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 A field of technology that combines the 
physics of light with electricity. 

 

 Optoelectronic technologies include fiber 
optic communications, laser systems, 
remote sensing systems, medical 
diagnostic systems and optical 
information systems. 
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Devices that convert electrical signals into photon 
signals and vice versa. 

 

 Photodiodes 

 Solar cells 

 LEDs 

 Lasers 

 A photodiode is a type of photo detector 
capable of converting light into either 
current or voltage.   

 

 Solar Cells convert absorbed optical 
energy into useful electrical power 
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Ep = hv = hc/λ ≥ EG   

 

h = Planck’s 
constant (6.626 x 
10^-34 Js) 

λ= wavelength of 
optical illumination 

v = frequency of 
optical illumination 

c = velocity of light 
(3 x 10^8 m/s) 
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 If the junction is uniformly illuminated by 
photons with hv > Eg, an added generation 
rate Gop (EHP/cm³ s) participates in this 
current. 

 

    Extra holes generated on the n-side: ALpGop 

 

 

 

 

 

 

 

 

 

 Extra holes generated on the n-side: ALpGop 

 Extra electrons generated on the p-side: ALnGop 

 Extra carriers generated within the depletion region: 
AWGop 

 The resulting current: 

 Iop = qAGop(Lp + Ln + W) 
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I = Ith(e^(qV/kT) – 1) – Iop  

 

      The I-V curve will be 
     lowered in an amount 
     proportional to the 
     added generation 
     rate (Gop).  

 

 POWER IS DELIVERED TO 
THE DEVICE 

 THE DEVICE DELIVERS 
POWER TO THE LOAD 
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 Operate in the 4th quadrant where the device 
gives energy to the circuit. 

 Current generated is in the 10-100mA for 1 cm² 
illuminated area. 

 We need large area to collect light with a 
junction located near the surface. 

 We must coat the surface with anti-reflective 
coating.  

 Short clip 
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http://micro.magnet.fsu.edu/primer/lightandcolor/ledsint
ro.html 
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http://micro.magnet.fsu.edu/primer/lightandcolor/ledsint
ro.html 

http://micro.magnet.fsu.edu/primer/lightandcolor/ledsintro.
html 
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    Light  

    Amplification by  

    Stimulated  

    Emissions of  

    Radiation 
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• Lets break it down: 

 

• Light Amplification : 

    Refers to the devices use of light to 
‘amplify’ a beam of light (I’ll explain 
further later) 

• Stimulated Emissions of Radiation: 

    Refers to the unique way a coherent and 
directed beam of light can be created.  

 

 

 

• So what is so special about light from 
stimulated emission as opposed to 

spontaneous emission?  

•   

 

 

 

                                            [5]           
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• Typically in nature, light is emitted by spontaneous emission.  

• This light is incoherent, non directional, and can be of random 
wavelengths depending on other factors 

• In lasers the emission of light is by means of stimulated emission 
• This light is ideally monochromatic, coherent, and highly 

directional 
 
 
 
 

  
 

  
 
 

                                                                                    [6] 

 
 
 

 

• LEDs, Photo Diodes, and LASERS Rely on 
the same basic equation to describe the 

light the emit or detect: 
 hv12=E2-E1  

   E2=upper electron energy level 

   E1=lower electron energy level 

   hv12=photon energy 
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• However stimulated emission occurs 
instantly where as spontaneous emission 

which occurs exponentially over time (think 
RC curves). 

 hv12=E2-E1  
 

   E2=upper electron energy level 

   E1=lower electron energy level 

   hv12=photon energy 

 

• Assuming n1 is the charge carrier concentration 
in E1 

• Assuming n2 is the charge carrier concentration 
in E2 

 

Then at equilibrium n2<<n1 and: 

 

 

 

𝑛2

𝑛1
 = e

E 1−E2

kT  = e
hv 12

kT  

*Given that hv12=E2-E1 
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• To describe Absorption, Stimulated 
emission and Spontaneous  emission in 

detail would require quantum mechanics 
so to keep things simple the next few 

sections do not give any derivations or 
detailed explanations as to why. 

• Now: in order for stimulated emission to 
occur, there must be a light density ρ(v12). 
This just means that there must be light 
present in the laser generation medium.  

