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ÅDiscrete mode laser diode technology overview 

ÅNarrow linewidth laser designs and results 

ÅTuneable laser arrays  

ÅEffect of linewidth on 16QAM System 

Å2mm Discrete mode lasers 

ÅSummary 

 

Talk Outline 
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Discrete Mode Technology Overview 
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ÅSimplest form of  LD to manufacture is a RW FP laser diode. 
ÅLaser cavity cleaving facets 
ÅLateral mode confinement by etching a ridge 

Fabry-Perot LD 

Ridge Waveguide Laser Diode 

3 inch InP wafer  ~55k FP chips 

FP chip 
250 x 250 um 

f75 mm 
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InP 



Ridge waveguide process \  
Å Easier to manufacture  
Å No re-growth 
Å Low cost (no ebeam) 
Å l=690 ς 3300 nm 
Å Foundry Model 

Discrete Mode Laser Diode Overview 

Etched features select 1 Fabry Perot mode 
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ω DFB grating etch requires 

high resolution technology  

ω AND at least 1 re-growth 

step. 

 

 

 

 
 
 

ω Discrete Mode advantages 

ω High order gratings 

ω Regrowth free 

ω Conventional 

photolithography 

ω Lower cost fabrication 

 

 

 

 

 
 
 

DFB DM 

5um  

1um  

Traditional DFB vs. 9ōƭŀƴŀΩǎ DM laser 
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5 x (+1%) 5 nm-thick AlGaInAs QW  

6 x (-0.2%) 8 nm thick AlGaInAs B 

2 x 200 nm-thick AlGaInAs SCH 

2 x InP cladding layers 2um thick 

  

ω Large conduction band 

offset gives superior high 

temperature performance 

compared to InGaAsP QW 

ω > 10 years working with this 

material high reliability. 
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[Al(x)Ga]In(y)As material system 
Energy Band Diagram 



Narrow linewidth monolithic laser diodes 
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Reports of Monolithic Narrow linewidth lasers 
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Å Development of narrow linewidth over the years. 
Å Renewed interest in recent years due to coherent 

communications. 
 
 

Author Year

Linewidth 

FWHM 

(kHz)

Power 

(mW)

Wavelength 

(nm)

Laser 

Type Institution

Noda 1987 10500 5 860 DFB Mitsubishi

Kitamura 1990 250 4 1530 DFB NEC Corporation

Matsui 1991 200 17 1540 DBR Oki Electric

Kunii 1991 85 10 1500 DBR Oki Electric

Bissessur 1992 70 10 1550 DFB Alcatel

O'Carroll 2012 70 10 1550 DM Eblana

H. Ishii 2010 160 50 C-BAND DFB Array NTT

Larson 2013 300 40 C-BAND SGDBR JDSU

Davies 2013 200 40 C-BAND DSDBR OCLARO

Spießberger 2010 234 116 1066 DFB FBH

Spießberger 2011 180 170 1056 DBR FBH



ÅSpectral properties described by Linewidth ie FWHM of the lineshape 
ÅDelayed self-heterodyne Technique using a long optical delay. 
ÅSingle parameter to compare with other lasers. 
ÅDepends on the observation time. 
ÅGives incomplete picture of the spectral distribution of the noise. 
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FWHM 

Frequency Noise 



Frequency Noise Power Spectral Density 

ÅPSD gives complete picture of the laser frequency noise. 
ÅMeasured with a frequency discriminator 
ÅFrequency-noise spectrum is generally split into two distinct regimes 
ÅThe Linewidth can be computed from the PSD spectrum 

  1/f noise             white noise (intrinsic noise) 
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Param Value  

h0 25000 Hz2/Hz 

 h 1.4 

h-1 1.8×1010 Hz/Hz 

Frequency Noise Model 

Di Domenico et al, Appl. Optics 49,  4801 (2010) 

Line width  (T0=1ms) 

Calculated FWHM 125 kHz 

Measured FWHM  120 kHz 
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A 

мκŦ ŦƭƛŎƪŜǊ ƴƻƛǎŜΣ  мҖʰғн  

white frequency noise   


