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Agenda

* Introduction to power electronic science.
* Main tasks of power electronic

 Diode construction, characteristics,
specifications

 Half wave rectifier circuit

 Final tips & takeaways



Preliminary test

Q:what is the power electronic
study as engineering science?



Power electronic : is the field of engineering science
which combines between power and electronic &
chotrol system.

Power : deals with static or
rotating power equipments for
eneration, transmision or
Istribution of electric power.

Electronic : it deals with solid
state  semiconductors power
devices & circuit for power
conversion to meet the desired
control objectives.




Power electronic
functions
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_ The current will pass through the circuit when diode will be forward bias.

_ Diode will work as opened switch when it will be reverse bias.




Diode’s construction

Semiconductor Diode Constructio e
friete Cathode
Anode Cathode
®

——
Depletion vegion

— Depletion Region

- DIODE IS AN ELECTRONIC DEVICE WHICH CONTAIN TWO
PARTS CALLED ANODE & CATHODE ARE JOINED

TOGETHER.

- DEPLETION LAYER IS THE REGION WHERE THE ELECTRONS
AND HOLES ARE MEETING.



- THE CONDUCTION PRINCIPLE IS DEPENDING ON THE BIAS OF THE DEVICE WHICH
WILL MOVE THE ELECTRONS & HOLES TOGETHER TO THE DEPLETION REGION
OR MOVE AWAY FROM THAT REGION.

Depletion region

P-type —— N-type
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Forward & Reverse bias

(A) The bulb will be ON when the device
in forward state which means the current
will pass through the switch.

(B) Where the bulb will be OFF when the
device in reverse bias which means the
circuit will be open and there is no
current wil pass through it.

+>|—

I +

Current

Forward Bias

- C

o
I

S

NO Current

Reverse Bias

OFF <




V-l DIODE’S CHARACTERSTIC

Ip (MA)
Reverse Voltage
b A
0 03 o7
Breakdown reverse Saturation
Voltage current

Reverse Current
(mA)

11

Knee Voltage

Forward Voltage

Vo V)



The specifications of the diode

Thermal reliability

High peak inverse voltage

Low reverse current

Low forward voltage drop

High efficiency

compactness



Half wave rectifier

The main purpose of this circuit is to provide DC current from AC power
source.

AC Supply

Vo = 2n OI Vm. sin(wt)
% D

Vo = o (,J" V. sinwt) + of V. sinwt) ) L]
(i) (it) AC Supply —
Part (ii) in the above waveform is zero because from 1 to 21 the output l
waveform is zero. /\ /\

m
Vo = zl—n (OI Vm.sin(wt) + 0 ) Rectified Output Waveform
No Negative Half-cycle

Vo = Vm " 3 m
o = [cos(uut)]O

V
Vo = 21'1" * [-cos(1m) + cos(0)]
Vo = Vm * 2 - .V_m
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Vor

Vor

Vor

R.M.S Calculations

- Y
\/\2/—_'- [alj(sin(wtl)z_dt + 0 ] ;
TT

Vm

2\\’/"_ [1t], + —[5|n(2wt)] ]
S [(m-0) + Lisinzm) - sin(0) “
2/ 3[sm( m ]]

[ > { JI 1.dt [‘Ircos(zwt).dt} ]/2

(

sin?(wt) = 1-cos2(wt)

2

)



Vdc = Vm/ pi , Idc=1Im/ pi
Vrm.s=Vm/2 , Irm.s=Im/2
Pdc=Vdc *Idc ( DC Power )
Ptotal = Vr.m.s * Ir.m.s

Fo = Fs (frequency)



D.C, R.M.S values & efficiency

* Ptotal = Vr.m.s * Ir.m.s

*n =Pdc/ Pac ( Efficiency )

en = (ldc)?/ (Ir.m.s)? =4/ (pi)? = 0.4
*FF =Vrm.s/ Vdc ( Form factor )
* RF = Vac / Vdc ( Ripple factor )
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H.W.R with capcitive filter

||| | “
| A
AL l Diode {
— ) I...—. _____.__-_
=2 | | = Load — LA 7
_ \ = Capacitor . L
‘ t J— (Filter) DC Output
(Filtered)
Figure - 6

The capacitor effect (chargin & discharging effect) will make the output of the circuit
smother by decreasing the ripple of the output wave.



