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� TThhee  ooppeerraattiinngg  ccoonnddiittiioonn  ooff  tthhee  sseemmiiccoonndduuccttoorr  llaasseerrss  

 
TThhee  pprriinncciippllee  ooff  tthhee  llaasseerr  ooppeerraattiioonn  

 

 

 

 

 

 

 

 

 

 

 
 

 

During the oscillation process, the light is attenuated and amplifyed in the gain material and the light beams with 

same wavelength are coupled out on the OC mirror. The output of a laser is a coherent electromagnetic field.  

                                                   

where, HR = high reflection mirror, OC= output coupler mirror (semitransparent mirrors) 
 

 
TThhee  pprriinncciippllee  ooff  tthhee  ssttiimmuullaatteedd  eemmiissssiioonn    
 

 

 
 

 
 

 
 

First the electon is on the higher level and the effect of the  incomming stimulating photon will be that the 

electron will be emitt a clone (a new photon) which will be exactly same with the incomming photon in modul, in 

polarization and in the phase. 
 
 

FFoorr  tthhee  llaasseerr  ooppeerraattiioonn  aarree  nneecccceessssaarryy  tthhee  ffoolllloowwiinngg  ccoonnddiittiioonnss::  
 

 

1. Active layer (gain material)  which working on the base of the stimulated emission. 
 

2. Pumping power which change the material to active state with population inversion* 

 

3. Optical feedback which usually is created with Fabry-Perot rezonator* with (optical rezonators) 
 

The function of the rezonator is the creation of the high optical energy density and the hard frequency-selective 

dealing namely the assurance high spectral purity. 
 

Generally the number of the atoms in base state is higher as the number of the excitated. 

For the laser operation the loading state of the energy levels must be change , namely in the active layer of the  

laser it needs to be reached the self-styled population inversion. This state in case of the semiconductor laser is 

created by injection of the electrical particles (with current injection). In case of the solid state lasers is used the 

optical pumping. (for example in case of  Nd: YAG -yttrium-aluminium-garnet glass lasers or ruby laser) 

 

hh⋅⋅ff  
hh⋅⋅ff  

EEii  

EEkk  

NNii  

NNkk  

hh⋅⋅νν==EE22  --EE11  hh⋅⋅νν==EE22  --EE11  

RR==9999%%  RR==9977%%  

aaccttiivvee  llaayyeerr  

ooppttiiccaall  ffeeeeddbbaacckk  
OOCC  mmiirrrroorr  

HHRR  mmiirrrroorr  

ppuummppiinngg  

llaasseerr  oouuttppuutt  

LLiigghhtt  AAmmpplliiffiiccaattiioonn  bbyy  SSttiimmuullaatteedd  EEmmiissssiioonn  

ooff  RRaaddiiaattiioonn  

((ccuurrrreenntt  iinnjjeeccttiioonn))  
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Operating wavelength and the spectral line width for different laser types as VCSEL, FP and DFB 
 

���� VVCCSSEELL – Vertical Cavity Surface Emitting lasers:  

      They are the type of the seciconductor lasers with a monolithic laser resonator, where  the emitted light leaves 

      the device in a direction perpendicular to the chip surface. 

      The resonator (cavity) is realized with two semiconductor Brag mirrors and between these mirors is an active  

      region (gain structure). The active region is electrically pumped with circa 50 mW (tens of milliwatts) 

      and generated an output power in the range 0,2 – 5 mW . The current is applied through a ring electrode. 
                    
���� FFaabbrryy--PPeerroott lasers:  
      A laser oscillator in which two mirrors are separated by a amplifying medium (gain) with an inverted  

      population, making Fabry-Perot cavity. Standard diode lasers are Fabry-Perot lasers. 

      Exist two resonator type:  with plan-parallel (R1, R2 = ∞∞∞∞) and with spherical mirrors (R1, R2 = L/2) 

     The thickness of active layer at heterojunction lasers, strip lasers (mirror separation distance) is usually 

     d < 1 µµµµm or d=  0,2 µµµµm. 
 

���� DDFFBB – Distributed Feedback lasers : 
      Are  the type of the laser devices where operating with very small spectral width in the third optical window 

      and the active layer of the device has integrated a diffraction grating which can be different special form 

     (normal trapezoidal, rectangular, sinusoidal, ...etc)  
      

     Where:  nngg - is the group refractive index, λλλλλλλλBB - is the Bragg wavelength and mm – is a integer number 

                   

     For mm==11 the grating is called first-order grating. The DFB lasers has very clean spectral line width. 
 

