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Semiconductor Basics -1

o Semiconductor

+ Materials such as silicon (Si), germanium (Ge) and gallium
B 22

arsenide (GaAs), have electrical properties somewhere in the

r‘-v

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

o Doping

+ The process of adding

donor or acceptor atoms to ey
semiconductor atoms (the S

order of 1 impurity atom per
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* Semiconductor Basics -3

o The PN junction

+ Diffusion: The charge transfer of electrons and holes across the

PN junction
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Diode -1

o When an external voltage is applied

+ Zero bias: Maintaining a natural potential barrier (Si 0.5-0.7V, Ge
0.3V) PNJuiwm:xn

N-region P-region R i
S | + - + -
+ Reverse bias: Increasing - . 50 A
=_= | > -
thickness of the S wree——
depletion region, lik o >
epletion region, like an TRNE .
“ . ') Reverse Biasing Voltage
Open Circu |t The positive voltage attracts electrons towards the
positive electrode and away from the junction

+ Forward bias: Reducing PNiuncion

N-region ‘ P-region

thickness of the = R Io = Inm
depletion region, like a o i
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short circuit deptonan tayer —ig—
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Forward Biasing Voltage
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Diode -2

o Junction diode ideal and real characteristics

O— N|P }—O
Cathode (K) Anode (A) +1(mA) , F p
(MA) orwar
_ o Current Re_'.rerse . Fo_r\-.efd Re_verse . Fo_r\-erd
Biased = Biased Biased N Biased
e F .
Conventional Current Flow anigzrd Vs

Reverse “knee”

Breakdown

Voltage

< V *V> Ideal Diode Real Diode
Reverse Voltage — #~ T Forward Voltage O_N_o O_N_o
-50mA -
“Zener" Germanium 0.3v Germanium + - + 0'|’| v
N er -20mA Silicon 0.7v Silicon )
Breakdown Forward Biased Forvard Biased
or Avalanche Reverse
Region Bias . . ) 0.7V
Reverse °_{||
| (uA) ¥ Current Reverse Biased Reverse Biased
Check Valves Mechanical analogue:
: Check valve 1E[O]#]
(Non-return valve)
6

WERGFIRATER— MES126 MomAs




* Diode -3

|
o Signal diode parameters

+ Forward voltage (V¢)
+ Maximum forward current (l¢.,)

o The maximum forward current allowed to flow through the device
+ Peak inverse voltage (Vg;ax)

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 (Pp.x) +

+ Max operation temperature _

© 1N4001
7

o General purpose diode: IN400x

™ Diode -4

|
o 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)

Figure 1. Closed Switch, No Flyback Diode FPigure 2
Inductor

Power Supply (Banary)
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ov . .
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™ Diode -5

|
o Freewheel diode

+ For component protection

Free-wheel v
+ve Diode *ve
&
k k 5 SZ\Flyback
Inductor L =3
or Coil Z
a MOSFET a
R1
CONTROL Q1
Protection against Protection of
Inductive Loads Semiconductors -

y !

‘ Diode -6

|
o Rectification

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

Sinusoidal Waveform | Vx|

Supol Rectified Output
upply Waveform
No Negative
Half-cycle

+ 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 “




Diode -7

o Ex: A half-wave rectifier circuit

o —{> &+ v
':F?Ut % gév Diode " /\\/;U{\ VDC = % — 0'318Vmax
° . = 0.45V s

* Vi N +Vmax

Oov A /\ Ov / \ 7 \ /1 Eqwabnt
v 5 { Resultant Qutput Waveform

“Vmax
AC Input Waveform

(e
AC
Input

o

Diode Smoothing
Capacitor

>4 i :
1 =

o Qutput Waveform

CCharges ¢ pischarges with Capacitor
NN e
\/.\\/\\/ Qutput Waveform
oL\ L\ =" Without C apacitor
RV _v u Resultant Output Waveform