Advantages of half wave rectifier:

1. Simple construction
2. Low cost

3. Easy Mathmatical analysis

Disadvantages:

1. High ripple factor
2. Low rectification efficiency
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EX: Determine the peak output voltage and the average value of the
output voltage of the rectifier in Fig. bellow for the indicated input
voltage.

Solution:
Vp(out) = Vp(in) — VB =5-0.7=4.3V
VAVG = Vp(out) I m=4.3/3.14=137V



EX: Determine the peak output voltage for the rectifier in if
the V p.p is 30V

Solution:
Vp(in)=Vp.pin/2=30/2=15V
Vp(out)=Vp(in)-VB=15-0.7=14.3V
VAVG=Vp(out) It =14.3 / 3.14 = 4.55
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EX: The applied input a.c. power to a half-wave rectifier is 100 watts. The d.c. output
power obtained is 40 watts.

(1) What is the rectification efficiency ?

(i1) What happens to remaining 60 watts ?

Solution :

. . _ d.c.output power -
: Rectification efficiency = pe P = ﬂ = 0.4 = 40%
(i) a.c. input power 100

(ii) 40% efficiency of rectification does not mean that 60% of power is lost in the rectifier
circuit. In fact, a crystal diode consumes little power due to its small internal resistance. The
100 W a.c. power is contained as 50 watts in positive half-cycles and 50 watts in negative
half-cycles. The 50 watts in the negative half-cycles are not supplied at all. Only 50 watts in
the positive half-cycles are converted into 40 watts.

40

Power efficiency = 30 % 100 = 80%

Although 100 watts of a.c. power was supplied, the half-wave rectifier accepted only 50 watts and
converted it into 40 watts d.c. power. Therefore, it is appropriate to say that efficiency of rectification
is 40% and not 80% which is power efficiency.



EX: An a.c. supply of 230 V r.m.s 1s applied to a half-wave rectifier circuit
through a transformer of turn ratio 10 : 1. Find (1) the output d.c. voltage and
(1) the peak inverse voltage. Assume the diode to be 1deal.

Solution :
Primary to secondary turns 1s

N,

N, =10

R.M.S. primary voltage
=230V
Max. primary voltage 1s

Vom = (/2 ) X r.m.s. primary voltage

= (4[2)%230=3253V

22

ZEP;»" % R,

Max. secondary voltage 1s 325.3/10 = 32.53V
(1)

I
I:'L:'. - ?m
Vae = ImeL = L _ 3253 _ 036

I i It



(11) During the negative half-cycle of a.c. supply, the diode 1s reverse
biased and hence conducts no current. Therefore, the maximum
secondary voltage appears across the diode.

Peak inverse voltage = 32.53V

23
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EX: A half-wave rectifier is used to supply 50V d.c. to a resistive load
of 800 . The diode has a resistance of 25 €. Calculate a.c. voltage
required?
Solution :

Output d.c. voltage. ¥V, = 5

=

vV
2

',J'I

Diode resistance. re = 2
Load resistance. R; = 800%

Let ¥V be the maximum value of a.c. voltage required.

Vae = g X Ry

I v Vi
R S — R O |
n L ‘T(’}JFRI_}:’ L "+ Ry
or 50 = Irrm x 800

' (25 + 800)
T 825 % 50

Vo= = 162V

m 800

Hence a.c. voltage of maximum value 162 V 1s required.



E X:A half wave rectifier is connected to a transformer with turns

ratio 4:1

find its average DC output voltage, PIV of diode and ripple
frequency

If input voltage is 200 V rms, 50 Hz mains supply?

(Ans : VDC=22.52 V, PIV of diode =70.72 V Ripple freq. =50 Hz )



Pre-test

Q: Draw the main function of power
electronic science?



Thank
you




LECTURE NO. 2
ASS. LECTURER
SADEQ A. SHAABAN



PRELEMINARY TEST

Q: give a practical example of rectifier
circuit?
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PHASE
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WAVE
FORMS

* B:itis the angle where
the

* iductance completely
+ discharged.

