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Quantum-Well Lasers

= Workhorse for the semiconductor laser industry.
= Why quantum well?

(a) Single-Quantum-Well Separate-
Confinement Heterostructure

L
_I—JL—L_E

v

(6) Muliplo-Quantum-Well Sepaate. (2) Smaller threshold current

Confinement Heterostructure

LT (description see later slides)
o (3) etc...

v

(c) Graded-Index Separate-Confinement
Heterostructure (GRINSCH) )

(1) Tunable wavelength (QW width)

Figure 10.16. Band-gap profiles for (a) single- from: S. L. Chuang —
quantum-well, (b) multiple-quantum-well, and (c) i i .
—)_l_ﬂ_l-\— graded-index separate-confinement heterostruc- P hyS|CS Of O ptoelectro nic Devices
E ture (GRINSCH) semiconductors lasers.
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Recall: Density of States

= # of states per unit energy interval per unit volume

= Area bound below is the number of electrons filled up to a

certain energy E (times 2 to include spin)
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Figure 2.4.2: Density of states per unit volume and energy for a 3-D semiconductor (blue curve), a 10 nm
quanturn well with infinite barriers (red curve) and a 10 nm By 10 nm guantum wire with infinite

barriers (green curve), m*fmg =0.8

http://ece-www.colorado.edu/~bart/book/book/chapter2/ch2 4.htm
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Absorption

= Absorption curve is proportional to DOS curve (when T=0)
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Figure 9.5. (a) Optical absorption in a direct-band-gap semiconductor. (b) The absorption
spectrum due to the interband transitions.

from: S. L. Chuang — Physics of Optoelectronic Devices

O The Chang-Hasnain Group, UC Berkeley EE C235 / NSE C203, Spring 2007 20



Gain

= Population Inversion
= Stimulated Emission

= Gain curve is proportional
to DOS curve up to F. - F,
along the E axis
(when T=0) T 4
Quasi Fermi

energies

Negative absorption = Gain

from: S. L. Chuang —
Physics of Optoelectronic Devices

()

Figure 9.6, (o) Optical transitions between conduction band and valence band. () The
Fermi-Dirac distributions £ 08 and £ O£ (0} The absorption spectrum a{fm), Note that it is

negitive lor B, < ko < F = F, where gain exisis

C:! The Chang-Hasnain Group, UC Berkeley

EE C235/ NSE C203, Spring 2007 21



Laser Lasing Requirement

= Gain = All the losses in the laser cavity

gain
3D Gain (< 3D DOS)
/_ 2D Gain (< 2D DOS)
All losses
/ \ Energy E = ho
Lots of carriers required! Very few carriers required.
(large threshold current) (smaller threshold current)

) The Chang-Hasnain Group, UC Berkeley EE C235/ NSE C203, Spring 2007 22




