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Semiconductor Basics -1

 Semiconductor

 Materials such as silicon (Si), germanium (Ge) and gallium 

arsenide (GaAs), have electrical properties somewhere in the 

middle, between those of a “conductor” and an “insulator”
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Semiconductor Basics -2

 Doping

 The process of adding 

donor or acceptor atoms to 

semiconductor atoms (the 

order of 1 impurity atom per 

10 million (or more) atoms 

of the semiconductor)

3

硼

銻

機電系統原理與實驗⼀ME5126 林沛群

Semiconductor Basics -3

 The PN junction

 Diffusion: The charge transfer of electrons and holes across the 

PN junction

4

空乏層

“Dynamic equilibrium”



機電系統原理與實驗⼀ME5126 林沛群

Diode -1

 When an external voltage is applied

 Zero bias: Maintaining a natural potential barrier (Si 0.5-0.7V, Ge 

0.3V)

5

 Reverse bias: Increasing 

thickness of the 

depletion region, like an 

“open circuit”

 Forward bias: Reducing 

thickness of the 

depletion region, like a 

“short circuit”

The positive voltage attracts electrons towards the 
positive electrode and away from the junction
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Diode -2

 Junction diode ideal and real characteristics

6

Mechanical analogue:
Check valve 止回閥
(Non-return valve)

0.7V = VF
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Diode -3

 Signal diode parameters

 Forward voltage (VF)

 Maximum forward current (IFmax)

o The maximum forward current allowed to flow through the device

 Peak inverse voltage (VRmax)

o The maximum allowable Reverse operating voltage that can be 

applied across the diode without reverse breakdown and damage 

occurring to the device

 Total power dissipation (PDmax)

 Max operation temperature

 General purpose diode: IN400x
7
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Diode -4

 Freewheel/flyback diode

 Every time the switching device is turned “ON”, the diode changes 

from a conducting state to a blocking state (i.e. reversed biased)

 When the device rapidly turns “OFF”, the collapse of the energy 

stored in the coil causes a current to flow through the freewheel 

diode (i.e. forward biased)

8
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Diode -5

 Freewheel diode

 For component protection

9

https://learn.sparkfun.com
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Diode -6

 Rectification

 The conversion of an alternating voltage (AC) into a continuous 

voltage (DC)

 Power diode

o A high forward current capability of up to several hundred amps (KA) 

and a reverse blocking voltage of up to several thousand volts (KV)

10
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Diode -7

 Ex: A half-wave rectifier circuit  

11

𝑉 ൌ 𝑉௫𝜋 ൌ 0.318𝑉௫ൌ 0.45𝑉௦
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Diode -8

 Ex: A full wave rectifier circuit

 Requiring a center tapped transformer

o Hard to manufacture

o Using only one half of the transformer secondary voltage

o Difficult to locate the center of the secondary for the tapping 

12

𝑉 ൌ 2𝑉௫𝜋
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Diode -9

 A full bridge wave rectifier

 Does not require a center tapped transformer

 Two voltage drops: 2 x 0.7V = 1.4V

 Off-the-shelf bridge rectifier

13

Positive half-cycle Negative half-cycle

機電系統原理與實驗⼀ME5126 林沛群

Diode -10

 Zener diode 稽納二極體

 Operated in its reverse biased condition

 The voltage across the diode in the breakdown region is almost 

constant, Vz

 General purpose 

o BZX55 series, 500mW

o BZX85 series, 1.3W

14
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Diode -11

 Zener diode regulator

 RS: Connected in series with the 

diode to limit the current flow

 Vout: Always the same as the zener

voltage, Vz (note: Vs > Vz)

 Example

15

If no load 𝑅 ൌ 0
If with load 𝑅 ് 0, compute 𝑉 ൌ ோಽோೞାோಽ 𝑉

If 𝑉 ൏ 𝑉 𝐼 ൌ 𝐼ௌ ൌ ோೞାோಽ and 𝑉௨௧ ൌ 𝐼𝑅
If 𝑉  𝑉          𝑉௨௧ ൌ 𝑉, 𝐼 ൌ ோಽ , 𝐼௦ ൌ ିோೄ , 𝐼௭ ൌ 𝐼௦ െ 𝐼
If 𝑉  𝑉௭ 𝑉௨௧ ൌ 𝑉௭ and 𝐼௭ ൌ ିோೞ
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Diode -12