* |t can be noticed that the
current

* will Continue pass
through the

« circuit up to this angle.

* Peak inverse voltage
(PIV) itis

» clearly Start from this
angle up

e to2m.




VOLTAGE
OF THE
SOURCE
AND
VOLTAGE
ON THE
RESISTAN
CE
TERMINAL

\'

— = ~
o



S ¥ 6 | B 1 Y 1 S —
AND
CURRENT
CALCULATI
ON

« DC, RMS voltages
& currents

 Can be calculated
as shown below.




- sINGrepnmnAste. ... ... m$mm" - - -"T"

H.W.R INDUCTIVE
LOAD WITH FREE
WHEELING DIODE .
esre
M :
<
Wi én
« Itis a diode connected A ?
across inductive load " Vs o -l u
terminals to prevent the nJ Vm sin et ﬁ

across the switch.

development of high voltage l ..f wl &




When the inductive circuit is switched off, this diode
gives short circuit path for the flow of inductor decay
current and hence dissipation of stored energy in the
inductor.

The main purpose of free wheeling or “flyback” diode is
to free wheel the stored energy in the inductor




FULL WAVE RECTIEIER

Single phase
full wave
rectifier

F.W.R with
center taped
transformer

j

F.W.R bridge

j




1 PH. (FW.R)
CENTER TAP

D4

Centre tap

)

RL

(R[S S—
input

>
DC output

dy |

windin
g Centre tapped
transformer

‘F\
Secondary
winding I \

()]

* |t is consist of two half wave
rectifier circuits.

« Each circuit will allow to part of
the wave to pass through it.

° ) go N
5IC % Secondary
j i V| Winding
Pri N — v
rimary = DL !
Winding SI & V4 P a0v ac
j g L v Primary Side

s3



AC Supply

54— RL Vi
C l. —
< ----- M ‘ -----
g Vout

¥ +




D.C & R.M.S VALUES CALCULATION

DC voltage can be calculated as

following
Vo = —L. [" i
7 o Vm. sin(wt) .dt
V - Vm * |- .
o — * [-cos(wt) ]|
Vo = Ym , [-cos(T) + cos(0)]
™
O, (. 5 = 2Vm
111 L
Vdc 2Vm
Idc = =




Y2
Vor = [%OI" {Vm_sin(wt)}z.dt] )

'//
Vo, o N [JI'(sin(um)z dt + ] ‘

Juo

Vem 1 » : A
Vor = —? [ ? { JI 1.dt cIrCOS(zll)t)Adt}] ’

\':“ " 1 - ‘/7
Ve = —_ ( t ] + —[sin{2wt) }
Taw LYy * 3t 2

\'1'| 1 - . y)
Vo = — |(M-0) + —[sin(2m) - sin(0)]
Jam [ 2 ]

%

R, | I = Vm
we ST g

( sin“{wt) =

1 - cos2(wt)

2

)



WAVE FORMS

Peak inverse voltage (PI1V) value will be
twice of the input value.

PIV=2Vm

FF =Vrms/ Vdc =1.11

RF =Vac/Vdc =0.48

TUF =Pdc /2 Vsls =0.5732

n = Pdc/ Pac =81.05%




1 PH.
(F.W.R)
BRIDGE
TYPE

! Circuit of Bridge Full-Wave Rectifier |

Electronics Desk

* The positive part of the wave will pass
through D0&D2, where the neqgative part will
pass through D1&D3.




WAVE FORMS 5 R

TUF = 81% ' ' ' v
1 I I 1
C.urrent t:hrougl'i RL :
1
[ /I ] 1 1
1 1
I Vi ARV
EVoltag%: aaaaa SE RL E ’
Vout
1 1 1
[ Ve e e e,
. | ‘ ‘e
""‘ | ¥ PIV is equal to the
»F.._f’?vf’”\"-?‘;?_“ ey maximum value of the input
11 e’ AL wave
sganis - il\



Bridge rectifier better than center tap
rectifier? Because it does not require

bulky tapped transformer which make its
COM PARI cheaper and its weight lighter.
SON
BETWEEN The PIV ratings of the diodes in bridge

(F wW R) rectifier is half than that of needed in a
- center tapped full wave rectifier, that is
BR' DGE & why the diodes has capable to

CENTER bearing high peak inverse voltage.