This type is used in the high speed optical communication and in the cable TV applications. 

 

  

OOppttiiccaall  

  

OOuuttppuutt  

  

PPoowweerr 

WWaavveelleennggtthh  
  

SSppeeccttrraall  wwiiddtthh  

  

FFaabbrryy--PPeerroott  llaasseerrss  

  

VVCCSSEELL  ––  VVeerrttiiccaall  CCaavviittyy  SSuurrffaaccee  

EEmmiittttiinngg  llaasseerrss  

  

DDFFBB--DDiissttrriibbuutteedd  

FFeeeeddbbaacckk  llaasseerrss  

λλλλλλλλ==  885500  nnmm  
∆∆∆∆∆∆∆∆λλλλλλλλ==00,,8855  nnmm  

  

λλλλλλλλ==  11330000  --11331100  nnmm  
∆∆∆∆∆∆∆∆λλλλλλλλ==  22--22,,7755  nnmm  

  

λλλλλλλλ==  11555500  nnmm  
∆∆∆∆∆∆∆∆λλλλλλλλ==00,,0088  nnmm  

  

First optical 

 
window 

  

Second optical 

 
window 

  

Third optical 

 
window 
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���� ����   ����  IInntteennssiittyy  mmoodduullaattiioonn  ooff  tthhee  sseemmiiccoonndduuccttoorr  llaasseerrss  
 

����  In practice for the semiconductor lasers usually it is used the intensity modulation 

 

����  The neccessary power for the modulation is created by a driver circuit 

 

���� The key parameter of the modulation is the modulation index (modulation deep) 
minmax
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���� The main parameter of the light source is the outgoing optical power 

 

What is the intensity modulation? 

 

 If the current of the device (laser diode) containing a modulation term, in this case the modulator current   

will be change the outgoing optical power of the device.      

 

In the intensity modulation it is required that the device to be modulated at high frequence, which is 

perfect for the semiconductor lasers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The other very important is, that the device must be modulated on the linear part of the characteristic  

(after the ith - treshold current). 

During the optical transfer (communication), the device is not powered down completely (totally), only 

until the treshold current. 

The modulation process is characterized by chirp becuase during the variation of the optical power, 

 is change the value of the laser frequency. 

 

∆∆∆∆p 

Popt 

t 

Pmax 

Pmin 

Po 
∆∆∆∆p 

Popt 

t 

Po 

Pmax 

Pmin 

The modulation index variation during digital and sinusoidal modulation 

UUssuuaallllyy  tthhee  ddeevviiccee  iiss  mmoodduullaatteedd  aatt  tthhiirrdd  ppaarrtt  ooff  tthhee  

rreellaaxxaattiioonn  rreessoonnaannccee  ffrreeqquueennccyy  FFMM==((11//33))ffRR  

  

TThhee  mmaaxxiimmaall  vvaalluuee  ooff  tthhee  rreellaaxxaattiioonn  rreessoonnaannccee  

ffrreeqquueennccyy  ttooddaayy  iiss  1100  GGhhzz..  ∆∆∆∆∆∆∆∆II  

ith 

Popt 

i ii  

PPxx  
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���� ���� ���� ����  LLaayyeerr  ssttrruuccttuurree  ooff  tthhee  sseemmiiccoonndduuccttoorr  llaasseerrss  

  

  
VVCCSSEELL  ssttrruuccttuurree        FFaabbrryy--PPeerroott  rreessoonnaattoorrss            DDFFBB  llaasseerr  ssttrruuccttuurree  

  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

The parameters of Fabry-Perot resonator are: 
 

FSR = c/2⋅⋅⋅⋅L – free spectral range, FWHM = c/2d⋅⋅⋅⋅[1-R/(R)1/2] – full width at half maximum 
 

F = FSR/FWHM - finesse 
 

  

lliigghhtt  

eemmiissssiioonn  

LLoowweerr  

BBrraagggg  

rreefflleeccttoorr  

aaccttiivvee  

llaayyeerr 

UUppppeerr  

BBrraagggg  

rreefflleeccttoorr  

TThhee  ttoottaall  ttiicchhnneessss  ooff  tthhee  

aaccttiivvee  llaayyeerr  iiss  uussuuaallllyy  ffeeww  

mmiiccrroommeetteerr..  

