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Power Amplifiers




Transmitter
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General Audio Amplifier System
{ Input Voltage Voltage Power Output J
Transducer Amplifier Amplifier Amplifier Transducer
\
" > o

Voltage Voltage amplifier
amplifier amplifier

Loud Speaker
Microphone

DC power supply

B

|
By Speaker

Audio preamp Power amplifier .

(a} PA system block dlaﬁram

Input transducer : Microphone
Microphone : Used to convert acoustical energy to electrical energy .
Output Transducer : Loud speaker

Slrl?[gﬂl?gmggémUsed to convert electrical energy to acousticqﬂ r%c!:l le'gyé.y - anonymous




Power Amplifiers

* A Power amplifier is one that is used to deliver a large
amount of power to a load with good efficiency.

* To do this function , it must be capable of dissipating a
large amount of power .

* It contains a bulky component having large surface area
to enhance heat transfer.

* It is often the last stage of amplifier system. Q

Microphone

DC power supply
|
- be | Speaker

Audio preamp Power amplifier ' o 15
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Packaging Schemes

16
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Power Amplifiers
* It's designed so that the power
transistor can operate in the entire range
of it's output from saturation to cut off.

* For a class A power Amplifier, the Q
point is desighed to meet maximum
symmetrical swing

[ [
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Classes of Power Amplifiers

Power amplifiers are classified according
to the percent of time the output
transistors are conducting.

1) Class A Power Amplifier: O =360°

Input
Signal

+Vy

18
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Classes of Power Amplifiers
2) Class B Power Amplifier : 6 =180°

+V,, Ipput
Signal
[ -
0¥k
Ve 3 4 s 6
I &I riL I 7L il
A,
S Output
’ff”\\\ z/f”\\\ ’ }/fﬂ\\\ Signal
Iy
v
0 Lt Operating Curve
time

N, ouput [\
: Signal

|

|

|

Input !
S?gnual : __-:"
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Classes of Power Amplifiers

3) Class AB Power Amplifier
360° >0 > 180°

" /\ é?gpnu;l
NN\

Ve n 2n 3 4n sn on

mA

Bias e Qutput

Voltage [ Signal

I [_\‘ N A " A_ N
” o

|
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Class A Power Amplifier

Power Calculation :

The average power supplied or dissipated by
any linear or nonlinear device is :

P,,= % | OT V(t)i(t)dt

is(t)

i

21
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Power Calculation :

Pav=1 f, V(Oi(t)dt

is(t)

V(t) :Total voltage across the
device

i(t) : Total current through the
device

Vi) =V +v
v = Vm Cos(wt)
i) =1+ i Pa,,=%f0T(V+v)(I+i)dt

(= Im Cos(wt)

22
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Power Calculation :

Pav=%fOT(V+v)(I+i)dt 2 _I_

Since: R
1 T 1 r i Re
—j vdt = —f idt =0
0

(t)

VTH

T T),
?omponen

1 T

Pav 3 T fO vidt+Vi " dc component

The average power dissipated or supplied by

a device consists of the sum of the power in
AC and DC terms.. 23
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The Ac Average Power Dissipated in The
Load : P4

Pl ac= f lc(t) R, dt

.C(t) = Icm COS(Wt)

is(t)

P lLac —

(Pl,ac) y max —

Ir_1put
<_E%J@aded By: anonymous
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tico

IC(t),max
Ac load line

e

VCE(t), max VCE(t)

-

. Vce
> lc()max = ICQ + RacQ

» Veewmax = Veeg TRac Ico

25
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ic(t) Saturation
iC(t) , max =10A
ICQ=5A— — @ — —
Cutoff
Ilcm,max = 5A
iC(t) Saturation
iC(t) , max =10A
Cutoff
Q=2 e—e— eee— e—
26
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If the Q point Is designed to meet maximum
symmetrical swing case.

Icm, max= ICQ
_ICQ R,

(P L ac) ) max

is(t)

I _ Vcc
¢ R ac+ R dc

RdC = Rl+Re

27
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The Average Power Dissipated in The Load

I — VCC
“¢ 7 2(Ri4R,)

P _ Vccle
( l,ac)max— 8(R1+Re)z

If R, << R,

2
Vee

8 R,

(Pl,ac) ymax

28
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Average Power Delivered by the Supply : P,

1 T . .
P = ;fo Vee \lC(t?dt _— ic(t)

1 T
PCC = ;f() VCC ((Icq‘l‘lcmCOS((k)t)})dt

P. = VchCQ
V =2
But: I, = <
€@ ™ 2(Ri+Re)
Vee
P . =
2(Ri+Re) Vccz

P.. =
!J‘D!sﬁl—&ng l ¢ UZpIgEléled By: anzognymous




Average Power Dissipated in the Transistor : P,
1 (T .