TAP

FO RM S Transformer utilization factor (TUF) more

in bridge rectifier compared to the center
tap rectifier.




COMPARE BETWEEN HW.R & F.W.R

parameters FW.R FW.R
(center tap) bridge

Rectified voltage = Vm/m =0.318 Vm %’ = 0.636 Vm ZVT"‘ = 0.636 Vm

Vdc

Form factor FF 157% 111% 111%
Rectification ratio 40.53% 81.05% 81.05%
n

Ripple factor RF 121% 48.2% 48.2%
Transformer 28.6% 57.32% 81%
utilization factor

TUF

Fundamental Fs 2Fs 2Fs
ripple freqency fr

PIV Vm 2Vm Vm



N1 i lied ; I I half- ifi
is 100 watts. The d.c. output
power obtained is 40 watts.
(i) What is the rectification efficiency ?
(if) What happens to remaining 60 watts ?

Solution:

(1) : . - _d.c.output power 40 _ a4 — ano
Rectification efficiency = = — =04 = 40%

a.c. input power 100

(if) 40% efficiency of rectification does not mean that 60% of power
is lost in the rectifier circuit. In fact, a crystal diode consumes little
power due to its small internal resistance. The 100 W a.c. power is
contained as 50 watts in positive half-cycles and 50 watts in
negative half-cycles. The 50 watts in the negative half-cycles are
not supplied at all. Only 50 watts in the positive half-cycles are

converted into 40 watts.
Power efficiency = % » 100 = 80%



Althouan 100 w3 O 3 ower wa Ipplied. the half-wave qcceptied

only 50 watts and converted it into 40 watts d.c. power. Therefore, it is
appropriate to say that efficiency of rectification is 40% and not 80% which is

power efficiency.
Q2. An a.c. supply of 230 V rm.s is applied to a half-wave rectifier circuit
through a transformer of turn ratio 10 : 1. Find (i) the output d.c. voltage and (ii)

the peak inverse voltage. Assume the diode to be ideal.
101 IDEAL

Solution : . x
Primary to secondary turns is
20V % R,
N, - 3
N, =10 ‘E

R.M.S. primary voltage
=230V
Max. primary voltage is

Vom = (/2 ) % r.m.s. primary voltage
= ([2)%230=3253V



Max. secondary voltage is

_ NE _ 1 _ ¥
V. = F”HE = 3253x - = 32531
Ir.'ilT.f-'. - ?m
(i) 7, = I?*":n:RL _ % - 3233 — 1036V ply, the diode is

reVUIOU MNIOOUU diiu 11CI11V0 UJVIIUuUUVULO 11V UUIrent Therefore,
the maximum secondary voltage appears across the diode.

Peak inverse voltage = 32.53 V



a resistive load of 800 Q. The diode has a resistance
of 25 Q. Calculate a.c. voltage required.

Solution:

Output d.c. voltage, V, = 50V
Diode resistance. e = 25Q
Load resistance, R; = 800 Q

Let ¥ be the maximum value of a.c. voltage required.

Vi = 1;.%xR; ) )
V
- I?m x Ry = :r(r;:/T &) * Ry ._ I, = r; —mRI__
or 50 = n(ESF: $00) x 800
v = nx?ﬂﬁﬁxiﬂ 16V

Hence a.c. voltage of maximum value 162 V 1s required.



Q4. In the bridge type circuit shown in Fig. bellow, the

voltage (ii) peak inverse voltage.(iii) ou-tput f.re.quency.
Assume primary to secondary turns to be 4.

4:

L

230V
50 Hz

200 0

R
ﬁ"i‘.

Solution : { . 1

Primary/secondary turns. N;/N,= 4

-

R.M.S. primary voltage = 230V
R.M.S. secondary voltage = 230 (N,/N;) = 230 x(1/4) = 575V
Maximum voltage across secondary 1s

V, = 57.5x42 =813V

FFi
2V, 2x81.3
(7) Average current. [, = ~R.  mw 200 0.26 A
L i

d.c. output voltage. VV, = I, xR, = 0.26x200 = 52V



(ii) The peak inverse voltage 1s equal to the maximum secondary voltage i.e.
PIV = 81.3V

(ii7) In full-wave rectification, there are two output pulses for each complete cycle of the input
a.c. voltage. Therefore, the output frequency 1s twice that of the a.c. supply frequency i.e.