g1 

g2 

((gg11==11,,  gg22==11))  

ppllaannee--ppaarraalllleell  

gg11==--11,,  gg22==--11  

sspphheerriiccaall  

SSttaabbiilliittyy  ooff  tthhee  FFPP  rreessoonnaattoorrss::  

TThheeyy  mmuusstt  bbee  ffuullllffiillll  tthhee  ssttaabbiilliittyy  ccrriitteerriiaa::  
  

00<<  gg11⋅⋅⋅⋅⋅⋅⋅⋅gg22  <<<<<<<<  11  
  

wwhheerree  gg11  ==  11  ––11//RR11,,  gg22  ==  11--11//RR22  

TThhee  mmiirrrroorr  sseeppaarraattiioonn  ddiissttaannccee    

iiss  uussuuaallllyy  LL  <<  11  ccmm..  
  

HHRR  ==  hhiigghh  rreefflleeccttiioonn  mmiirrrroorr  

OOCC  ==  oouuttppuutt  ccoouupplleerr  mmiirrrroorr  

RR11==LL//22  RR22==LL//22  

SSpphheerriiccaall  rreessoonnaattoorr  

aammpplliiffyyiinngg  

mmeeddiiuumm 

RR11==∞∞∞∞∞∞∞∞  RR22==∞∞∞∞∞∞∞∞  

PPllaannee--ppaarraalllleell  rreessoonnaattoorr  

aammpplliiffyyiinngg  

mmeeddiiuumm 

LL  

HHRR  

mmiirrrroorr  

OOCC  

mirror 

HHRR  

  
OOCC  

For laser operation it is neccessary for: 

 

- active layer (which working after stimulated emission) 

- population inversion (pumping) 

- optical resonator (for light wave amplification) 

UUnniiffoorrmm  ggrraattiinngg  DDFFBB  llaasseerr  

  

TThhee  ggrraattiinngg  ppeerriioodd  ((ΛΛΛΛΛΛΛΛ))::  
 

ΛΛΛΛΛΛΛΛ========mm⋅⋅⋅⋅⋅⋅⋅⋅λλλλλλλλBB//22⋅⋅⋅⋅⋅⋅⋅⋅nngg 
 

FFoorr  11,,55  µµµµµµµµmm  IInnGGaaAAssPP  llaasseerr,,wwiitthh  
ffiirrsstt  oorrddeerr  ggrraattiinngg  tthhee  ttyyppiiccaall  

vvaalluuee  ooff  nngg==33,,44    

aanndd    ΛΛΛΛΛΛΛΛ========00,,2233  µµmm  

  

AArree  uusseedd  uussuuaallllyy  aatt  4400kkmm//22GGbb  

oorr  1100kkmm//44GGbb  ooppttiiccaall  ttrraannssffeerrss..  

ΛΛΛΛΛΛΛΛ 
 

GGaaIInnAAssPP 
 

GaInAsP waveguide layer 
 n-InP buffer layer 

 n-InP substrat 
 

n-InP buffer layer 
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HHeerreettoojjuunnccttiioonn  llaasseerrss  //EEddggee  eemmiittttiinngg  llaasseerr  ddiiooddeess  ((FFaabbrryy--PPeerroott  ttyyppee  llaasseerrss))  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

The threshold current for 0 Kelvin is (for DH lasers, I(T)=0 if T=0 K): 
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where: L – is the mirror distance, d- diffusion thickness, αααα - attenuation, 
            ηηηηi – internal quantum efficiency, nGaAs = 3,6 – refractive index , ΓΓΓΓ-confinement factor and  

              r1=r2= r =(nGaAs –nair/nGaAs +nair)
2 = 0,32 are the reflection coefficients 

 

dd==00,,22  µµµµµµµµmm  

lloossss 

aammpplliiffiiccaattiioonn  

lloossss 
OOppttiiccaall  

ppoowweerr  

distribution  

RReeffrraaccttiivvee  

iinnddeexx  

vvaarriiaattiioonn  

DDoouubbllee  hheerreettoojjuunnccttiioonn  ssttrruuccttuurree SSiimmppllee  hheerreettoojjuunnccttiioonn  ssttrruuccttuurree 

GGaaxxIInn11--xxAAssyyPP11--yy  
aaccttiivvee  llaayyeerr  

  

((dd==00,,22  µµµµµµµµmm))  
pp  IInnPP  ssuubbssrraatt,,  22  µµµµµµµµmm  

  

