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3.9 Analysis of Class B Amplifiers

As staled zarlier, for class B operation, the quiescent operating point is located on the
X-axis itself. Due to this collector current flows only for a hai? eycle for a Full cyclo of the

input signal. FHence the oulput signal is distorted. To get o ful
of mansistors is wsed in closs-B operation. The two bansist
cyiles of the input signdl and a full cycle across the load s ¢
are identical in characteristics and called matched transistors.

Depending upon the types of the two transisiors whetl
circuit configitrations of class B amplifier are possible.. These a
1, When both the transistors are of same lype ie. eitl
cireuit §s called push-puii class B AF. power amplifier

2 When the lwo transistors form a complementary py
peit-p then the circuit is called complementary syy

cvcle across the load, a pair
rs conduct in allernate half
ivtained. The two transistors

Wi pet-py or n-pen, the bwao
@,

er n-p-n or pn-p then the
circoit. .

iv e one rep-n and other
pmetry class B AF. power
lass B amplifiers in detail.

amplifier cirouit, Let us analyse these two ciecuits of g

- ]
3.10 Push Pull Class B Amplifier
The push pull circuif requires two twansformers, one as input transformer-called driver
transformer and the other to connect the load colled output transformer, The input signal
is applied to the primary of the driver transformer. Both Llhe transformers are cendre
tapped transformers. The push pull class B amplifier clreuit is shown in the Fig, 3.21

i
l

In the circuit, both ) and
Q:  framsistors are of npen
type. The circuit can use both
Qi and Q; of pnp tvpe. In
such a case, the only change is -
that the supply voltage must
bq -V, the basic cirenil

ains  the same. Generally

e

|

'b\ circuit  using  nepn
D St transistors is used. Both the
traeesformge iransloammer tr;}naistt:nrs are  in common
Push-gult clroui emitter configuration.
H .
Fig. 3.21 Push pull class B amplifier | The ~driver iransformer
drives the circuit. The jnput

signal is applled to the primary of the driver wansformer, The
of the driver tonsformer is grounded. The centre tap o
transformer is connected to the supply voltage +V.

centre tap on the secondary

|
the primary of the output

nl
|
With respect to the centre tap, for a positive half cycle| of tnput signal, the point A
shown on the secondary of the driver transformer will be pqsrhve While the point B will
be negative. Thus the voltages in the bwo halves of the secondary of the driver transformer
|
will be equal but with oppasite polarity. Hence the input mgnals applied to the base of the
ansistors () and Oy will be 180° out of phase.

. The transistor Q cund.u.ets for the

E;L lpﬁﬁsiﬁ‘;{e half  cycle of the input

produting positive half cycle across the

Ioad. Whﬂe the transistor Q: conducts
fopet) @@ for the negative half cycle of the input
producing negative half cycle across

ool - the load. Thus across the load, we get

L2 a full cycle for a full input cycle. The

basic push pull operation is shown in
the Fig. 3,22

Fig. 3,22 Basic push puil operation

‘..ﬂ__)—.,,‘__. [




When point A is positive, the transistor Q; gets driven into an active region while the
transistor © i3 in cut off region. While when point A is negative, the point B is positive,
hence the transistor Qg .gets driven into an active regiory while the transistor Q) is in cut
off region. ’

The waveforms of the input current, base currenis] collector currents and the load
current are shown in the Fig. 3.23.

:
+ 9 3
121 :
:
;
:

ane fi1

. H H

ha T f\

Lk * +

b 3 B

13 T L

- it

\_/ \./ |
. 1
’ , i

Fig. 3.23 Waveforms for push pull class B ampliﬁe!r

Key Point: For the output transformer, te number of the tupns of encli half of the primary
is Ny while Hie manber of the turns on the secondary is Na. Hence the total member of
privary huras is 2Ny, So turns ratie of the output sransformey, is specified a5 2M;. So furns

ratio of the output transformer is specified as 2Ny : Na. {
3.10.1 D.C.Operation ' ;
The d.c. biasing point i.e. Q point is adjusted on the Xeaxis such that Vopg = Vi and
lppg is zero, Hence the co-ordinates of the Q point are {Vge, U} There is no d.c. base bias
voltage.