Lo = 2%f, = 2%x50 = 100 Hz



Q5. For the circuit shown in Fig. bellow, find the output d.c. voltage.

Fo10:1
o—a \ p—
|, y
115 Vips Vie ¢
60 H § E |
’ | ‘ i L ‘:DHF% jRL:Z.EkQ
Solution : e L 1

It can be proved that output d.c. voltage is given by :

_ B 1

Here Vi) = Peak rectified full-wave voltage applied to the filter

f = Output frequency
Peak primary voltage, V:ﬁ'{m i) = ﬁ % 115 = 163V

Peak secondary voltage, V = (L) x163=16.3V
plsec) 10

Peak full-wave rectified voltage at the filter mnput 1s

V pim) — V,r? (sec) — = =163 -14=149V

For tull-wave I'ELT].E.EHTIDII f=2 jm =2x60=120Hz
1 1

Now 2f RC 2x120 % (2.2x10°) x (50 x 10~ &) = 0038




Q6. A power supply A delivers 10 V dc with a ripple of 0.5 V r.m.s.
while the power supply B delivers 25 V dc with a ripple of 1 mV
r.m.s. Which is better power supply ?

Solution :

The lower the ripple factor of a power supply, the better it is.

For power supply A
Ripple factor = Vactrms) = 93 100 = 5%
v, 10
For power supply B
V T
Ripple fctor = 025 - P 100 = 0.004%

Clearly, power supply B 1s better. -



PRE-TEST

Q: what the main feature that we got by using
a full-wave rectifier compare with half wave

rectifier circuit?
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PRILIMINARY TEST

Q: what is the main difference between the single
phase & three phase source?



It consists of three half wave rectifier circuits each phase will be passed
through specified diode.

The positive part of V1 will pass through D1 to the load , positive part of

wave 2 & wave 3 will pass through D2 D3 respectively.
: 2 PEEIVEY:- v, = V_*sin(wt - 0°)

e Vg =V, *sin(wt —
7l , 120°)

= ; D,

8 W\ ‘_2._%[_ R V. =V, *sin(wt -

¢ 240°)

Q ; V.

- )

: >

r% * Primary Secondary rjl

3 Phase Rectifier



PRINCIPLE OF WORKING

- The anode of each diode is connected to one phase of the voltage supply with the
cathodes of all three diodes connected together to the same positive point, effectively
creating a diode OR type arrangement.

 This common point becomes the positive (+) terminal for the load while the negative (-)
terminal of the load is connected to the neutral (N) of the supply.

 The three-phase rectification, whichever diode has a more positive voltage at its anode
compared to the other two diodes it will automatically start to conduct, thereby giving a
conduction pattern of: D, D, D; as shown in the figure bellow.



VOLTAGE AND CURRENT WAVE FORMS

It can be noticed that the output wave consists of three parts
each part represent one third of the total wave .




OUTPUT WAVE CALCULATION

Viine = V 3Vphase

The average value of the load voltage:

Sw/6
3 -
Vboccroaay = Ty f Uy Sinawtdat
w6
3\/3vm(phase)
VDC(Load) — >7r

The average value of the load current:

_ Vbcrroad)
lDC(Load) . R
= 3\/3vm(pha.se)

The rms value of the output voltage and current:

Sn/6

3
Vems(Load) = o f [V sinwt]* dwt = 0.84v,, 45
n/6

. Vems(Load)
Irms(Load) = — R



—  3IPHASEFUII WAVE
RECTIFIER

Each pair of the diodes will conduct one sixth of the total
wave.

CIRCUIT DIAGRAM

Yyvy

~AAA

Fig. Three phase Bridge rectifier using Diodes



PRINCIPLE OF WORKING

« Each phase connects between a pair of diodes as shown. One diode of the conducting pair
powers the positive (+) side of load, while the other diode powers the negative (-) side of load.