 Zener diode clipping circuits

 Limit or cut-off part of the waveform across them; mainly used for 

circuit protection or in waveform shaping circuits

16

Ex: If Vz1 = Vz2 = 7.5, then Vz = 7.5 + 0.7
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Diode -13

 Schottky diode 蕭特基二極體

 Junction: metal and semiconductor

 Low forward operation voltage: 0.15-0.45V

 Faster switching between conducting and blocking

17

 (Disadvantage) Low reverse 

breakdown voltage and high 

reverse leakage current (10 times)

 Ex: 1N5817

http://www.learnabout-electronics.org
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Diode -14

 Light emitting diode (LED)

 Made from exotic semiconductor compounds such as GaAs, GaP, 

GaAsP, SiC, or GaInN at different ratios to produce a distinct 

wavelength of color

18

Different color
Different VF

Typical current 

砷化鎵 砷化磷
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Diode -15

 Ex: LED examples

19

𝑅ௌ ൌ ೞିಷூಷ ൌ ହିଶ.ଵ ൌ 300𝛺𝑃ௌ ൌ 𝑅ௌ𝐼ிଶ ൌ 300 ൈ 0.01ଶ ൌ 0.03𝑊𝑃ி ൌ 2 ൈ 0.01 ൌ 0.02W
Not efficient

Amber LED  𝑉ி ൌ 2𝑉, 𝐼ி ൌ 10𝑚𝐴

𝑉௦ ൌ 5𝑉

IR LED 𝑅ௌ ൌ ೞିଷಷூಷ ൌ ହିଷൈଵ.ଶ.ଵ ൌ 140𝛺𝑃ௌ ൌ 𝑅ௌ𝐼ிଶ ൌ 140 ൈ 0.01ଶ ൌ 0.014𝑊𝑃ி ൌ 3 ൈ 1.2 ൈ 0.01 ൌ 0.036W
Better
Using 4 LEDs is even better
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Diode -16

 LED light intensity using PWM

 Change duty cycle

 P.S. Change T?

20
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Diode -17

 Multi-colored LED

 A bi-colored LED

 A tri-colored LED

21
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Diode -18

 Seven segment LED displays

 The Common Cathode Display (CCD): 

all the cathode connections of the LEDs 

are joined together and the individual 

segments are illuminated by application 

of a HIGH, logic “1” signal

 The Common Anode Display (CAD): The 

individual segments are illuminated by 

connecting the terminals to a LOW, logic 

“0” signal.

22
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Diode -19

 Opto-coupler (opto-isolator)

 A single electronic device that consists of a light emitting diode 

combined with either a photo-diode or photo-transistor to provide 

an optical signal path between an input connection and an output 

connection while maintaining electrical isolation between two 

circuits

 Ex: PC817 (Transistor)

23

High-speed CMOS/TTL-input compatible (HCT)
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Diode -20

 Diode clipping circuits

 Positive clipping

 Negative clipping

 Clipping of both half-cycles 

24

= VF
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Diode -21

 Biased diode clipping circuits

 Biased positive clipping

 Biased negative clipping

 Biased clipping of different bias levels

25
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Bipolar Junction Transistor (BJT) -1

26

Emitter Collector EmitterCollector

 Formation

 Join two PN-junctions 

together in series that share 

a common P or N terminal

 Three modes

 Active: 𝐼 ൌ 𝛽𝐼
o 𝛽: DC current gain (50~200) 

 Saturation: 𝐼 ൌ 𝐼௦௧௨௧
 Cut-off: 𝐼 ൌ 0

 A “current” operated device
Current flow direction

FYI, a good video: https://www.youtube.com/watch?v=7ukDKVHnac4
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Bipolar Junction Transistor (BJT) -2

 Configurations (NPN as the example)