SiO2 
mmeettaall  ccoonnttaacctt  

  

mmeettaall  ccoonnttaacctt  

  

pp  GGaaIInnAAssPP  ssuubbssrraatt 

nn  IInnPP  ssuubbssrraatt,,  11  µµµµµµµµmm  

nn  GGaaIInnAAssPP  ssuubbssrraatt  

  

GGaaAAss  oorr  

GGaaxxAAll11--xxAAss  
aaccttiivvee  llaayyeerr  

((dd==00,,22  µµµµµµµµmm))  

pp  GGaaAAllAAss  ssuubbssrraatt,,  22  µµµµµµµµmm  
  

SiO2 
mmeettaall  ccoonnttaacctt  

  

mmeettaall  ccoonnttaacctt  

  

pp  GGaaAAss  ssuubbssrraatt 

nn  GGaaAAllAAss  ssuubbssrraatt,,  11  µµµµµµµµmm  

nn  GGaaAAss  ssuubbssrraatt  

  

Temperature variation  

of the threshold current: 
 

IItthhrr==IItthhrr((00))⋅⋅⋅⋅⋅⋅⋅⋅eexxpp
((TT//TT00)) 

2 

11 22 33 

nn    

GGaaAAss 
pp  

GGaaAAllAAss  

 

pp    

GGaaAAss  

The p GaAlAs substrat hold back the electrons 

injected from the n GaAs substrat in the p GaAs 

active layer. The potential barrier is circa 0,53 eV. 
 

Because of this back holding, the  electrons 

remaining concentrated in the p GaAs layer   

the value of threshold current will be decrease 

and the variation of Ithr with temperature will be 

same decrease. At SH lasers the Ithr ≅≅≅≅4800⋅⋅⋅⋅d. 

dd<<<<<<<<11  µµµµµµµµmm 

lloossss 

aammpplliiffiiccaattiioonn  

lloossss 
OOppttiiccaall  ppoowweerr  

ddiissttrriibbuuttiioonn  

RReeffrraaccttiivvee  

iinnddeexx  

vvaarriiaattiioonn  

1 
3 

2 
Energy 

levels 
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Layer structure of SW and LW laser diodes and the operating wavelength  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

The active layer GGaaxxAAll  11--xxAAss which is doped in x % in Al-aluminim, is lattice matched  

 

to GGaayyAAll  11--yyAAss layer which is doped in y >>>> x % in Al. 

 

The properties of the semiconductor compoud can be deswcribed  

 

by Vegards law: aa((GGaaxxAAll  11--xxAAss))  ==  xx⋅⋅⋅⋅⋅⋅⋅⋅aa((AAllAAss))  ––((11--xx))⋅⋅⋅⋅⋅⋅⋅⋅aa((GGaaAAss)),,  where a - is the lattice constant.  
 

The lattice constant and energy band gap value of the materials resulting from the graphic. 
 

5,6605⋅⋅⋅⋅x + 5,6533 – 5,6533⋅⋅⋅⋅x = 5,6605⋅⋅⋅⋅y + 5,6533 – 5,6533⋅⋅⋅⋅y 
 

0,0072⋅⋅⋅⋅x  = 0,0072⋅⋅⋅⋅y  ⇒⇒⇒⇒ x ≤≤≤≤ y  (y >>>> x) 
 

For the energy bandgap (forbidden band) we can apply same law: 
 

EEgg((GGaaxxAAll  11--xxAAss))  ==  xx⋅⋅⋅⋅⋅⋅⋅⋅EEgg((AAllAAss))  ––((11--xx))⋅⋅⋅⋅⋅⋅⋅⋅EEgg((GGaaAAss))    Eg(x) = 2,2⋅⋅⋅⋅x +(1-x) ⋅⋅⋅⋅1,4 = 0,8 ⋅⋅⋅⋅x +1,4  
  

For 0,850 nm = 1.24/Eg  ⇒⇒⇒⇒ for first optical window the forbidden band must be Eg = 1,24/0,850 = 1,45 eV 

 

1,45 = 0,8 ⋅⋅⋅⋅x +1,4 ⇒⇒⇒⇒ x = 0,0625 Al % and y must be higher as x 
 

  From the definition of the operating wavelength, resulting λλλλ for the SW-short wave operation range: 
 

145

24,1
==

−
==

Eg

hc

h

EvEc

c

f

c
λ = 00,,885555  µµmm  ==  885555  nnmm  which is the first optical window. 