* Diodes D, D; D, and D, form a bridge rectifier network between phases A and B, similarly
diodes D; D; D, and Dy between phases B and C and D; D, D; and D, between
phases C and A.

* Thus diodes D, D; and D; feed the positive rail and depending on which one has a more
positive voltage at its anode terminal conducts. Likewise, diodes D, D, and Dy feed the
negative rail and whichever diode has a more negative voltage at its cathode terminal
conducts.

« Then we can see that for three-phase rectification, the diodes conduct in matching pairs giving
a conduction pattern for the load current of: D, ; D4, D, D3, D5, D54 D5 s and D, 4 as shown.



OUTPUT VOLTAGE & CURRENT

173V W\/‘W\/’W\

R - ot
S z
o
ldc
o con
D1
lde I I
o . £ e
- Se
LS £
D2
ldc I I
0 i - ot
3 &



—_— VOITAGE AND CURRENT
CALCULATIONS

n/2 2n/3
3 ” 3
VDC(Luad) — ; f \/.3-Vm5in ((l)t + '6‘) dwt = 1-1' f \/ivain O)tdwt
n/6 n/3
n 3\/3vm(phase)
Voc(road) = =

The average value of the load current:

_ Vbe(roady
IDC(Load) = T

3\'/:';vm(phase)
lDC(Load) - TR

The rms value of the output voltage and current:

Sr/6
3 m\1?
Vems(Load) = o f [\/§vmsin (wt +E)] dwt = 1.655Vphase)
n/6

IRMS(Load) =] DC(Load)



= ExampIE . POWeET 1S Suppied 10 neavity Mauctve 10ad oM & TEePHast o mm—
supply, using a threephase bridge rectifier. If the supply phase voltage is 220
V and the resistance of the load is 10 Q, determine the DC load voltage and
current. Then, sketch the output load voltage, the load current, and D4
current waveforms.

V} RMSPhases, — 220VR = 10402L » R
 oma 3V—§vm-;phase; -
VDC(Load) — - . vm(phase) o 220\/5
3\"3 (220V2)
VDC(Load) - - = 514.9V
Vociioad
, — DLl Loaz)
“f.(’.()ﬂd) R
5149V
loctroady = = 51494

10



1. A heavily inductive load of R = 5 Q 1s to be supplied with a
DC voltage of 200 V, using three-phase bridge rectifier.
Calculate:

(a) The DC load current.

(b) The RMS current of any diode.

(c) The transformer secondary phase current.

(d) The transformer secondary line voltage.

2. Repeat Q1 above if the rectifier 1s three-phase half-wave
type.



PRE-TEST

Q: what is the difference between the single
and three phase rectifier circuit?
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SECOND LEVEL
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PRELIMINARY TEST

Q: give an example of practical circuit that have the
transistors in its construction”?



LECTURE’S GOALS

» The student after the lecture will be able to
define the transistor , describe its
constructions, draw its sample and explain
It work characteristics.

» Describe the transistor’s family

> Do the mathematical calculations of the
circuits



TRANSISTORS

o A transistor is a semiconductor
device used
to amplify or switch electronic signals
and electrical power. It is composed
of semiconductor material usually with
at least three terminals for connection to
an external circuit.

o Trans-resistance referred to as mutual
resistance. It refers to the ratio between
a change of the voltage at two output
points and a related change of current
through two input points.



TRANSISTOR FAMILY

l ransisto \
]
l \ l \ l \ l MMMMMM \
l nnnnnnn l nnnnnnn l nnnnnnn l nnnnnnn




[ ) Quum um § § pumpgpsmy § §

Drain Drain
Gate Gate
—g}
Source Source

N Channel P Channel

FET

Field Effect Transistor FET



o |t is called unipolar transistor
since it is using one type of

MOSFET Body charge carrier, holes or
Drain (DY usally connected O ain (D

?_ tosouree termimal ? electrons not both as BJT.
= MY

<) o wl e |
= jl e j o The most wide used is
MOSFETs (metal oxide
N-channel P-channel semiconductor field effect

transistor)



Collector Collector

n P
B I, B 5 1 B
o—— p R o O [ -3
Base J, Base J,

n P

Fot

Emutter Emuitter
(a) (b)

Fig.1 Bipolar power transistor and its symbol: (a) n-p-n: (b) p-n-p.
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TRANSISTOR CURRENT GAIN

IE

|
—
(o)
+
—
&

f : common-emitter current gain

a : common-base current gain

a is changing in a small rate due to f changing which will be huge compare to
alpha.