AC Input Waveform
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Diode -8

o 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

@ Dy
\V 'y as-n i Current flows
when D,
conducts
AC 2 Vmax
Input =

| VD c=
) Current flows
when D,
conducts

VA wawa s
NN V-

1 ]
Resultant O utput Waveform
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‘ Diode -9

|
o A full bridge wave rectifier

+ Does not require a center tapped transformer

+ Two voltage drops: 2 x 0.7V = 1.4V
+V
+ Off-the-shelf bridge rectifier @

« & T |

Load

Load

Positive half-cycle Negative half-cycle
13 \‘

Load

™8 Diode -10

|
o Zener diode fE4__ thie

+ Operated in its reverse biased condition

+ The voltage across the diode in the breakdown region is almost

constant, V,

Symbol +le
Forward

+ General purpose Current

Cathode Anode

o BZX55 series, 500mW 0 o (A) Forward

Bias
Region

o BZX85 series, 1.3W

Reverse Bias .~
Mo > “\/r

Forward Bias

Ve
03-0.7v

ner” Breakdown
Region

o  J Reverse
ConStant Current
Zener Voltage -Ik
14 I8




™ Diode -11

|
o Zener diode regulator

+ Rg: Connected in series with the

+V
diode to limit the current flow GG Ingut-voltage %
mi:u::tr?r]i‘ w‘ztlr'c’j\t B
+ V. Always the same as the zener iy
Vin (Vs) -—O——?-——-
voltage, V, (note: V> V,) Tl . I | ,.;5:4
out = \/; “i R,
| i l &
o Example oo o-—to__
Ifnoload R, =0
fVin >V, Vou =V, and [, = -2
If with load R, # 0, compute V = LVl-
Rs+R,

IfV< VZ IL =IS =Rvﬁand Vout =ILRL
S L
fV2V,  Vou=Vgly =22, lg="22 1, =]
L

Rgs

15 “

™ Diode -12
|
o Zener diode clipping circuits

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

circuit protection or in waveform

R

shaping circuits

V=

7; \ 777 ’ \ 77 N Single Zener
Sinusoidal Dz A  DiodeClipping
Waveform 0.7v
QOutput Waveform
O
R
AWA)
©
Double Zener \/ \/\/
Diode Clipping S - —_+Vz
Q. VA
Sinusoidal D j___ __\- Vs
Waveform —Z 5
Qutput Waveform
1]

Ex: IfV,,=V,,=7.5 thenV, =7.5+0.7
16 - ‘




™ Diode -13
|
o Schottky diode FE4FE i

+ Junction: metal and semiconductor A”“‘e_Dr_Ca”“’de

+ Low forward operation voltage: 0.15-0.45V
+ Faster switching between conducting and blocking

+ (Disadvantage) Low reverse +

breakdown voltage and high PN Diode -

. Schottky Diode -
reverse leakage current (10 times)

Y l 1 +V
o Ex: 1N5817 Lower reverse ! Forward junction
breakdown Greater | potential reduced
voltage reverse
leakage
‘\current
Avalanche effect -|
of PN guard ring
17 b

™ Diode -14

!
Vs
o Light emitting diode (LED) == | catnoce

+ Made from exotic semiconductor compounds such as GaAs, GaP,

: . . Yo
GaAsP, SiC, or GalnN at different ratios to produce a distinct

&
wavelength of color | 7 #,
4 VY Different color
A 4 Different V¢
Forward “l’ £ o Typical LED Characteristics
Current o E o3
: c 5 @0 .
I (mA) L = Semlcondluctor Wavelength Colour Ve@20mA
Conventional Current Flow Material
. 50
. " -
Anode . Cathode | 40

or

(A) 8 (K) 0 GahsP 605-620nm Amber 2.0v

Ty al Current GaAsP:N 585-595nm Yellow 22v
@l— > e
k 550-570nm
noltch {Short Lead) 10 LED Type &
Colour iC 430-505nm
LED and its Vv
|-V Characteristics 0 A 2 3 4 5 F GalnN 450nm White 4.0v




