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Optoelectronics

light emitting diode
laser diode

solar cell

photo detectors

communications, memory (DVD), displays, printing, bar-
code readers, solar energy, lighting, laser surgery,
measurement, guidance, spectroscopy, LiFi



Photo detectors

Intrinsic semiconductor ¢ = e(u,N + p p) (used in copiers)
Unbiased pn junction - like a solar cell
Reverse biased pn junction - smaller capacitance, higher speed, less noise

Phototransistor - light injects carriers into the base. This forward biases the
emitter base junction. High responsivity.

Ambient light detectors.

Active Pixel sensors for automated parking and gesture control (uses time-
of-flight to image in 3-D).
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https://en.wikipedia.org/wiki/Laser printing



Absorption

Photon flux
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Sharp absorption edge for
direct bandgap materials
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Confinement of light by total internal reflection
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Light emitting diodes ™= {gi
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Solid state lighting 1s efficient.



direct bandgap:
Ak=0

photons can be
emitted

(a)

(©)

ENERGY

ENERGY

(eV)

Germanium
sl E,=0.66eV
at 300K
4L
3L
2

h

W

()

[

03
1 /\\
Eg
1

0 -
—1 —/
L /

i
-4 /

"
/
\
/ \
\

L [111]T [160]){

Indium Arsenide |

Eg =0.35eV
at 300K

L [111] T [100]X

(—A——)

(b)

(d

Aluminum Arsenide

|
. Eg=215eV
1 at 300K
4L
3 I T~
gl =
.
2 o1f 275 | E
o o
g of LY
\I
2L / _
e ‘/ .\
2 r': 'l'
_J = "I ‘I.
4l "'
L [111]T [100]X
Indium Phosphide |
6
5 Eg=134eV
at 300K
4._
3r '."!\
> | N
O~ 2 (0.6 / 0.9
& > 7
ML o 1 |9
z = E
(m

L [111] T [100]X

-— f—

indirect bandgap:
Ak # 0

phonons are
emitted



TABLE1 Common lII-V materials used to produce

LEDs and their emission wavelengths.

Material Wavelength (nm)
InAsSbP/InAs 4200

InAs 3800
GalnAsP/GaSh 2000

GaSb 1800
Ga,In,_As, P, 1100-1600
Gay ,-Ing s3AS 1550

Gay 571N 73A80 630,37 1300
GaAs:Er,InP:Er 1540

Si:C 1300
GaAs:Yb,InP:Yb 1000

Al Ga,_As:Si 650-940
GaAs:Si 940
Aly;,Gay gAs:Si 830

Al ,Gag ;As:Si 650
GaAsy:Py 4 660

GaAs, Pye 620
GaAs; 5P s 590

(AL Ga,_)sIng ;P 655

GaP 690

GaP:N 550-570
Ga,In, N 340,430,590
SiC 400-460

BN 260,310,490

Light emitting diodes
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Lattice
matched
to GaAs
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Intensity [W/m?]
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IR LED

SFH4780S - Spectral vs. Temperature - 100mA
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Light emitting diodes
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Galaxy Tab

Encapsulation
technology



Electroluminescence in poly(p-phenylene)

Ll 1T
diges suppg®

In 1992, Leising et al. for the first time
reported on blue electroluminescence NN
from OLEDs containing poly(p- == = =
phenylene) (PPP).




OLEDs

Aluminum cathode
Electron transport laver
Emission layer
Hole transport layer
ITO anode

Glass

Cathode 1s typically a low work function material Al, Ca - injects electrons

Anode i1s typically a high work function material ITO - injects holes

/g Cathode

Anode
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Efficient lighting

Very efficient
Many colors possible
No toxic chemicals




Flexible, transparent, wearable displays

' i Folding display
Transparent AMOLED



AS7420 64-channel hyperspectral near infrared sensor
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Typical LED Spectral Emission at 50mA LED current
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AS7420 64-channel hyperspectral near infrared sensor

Typical Spectral Responsivity of Sensor

relative responsivity
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