 

 

 
 

• All of these effects can be described using 
some relations made by Einstein, but first 

we have to know some coefficients: 

• B12= Proportionality factor of absorption 

• A21= Proportionality factor of emission 

• B21= Proportionality factor of stimulated 
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• B12= Proportionality factor of absorption 

• A21= Proportionality factor of emission 

• B21= Proportionality factor of stimulated 

 

Under equilibrium 

 

Absorption                    Spontaneous                  Stimulated 

B12n1 ρ(v12)  =  A21n2     +  B12n2 ρ(v12) 
      (Light absorbed = light emitted by both types of 

emission)  

 

 

 

 

 
 

• B12= Proportionality factor of absorption 

• A21= Proportionality factor of emission 

• B21= Proportionality factor of stimulated 

 

Under equilibrium 

 

Absorption                    Spontaneous                  Stimulated 

B12n1 ρ(v12) =  A21n2     +  B12n2 ρ(v12) 

• In-order to get laser light we want the rate 
of stimulated emission to be much higher 
then spontaneous emission so we increase 

the light density.   
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• B12= Proportionality factor of absorption 

• A21= Proportionality factor of emission 

• B21= Proportionality factor of stimulated 

 

Under equilibrium 

 

Absorption                    Spontaneous                  Stimulated 

B12n1 ρ(v12) =  A21n2     +  B12n2 ρ(v12) 

• Unfortunately this is a double edged 
sword in that the rate of absorption 

increase proportionally as well.  

 

 

 

 
 

• B12= Proportionality factor of absorption 

• A21= Proportionality factor of emission 

• B21= Proportionality factor of stimulated 

 

Under equilibrium 

 

Absorption                    Spontaneous                  Stimulated 

B12n1 ρ(v12) =  A21n2     +  B12n2 ρ(v12) 

• Because of this we must also increase the 
amount of free charge carriers (the 

number of carriers in n2) 
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• B12= Proportionality factor of absorption 

• A21= Proportionality factor of emission 

• B21= Proportionality factor of stimulated 

 

 

 

Absorption                    Spontaneous                  Stimulated 

  B12n1 ρ(v12) +  A21n2     << B12n2 ρ(v12) 

• Now that the light density as well as 
number of free charge carriers has been 

increased laser light can be created! 

 

 

 

 
• We already know that applying a voltage 

bias to a material will alter the number of 
free charge carriers. 

• What we don’t know is how to alter the 
light density within a material 
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• In LASERs a resonance cavity for light is used to 

increase the light density ρ(v12) 

• This cavity is of length L = mλ/2 where m is 
some integer multiple of the wavelength (λ) of 
the stimulated light emission. 

 

 

 

 

 

 

 

• The light actually emitted from a laser diode comes 
through one of the mirrors which is only partially 
reflective. 

• The amount of light leaving the resonance chamber 
must be less then the light created within it in order for 
stimulated emission to continue.   
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 Discovered in 1962 

 Robert N. Hall revealed invention in Physics Review 
Letters 

 



5/2/2012 

19 

 

 ~55% of the laser market (revenues) are 
derived from semiconductor lasers 

 

 ~58% of lasers produced are semiconductor 
lasers 

 source:laserfocusworld.com 
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 High current density required to reach 
threshold required for inversion. 

 Generates too much heat and cannot operate at room 
temperature. 

 Solution: apply bias in pulses 

 Solution: try to channel thermal energy away from 
laser (i.e. heat transfer) 

 

 Another solution: change laser configuration 

 double heterostructure laser 

 



5/2/2012 

23 

Many types of lasers. 

 

Wide array of applications: 

 Telecommunication 

 Data storage 

 Material processing 

 Laser pumping 

 Medicine 

 Laser Printers, bar-code readers 

 

 

 

Q1. What does the acronym LASER stand for? 

 

 

Q2. What are the three distinctive traits of light 
from stimulated emission? 
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    Q3. This figure shows the fourth 
quadrant portion of a solar cell 
characteristic, with Ir plotted 
upward for convenience of 
illustration. A Si solar cell has a 
Isc = 100mA, Voc = 0.7V under 
solar illumination. The ratio 
ImVm/IscVoc is 0.7.  What is the 
maximum power delivered to a 
load by this cell?  

 (Hint: Pmax = fill factor*Isc*Voc) 
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