuous Electrical Tuning of DBR Lasers
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When the index in the phase tuning region is changed, the cavity mode frequency 
change is given by:
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Continuous Electrical Tuning of DBR Lasers
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Gain/Loss in Electrical Tuning of DBR Lasers
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Cavity Mode Tuning:

Not entirely correct!

Tuning introduces extra loss in the phase tuning section that must be compensated 
by the increase in gain in the gain region:
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Gain/Loss in Electrical Tuning of DBR Lasers
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When the index in the phase tuning region is changed, the cavity mode frequency 
change is given by:
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parameter
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For infinitely long grating:

     GqdGqdqh    11 22
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For grating of length L:

    LR  2tanh
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Distributed Bragg Reflectors (Side Note)
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Sampled DBR Reflectors
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Widely Tunable Sampled DBR Lasers
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Widely Tunable Sampled DBR Lasers
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Maximum tuning range limited by the Vernier beat period and by the 
reflectivity envelope: 
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Widely Tunable Sampled DBR Lasers (> 50 nm Tuning Range)

IEEE JOURNAL OF QUANTUM ELECTRONICS, 
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