Diode -15

o Ex: LED examples

+V VS = 5V
o—
[
\v,'
+———o0
a f
LED . X7
4 VF
k
B l
v
o 4 ’o)

Amber LED Vp =2V, I = 10mA
Rs = "I‘—F"F =22 = 3000

Ps = Rslz? = 300 x 0.01%2 = 0.03W
Pp =2x0.01=0.02W

Not efficient

WERGRIEATER— MES126 MomAs

Vien=3x1.2V

A\
© T

IR LED

O+

_ Vs—3Vp _ 5-3x12
Ip 0.01

Ps = Rglp? = 140 x 0.012 = 0.014W
Pr=3x%x12x0.01=0.036W
Better

Using 4 LEDs is even better

Rs

= 14010

Diode -16

o LED light intensity using PWM

+ Change duty cycle
+ P.S. Change T?

Pulse Width Modulated Current

Narrow Pulse Wide Pulse
(Dim) -.' |- '——-l (Bright)
High
-4 1__ Average
Low Current
Average . _ = =
Current
l T T
O

WERGFIRATER— MES126 MomAs

Vce

Ir
R |(10-20ma)

LED

¥

= Current Source

TRz

Ir
Transistor Sink and (10-20mA)l R
Source switching
for LEDs




" Diode -17
|
o Multi-colored LED

+ A bi-colored LED

LED Terminal A

AC

Selected
+
LED 1 OMN OFF ON
LED 2 OFF ON ON
Colour Green Red Yellow
Cutput
Red Yellow | Greesn
Colour
LED 1
0 SmA 25mA | 15mA

Current

LED 2
Current

10mA | 6.5mA | 3.5mA 0

™ Diode -18
|
o Seven segment LED displays

+ The Common Cathode Display (CCD):
all the cathode connections of the LEDs %

are joined together and the individual A

segments are illuminated by application

of a HIGH, logic “1” signal
+ The Common Anode Display (CAD): The

&
individual segments are illuminated by f' . lb
connecting the terminals to a LOW, logic . l 'c
“0” signal. =l 3

Common Cathode
Display
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™ Diode -19
!

o Opto-coupler (opto-isolator) *={¥ = Y o

+ 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 High-speed CMOS/TTL-input compatible (HCT)
Ic1
. AHCT14{part) 12V Supply
+ Ex: PC817 (Transistor) of o e
5V -
Gl T T T TR T T R1 12v
A 0—+— e+ A 0—+— —0 C m.r—| |_| i 40mA
: | : I HCT input
| ! | !
| ! | !
| —_— | | Ic2
IR | —-> 1 Photo IR | > | Photo PCB17 I.= 40mA
LED | e : Diode LED | S :Transistor
i | | L
| |
! ; : : g 2N3904
K o~ —/f—O = K o~ /l oB é
Diode Transistor OV Input supply

Opto-isolator Opto-isolator
23 b

" Diode -20
|
o Diode clipping circuits

+ Positive clipping

+ Negative clipping

+ Clipping of both half-cycles

+Vp - ’\/T/\: 1 o
I l"’O.Tv"
0 D Dz Vour 0 ==
. 1 o7vt




" Diode -21
|
o Biased diode clipping circuits

+ Biased positive clipping

* Bipolar Junction Transistor (BJT) -1
|

o Formation

. . . PNP Transistor NPN Transistor
+ Join two PN-JunCtlonS Emitter Collector  Collector Emitter
together in series that share o—4 PIN|P P—o o—* N|P|N P—o
a common P or N terminal I I
Base Base

o Three modes

Collector

¢ Active: I, = Blg
o B: DC current gain (50~200)
o Saturation: I. = Isaturation °°