 VBE: Forward biased

 P -> N

27

Most common connection

vB ↑ vCE↓ vout↓
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Bipolar Junction Transistor (BJT) -3

 PNP & NPN transistors

 Ex: 2N4123, a general purpose transistor

 Common emitter configuration

o Collector characteristics: IC vs. VCE

o Base characteristics: IB vs. VBE 

28
BE: Act just like a diode

PNP NPN
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Bipolar Junction Transistor (BJT) -4

 NPN output characteristics curve

 Common emitter configuration

 Use  IC vs. VCE for analysis 

 (1) Active (linear) region

o DC load line: Determined by two 

boundary conditions

o Quiescent point (Q-point)

29
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Bipolar Junction Transistor (BJT) -5

 NPN output characteristics curve

 Common emitter configuration

 Use  IC vs. VCE for analysis 

 (2) Cut-off region

30
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Bipolar Junction Transistor (BJT) -6

 NPN output characteristics curve

 Common emitter configuration

 Use  IC vs. VCE for analysis 

 (3) Saturated region

31
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Bipolar Junction Transistor (BJT) -7

 A NPN transistor example

 Common emitter configuration

32

𝑉 ൌ 5𝑉              𝑉 ൌ 10𝑉𝑅 ൌ 2.2𝑘𝛺,     𝑅 ൌ 100𝛺 (lamp)𝑉ா ൌ 0.6𝑉        𝑉ா ൌ 0.2𝑉
Linear or saturation?

Assume in saturation: 𝐼 ൌ ಳିಳಶோಳ ൌ ହି.ଶଶ ൌ 2𝑚𝐴𝐼 ൌ ିಶோಽ ൌ ଵି.ଶଵ ൌ 98𝑚𝐴𝐼 : 𝐼 ൌ 98: 2 ൌ 49: 1 ≫   10~20     → 𝑖𝑛 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛
in linear region  

Want saturation?        𝑅 ↓       𝐼 ↑
choose 𝑅 ൌ 470𝛺 →    𝐼 ൌ 9.4𝑚𝐴   →     𝐼 : 𝐼 ൌ 10.4: 1

𝐼  𝐼 ൌ 𝐼ா
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Bipolar Junction Transistor (BJT) -8

 A NPN transistor switching circuit

 Relay: A electrically operated switch in which changing a current in 

one electric circuit switches a current on or off in another circuit

o SPDT – Single pole, double throw（單軸雙切）

33
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Bipolar Junction Transistor (BJT) -9

 A NPN transistor switching example

34

2N3904   Saturated 𝐼 ൌ 1.0𝑚𝐴        𝐼 ൌ 10𝑚𝐴        𝑉ா ൌ 0.2𝑉        𝑉ா ൌ 0.7𝑉𝐼 ൌ 5.0𝑚𝐴        𝐼 ൌ 50𝑚𝐴        𝑉ா ൌ 0.3𝑉        𝑉ா ൌ 0.95𝑉LN31GCPH     Panasonic 5mm Green LED𝑉ி ൌ 2.0𝑉        𝐼ி ൌ 10𝑚𝐴𝑉ி ൌ 2.2𝑉        𝐼ி ൌ 20𝑚𝐴
Want 𝐼ி ൌ 10𝑚𝐴𝐼 ൌ 10𝑚𝐴 → 𝐼 ൌ 1𝑚𝐴 → 𝑅 ൌ ିಳಶூಳ ൌ ଷ.ଷି..ଵ ൌ 2.6𝑘𝛺→ 𝑐ℎ𝑜𝑜𝑠𝑒 𝑅 ൌ 2.7𝑘𝛺        𝐸12,𝐸24 … . .𝑅 ൌ ିಷିಶூ ൌ ହିଶି.ଶି.ଶ.ଵ ൌ 280𝛺→ 𝑐ℎ𝑜𝑜𝑠𝑒 𝑅 ൌ 270𝛺        𝐸12,𝐸24 … . .