It represents the forward active therefore it will be written as af & pf

a is constant and it is around one in the transistor e.qg. if § = 100, @ = 0.99



BJTs characterstics

A-(CUT- OFF & SATURATION
REGIONS)

Cut-off region: it is the region where the depletion layer is too large
because that IB is equal to zero and Ic is zero and Vce is maximum.
(FULLY OFF)

Vee Vee

|/P & base are grounded
VBe< 0.7

B-E junction in reverse biase
B-C junction in reverse biase
Ic = 0 no collecter current

V out = Vce = Vcc

Open switch

Vou

Switch
‘open’

Oy




B-SATURATION
Vee Vee REGION

it will appear when a maximum base current is applied which
will lead to maximum collector current will pass and Vce will be
minimum , depletion layer will be as small as possible. (FULLY-
ON)

Vee I/P & Base are connected Vcc
Switch B-E voltage VBE > 0.7
" “closed”
= o Vo B-E junction is forward bias

B-C junction is forward bias
Vee

Ic=max =—
RL

Ov VCE = Vout = 0 (ideal saturation)




Ic
(mA)
When Vo= 10

r
I == -
i

Ic= R, A
R0

’
(d-paint

(active region)

Saturation Region
(transistor “fully-0O~7)

BJTs characterstics

40
30 Cut-off Region
(transistar “fully-0OFFT)
20 "'{
B
1[] " . !’ . IE =
Vg (V
O 1 2 3 4 5 6 (V)
Vezss When lc =0

'||'|.l' — 1ll.|r
[ el WY N
'\-'_ o



TRANSISTOR AS SWITCH

The transistor will be used as a switch therefore the operation
point will be between cut-off and saturation points.

VB —VBE
IB =
RB
Vc =VcE =Vcc -Ic Rc

VB —-VBE
RB

Vc =Vcc - BRc

VCE = VcB + VBE

VcB = VCE- VBE............... (1)




Max. Collector current can be obtained when VCB =0
VCE = VBE

Vece —VcE Ic
Ilc = , IB
Rc

Vce —VcE sat
lc=————

, IB sat =& at saturation
Rc B

ODF (over drive factor) = %



SWITCHING TIME CHARACTERSTICS

Transistor Switching Times

Foc
£ - Because of intermnal capacitive
\l/ 23 effects, transistors do not
2 switch iIn zero time.
re4
—+ e
‘'
<’z

Time relationships between i and v ; for the simple inverter
T |

td : delay time , tr:rise time , ts: storage time, tf: fall time

Transistor response characterstic




In this the majority of p-type
materials are present

the carriers in this type of
transistors are holes

for the low values of the

currents the transistor is ON. COMPAR'SON

Otherwise for high values of -I-””

currents transistors it is OFF BE EEN NPN
& PNP

the flow of current can be seen
from the terminals of the emitter
to the collector.

the indication of arrow is always
pointing in

Sample as shown above




EX1: A transistor employs a 4 kQ load and V.. = 13V. What is the maximum input signal if B =
100 ? Given V,,..= 1V and a change of 1V in Vg causes a change of 5mA in collector current.

e Solution :

» Collector supply voltage, Vo =13V
Knee voltage, V,,,..=1V
Collector load, R; = 4 kQ

~ Max. allowed voltage across R0 =13 -1=12V
-~ Max. allowed collector current, i =12V /R, =12 V/ 4 KQ =3 mA

Maximum base current, iz =i/ =3 mA/100 = 30 pA

Now Collector current / Base voltage (signal voltage) = 5 mA/V
.. Base voltage (signal voltage) = Collector current / (5 mA/V )= 3 mA/( 5 mA/V) = 600 mV



method. (i) Determine the collector current I, and collector-
emitter voltage V.. Neglect small base-emitter voltage. Given
that B = 50. (ii) If Rg in this circuit is changed to 50 kQ, find the

new operating point.