¢ Cut-off: 1. =0

o A “current” operated device Collector Emitter

Current flow direction
FYI, a good video: https://www.youtube.com/watch?v=7ukDKVHnac4
26 k‘




‘ Bipolar Junction Transistor (BJT) -2
|

a ConﬁguratiOnS (NPN as the example)

- -
o— —0 =
VIN Vour
o— — E out
Two-Port Common Most common connection
Model Collector
N e Common Commeon Commeon
Characteristic B Emith Collech
. . ase mitter ollector
o Vge: Forward biased
Input Impedance Low Medium High
e P->N
Output Impedance Very High High Low
NPN Transistor
Emitier Collector Phase Shift Qe 180° Q°
-
&2 Voltage Gain High Medium Low
Sonstruction  Da%©
Current Gain Loww Medium High
Power Gain Low Very High Medium

Vg T Vel voued
27 1.

‘ Bipolar Junction Transistor (BJT) -3
|

o PNP & NPN transistors

o Ex: 2N4123, a general purpose transistor

Circuit E Circuit c
Symbol Symbol
ve = YE PNP NPN

- C
+ Common emitter configuration

o Collector characteristics: I vs. V¢

o Base characteristics: Iz vs. Vg

vge (V)

(a) Base characteristics (b) Collector characteristics

BE: Act just like a diode
28 2




* Bipolar Junction Transistor (BJT) -4
|

o NPN output characteristics curve

+ Common emitter configuration

¢ Use | vs. Ve for analysis

+ (1) Active (linear) region P — :

. DC Load
Saturation fine
. . I Region !
o DC load line: Determined by two 3, / Active Region
. When Ve =0 Ig = 120uA
boundary conditions o= Ve RA 7
Re 70 / Ig = 100uA
- Quiescent point (Q-point) 60 / .
5 _ :
" " - Q-point Ie = 60UA f:;
Collector Current, I = ~CC ~ *CE o
“ Ry 30 | Ig= 40uA ®
= us]
_ _ Ve -0 o _V 20 I \I:ZOUA
When: (VCE =0) g = %’ Io = RLLC N : B
| B
When: (Ic =0) 0= Vee - Veg Voo = Veg ’ : C“dﬁeg‘m\+-IE :VO
Re 0o 2 4 5 8 10 1 e=(V)
Ve = Vo When Iz =0
o2 Ve =V
29 L

* Bipolar Junction Transistor (BJT) -5
|

o NPN output characteristics curve

Ve

. . . R,
+ Common emitter configuration v LV
. Switch
¢ Use | vs. V¢ for analysis . 1
v Ov

¢ (2) Cut-off region

Ic

(mA) Saturation Region

(transistor “fully-ON")

* The input and Base are grounded ( Qv )
* Base-Emitter voltage Vpp < 0.7v

* Base-Emitter junctionis reverse biased

Q-point
(active region)
\ Cut-off Region
\ (transistor “fully-OFF")
/

B
Ie=0

Vee (V)

* Base-Collector junction is reverse biased
 Transistor is “fully-OFF" { Cut-off region )

# No Collector current flows (1= 0)
*Vour=Vee=Vec="1"
» Transistor operates as an “open switch”

3 4 5 6
Whenlz=10

Vee = Ve
Vit Vil

30 L




‘ Bipolar Junction Transistor (BJT) -6
|

o NPN output characteristics curve

Vee

. . . R
+ Common emitter configuration LV
. Switch
¢ Use | vs. V¢ for analysis “dosed
Ov

+ (3) Saturated region

Ic
(mA)

Saturation Region
(transistor “fully-ON")

e Theinput and Base are connected to Ve [c= R
¢ Base-Emitter voltage Vgg > 0.7v
¢ Base-Emitter junction is forward biased

¢ Base-Collector junction is forward biased

Q-point
(active region)
\ Cut-off Region
\ (transistor “fully-OFF~)

s Transistor is “fully-ON" ( saturation region )
o Max Collector current flows ( I = Veo/R| )
* Vg = 0 (ideal saturation)

*Vour =Vce="0"

s Transistor operates as a “closed switch”

B
Is=0
Z Ve (V)
3 4 5 6 =
Whenlz=0
31 b

‘ Bipolar Junction Transistor (BJT) -7
|

o A NPN transistor example

+ Common emitter configuration

Vg =5V Vee = 10V
Rg = 2.2k, R, = 1000 (lamp)
VBE = 0.6V VCE = 0.2V

Linear or saturation?

