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A Voltage Source (e.g., Battery) Single Energy Levels of Atoms Become
Supplies Energy Bands (Ranges of Energy) in Crystals

Electron’s Energy

A
Isolated Si Atom Si Crystal

Battery of Voltage, V
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oo C Ly Conduction Band
« Charges gain energy going through a battery Forbidden Bandgap

« Electrons gain energy from + to — side of battery Valence Band

« Energy Gained = Amount of Charge x Voltage
* An electron going through a 1V battery gains 1 eV (electron
Volt, 1.6E-19 Joules)

Single Energy Levels Levels in
Bands of Energy
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Replacing a Silicon Atom With Phosphorus A “Junction” Is Formed Whenever Two
Makes Silicon n Type (Excess Electrons) Different Semiconductors Are Joined
n Type (Excess Electron) Si .
P substitutionally replaces Si in the Bulk Junction Bulk
lattice. P’s 5th valence electron is
free to move about crystal. Semiconductor
Semiconductor
() e® oo 2

1

[ ] [ ] [ ] [ J
t0:0:0: (or a Metal)

: e : @ : e : ® Si Valence » “Bulk” regions of the semiconductors remained
00 g 00 o0 Electron essentially unchanged
® P Valence « Inside the j ti int ti ffect:
° ° ° nside the junction many interesting effects can
° @ @ ° 9 o Electron occur : Y °

— E.g., built-in voltage and electric field and diffusion barriers
Extra Phosphorous (P) Electron
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Current Through Junction Vs. Externally Semiconductors Are Available With a
Applied Voltage (“IV Curve”) Wide Range of Bandgaps
Reverse bias Zero Forward bias 7
(p semi to - voltage) Bias (p semi to + voltage) AIN N
6 Energy
Current of
— 5 .
0V - No Current % Light
(Diffusion & Drift — 4 uv
Currents Cancel) % GaN¢*
o 3 AP
] ¢ NAS aish
& 2 ¢ P InP
Voltage © al 3
@ N Gaas * Gasb
1 si Cans v InSb IR
N ‘InAs s
T 4.0 4.5 5.0 5.5 6.0 6.5 7.0
‘Breakdown” Very Small Reverse Very Large Forward Current . .
“Leakage” Current Due to As Applied Voltage Reduces Crystal Lattice Spacing Constant (A)
Generation & Drift Diffusion Barrier
(No Diffusion)
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Only Direct Bandgap Semiconductors

Emit Light
Direct Bandgap Semi Indirect Bandgap Semi
(e.g., GaAs) (e.g., Silicon)
o—> o0—>
l,:':r'r,utted Heats Up
oton Semiconductor
L of Light
o—> [N
+ Good light emitter * Momentum change

« Very poor light emitter
« Energy lost by electron
goes into heating up

semiconductor
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Direct Bandgap Semiconductor:
Fundamental (Direct) Absorption

* No absorption below
bandgap (transparent)

Energy of

Bandgap
Abl;_zgp(:ifon + Sharp rise in photon
Coefficient, absorption starting at
Log(a) semiconductor’s
bandgap energy
i — Can be used to find
Energy of Photon bandgap energy
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Total Current Equals
Dark Current + Photocurrent

Photocurrent = Total Current
1 I

|V )
]

*Reverse current under « Light shifts the Dark
both forward and reverse Current IV curve
biases downward
« Current proportional to
amount of light absorbed

Dark Current *
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Difference Between Large and Small
Bandgap Single Junction Solar Cells

Larger Bandgap Eg Smaller Bandgap Eg
Larger Vyax (~Eg) Smaller Vyayx (~Eg)
Smaller Iy, (Less Absorption) | Larger Iy (More Absorption)
s Power = Vyax Ivax Power = Vyax lyax
(o]
L Higher W\ MA\>
Energy
A W W
P Medium VVVv W VVV
y Eneray  \M\\» M\ M\~
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T Lower NN~ VAVAV= A VAVAVE S NN~
Ener
° NN~ oln VA= | VW N\~
)
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There Are Two Recombination Process Double Heterostructures Are Good
That Produce a Photon For Photon Emission

issi 000000 +V [ Wide Bandga
(e rizrs |

: y 1 Photon ° [
_v_

Narrow Bandgap p | Wide Bandgap n |-V

Stimulated Emission o o N o O o
000000 i O §
008000 0O 0°'6%90 090 o
—— H

i o o
! . .
1 Photon W 1 y 2 Photons 1. High concentrations of 2. Wide bandgap materials will

electrons and holes in narrow not absorb lower energy
* gap material increases the photons from narrow band gap
00000 recombination rates
-X-T-X-X-1]
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Different Semiconductors Are Needed

Optical Effects Are A Major Factor in The
For Different Colors of Light

Performance of LEDs

Photon That Escapes

* LEDs and Lasers produce a essentially a Into Air

single color of light (monochromatic)

Air L
J ; Semiconductor Photons That
* The bandgap energy of the semiconductor unction EgcgoeTlnto Air
must match the energy (color) of the light P

— For lower-energy infrared light need a smaller
bandgap semiconductor like InGaAsP * Due to the high index of refraction of

~ For higher-energy blue light need a larger bandgap semiconductors relative to air only a small fraction
semiconductor like GalnN N . ; N

of the light generated in the LED junction escapes

into the air
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To Make a Laser Diode

The Best and Most Affordable
Add An Optical Cavity to an LED

Semiconductor Training

Choose Choose
Format Level
Laser Two Parallel
LED o= | Reflecting

H In Person Non-Tech Micro Opto
Diode Surfaces ( ; ] ( z ) etias D

Choose One Course

Or Integrated Curriculum

(" Live Webinar | [ Beginner Tech | Dellin o
Reliability

Lots of electrons Sets up beams of [ Narrated E ] [ Intermediate ] e

and holes that photons all moving in Ceallngion Vo) Techpical & More s
can recombine to the same direction.

make photons Photons make

within junction multiple passes Get Low Cost and High Quality Training

(gain region) through junction

Need lots of both electrons/holes and More Information, Prices, ... quickstartmicro.com
photons to have lots of stimulated emission

Or Dr. Ted Dellin, 1-505-401-8707
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