 
 

TThhee  llaattttiiccee  ccoonnssttaanntt  aanndd  tthhee  eenneerrggyy  bbaanndd  ggaapp    ffoorr  ddiiffffeerreenntt  mmaatteerriiaallss  

    

aa00((GGaaAAss))  ==  55..66553333  AA°°°°°°°°    
aa00((IInnPP))  ==  55..88668888  AA°°°°°°°°    
aa00((GGaaPP))  ==  55..44551122  AA°°°°°°°°    
aa00((IInnAAss))  ==  55..00558844  AA°°°°°°°°    
aa00((AAllAAss))  ==  55..66660055  AA°°°°°°°°    
aa00((GGaaSSbb))  ==  66..1100  AA°°  

11  aannggssttrroomm==1100
--88
  ccmm  

AAzz  aannggssttrroomm  aa    ccmm  110000  

GGaaPP  

66..1100  66..1155  55..66553333    55..44551122    55..88668888  66..00558844    55..66660055  

FFoorrbbiiddddeenn  

bbaanndd  

  
  EEgg  ((eeVV))  

LLaattttiiccee  ccoonnssttaanntt  aa00  ((  AA°°°°°°°°--aannggssttrroomm))  

IInnPP  

IInnAAss  

GGaaAAss  

AAllAAss  

AAllSSbb  

GGaaSSbb  

22..33  

00..44  

11..44  

11..33  

22..22  

11..6655  

00..77  

GGaaxxAAll  11--xxAAss  
aaccttiivvee  llaayyeerr 

GGaayyAAll  11--yyAAss 

GGaayyAAll  11--yyAAss SW laser device layer structute First optical window range: 
 

λ = 820 nm – 880 nm 
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The active layer of the LW laser device is the material system - GGaaxxIInn11--xxAAssyyPP11--yy - gallium indium arsenid 

phosphide which is doped in x % in In – indium and y % in P-phosphide. 

This material system can be used for the realization of lasers in the spectral window around 1310 nm and 1550 nm 

which are the second and third optical windows. 
 

The properties of this semiconductor compound (GGaaxxIInn  11--xxAAssyyPP11--yy))  can be described by Vegard’s law. 
 

aa((GGaaxxIInn11--xxAAssyyPP11--yy  ))  ==  xxyy⋅⋅⋅⋅⋅⋅⋅⋅aa00((GGaaAAss))  ++  xx((11--yy))⋅⋅⋅⋅⋅⋅⋅⋅aa00((GGaaPP))  ++  ((11--xx))yy⋅⋅⋅⋅⋅⋅⋅⋅aa00((IInnAAss))  ++  ((11--xx))((11--yy))⋅⋅⋅⋅⋅⋅⋅⋅aa00((IInnPP))  ==  
==  55..66553333⋅⋅⋅⋅⋅⋅⋅⋅xxyy  ++  55..44550055xx⋅⋅⋅⋅⋅⋅⋅⋅((11--yy))  ++  66..00558844((11--xx))⋅⋅⋅⋅⋅⋅⋅⋅yy  ++  55..88668888((11--xx))⋅⋅⋅⋅⋅⋅⋅⋅((11--yy))  
 

Using this law and know the semiconductor compounds GaAs, GaP, InAs, and InP it is possible 

to determine the coefficients x and y  and the operation wavelength of the laser device. 
 

aa((GGaaxxIInn11--xxAAssyyPP11--yy  ))  ==  aa00((xx,,yy))  ==55..88668888  ––  00..44117766xx  ++  00..11889966yy  ++  00..00112255xxyy 
 

TThhee  mmaatteerriiaall  sshhyysstteemm  GGaaxxIInn11--xxAAssyyPP11--yy  iitt  iiss  llaattttiiccee  mmaattcchheedd  ttoo  IInnPP  llaayyeerr  ((wwiitthh  llaattttiiccee  ccoonnssttaanntt  aa((IInnPP))  ==55,,88668888))  ::  
  

55..88668888  ––  00..44117766xx  ++  00..11889966yy  ++  00..00112255xxyy  ==  55..88668888    ⇒⇒⇒⇒⇒⇒⇒⇒  00..44117766xx  ==  00..11889966yy  ++  00..00112255xxyy 
 

For the x % and y % of In and P resulting the following relationship: 

 

If yy==11  rreessuullttiinngg  xx==00..446688,,  bbuutt  aallllwwaayyss  yy  mmuusstt  bbee  hhiigghheerr  aass  xx    ((yy>>xx)) 
 