_ Vp~Vpg _ 5-06
Rp 2200

Assume in saturation: I = 2mA

I = Vec—VcE - 10-0.2 — 98mA
¢ Ry 100

Ic:lp =98:2=49:1 » 10~20 - insaturation
in linear region
Want saturation? Rgl Iz?
choose Ry = 47002 - Iz =94mA - 1z =104:1

32 o




* Bipolar Junction Transistor (BJT) -8
|

o A NPN transistor switching circuit

|
Flywheel
Diode I [E
I_ —

C J
ONIOFF R, 1.
+ > : 1“5 Different Collector
f 4 ﬁ) Loads

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

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

» SPDT - Single pole, double throw ( EEBHEEL]] )

* Bipolar Junction Transistor (BJT) -9
|

o A NPN transistor switching example
- Vec Voo =5V

2N3904 Saturated
IB = 1.0mA IC = 10mA VCE = 0.2V VBE = 0.7V
Iy =50mA I =50mA Ve =03V  Vgp = 0.95V

\‘ LN31GCPH Panasonic 5mm Green LED
Ve = 2.0V I, = 10mA
NPN Vp = 2.2V Ir = 20mA

Want I = 10mA

I, =10mA —Iz=1mA - Ry =2n"YBE_3307_ 5 ¢cpn
Ig 0.001
— choose Rg = 2.7k} E12,E24 .....
R. = VecVr=Ver _ 52220202 _ 5000

¢ Ic 0.01
— choose R, = 27012 E12,E24 ..... 24




* Bipolar Junction Transistor (BJT) -10

o PNP transistors

Vin (negatve input) .,
vout

Rz|

Using as a switching device

_ +5v

R-
10kQ

Invertor
(NOT gate)

Output = Ov
Re

35 k‘

* Bipolar Junction Transistor (BJT) -11

o Complementary transistors

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

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

NP “ V‘:E

load in both directions
+ EX: H-bridge motor

control circuit

+Vce

NPN

Vin

BC547 BC557 45v 100mA &00mW
BC447 BC4485 80v 300mA &25mW
2N3904 2N3906 40v 200mA &25mW
2N2222 2N2907 30v 800mA 800mwW
BC140 BC140 40v 1.0A 800mwW
TIP29 TIP30 100w 1.0A 3w
BD137 BD138 60v 1.5A 1.25W
TIP3055 TIP2955 60v 15A F0W

36 \‘




* Bipolar Junction Transistor (BJT) -12
|

o Darlington transistor

Collector Emitter
C

o Vge =2x06V =12V
e Ve = 0.2V +0.6V = 0.8V

Base

+ Current gain 200~500

Emitter Collector

Ic = I¢q + ey = P1lg + Bolpy = Bilp + 3215;2: Pilp + B2(B1 + Dlp
Igg =1Igy = Iy + g = Pilp + 1 = (B1 + Vg

= (B1 + B2 + B1B2)Ig = ~(B1B2)Ip

37 i‘

* Bipolar Junction Transistor (BJT) -13
|

o Darlington transistor IC

o Ex: ULN2003A (7 transistors)