; +2V + 9V
€ A 1D
%Rczzkﬂ
Rp.=2kO Ry= 100 kQ
Ry = 100 kQ2 ' v o
— NN —> -
Iy Iy /|7\
L
L ’ A/
I — _
Ve = V=9V =
|I L s
1" Iy
V=2V

(i) (1)



b

* In the circuit shown in Fig. 2 (i), biasing is provided by a battery Vg5 (= 2V) in the base
circuit which is separate from the battery V.. (= 9V) used in the output circuit.

 The same circuit is shown in a simplified way in Fig. 2 (ii). Here, we need show only the
supply voltages, + 2V and +9V. It may be noted that negative terminals of the power
supplies are grounded to get a complete path of current.

* (i) Referring to Fig.2 (ii) and applying Kirchhoff ’s voltage law to the circuit ABEN, we
get,
IR, +Vp, = 2V

As Vpp1s neghgible,

; -
s = % " Tooum T 0w
Collector current, I = fI, = 50x20u A = 1000 pA = 1 mA
Applying Kirchhoft's voltage law to the circuit DEN, we get,
IcRc+Vep = 9
or ImAX2kQ+ Ve =0

or Vg = 9-2=7V



T WITETT IR 1S 1ade equal 10 O0 KL, e 1t 15 easy 10 see that Dase COent s —
doubled i.e. Ig =40 pA.

Collector current, I = Bl = 50x40 = 2000 p A = 2mA
Collector-emitter voltage, V.p = Voo —I-R. = 9-2mAX2kQ =5V

New operating point 1s 5 V, 2 mA.



. EX3: (1) 4 : I istor ic o | tad at iqpal | =
1mA. If the

collector supply V.. = 12V, what is the value of Rg in the base resistor
method ? Take 8 = 100.

(ii) If another transistor of the same batch with B = 50 is used, what will
be the new value of zero signal I for the same Rg ?

» Solution :

. Given, V=12V, 3 =100
* As itis a Ge transistor, therefore, Vg = 0.3V
* (i) Zerosignall-=1mA

Zerosignal Iy = I-/p = 1 mA/100 = 0.0l mA
Using the relation. V.. = IR+ Vo

R = Yoc —Vgr _12-03

I,  00lmA
= 11.7 V/0.01 mA = 1170 kQ




(ii) Now B =50

Agam using the relation, Vo = IRy + Vi

I _ Vf _VHE_IE—[].E
B =

R, 1170 kK
= 11.7 V/1170 k€2 = 0.01 mA

Zerosignal I~ = Bl = 50x0.01 = 0.5 mA




« EX4: Fig. 8 (i) shows the base resistor silicon transistor circuit. The device
I.€. Lransistor) nas the cnaracterist AOWN 1N F1g. 8 (IT). Determine V.,
Rcand Rg.

I, =40 pA

0 0V CE
Solution : O (if)
From the d.c load line, Vg = Ve = IcRg When I = 0, Vg = Ve
Ve = 20V. y
Max. I~ = RL:: (when V= 0V)
LV 20V
_ CC = = _ = 1
Rc = Max. I, 8mA — 25k
Vee =V
Now I, = CCR aE
) i)
Rp = I T 40 pA 40 pA 1825 kQ

B



feedbacl; resistor method. Determine the operating point. Given

that g = 100.

+Vpe=20V

100 k£

(=)

1 kO

Solution :

Vee = 20V, Rg = 100 kQ, R = 1kQ

Since it is a silicon transistor, Vg = 0.7 V.
Assuming |z to be in mA and using the relation

or

or

or

FL’:T — lIl'JrI:-'E - E' IHR:T

R, = :
B
100 xI; = 20—0.7— 100 x I x 1
2001, = 19.3
19.3
Iy = 555 =0.096 mA

Collector current, I~-= P I;=100x0.096=9.6 mA
Collector-emitter voltage is
Vee = Vee—IcRc
= 20—-9.6 mA x 1 kL
= 104V
Ovperating point 1s 10.4 V, 9.6 mA.



PRE-TEST

Q: define the transistor as electronic
device and describe its work?
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