Resulting x <0,468 (the In-indium % of the active layer) 
 

 

 

 

 

 

 

 

 

 
 

EEgg((GGaaxxIInn11--xxAAssyyPP11--yy))  ==  xxyy⋅⋅⋅⋅⋅⋅⋅⋅EEgg((GGaaAAss))  ++  xx((11--yy))⋅⋅⋅⋅⋅⋅⋅⋅EEgg((GGaaPP))  ++  ((11--xx))yy⋅⋅⋅⋅⋅⋅⋅⋅EEgg((IInnAAss))  ++  ((11--xx))((11--yy))⋅⋅⋅⋅⋅⋅⋅⋅EEgg((IInnPP))  ==  
==  xxyy⋅⋅⋅⋅⋅⋅⋅⋅11,,44  ++  xx((11--yy))  ⋅⋅⋅⋅⋅⋅⋅⋅22,,33  ++  ((11--xx))  ⋅⋅⋅⋅⋅⋅⋅⋅yy⋅⋅⋅⋅⋅⋅⋅⋅  00,,44  ++  ((11--xx))  ⋅⋅⋅⋅⋅⋅⋅⋅((11--yy))  ⋅⋅⋅⋅⋅⋅⋅⋅11,,33  ==11..33  ++  xx  --    00..99yy 
 

For Eg = 0,94 eV if x=0,36 (In %) resulting y=0,8 (P %) and resulting λ = 1310 nm  
 

00,,9944  ==  11..33  ++  00,,3366  --  00..99yy  ⇒⇒⇒⇒⇒⇒⇒⇒  y=0,8   λλ  ==11..2244//00,,9944  ==  11331100  nnmm  ((22--nndd  ooppttiiccaall  wwiinnddooww))  
 

For Eg = 0,80 eV if x=0,46 (In-indium %) resulting y=1,06 (P-phosphide %) and resulting λ = 1550 nm  
 

0,80 ==  11..33  ++  00,,4466  --  00..99yy  ⇒⇒⇒⇒⇒⇒⇒⇒  y=1,06 λλ  ==11..2244//00,,8800  ==  11555500  nnmm  ((33--rrdd  ooppttiiccaall  wwiinnddooww))  

 

2
nd
 optical window: λ =1285 – 1330 nm 

 

3
rd
 optical window: λ =1525 – 1575 nm 

GGaaxxIInn11--xxAAssyyPP11--yy  
aaccttiivvee  llaayyeerr 

LW laser device layer structure 
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x
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⋅

=
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For 1310 nm 

For 1550 nm 

Eg
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550.1
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The diagram show the functional principle of the optical amplyfier (Er
3+
 - erbium dopped fiber amplyfier)  

 

In the solenoid of the OA – optical amplyfier the erbium ions are excited by the emitted wavelength of the laser 

diode. The function of the optical izolators are the insurance (cover) of the optical power in single direction  

(protect the OA-optical amplyfier contra reflected waves) 

 

The pumping wavelength is  980 nm or  1480 nm because the Er-erbium ions has absorbtion o this value of the 

wavelength. They working only for the  III-third optical window.  (in near of the 1550 nm) 

 

The amplification is circa  10-20 dB. 

 

The bit error rate (bit error distribution probability) OA circa P (bad bit)EDFA ≤≤≤≤ 1/10
9
=10

-9
 

 

At repeaters P (bad bit)REPEATER ≅≅≅≅1/10
4
=10

-4
 

 

 

The development direction of the EDFA’s: 
 

- Fine amplification  
 
-  Applying of the ”double window” parallel coupled optical amplyfiers, in which the working bands  
  are shifted  
 

   

 

 

 

 

 

λλλλ selective 
 

(coupler) 
 

λλλλsig=1310 nm/1550 nm 

Coupler 

L=20m 

signal 

optical izolator 

InGaAs laser diode 
 

(pump signal) 

λλλλpump = 980 nm /1480 nm 

PIN  
PIN  

Circa  20 m Er – erbium dopped fiber   

  

Er
3+ -erbium or 

 Pr –prazeodimium ions 

(optical izolator) 

(for reflected wave protection) 

Coupler 

pump /signal 

combiner 

OOuuttccoouupplleedd  ssiiggnnaall  

LD 

WDM 

DEMUX 

WDM 

MUX 

EDFA 

EDFA 
1510 – 1550 nm 

1550 – 1590 nm 