/1B 1|J—|>OI:16] 1c

28 | 15| 2C
Al
3B | 14 3C
Seven TTL or CMOS ] J Seven NPN Darliqgton

Compatible Base 4B L 13] 4C High Current Sink

Inputs QOutputs
5B 412 | 5C

68 | H11] 6C
78 30_]70
- 1 /

GND | 8 — 9 | Vcc One ULN2003A
- Channel

2.7kQ
Input @——
B
4

ol




™  Field Effect Transistor (FET) -1
!

o A “voltage” operated device

2 Three terminals
Bipolar Transistor (BJT) Field Effect Transistor (FET)

Emitter - (E) => Source - (S)

Base - (B) == Gate-(G)

Collector-(C) == Drain- (D)

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

o The control of current flowing in this channel is achieved by

varying the voltage applied to the Gate

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

holes (P-channel) ‘
39 a

™8  Field Effect Transistor (FET) -2

1
o FET types The Field-Effect
Transistor (FET)
N )
. ]
. Metal Oxide
et el ) [ Semiconductor FET J Normally open
Normally closed [ i | Vs to switch the device ON
Depletion-mode Depletion-mode Enhancement-mode

IN-channeIl [P-channell |N-channell IP-channeI] |N-channell |P-channell

D D D D D D c
€ -8 .@.4.6.4 ©
s s s s s s -

solid lines vs. dashed lines

Junction FET Metal Oxide Semiconductor FET
—

Depletion Mode Depletion Mode Enhancement Mode
Bias ON OFF ON OFF ON OFF
MN-channel o -ve ov -ve +ve ov

P-channel ov +ve oV +ve -ve ov
40 8




* Field Effect Transistor (FET) -3
|

a BJ T VS . F ET . Bipolar Junction Transistor (BJT)
1

Low voltage gain High voltage gain
2 High current gain Lowv current gain
3 Very high input impedance Low input impedance
4 High output impedance Low output impedance
5 Low noise generation Medium noise generation
& Fast switching time Medium switching time
7 Easily damaged by static Robust
a8 Some require an input to turn it *OFF” Requires zero input to turn it "OFF”
g Woltage controlled device Current controlled device
10 Exhibits the properties of a Resistor
11 More expensive than bipolar Cheap
12 Difficult to bias Easy to bias

41

* Field Effect Transistor (FET) -4
|

o 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

Source (S) = Gate (G) Drain (D)

[ Wetal Electrode
Metal Oxide Insulator
Netype Channel

P-type Substrate

Depletion

- Layer
Substrate Y

42 =




™8  Field Effect Transistor (FET) -5

1
o MOSFET types
+ Enhancement type:
“normally open,” requiring
Vs to switch the device
ON

+ Depletion type: “normally
closed,” requiring Vg to
switch the device OFF

(less common)

Substrate Substrate
Gate | Gate
\
Depletion Type

D D
? Enhancement MOSFET ?
N I channel construction P I
G o_{ P Jrosub G o—' N |—ooslm
K ;3
Si02 é . Si02 é o
S S

N-channel MOSFET P-channel MOSFET

Drain Drain

Substrate Substrate
Gate | Gate
I

Enhancement Type
(normally-off)

Source Source

Drain Drain

Source S ——— Source
43 ‘
‘ Field Effect Transistor (FET) -6
1
o Enhanced-mode N-channel MOSFET
Drain Inima)
| Ohmic P Saturation Region
N o Vas +ve
Substrate
Gate : Vas = +5.0V
' Vas = +4.0V
Source
ch =+3.0V
Vas = +2.0V
V@ =+1.0V
Vas = 0V Y C‘ut-off Vas=0
0 2 B 6 8 ‘IO/ /12 - /V/DS (+ve)

+ Inlinear region, the drain-source behaves like a small value resistor

-> small voltage drop -> small power dissipation
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‘ Field Effect Transistor (FET) -7
|

o Enhanced-mode N-channel MOSFET as a switch

+ Cut-off region

Voo Voo # The input and Gate are grounded ( OV ) +Vpp
+ Gate-source voltage less than threshold voltage
Vs < Vy

