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Engineering Semiconductor Properties
Leads to Useful Devices The Special Properties of Semiconductors

Semiconductors Have Electronic Special Properties

Electrons
And Holes

We Can Engineer (Control) Those Properties

During Design & By Applying Voltages
Manufacturing During Device Operation

Adding Dopant Atoms

Bands & Bandgap Makes n and p Type

Can Modify Junction
Properties With Voltage

Special Properties of
Junctions

2 Basic Building Blocks of Electronic & Optoelectronics

Junctions (Semi/Semi, Semi/Metal) MOS Capacitor
MOS Field Effect

Very Useful Devices

Rectifiers, Transistors, ICs, Photodetectors, Solar Cells, LEDs, Lasers These special properties are not found in metals
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Semiconductors Have a Conduction Band, Semiconductor “Alchemy”: Adding Trace Impurities
Valance Band and Bandgap Makes Large Changes in Electrical Properties
High-Energy Conduction Band
With Mobile Negative Electrons « Higher-energy conduction R
E=9) band with mobile negative Add a Little
~© electrons Pure Silicon Phosphorous i
- ~© Crystal Electron-rich
=3 =5 rysta n type”)
Y * Lower-energy valance yp
band with mobile positive Very Small \\
Bandgap holes and Equal
(No Electrons or Holes) Number of
Y Separated by a bandgap Efectrons & // P
° y Holes ¥ -ri
f2s %2 A28 with no electrons or holes [ Hole-rich
o o cao s/ | (“Ptype”)
o Add a Little T
O Boron
Lower-Energy Valance Band
With Mobile Positive Holes
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A “Junction” Is Formed Whenever Two
Different Semiconductors Are Joined

Bulk Junction Bulk

Semiconductor
2

(or a Metal)

Semiconductor
1

» “Bulk” regions of the semiconductors remained
essentially unchanged

 Inside the junction many interesting effects can
occur

— E.g., built-in voltage and electric field and diffusion barriers
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Special Properties of Junctions Can Be
Modified By Applying an External Voltage

Junction Property Forward Biased

: ’;:':;ig:;’:e; Height of - Lowers Barrier
9 cj Current Barrier - Large Currents
Currents (Diode)
- Increases .
- Limits ( De: Iz\::g:]h;; ion - Shrinks
Transistor Size P 9
-Increases Magnitude of - Decreases
- Breakdown Electric Field - Solar Cell
- Photo Detector
- Decreases Amount of -Increases
- No Light Recombination - Light Emission
(In Some Semis)
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The Features of the Junction
Leads to Interesting Electronic Devices

Junction Property | Impact of the Junction Property
Leads to diode behavior
Built-in Barrier -Forward bias: high currents
-Reverse bias: low currents
. . Limits the minimum size of
Depletion Region X
transistors
Generates an electric current when
Electric Field Exists light is absorbed in the junction
Across Junction Junction breakdown under large

reverse biases

Increased
Recombination
Under Forward Bias

Efficient conversion of
electricity into light
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Current Through Junction Vs. Externally
Applied Voltage (“IV Curve”)

Reverse bias Zero Forward bias
(p semi to - voltage) Bias (p semi to + voltage)
Current
Voltage

j

‘Breakdown” Very Small Reverse Very Large Forward Current
Leakage Current Due to As Applied Voltage Reduces
Generation & Drift Diffusion Barrier
(No Diffusion)
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The Shape of the Energy Vs. Position
Determines The E Field and Net Charge
Flat Tilted Curved Curved
Line Line ipw}rd Downward
Band Ec - RN
Diagram
E—— — N
Potential X
(w~-Ec)
_EField | None —— | L= | x
(E~-dy/dx) ‘ ‘ [ l\
Net Charge None None
(p~-d2yldx?)
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The Fermi Level, E;, Can Be Used To
Visualize Electron and Hole Concentrations Mobilities For Different Semiconductors
Intrinsic n Type p Type 100000 Siion -0
—_ Bulk Surface Strained Ge
g © © . [ XXX X) ) £ 10000 Surface g =
S ——
Er=E, ——————- L 1000 °
E Br-==---- 5 o\ t o ¢
"Te e ® FEEEE) = 100 $ ¢+
2
« Equal mobile » Excess of » Excess of .g 10 Amorp.hous
holes and mobile mobile holes s 1 _S' m __ Organic ® Electron
electrons electrons « Fermilevel l s |® Hole
+ Fermilevel * Fermilevel nearer to 0.1
near middle of nearer to valence band
gap conduction | Values given are representative
« Called E;
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Electron Diffusion Currents Are Applying a Voltage Changes The Junction
Exponentially Reduced As Barrier Grows Voltage Drop and The Depletion Width
nTYPE | p TYPE n TYPE pTYPE
° L4 > ~ < V=0

[ ] ® o—t—1 E,
o o / Epy === m - - s mm s mm————— - Erp
g 0 040 — L
£ 00 0® 000~ (e —
° * Vopp <0V (reverse

ﬁ ﬁ Q bias)
- IEV_RE_VE-RS_E e — voltage drop across
_~ L e junction and
E, @ L depletion width

J increases
« Large number of electrons on n side would like to diffuse to * Vo> 0V (forward
p side e sy S bias)
« However, only those electrons with energy greater than the @ " 3.9Vrormamo_ - @ — voltage drop across
barrier can diffuse across [ E—— ’:e"p'“;:g: na;'v‘i’dm
- Diffusion current exponentially decreases as barrier grows decreases
quickstartmicro.com Sample Slides 15 quickstartmicro.com Sample Slides 16
Two Distinctive Features of The Best and Most Affordable
Abrupt Heterojunction Semiconductor Training

Choose One Course
Or Integrated Curriculum

- Choose Choose
Narrow Bandgap p Type | | Wide Bandgap n Type Format Level

[ In Person ] [ Non-Tech ] Micro Opto
I [ | Electronics Electronics
¥ Dr.
([ Live Webinar ] [ Beginner Tech | Dellin
Reliability

[ Narrated E ][ Intermediate ] History

Learning on DVD Microbiology
& More

Get Low Cost and High Quality Training

Notch (“Well”) in

Conduction Band Can Ifflectron and Hole
Diffusion Barri . . . .
Trap Electrons of Differont Hoights More Information, Prices, ... quickstartmicro.com
Or Dr. Ted Dellin, 1-505-401-8707
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