𝑉 ൌ 3.3𝑉 ሺ𝑀𝑦𝑅𝐼𝑂ሻ 

𝑉 ൌ 5𝑉
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Bipolar Junction Transistor (BJT) -10

 PNP transistors

35

Using as a switching device

5V = OFF
0V = ON

𝐼 ൌ 𝐼ா െ 𝐼
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Bipolar Junction Transistor (BJT) -11

 Complementary transistors

 Class B amplifier: using “Matched Pair” (PNP + NPN) transistors in 

its output stage where the flow of current can evenly through the 

load in both directions

 EX: H-bridge motor 

control circuit

36
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Bipolar Junction Transistor (BJT) -12

 Darlington transistor

 VBE = 2 x 0.6V = 1.2V

 VCE = 0.2V + 0.6V = 0.8V

 Current gain 200~500

37

𝐼 ൌ 𝐼ଵ  𝐼ଶ ൌ 𝛽ଵ𝐼  𝛽ଶ𝐼ଶ ൌ 𝛽ଵ𝐼  𝛽ଶ𝐼ଶ ൌ 𝛽ଵ𝐼  𝛽ଶ 𝛽ଵ  1 𝐼ൌ 𝛽ଵ  𝛽ଶ  𝛽ଵ𝛽ଶ 𝐼 ൌ ~ሺ𝛽ଵ𝛽ଶሻ𝐼 𝐼ଶ ൌ 𝐼ாଵ ൌ 𝐼ଵ  𝐼 ൌ 𝛽ଵ𝐼  𝐼 ൌ ሺ𝛽ଵ  1ሻ𝐼
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Bipolar Junction Transistor (BJT) -13

 Darlington transistor IC

 Ex: ULN2003A (7 transistors)

38
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Field Effect Transistor (FET) -1

 A “voltage” operated device

 Three terminals

 No PN-junctions within the main current carrying path (D-S, 
path is called the “channel”)

 The control of current flowing in this channel is achieved by 
varying the voltage applied to the Gate

 “Unipolar” - the conduction of electrons (N-channel) or 
holes (P-channel)

39
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Field Effect Transistor (FET) -2

 FET types

40

solid lines vs. dashed lines

Normally closed

Normally open
VGS to switch the device ON
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Field Effect Transistor (FET) -3

 BJT vs. FET

41
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Field Effect Transistor (FET) -4

 MOSFET

 Having a metal oxide gate electrode which is electrically insulated 

from the main semiconductor n-channel or p-channel by a very thin 

layer of insulating material (usually silicon dioxide) – high input 

resistance

 Unlike JFET, the gate can be biased in either polarity

42



機電系統原理與實驗⼀ME5126 林沛群

Field Effect Transistor (FET) -5

 MOSFET types

 Enhancement type: 

“normally open,” requiring 

VGS to switch the device 

ON

 Depletion type: “normally 

closed,” requiring VGS to 

switch the device OFF 

(less common)

43
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Field Effect Transistor (FET) -6

 Enhanced-mode N-channel MOSFET

 In linear region, the drain-source behaves like a small value resistor 

-> small voltage drop -> small power dissipation

44
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Field Effect Transistor (FET) -7

 Enhanced-mode N-channel MOSFET as a switch

 Cut-off region

 Saturation region

45
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Field Effect Transistor (FET) -8

 Enhanced-mode N-channel power MOSFET for motor 

control

 Clamping network: For faster switching and better control of the 

peak reverse voltage and drop-out time

 D1: For suppressing over voltage switching transients and noise 

giving extra protection to the MOSFET

 RGS: Pull-down resistor

46
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Field Effect Transistor (FET) -9

 Complementary MOSFET motor control

47
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Field Effect Transistor (FET) -10

 JFET

 Ex: 2N5457 – N-channel, TO-92

48
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Transistor Packages

 Transistor outline (TO) packages

49
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BJT vs. MOSFET

 BJT vs. MOSFET

 BJT

o When only small control voltage is available

o Cheaper

 MOSFET

o When sufficient control voltage is available

o When small voltage drop across the switching element is required (Ex: 

< 0.1V)

o Simpler circuit

o More efficient

50
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終

 Questions?