» MOSFET is “OFF” { Cut-off region )

* No Drain current flows ( Ip = 0 Amps)

Lamp

oam Vout
*Vour=Vps=Vpp="1

* MOSFET operates as an “open switch” L Re
IN

Voo # The input and Gate are connected to Vpp
% s * Gate-source voltage is much greater than

threshold voltage Vigs > V1
Var & MOSFET is "ON" (saturation region)

DS{ON
Switch
{,°closed” Vg =0V (ideal saturation)

# Max Drain current flows ( I =Vpp /R )

Ov

* Min channel resistance Rpgjon) < 0.10Q

L] VOUT = VDS = 0.2V dueto RDS[Dn)

* MOSFET operates as a low resistance “closed
switch”
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‘ Field Effect Transistor (FET) -8
I

o 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

+ D,: For suppressing over voltage switching transients and noise

giving extra protection to the MOSFET

+ Rgg: Pull-down resistor

N O—
L
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* Field Effect Transistor (FET) -9

o Complementary MOSFET motor control

+Voo

Forward FET, S1| P-channel

Direction ['\ MOSFET
Gs I»
v k::
D.

Vepm

&

D2 ﬁ' Motor
o ov

|H g

Gz
Reverse “— N-channel
Directon  FETz g, | MOSFET
'VDC

MOSFET 1 MOSFET 2 Motor Function

OFF OFF Motor Stopped (OFF)
ON OFF Motor Rotates Forward
OFF ON Motor Rotates Reverse
ON OM NOT ALLOWED
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* Field Effect Transistor (FET) -10
!
o JFET
Ip(mA)
D D Ohmic Saturation Region Breakdown
- = 20 > - e
Ipss * Kon =81 l
N JFET Channel
GoHr|l P Construction 15 A Vgs=-1v
- |
/] | Vas=-2v
é 0 10 T
S Drain 78 Ve
vV, |
s 5 4 | Vas =-4v
// Pinch-off Region
Vs
oS 0 1
Ve » V=(V)

Source

N-channel JFET

Source

P-channel JFET

o Ex: 2N5457 — N-channel, TO-92

Drain

Source

0=+—<-+0,




Transistor Packages

|
o Transistor outline (TO) packages

T0-126 - Transistor Outline Package, Case Style 126

!)( TO-3 - Transistor Outline Package, Case Style 3
23N\

%{\ T0-5 - Transistor Outline Package, Case Style 5

T0-8 - Transistor Outline Package, Case Style 8

T0-202 - Transistor Outline Package, Case Style 202

T0-218 - Transistor Outline Package, Case Style 218

—
(=]

& - Transistor Outline Package, Case Style 18 T0-220 - Transistor Outline Package, Case Style 220

T0-36 - Transistor Qutline Package, Case Style 36

k T0-35 - Transistor Qutline Package, Case Style 39

T0-226 - Transistor Outline Package, Case Style 226

T0-254 - Transistor Outline Package, Case Style 254

T0-46 - Transistor Qutline Package, Case Style 46

K T0-52 - Transistor Qutline Package, Case Style 52
=

Q T0-66 - Transistor Qutline Package, Case Style 66

T0-72 - Transistor Qutline Package, Case Style 72

- Transistor Outline Package, Case Style 257

T0-258 - Transistor Outline Package, Case Style 258

T0-259 - Transistor Outline Package, Case Style 259

T0O-264 - Transistor Outline Package, Case Style 264

PIRDAS/POS?

Q T0-92

- Transistor Outline Package, Case Style 92 T0O-267 - Transistor Outline Package, Case Style 267
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™8  BJTvs. MOSFET
|

o BJT vs. MOSFET
+ BJT

o When only small control voltage is available
o Cheaper
o MOSFET

o When sufficient control voltage is available

- When small voltage drop across the switching element is required (Ex:
<0.1V)

o Simpler circuit

- More efficient
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o Questions?
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