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The seven-segment display

LED Displays
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Light-based devices US
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Artificially generating light
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LED emission spectra US
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Direct vs indirect semiconductors USC
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InP JSi
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2 Energy band diagrams and major carrier transition processes in indium phosphide (direct bandgap)
and silicon (indirect bandgap) crystals. Silicon, Germanium and some |l|/V compounds like GaP and AlAs
are indirect bandgap semiconductors. InP, GaAs, GaN and other ternary (AlGaAs, InGaAs) and quaternary
(InGaAsP, InAlAsP) compounds are direct bandgap semiconductors commonly used for photonic devices
fabrication.



LEDs are made out of non-silicon semiconductors

Color

'Wavelength [nm]

Semiconductor material

Infrared

A>T60

1610 < A < 760

590 <A <610

Gallium arsemde (GaAs)
Aluminium gallium arsenide (AlGaAs)

Aluminium gallium arsenide (AIGaAs)

Gallium arsemde phosphide (GaAsP)
Aluminium gallium indium phosphide (AlGainP)

Galllum(lll) phosphnde (GaP)

Gallium arsenide phosphide (GaAsP)
Aluminium gallium indium phosphide (AlGainP)
Gallium{lll) phosphide (GaP)

Yellow

670 < A < 590

Gallium arsenide phosphide (GaAsP)
Alunminium gallium indium phosphide (AlGainP)
Gallium{lil) phosphide (GaP)

Green

Blue

Violet

{500 < A < 570

{450 < A < 500

|400 < A <450

Traditional green:

Gallium{lll) phosphide (GaP)

Aluminium gallium indium phosphide (AlGainP)
Aluminium gallium phosphide (AIGaP)

Pure green:

Indium gallium nitride (InGaN) / Gallium({ll) nitride (GaN)

Zinc selenide (ZnSe)

Indium gallium nitnde (InGaN)

Silicon cartvde (SiC) as substrate

Silicon (Si) as substrate—under development

Indium galhium nitride (InGaN)

Purple

multiple types

Ultraviolet|A < 400

| Diamond (235 nm)

Dual bluefred LEDs,
blue with red phosphor,
or white with purple plashc

Boron nitride (215 nm)
Aluminium nitride (AIN) (210 nm)
Aluminium gallium nitride (AlGaN)

Aluminium gallium indium nitride (AlGalnN)—down to 210 nm

Blue with one or two phosphor layers:

Pink | multiple types yellow wath red, orange or pink phosphor added afterwards,
[~ or white wath pink pigment or dye.
White | Broad spectrum | Blue/UV diode with yellow phosphor

0000000

White

Voltage Drop
( Farwerd Voltage )

395.550 nm 3.5V

<400 nm 51-44V
400-450 nm 28-40V
450-500am |( 2.5-37V
500-570nm | 19-40V
570 - 590 nm 21-22V
590 -610 nm 20-24V
610 - 760 nm L6-20V

>760 nm <19V
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LED driver circuit USC
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LED is a diode
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LED packages usC
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Visible-Light LEDs

Infrared LEDs
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Miniature - 1
H““'H,. |

'Y

green

Cathode

11



USC

University of
Southern California

IV characteristics for LEDs
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Blue LED won the 2014 Nobel in Physics USC
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The Royal Swedish Academy of Sciences has dectded to award the

Isamu Akasaki, Hiroshi Amano
and Shuji Nakamura

“for the invention of efficient blue light-emitting diodes which has enabled bright and energy-saving white light sources”

~Nobelprize.org
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Steps to get the Blue LED USC
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Missing layer
p-type
GaN

Blue LED
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n-type
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InGaN LEDs USC
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p-type GaN activated by thermal p-type GaN activated by
annealing by Nakamura et al., 1992 Electron Beam Irradiation
Hydrogen passivation was clarified by Akasaki & Amano, 1989

as an origin of hole compensation

InGaN Emitting
(Active) Layer =

by Nakamura & Mukai, 1992 S n-lype GaN

&= Sapphire substrate

GaN Buffer by Nakamura, 1991 AIN Buffer by Akasaki & Amano, 1985
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LED colors - single color from on LED USC
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Changing emission colors — can you change color? USC
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How to get white light USC
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One LED can only produce one color
(red, orange, yellow, green, blue, or violet)

To achieve white light, need to combine colors:

Blue + Yellow Blue + Green + Red
(Easiest) (Highest Quality)

19



The LED in our demo board US
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How does a photodiode work USC
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How does a photodiode work
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How does a photodiode work US
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IV of photodiode USC
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The PD in our demo board

https.//www.vishay.co
m/docs/83493/vemd?2
023sIx01.pdf

A
VISHAY.

VEMD2023SLX01

v www_vishay.com

Vishay Semiconductors

Silicon PIN Photodiode

DESCRIPTION

VEMD20235L%01 = a high speed and high sensitive PIM
photodiode In & minlgture side looking. surface mownt
package (ShMO) with dome lens and daylight Dlockng filter.
Filter Iz matched with IR emitters operating at wavelength of
830 nm to 950 nm. The photo senaltive area of the chip ts
0.23% mm.

FEATURES

* Packege type: surface mount

* Package form: alde view

* Dimenalons (L W H in mim): 2.3 x 2.55 x 2.3
= AEC-0101 quakfied

s High rediant senaltivity

» Daylight blocking fiiter matchad with 830 nm
to 950 nm IR emitters

* Fast response times FREE
= Angle of half senaltivity: @ = + 35*

= Packege matched with IR emitter seres
WEMB2BAZELNM

= Floor Mie: 4 weeks, M5L 2a, acc. J-5TD-020
= Lead (Phj-free reflow soldering
» Materlal categonzation: For definitions of complance

Zel@i

£

APPLICATIONS

* High speed photo detector
» |nfrered rermate control

* Infrared data transmission
= Pnaoto Interrupters

* |A touch panels

PRODUCT SUMMARY
COMPONENT Iy (1) 3 (deg) dng [mmj
WEMD202ESLM01 10 + 15 750 ba 1060
Maote
*  Tes=t conditions es table “Basic Characteristics”
ORDERING INFORMATION
ORDERING CODE PACKAGING REMARKS PACKAGE FORM
WEMD202E5LX01 Tape and resl MO0 3000 pes, 000 pos/resal Sicle view

Mabe
= MO minimum order quantity

ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwiza specified)

PARAMETER TEST CONDITION SYMBOL WALUE UNIT
Reverse voltage Wi 80 v
Pawer dissipation Tams =25 °C Py 215 et
Junclion bemperatune T 100 L
Operating bamparatune rangs Tambs - 4010 « 100 “C
Storage {emperature range Tag -40 1o+ 100 L
Saldering temperature Acc. reflow salder profile fig. 7 Tt 280 “C
Tharmal resistance junction/ambient Acc. J-ETD-061 Ry, 280 W
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PD characteristics | o US
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LED-PD combo USC
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(a) Closed pair (b) Slotted coupler (c) Reflective pair
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