Lect. 21: Semiconductor

Electron energy levels in semiconductors

Electrons in each Si atom have
Covalentbond .
Siion core (+4e) discrete energy levels.
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But in Si crystal, energy bands are formed.
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Lect. 21: Semiconductor

Conduction Band

Valence Band
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Lect. 21: Semiconductor

0,
A Slope = c/n,

Slope = ¢/n;

a)cut-off ===

> [

Example for E vs k diagram: EM waves in a dielectric waveguide
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Lect. 21: Semiconductor

Where are electrons?

T>0K
T=0K
A A
no electrons in conduction band same number of electrons in
and no holes in valence band conduction band as holes in valence

band
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Lect. 21: Semiconductor

Doping with impurities

S Si
N-type | I' P-type |
[ ) i — .
\ Si = As = Si N St =18 =3
S Sl
More electrons in conduction band More holes in \{alence bar)d
than holes in valence band than electrons in conduction band
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Interaction of light with semiconductor

Absorption Spontaneous Emission Stimulated Emission
ho
QVAW S - k K N\ >
hv > Eg Momentum (k) conservation required for photon
emission
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Remember

Absorption Spontaneous Emission Stimulated Emission

A = ' g E, B ¢ 5

X J\h‘{'i ho ho
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R, =By, -N;-p Ry = A,

sp

‘N, Ry =B, N,-p

1
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p . photon density
N,, : electron density atE,,

B, By, B, : constants

Optoelectronics (10/2)



Lect. 21: Semiconductor

Absorption Spontaneous Emission Stimulated Emission

A A A

ho

R, () =B, -N,(E)-P,(E,)-p(hv)  Ryu(w)=A,;-Ny(E)-R(E)  Ry(hv)=By-N,(E,)-R(E)- p(hv)

For population inversion, >1 Electron and hole injection needed.
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Lect. 21: Semiconductor

How to inject electrons and holes into a semiconductor? PN junction

Current flow in PN junction Light emitting diode (LED)

® Electronin CB .
O Holein VB Light output

Insulator (oxide)

+ IV _ mm Metal electrode

Does any semiconductor emit light?

What determines the color of LED?
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Direct semiconductor Indirect Semiconductor
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Momentum conservation not possible
by photon emission
=> No emission (Examaple: Si)
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Lect. 21: Semiconductor

Bandgap energies for major LED materials: Ill-V compound semiconductor

14[IVA
13MIA 15IVA
Indirect— EB Ec ?N
bandgap 10.81 (| 1201 || 1401
13 14 15
Al Si P
. | B| 2698 || 2800 || 3007
: GaASl-yPy | | | 31 32 33
- x=043 Ing_xGayAsq. Py 3 Ga | Ge | As
GaN AlGa, As ) | 69.72 | 7261 || 7402
: 49 50 51
! —+Ing 46ALGag 51,P In Sn Sb
| i i i i i i i | T T T T > ) b 1148 | 1187 || 1218
04 05 06 07 08 09 10 11 12 13 14 15 16 17
Infrared —>

@) W.-Y. Choi
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Current injection into PN Junction can be used for SOA
(Semiconductor Optical Amplifier)

Current Injection

I:)in - \J — I:)out =G I:)in

v
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Gain spectrum for SOA

Energy
A Optical gain
E. —-E
CB A Fn | Fp
R =
A £ Electrons
c | in CB
eV P>y :,s/\/—? 0 | > ho
E
E - Holes in VB g
Yoo EI\: = Empty states AT >0
p
VB V AtT=0
Optical absorption

>
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Lect. 21: Semiconductor

Homework (Due Nov. 22):

Assume the optical gain coefficient in semiconductor is given as
g=a(N-N,) [1/cm], where a=10"1"7cm?, N,=10'8cm= for A = Tum.

If 0.5cm long SOA is made up of above semiconductor,
what is the required carrier density in order to achieve SOA power gain of 20dB
for A = 1um input signal?
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