3.10.2 D.C.Power Input - _ l

Each transistor outpuf is in the form of half rectified wayeform. Hence if In is the
peak value of the output current of each fransistor, the d.c. or average value is -!-;-:‘3-, due to
half rectified waveform. The two cumrents, drawn by the bvo transistors, form the d<.

supply are in the same direction. Hence the total d.c. ot averége current drawn from the
supply is the algebraic sum of the individual average current idrawn by each transistor
: !

e -

The total d.c. power input is given by, lf

\ Ppc = Mc*loe L
2, -
P = 2%c I | e




3,10.3 A.C.Operation ;

When the a.c. signal is applied to the driver lransﬁbrmer, for positive half cycle (4
conducts. The path of the current drawn by the Qy is sharm in the Fig. 3.24.

For the negative half cycle Q: ronducts. The path of the current drawn by the Q: fs
shown in the Fig. 3.24 {b}. .
-— iz

+Vc$

{a) 0y conduction it} &y conduction
Fig. 3.24 ‘

I can be seen that -when @ conducts, lower half of the primary of the output
transformer does not carry any current. Hence only M numbtr of turns carry the current.
While when Q conducts, upper half of the primary does nk}t carry any current, Hence
again only Ny number of tums carry the current. Hence the reflected load on the primary

can be written as,

. R '
. Ry = = - . (3}
_ Nz
where n = N ‘/

o
It is important to note that the step down turns rafio is ZM N; but while calculating
the reflected Juad, the ratio n becomes Nz /Ny, Bo each tranmtor shares eﬁ;ua! load which
is the reflected load RL given by the equation (33
The slope of the ac load Bne is ~1/R} while the dc load line is the vertical line
passing through the operating point Q on the x-axds. The 1|aad lines are shown in the
Fig. 3.25.

I ; i
g
] AL, load line D.C. lnad fine
* slope <AL / '
T
JANE N Jowg0)
o o w0 VOE
{ Vioyg 0
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~

Fig. 3,55 Load lines for push pull class BJ amplifier

The slope of the ac Joad line {magnitude of slope) can he represented in terms of Vy
and [, as,

:—g;;: Vau !
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3.104 AC. Pawer Quiput
As by and Vg are the peak values of

= Peak value of the collector current

the output currént and the output voitagc.

respectively, then .
L
Vi = —2
[¢ct Ji’ i
and Tye, = 1o :
TIbS .j‘i
Hence the a.c. power output is expressed as, [
. R o
Po ® Ve L = -I?im Ry = ﬂ;ﬁs_ : wrx {5’]
Ry i
While using peak values it can be expressed as, !
m Vidm &R o Vi :
R e @
3.10.5 Eﬂ‘mmncy .|
The efficiency of the class B amplifier can be calculated usmg the basic equation.
{\!rl'l 'm)
*
Ty -If’izc 198 = L2 e
I'j[)(: g:v . I
Ttl Tl
o " Vﬂ‘ ; ’
o S o HH ;
Fly = W :':, o [ A (?)

2.10.8 Maximum Efficiency

ies
L

Fig. 3.26

From the “equatian {71, it is clear that
as the peak vnhm of the collector voltage
Vi INCTEnses, the efficiency increases. The
mraximu va}w;: of V,, possible 5 equal
toy Vpp a8 Qhuwn in the Fig. 3.25.

- !on,m,,%- ;xl{.z&xme 78.5 %
Thus ti;u, " maximuom possible

theoretical ufﬁc:smcv in case of push pull
class B amphf‘ er is 78.5% which is much
higher than ' the transformer ccupled
| class A amphﬁm.

1

'




3.10.7 Power Dissipation l

The power dissipation by both the tronsistors is the diffuenm belween ac. power
ouiput atd .o power input. :
i

2 Vi |
s l:’ig = ij Py = ‘:‘E v('.‘(' ’m mz =
2 Va V3
= —\i‘vi{?‘-"m"f i o (8
i R‘L ?'RL. i

Let ws find out the condition for maximum power disfipation. Tn case of class A
amplifier, it is maximum avhen no input signal is there. Butn class B operation, when the
input signal is zero, V,, = § hence the power dissipation is zerg and not the maximum.

. . soege " - ‘e

Maxinunn power dissipation : The condition for maximum power dissipation con be
obtained by differentiating the equation (8) with respect o ¥, and equating it to zero.

