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Symbol Definition  Unit 

n Electron density m-2 

n0 Steady-state electron density  m-2 

τqw recombination lifetime via 
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QW sec 
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recombination lifetime via 
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QW sec 

eff
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QW sec 

ν geometry factor  unitless 
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τcap 
electron capture time in 
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QW sec 
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ntr Transparency electron density  m-2 

Np Photon density  m-2 
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14.6GHz

τqw = 150 ps, τp = 3.5 ps, τcap = 1 ps, ν = 0.05, J0 = 2Jth = 2.78 kA/cm2 

29.2GHz 

τqw = 100 ps, τp = 1 ps, τcap = 0.5 ps, ν = 0.2, J0 = 2Jth = 9.72 kA/cm2 

55.1GHz

τqw = 100 ps, τp = 1 ps, τcap = 0.5 ps, ν = 0.2, J0 = 5Jth = 24.3 kA/cm2 

Ω = 0.5 cm2/s,  Ntr = 1012 cm-2, τrb0 = 150ps 
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Symbol Value Unit 

Wb 880 Å

Wqw 160 Å

xqw 510 Å

τqw 100 psec 

τcap 1 psec 

τrb0 150 psec 

τp 3.5 psec 

Ω 0.5 cm2.sec-1 

Ntr 1012 cm-2 

J 3×Jth Amp. cm-2 
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Symbol Definition  Unit 

τqw recombination lifetime via 
spontaneous emission in QW 

QW sec 

τcap 
electron capture time in 
quantum well 

QW sec 

τrb0 base charge bulk lifetime  sec 

τp photon lifetime  sec 

Ω differential gain factor  m2.sec-1 

ntr Transparency electron density  m-2 
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1 - Bimolecular radiative recombination coefficient 
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Symbol Definition Value Unit 
Wb base width 108 nm 
Wqw quantum well width 80 Å 
xqw distance from emitter junction to QW 500 Å 
λ Wavelength 1.56 µm 
T Temperature 77 K 
Nb base doping 1×1019 cm-3 

nr refractive index 3.34 unitless 
kp intervalence band absorption  4×10-17 cm2 

ΓWG waveguide optical confinement factor 0.1 unitless 
ΓQW quantum well optical confinement factor 0.01 unitless 
R1,R2 facet reflectivity 0.3 unitless 
L cavity length 800 µm 
D diffusion constant across base region 26 cm2/sec 
Nc density of states of conduction bands 7×1017 cm-3 

Nv density of states of valance bands 3×1018 cm-3 
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Abstract: 
The invention of Transistor Lasers (TL) in year 2004, made it possible, the creation of 

an electronic device which works as transistor and laser with two optical and electrical 
outputs simultaneously. Since this device has important effects on the future of photonic 
devices, today various researches accomplish on these devices in order to improve their 
performances. 

The goal of this project is Analysis, simulation and performance improvement of 
Transistor lasers. In order to achieve this goal, after an introduction of these devices and a 
historical review, we introduce an analytical model based on charge control model for 
transistor lasers. For the first step, a conventional InGaP/GaAs transistor laser will be 
analyzed and the effect of base width on the optical modulation response and current gain 
of this device will be achieved with use of simulation. 

For a 1.55µm fabricated transistor laser with a single quantum well, which is a modern 
type of transistor lasers, the optical bandwidth will be estimated for the first time. Using 
these analyses, it will be found that frequency response of this optoelectronic device has 
some problems which are not very desirable. Finally the effect of change in some 
parameters of this device on its optical frequency will be achieved and with optimization of 
these parameters the optical frequency response of this device will be improved. 
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