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Mi d- i nf r ar ed i nt er subband ( I SB)  l aser s,  Quant um Cascade as wel l  as 
opt i cal l y  pumped I SB l aser s,  ar e based on el ect r oni c t r ansi t i ons 
bet ween quant i zed subbands i n a semi conduct or  het er ost r uct ur e of  
mul t i pl e coupl ed quant um wel l s ( QWs) .  Popul at i on i nver si on,  whi ch 
al l ows f or  l aser  act i on,  i s  gener at ed by engi neer i ng t he el ect r on 
scat t er i ng t i mes of  a 3 l evel  l aser  scheme.  El ect r ons ar e pumped i nt o 
l evel  3,  t he hi ghest  ener gy l evel  of  i nt er est ;  t he l aser  t r ansi t i on 
occur s f r om l evel  3 t o l evel  2,  and l evel  2 i s  r api dl y depl et ed of  
el ect r ons by r esonant  l ongi t udi nal  opt i cal  ( LO)  phonon scat t er i ng i nt o 
l evel  1.  Thi s s i mpl e pi ct ur e has been ver y successf ul  as evi denced by 
t he r api d pr ogr ess made i n I SB l aser s;  never t hel ess,  t he r ecent  paper  
by H. C.  Li u et  al .  r emi nds us t hat  t he pi ct ur e shoul d be f ar  mor e 
compl ex,  speci f i cal l y  i t  needs t o i ncl ude col l ect i ve exci t at i on 
phenomena.  The l at t er  ar e c l ear l y not i ceabl e,  f or  a ski l l ed and 
met i cul ous exper i ment al i s t ,  and need t o be t aken i nt o account .  I n 
addi t i on,  t he assumpt i on t hat  phonons ar e gener at ed unr el at ed t o t he 
l asi ng pr ocess needs t o be quest i oned as wel l .   
 
H.  C.  Li u et al. pr esent  a car ef ul  st udy of  opt i cal l y  pumped I SB l aser s 
based on coupl ed asymmet r i c doubl e QWs.  The GaAs/ Al GaAs QWs ar e chosen 
i n t hi ckness so t hat  t he ener gy separ at i on of  t he t wo bot t om most  
l evel s 2 and 1 cover s t he ener gy of  t he GaAs,  and GaAs- l i ke LO phonons 
ar ound 36 meV.  Fur t her mor e,  t he QWs ar e desi gned such t hat  t he ener gy 
separ at i on bet ween l evel s 3 and 1 f al l s  wi t hi n t he emi ssi on wavel engt h 
r ange of  a hi gh- power  pul sed CO2 pump- l aser .  El ect r ons ar e suppl i ed t o 
l evel  1 t hr ough modul at i on dopi ng of  t he wi de bar r i er s separ at i ng t he 
doubl e QWs.   
 
Under  opt i cal  pumpi ng,  l aser  act i on i s obser ved i n a Raman pr ocess 
i nst ead of  t hr ough t he convent onal   i ncoher ent  pumpi ng pr ocess.  Thi s i s  
t he f i r st  sur pr i se;  i n t he s i mpl e ( i naccur at e)  pi ct ur e,  el ect r ons woul d 
r at her  l ase f r om t he poi nt  of  l ar gest  di pol e moment  of  t he 3 t o 2 l evel  
separ at i on i ndependent  of  t he pumpi ng ener gy.  The second sur pr i se i s 
t he ener gy of  t he Raman shi f t ,  whi ch i s di f f er ent  f r om t he desi gned 
ener gy separ at i on bet ween l evel s 2 and 1,  and di f f er ent  f r om t he ener gy 
of  t he LO- phonon.  Bot h val ues ar e wel l  known or  have been measur ed.  The 
ent i r e set  of  about  25 di f f er ent  sampl es wi t h a wi de r ange of  desi gned 
l evel s 2 t o 1 ener gy separ at i ons shows exact l y t hi s behavi or .  Even 
mor e,  when r ecor di ng t he Raman St okes shi f t  of  al l  t he sampl es,  Li u et  
al .  show,  t hat  t he pur e LO- phonon ener gy i s not  accessi bl e as a val ue;  
i . e.  undr essed phonons ar e not  emi t t ed.  Rat her ,  coupl ed I SB pl asmon–
phonon modes ar e t he f i nal  pr oduct  of  t he l asi ng pr ocess.   
 
Thi s i s  new and unexpect ed.  The paper  pl easant l y sur pr i ses and 
educat es.  I t  r emai ns t o be seen i f  el ect r i cal l y  pumped I SB l aser s show 
a s i mi l ar  behavi or .  I f  so,  t he pot ent i al  i mpact  may be pr of ound,  e. g.  
as bet t er  l aser s ar e desi gned as a r esul t .  Fi nal l y,  as t he f i nal  
pr oduct  of  t he l aser  pr ocess i s not  phonons,  but  coupl ed I SB pl asmon 



phonon modes,  t hi s " coul d open up a new avenue f or  r eal i z i ng a phonon 
or  even a pol ar on " l aser " …" .  
 