AP 2 M AV

TdV, T ORTR, IR,
L2 Me | M

T R RL

Vo = = Ve I e ©)

This is the condition for maximum pewer dissipation. Hence the maxinaun power

dissipation is,

2 2. 4 VL
P VU 5 S
@ })wu - Neg x R, 1w ZRL )f
¥3 i !
_oA N 2 M !
T~ @ R CE R J‘
. |
. |
2 VI L
LR PO T < |
(P Jina Z R | (10}

Key Point; For maxinums gfﬁcmxc:;, Ve = Yoo frenced Hm frriig ifi‘-srfmfmn is rw:‘
maxfmum when Hwe efficiency is maxinaan, And when ﬁmwr dissipation s muxinum,
efficietiy s nol paximmy. So maxisaun efficiency and maximum power dissipation do
wot vechr simmltaneonsly, i cnse of dass B amplifters. |

| . ‘.-’3 ;
N Pe 2 3Ry
and Vi = Ve Is the maximum condition, :

Hence P dpay = ....,.l:&,,. D)
TR, |
. . rAtL) i (V2 . /
Now P = LB o i oy
f d )mn: i th e ER';, ‘

’ e | 12

» - APy Yo = = (Pa Do | . (1)

: |
~ This much power is dissipated by both the transistors hence the maximum power
dissipation per transistor is Py Jmx / 2. d

2 (Pucaas
. {Py Jumx per transistor = T

R (Fy Ymax per transistor = T?-; {Pac Yoo ... {13}

. This is the maximum pawer dissipatwn rating of each transistor. For example, i 10 W
mammum power is to be supplied to the load, then power dissipation rating of each

transistor should be ——~x 10 te 202 W,
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Ex. 3.6 1 A class B, push pull amplifier drives a load of 16 Q | connected to the secondary of
e ideal fmusformer The supply vollage is 25 V. :ff the number of tarns on the
pmrmry is 200 and the number of turns on qu secondary i 50, calculate
maximum  power outpuf, dc power input, efficiency and maximum power

: ‘ dissipation per ransistor. }
' Sel.: R_ =160 Vee =25V :
Now N, = 200 N, =50
N, = 100 t
N, 50
n =N, e - 0P
Ry 16 |
R{ = —f = wmee |
T oa Tes?
- | = 640
For maximum power output, V,, = Vo }/
) Ve _ I (297
1 by o om o R g S
.]: R ( z:)nux 3 Ri_ 2 EEM
‘ = 48828 W |
2 t
Y Pg = ;;VCC I E
Now Vo = Rj
[
and Vo = Veo ... refer equation {3.82)
_ Ve A5 L
I:3zn - R-;' —6‘5 = (13906 A
Poe = —i—x-zsxa..aqaé
= 6.2169 W
o P 48828 .
311 - e = ;
) 51 PDC % 100 62169 %100
= 78.5%
E
. ' ' - 2 | |
v} Fyduas = —3 % Pocdm for each transistor
ﬂ l
= 2 w4838
i ;
= 09894 W=1W

SR NN, it s




twep  Example 3.7 © Prove that in case of push pull class B mnpfgﬁcr, the efficiency &t the fme @
of smaxivmum power dissipation is frst 50%.,

Sclution : The maximum power dissipation occurs when the value of Vi, is

TV, = %\{:c : . refer equation (%)
. ; i '
Now P = V”g:"”

8o at the time of maxinw power dissipation, it is ,

P - E‘V&Clm — \’E"Cim
b
, 2
Mow Ppe = Ttvcc L
(Fﬁ?m} i
Hence %n = 100 s —Lx100 |
o (;‘Eﬂlm)
= 50 %

Thus efficlency Is just 50 % when the power dlssapatton is maximum. While the
maximum efficiency of the class B operation, is 78.5 %. '

3.10.8 Harmonic Distortion
Let the base input currents are sinusoidal in nature and gw(en by,

iyt = lgm cOoswtand iy = - I, o5 tz}fj

The negative sign indicates that both are 180° out of phasei

Due to nonlinear dynamic characteristics, the collector current of the two transistors
can be expressed in terms of harmonic components as, i

. i
i = lpp+ By + By cos wt+ By cos 2at+ B, s Iwit.. v {14)

1

MNow ig,a = Ipm €05 0F = lpy 008 (0t + 1)

Hence the collector current for the second transistor can he ohtamed by replacing wt
by @t + m, in the expression for §,.

