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In a metal the various energy bands overlap to give a single band
of energies that is only partially full of electrons. There are states
with energies up to the vacuum level where the electron is free.
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showing covalent bonds. (b) The energy band diagram of electrons in the
Si crystal at absolute zero of temperature.
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(a) A photon with an energy greater than E, can excite an electron from the VB to the CB.
() Each line between Si-Si atoms is a valence electron in a bond. When a photon breaks a i & o d— -'+ e/ CI\QL
Si-51 bond, a free electron and a hole in the Si-5i bond is created.
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(a) Energy band diagram. (b) Density of states (number of states per unit energy per
unit volume). (c) Fermi-Dirac probability function (probability of occupancy of a
state). (d) The product of G(E) and f{E) is the energy density of electrons in the CB
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Figure 3.5
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(a) (b) (c)

Energy band diagrams for (a) intrinsic (b) n-type and (c) p-type
semiconductors. In all cases, np = n2. Note that donor and acceptor
energy levels are not shown.
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Energy band diagram of an n-type semiconductor connected to a
voltage supply of V volts. The whole energy diagram tilts because
the electron now has an electrostatic potential energy as well
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Forward biased pn junction and the injection of minority carriers (a) Carrier
concentration profiles across the device under forward bias. (b). The hole
potential energy with and without an applied bias. W is the width of the SCL
with forward bias
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Fraction of electrons
that can be injected
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Electron
distribution
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I'igure 6.5: A schematic of the charge distribution in the n- and p-sides. The minority carrier
imjection (electrons from n-side to p-side or holes from p-side to n-side) is controlled by the
applied bias as shown.
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reverse current. (b) Hole PE across the junction under reverse bias
Figure 3.17
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Fig. 14 Depletion region, energy band diagram, and carrier distribution. (a) Forward bias.
(b) Reverse bias.
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Fig. 15 Injected minority carrier distribution and electron and hole currents.!
(a) Forward bias. (b) Reverse bias.
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Energy band diagrams for a pn junction under (a) open circuit, (b) forward
bias and (c¢) reverse bias conditions. (d) Thermal generation of electron hole
pairs in the depletion region results in a small reverse current.
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Figure 3.20
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(a) The energy band diagram of a p-n* (heavily n-type doped) junction without any bias.
Built-in potential V, prevents electrons from diffusing from »+ to p side. (b) The applied
bias reduces V,, and thereby allows electrons to diffuse, be injected, into the p-side.

Recombination around the junction and within the diffusion length of the electrons in the
p-side leads to photon emission.
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Figure 3.21

— Dt ée/\cl_—;:nzf) yYc (Gcﬁ"’)

> ndehie recombineAlna
— PN denrce oxtrds Mc.c'n{ﬁ’ e p-side_,
-3 Aitein Pd‘@\hv(;mamd_ 52, Vo4 (v‘f\/)
— Mosty Fppoils g ohodens b~ poide.  Ipjection
> RecobS nahlen (iarly oceurs within e BEPLETON REGION
A At ol extendig JFMQ_G’L& th p—@

— .ZJ},U‘ eI (s = (es t 2/~ ”‘fmﬂrév%mw\ '@mﬁu" (fNJECT‘W
LumiInS 65 cwal)

— G we most Of e recombi'atfias sebe ploce i pside e
N=Sife s /’Qm;ra OLOM.

ey LJ’B‘C_Q_ m[S ArC/’[DA —> W &> NON ~ (edhatiua Ffecom .



224
2.6 LED Metetds
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Free space wavelength coverage by different LED materials from the visible spectrum to the
infrared including wavelengths used in optical communications. Hatched region and dashed
lines are indirect E, materials.
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Figure 3.25
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two junctions which are
between two different
bandgap semiconductors
(GaAs and AlGaAs)

(b) A simplified energy
band diagram wath
exaggerated features. E
must be uniform.

(c) Forward biased
simplified energy band
diagram.

(d) Forward biased LED.
Schematic dllustration of
photons escaping
reabsorption in the
AlGaAs layer and being
emitted from the device.
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Figure 3.26
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(a) Energy band diagram with possible recombination paths. (b) Energy distribution of
electrons in the CB and holes in the VB. The highest electron concentration 1s (1/2)kzT above
E. . (c) The relative light intensity as a function of photon energy based on (b). (d) Relative
intensity as a function of wavelength in the output spectrum based on (b) and (c).
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Figure 3.27
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(a) A typical output spectrum (relative intensity vs wavelength) from a red GaAsP LED.
(b) Typical output light power vs. forward current. (c¢) Typical I-V characteristics of a
red LED. The turn-on voltage is around 1.5V.
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Figure 3.28
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Sulfoce hl“kf D (SLhD) od edn wm} LED(KLED)

Light

Light
Dm.bll"i
heteroszmucure
(a) Surface emitting LED (b) Edge emitting LED
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Figure 3.29
Fiber (mulumode)
Fiber
#in] | Microlens (1,0, 5i0, glass)
L
(b)

(a)

Light is coupled from a surface emifting LED A microlens focuses diverging light from a surface
into a multimode fiber using an index matching  emitting LED into a multimode optical fiber.
epoxy. The fiber is bonded to the LED

structure.
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Figure 3.30
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e Cleaved reflecting surface
Ligkbetm Y ACHVE fegion (emission region)

Schematic illustration of the the structure of a double heterojunction stnpe
contact edge enutting LED
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Light from an edge emitting LED is coupled into a fiber typically by using a lens or a

GRIIN rod lens.
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Figure 3.32
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Figure 3.33
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Bandgap energy E; and lattice constant a for vanous III-V alloys of
GaP, GaAs, InP and InAs. A line represents a temmary alloy formed with
compounds from the end points of the hne. Solid hines are for direct

bandgap alloys whereas dashed hines for indirect bandgap alloys.
Regions between hines represent quaternary alloys. The hine from X to

InP represents gquaternary alloys Iﬂ]._;G‘II,;FH];_}-EJ made from
Ing 535Gap assAs and InP which are lathice matched to InP.
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