“ i = log+ By + B cos{otsny+ By cos? (é:ut»mg)d-

= leg + By — By cosat +B; cos 2wt ~ é, £o5 Jwt... - {15}
Now the load current is the difference between the rwo This is because, in the
primary of the transformer the two currents are in opposite dwect:on

PR 4 N 1
[EER T 1 ig;]g _'1'5(:2 ol

{Icg + By + By cos et+ B, cos 2 wt+ 83 cos Jmt+..)

= (L + By = By cos wt+ By cos th—i By cos 3 mt+.)
|
|

while Sody, = 2 By coswt+2 By cos ot 4. } . . (16

It can be seen that the even harmonic cumponﬂnis 2w, 4%, 6% and so on, get
eliminated. Similarly the d.c. component also gets eliminated. Hence the total distortion
is less and as d.c. component flowing is zero, there is no possibility of d.c. saturation of
the core. Hence the percentage harmonic distortion is only due to odd harmonics given by,

]
H

%Ds = 1Bly00, % p; = B8 00
B | By 1




Hence the total harmonic distortion is,

% D = /DI+DZ+DZ+.x100 G s

=

This is based on the assumption that the bwo transistors are exactly matched.
Otherwise even harmonics may be present in the output signal,

3.10.9 Advantages and Disadvantages
The advantages of push pull class B oparation arg :

1. The efficiency is much higher than the class A operation.

ta

Whaen there 35 ne input signal, the power dissipation is) zero.

The even harmonics get cancelled. This reduces the hasmonic distortion.

1
As the do current components flow in opposike (ﬁ:fci‘i&n through the primary
winding, there is no possibility of d.e. saturation of the core.

it

Ripples present in supply voltage also get efiminated,
& Due 1o the transformer, Impedance satching s pms;qib!fz,
The disadvantages of tha circuit are ;

1. Two conder lap transformers are mecessary.

b

. The transformers, mnke the crouil bulky and hence costier.

L
3. Frequency response is poor.

3.9 Complementary Symmetry Class B Aﬁempﬁfiern1

- As stated earlier, instead of using same type of wansistors (n-p-n or p-n-p}, one
n-p-n and other p-n-p is used, the amplifier drcuil i8 called as complementary
symmetry class B amplifier. This circuit is transformer less circuit. But with common
emitter configuration, it becomes difficult to match the output impedance for maximum
power transfer without an output transformers. Hence the matched palr of
complementary transistors are used in common cgllector {emitter follower)
configuration, in this circuit, This is because commen collector configuration has lowest
output impedance and hence the impedance matching 1s possible. In addition, voltage
feedback can be used to reduce the output impedance for matching.

The basic circnit of complementary symmetry class-B amplifier is shown in the
Fig. 3.28 ‘: ;

K "Vcc

Flg. 3,28 Complementary symmetry class Blamplifiar

The dircuit is driven from a dual supply of Ve, The transistor Q, is n-p-n while
3, is of p-n-p type.

In the positive half cycle of the input signal, the transistor Q, gets driven into active
region and starts conducting. The same signal gets applied to the base of the Q, but as
"3t is of complementary type, remains bt off condition, du-ri]ng positive half cycle. This
results into positive half cycle across the load Ry, This is shown in the Fig. 3.29.




Positive
half cycle &

Vi E Load
i voltage
Q, OFF AV

Fig. 3.29 Positive half oycle oporation

Dhring the negative half cycle of the signal, the tranistor Q, being p-n-p gets
biased into conduction. While the transistor Q; gets driven into cut off region. Hence
only Q, conducts during negative half cycle of the input, producing negative half cycle
across the load R, as shown in the Fig. 3.30 {a).

Thus for a complete cycle of input, a complete cycle of joutput sigral is developed
across the load as shown in the Fig. 3.30 (b)

3
P

(2) Negative half cycle aperation {b) Loécl voltage wave form

" Fig. 3.30 |
Note : All the results derived for push pull fransformer coupled class B amplifier
are applicable to the complementary class B amplifier. The|only change is that as the

output transformer is not present, hence in the expressions,|Ry, value must be used as
it is, instead of Ry.

3.9.1 Advantages and Disadvantages

The advantages are ! -
1. As the circuit is transformerless, its weight, size and‘ cpst are less.
2. Due to common collector configuration, mpedance &atchmg is possible.

3. The frequenc}' response improves due to transfmhneriess Class B amplifier
circuit. i

i

The disadvantapes are ; : ‘
1. The circuit needs two separate voltage supplies.
2. The ouiput is distorted to cross-over distortion.
Ex. 3.8: Ciass B complementary AF. power amplifiers shown in the Fig.3.31. Calculate,

i} Maximum a.c. power which can be developed.
ii} Collector dissipation while developing maximum ac. power.
i} Efficiency |




Sol . : From the Fig. 3.31,

Voo = IV, Ry= ‘LQ
Use the expressions derived for push pull class B replacing R} by Ry .

) 1 Vi
i) (Paz)rm.x = =5

Ry = -i
o= Vi Vec 115
R, R, |4
= 375 A
: Py = -%Vm I, = %xISxS.?S
= 35809 W

Py = Py —P,, }
= 35.809 - 28,135
= 7684 W |
This is the total collector dissipation under maximum pfawer_ condition.

i) Yo = = x 100

- SO
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Comparison of Push

Symmetry Circuits

Puli

and | Complementary

'
|
]

Push Pull Class 8

H

Campiamentary symmelry Ciass B

1. Both the fransistors are similar either prip Transistors arg complementary type Le. one
or npn., npn other papl

2 The transformar is used to connect the load The circult i transfomeriess.
as welf as input. «

kN The :mpedame matching s possible due lo The rmmdanr;e maiching is possible due to
the culput transformer. COmmon col!eclur circuif.

4- Frequeney résponse is poor. Fraquency fesponse is improved.

3. Duc o fransformars, the circull is bulky, castly As tansfume{tess the cireuil is not bulky and

ant heavier. castly, o

6. | Dual powsr supply rs not required. Dual power su pply is requirad.

The efficiencyiis higher than the pash pull.

. Efficiency is higher than class A.

Table 3.2

Note that the other features of class B such as 180 conduction for each transistor, zero

power dissipation when ac. singnal is absent, cross-over distortion ctc. are commen for
both the circuits. ;

Koy Point: While solving the problems an class B large signal amplifiers, given power is

. . s 1 V3
to be gssuwmed maxinium apless and pfhwermise speeified and) st {Tae Jrnanw = ,,.’“REQ ar
L

; R L depending upon type of Hee circuit. i
If Vi #s given then as common collector circuit Jas ety gatiny Vo = Vi, and their voltage
derpss Ry, ds same as Vi, The peak valte of Vi, i and Vi 2 Ve int tm‘h & Ccase.

If supply given is"dual such as Voo = £ 12V, 2200V efe. , it is ?fun! stpply verston,

But if supply given is Voo = IZ V, 20 V then it is single supp!y version and i such a case

20

wsee Voo = 5 { glven + Ve ) :e 5= =6 !v’, = 10 V ete. The single supply version is discussed
5td gle supply

in. the section 3..1 5.

iy Example 311 1 A complementary push-pull amplifier has capacitive coupled load
Ry =8, supply voltage 12 V, calenlnte - g

I} P max
2) By of each iransiste? and
3} Efficiency,

Solution : R, = 8Q, Vee = & 32V hence dual supply wlprs'ion

. 1V 1 (123 i
B {Paﬁ }mm.f‘_ = ':‘"z“ RC:: = b b B =9 W |
2j Poe = Ver lpe but I = 2%
4
L™ .
2330 Rg = i Zl = Ve
m -
) _ . Vee 1 (123%x2
“Popc = Voo x 2x-ptoxs = Tl < 114591 W
~Total Py = Ppe~Pu = 114591 — 9 = 24591 W
o 2.4591 :
- Py per transistor = 4;9 = 1.27295 W
3 %y = ;‘;’; w100 = 11359} » 100 = 7ZB.5 %

| - __..._'\-..,_:___




3.10 Cross-Over Distoition

For a transistor to bé in active region the base emitter|junction must be forward
biased. The junction canniot be made forward biased till the voliage applied becomes
greater than cut<in voltage (V) of the junction, which is generally 0.7 V for silicon and
0.2 V for germanium transistors, Hence as long as the magnitude of the input signal is
less than the cut in voltage of the base emitter junction, the collector current remain

zero and transistor remains in cut-off region,

Hence there is a period between the crossing of the ha]f cycies of the mput signal,
for which none of the transistors is active and the output is zero. Hence the nature of
the output signal gets distorted and no longer remains smt{e as that of input. Such a
distorted output wave form due to cut-in voltage is showrt m the Fig. 3.32.

b
input : ;
signai v . .y

Y,
..\!? RH

e

-.--;[
PROPL
anmu - p

PR TR ..

Qutput |
Current

e A b e
LR T e
P
T
IR T LT R Py T

-

tmnsistors\/

“OFF .

Fig. &32 Cross-over distortlon 1

Such a distortion in the output signal is called a cmss-over distortion. Due to
cross-over distortion each transistor conducts for less than & half cycle rather than the
complete half cycle. The part of the input cycles for which the two ransistors conduct
alternately is shown shaded in the Fig, 3.32. The cross-over distortion is common in
both the types of class B amplifiers. ;

3.11 Elimination of Cross-Over Distortion

To eliminate the cross-over distortion some mndmcahanis are necessary, in the basic
circuits of the class B amplifiers. The basic reason for the crcrss over distortion is the cut
- in voltage of the transistor junction. To overcome this cut-in voltage, a small forward
biased is applied to the hransistors. Let us see the practical ‘circuits used to apply such
forward biased, in the two types of class B amplifiers.

3.11.1 Push Pull Class B Amplifier .
The forward biased across the base-gmitter }unctmn of each transistor is provided
by using a dicde as shown in the Fig. 3.33. ;

= ‘?Vc{_:




The drop across the diode D is equal to the cut-in voltage of the base-emitter
junction of the tramsistor. Hence both the transistors conduct for full half cycle,
eliminating the cross-over distortion. E '
Due to the forward biased
() ’ provided to eliminate the cross
4 ' over, distortion, the Q point
— shifts upwards on the load line
E as shown in the Fig. 334
Hente the operation of the
Q I amplifier no longer remains
\ class B but becomes class AB

operation,

_ Hfru#: as the amplifier handles
Fig, 3.34 the large signals in the range of

' volts, compared to these signals

the shift in Q point is negligibly small. Hence for- all tjhe practical parposes, the
operation js treated as class B operation and all the expression derived are appiicable to
these modified cironits.

3.11.2 Complementary Symmetry Class B Amplifier|

In push pull, transfofmer coupled type, the drop across forward biased one diode is
sufficient, to provide necessary. cut in voltage. But in case of complementary symmatry
circuit, base emitter junctions of both Q, and Q,, are requited to provide a fixed bias.
Hence for silicon transistors a fixed bias of 0.7 + 0.7 = 141V is required. This can be
achieved by using a potential divider arrangement as shown in the Fig. 3.35.

:&Vw .

Coupling

GC congenser

e aad

: " Flg. 3.3%
But in this circuit, the fixed bias provided is fixed equal to say 14 V. While the
junction cut-in voltage chanpes with respect to the tefmperaturew Hence there is still
possibility of a distortion. Hence instead of R,, the twa diodes can be used to provide
the required fixed bias. As the temperature changes, along with the junction
characteristics, the diode characteristics get changed and maintain the necessary biasing
required to overcome the cross-over distortion, The arrangement of the circuit with the
two diodes is shown in the Fig. 3.36. |

d@‘u’cc

Vin

w——-

Fig. 3.36




3.12 Complementary Symmetry Single Supply Version

The main dmadv;mtagae as seen earlier of cumpiementllry amplifier js the use of
dual supply. But in practice the circuit can be modified by grounding - Ve terminal.
The resulting cireuit is called single supply version of complementary symmetry class B

amplifier as shown in the Fig. 3.37,

ie- e

Jress. B
rg=

¥

Flg, 337 Singlé;up.p!; var.s-iu'.n of cun&.pfémsritary -.s'ym-zr atry class B amplifier

Ail the exprmsimn derived fm dua] supply mrsicm are sﬁlE appiicabfe to single

while micuia:nng the various Pmameters of the circuit.

3.13 Safe Operating Area {8.0.A.) for A Transzstar

From the various. ratings of a iransistor such as (If}m{, (Vg honr (Tg Y the safe

cperatmg area (3.0.A.) for a travsistor ¢cant be shown on ity

output characteristics. The

power' transistor must have sale aperating limits w]:uch are suppled by the

manufacturers, ‘
(Tt = Maximum ecollector current ratbi %
{(Vop e = Maximum collector to emitier voltage rating
Pyl = Maximum power dissipation ra_i;ing

La
. nﬂ}:’f%m by

L)

word

(

db
SOA.

- ;

Cutalf - region Yetmax

Ve

Fig. 3.38 Safe operafing area

The power dissipation is

given by Ve 1. and the

£

drresponding maximurn

chissipation curve of (Vog Youo
= s P, ),m curve, cut off
and saturation region together

fing the limits on safe

ﬂ;"ﬁr&rahng area’  for &
tyansistor. The safe oper‘mng'
atea for a transistor is shown
shaded; in the Fig. 3.38.

The actual values of (Veg )., and {Io), . dependsion the circuit values, Q point
and the class of operation of an amplifier. Similarly the maximum power dissipation
rating for various classes are also discussed earlier. All these values must be located in
a safe operating area for a power transistor selected. In pther words, a power transistor

should be selected such that all these \fdfue‘a witl be loc
area for that transistor.

ated within the safe operating




3.14 Heat Sinking for Power Transistors '/

The maximum power handled by a particular puwﬁ transistor and the temperature
of the transistor junctions are closely related. This i because of the fact that the
junction temperature increases due to the power d:wﬁatmn The collector dissipation
can be obtained as ;

. : Py = Ve e

Let Ty be the junction temperature which due to power dissipation. Manufacture
provides the maximum permissible value of T, and corresponding maximun available
valug of the power dissipation Py If the temperature Keeps on increasing, at a certain
temperature, the crystalline structure i5 destroyed and there is no chance of recovery.
The lower limit of a semiconductor is taken as,

=65 £ H = (T
Where (1), 15 specified by the maz‘mfm,tumm

1
®

e {3.97)

3.14.1 Heat Sinks

A heat sink is a mechanical device which is connected oy press fit to the case of the
transistor that provides a large surface area, to dissipate the developed heat. The heat
sink carries the heat 1o .the surroundings. Due to the heat sinks, power handling
capacity of the transistors can approach the rated maximum balue, The heat sinks cause

__the tempemture of the case to be lowered. If the heat deve‘loped is transfarred to the
|

{b)

{c} tay

Fig. 3.39 Typical heat sinks

surroundings ipstantanecusly, the collector dissipation rating would be infinite. In
practice this is not possible due to a thermal lag. The various standard shapes and sizes
of the heat sink are’ shown in the Fig. 3.39. The heat sinks shown in {a} and (b) are
called natural convection coolers while shown in (&), ) ;aml {e} are typical shape-on
dissipators for various case sizes.

-




3.14.2 Thermal Analogy of Power Transistors .
The heat dissipation problem is very much analogous to a simple electrie circuit
and the Ohm's Jaw. An electric eurrent flows when there exists a potential difference
while the heat flows when there exists a femperature difference {T; — T,}. Then similar
to a electric resistance 8 thermal resistance can be obtained as,
' - Ty ~T,
| g = Bt CYW or T/ mW .. {3.98)
w \ ’ F,j
Where P, is the heat dissipated or heat flow, due to the power dissipation,

From the above relation we can write,

T,=-Ty = 8P, °C v (399
and Py = _-m—_li’{; b wior mw e (3.100)

Now to develop the thermal-clectric analogy let us déefine some parameters as,

T, = Junction Temperature |
Te = Case Temperature !
T, = Ambient Temperature ;
; 9, = Total thermal resistance {junc%it‘m to ambient)
0 = Transistor thermal resistance {\’juncti-on to case}
i
(}U, = Insulator thermal resistance (casy to heat sink)

0., = Hent sink thermal resistance (het sink to ambient)
ul * oy 3 - £ EL) + » - ra + 3 gt
The entire crenit including teansistor and heat sink is 4 sevies circuit, from thermal

point of view as shown in the Fig, 340, |

J (Junction) 9 T, {Junclion temparawreé}
M

C (Case) o T {Case temperiiura) i
Ues

{5k} & Tg (Sink amparatiife}

fon _:
A tambient) 6T, (Amblent temperature
|

Fig. 3.40 Series thermal clrcuit |

A special silicon grease is often used to establish gdod heat conducting path
between the case and the heat sink. Hence the temperature of heat sink and case are
considered different. From the property of series circuit we can write,

B = B + 65 + 00 T/W (3.101)
Applying the Kirchhoff's law we get,
Ty = Ta+ 8, Py ﬂc_i e 13,1025

The equation is similar to the equation (3.99). the 1"", iz the collector power
dissipation i.e. the power dissipated at the collector junction. The equation shows that
the junction temperature floats on the ambient temperature and higher the value of the
ambient temperature lower is the value of allowable power dissipation.