Pc==Jo Vee(t) ic(t)de

Ves() = Vee — (RisRe) ic(D) ]

Y/ pup—
RTH
Re
wr

VTH

I

=~ [ Vee = (RiR.) ic(D)] ic(t)dt
P, { Ty, ic(t)dq - LT(RLR,) ic(0)? d

P
2
Iem

30
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Average Power Dissipated in the Transistor
2

2. Iem
P. = Pcc'(Rl+Re)(ICQ + > )

RL

vce
RTH
Re
VTH T

~ Pci1s maximum when I_.=0

is(t)

2
P, max P.- (Rl+Re)(ICQ )
> 2%
“max  4(RyR,) Vcc2

31
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Summary

1 2
Pl,ac= . Icm RL
If R, << Ry
Ve
(Pl,ac) ymax —
SR,
Ve
Cmax 4R,
Ve
P . = 2R,

STUDENTS-HUB.com
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Efficiency: n

N =S *100%

2
Icm Rl

n = chcz *100%
2R;

n is maxwhenl,,, = I.,, max

2

Vee
nmax = 52’2*100%
2R;
nmax = 25%

If the Q point is designed to meet maximum
symmetrical swing case.

and Icm - ICQ

STUDENTS-HUB.JWAX
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y : Figure of merit

y — Pc'max
(Pl,ac) y max
Yy =2
Vee”
PC'max — 4R
l
2
VCC

(Pl,ac) y max — SR
L 34
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The Class A Common Emitter Power Amplifier

with Choke

For Maximum Symmetrical swing:

I _ Vcc
co =
¢ (Rac+Rdc)
R,. =Rl
R;. = R,
Vcc

I —
te (Rl+Re)

STUDENTS-HUB.com

is(t)

RL
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LVCC

\

RTH§ -

VTH =

isit)
‘ L' ‘
/

is(t)

RL§
RTH; be |

VTH

isit]
N\
Ly
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The Class A Common Emitter Power Amplifier

with Choke
V
Verg =Rac*log=—Fp-
14 R,
If R,<<R;
Vcc RL
Icg = —
CQ Rl
VCEQ = Vee

37
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Power Calculation:
VCC

ICQ — Rl

VCEQ = Vee

p _1
l,ac_z

is(t)

IR,

1
— _IcmZRl

2

1 2
(Pl,ac) » max — EICQ R,

2
VCC
Uploaded By: anonymous

(Pl,ac) y max — 2R,
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Power Calculation:

1 T .
Pcc — T f() VCC Lce (t) dt the chock is open
circuit for ac

icc(t) =I¢q .
2 analysis
cc

P. = VchCQ — R_l

RL

is(t)

Prove ?? 3
Uploaded By: anonymous

= Pmax = VCEQICQ
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Efficiency:

P lLac

=3 *100%
Iem?Ry
—_ 2 K 0
n = Veelcg 100%
Icmle
_ _ 2 * 0
n T R, 100%
11,2
n=-0G-")*100%
2 ¢

STUDENTS-HUB.com

Iy , max = I¢g

max = 50% f:\
L =
y — Pcmax

(Pl,ac) ) max

Ly =2]

40
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Transistor Ratings:

ic(t), max

Ve (0), max = BV cgo

Pcmax = Vceo-Ico
2I¢g < ic(t), max

2Vceg < BVceo

STUDENTS-HUB.com

Maximum Symmetrical

swing
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Transistor Ratings:
EXAMPLE: %

A Power Transistor has the following : 3™ ° —
BVCEO = 40V C
ic(t), max = 2A Ri{ N 3
Pc, max =4W :CA) - _1_

Determine the Q point so that the maximum
power dissipated by a 10 Q load

b 42
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Solution :

1 2
P , = —Ic0”"R;=2W
Pc . max = VCEQ | ICQ ( l,ac) max 2 “CQ 1

Vceg =Rac . Icg = Ry Igg Pee =Velcg =4W

P
Ico= |——=0.634
CQ \/ Rl n’max p— 50%

Vceg = Pc,max.R; = 6.3V

L 4
Is ZVCEQ < BVCEO =40V Yes e

B 2lco < i.(t) max =2A  Yes
Q c ',_______,'
Vee = Vé‘(%'rg = 63V 3

STUDENTS-HU Uploaded By: anonymous



Transistor Ratings:

Let us consider the same Problem, But with
ic(t),max = 1A

Solution:
_  |Pcmax .
ICQ_\/ mex = 0.63 A
= +Pc,max.RL=63V
s 2I¢o < i (t) max = 1A NO

There is A problem |

STUDENTS-HUB.com
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a) If the Q point left unchanged
ic(t)
Veeg = 6.3V Vee=63V ’
ICQ N
Icm’max= 037A >

(PL,ac),max = %I Cm’masz = 0.69 W

Pcc =Vcee*ICQ =4W

Nmax = 17.25% (%X

Pcmax = Vegg . 1CQ = 4W

e —
X 45
E Uploaded By: anonymous
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Second solution

Let us consider the same Problem , But with ic(t),max = 1A

de.e

b)IfweletICQ= 0.5 ic(t)max mm) 1CQ=0.5A
s~ Icmmax=0.5A
(Pl,ac) ymax — %ICQZRI= 1.25W n,m‘ax — 50%

— Rac.ICQ =5V =
Vce = =5V SN
Pcc =Vcc ICQ = 2.5W y=2 &

STUDENTS-HUB.com Uploaded By: anonymous



Transformer coupled class A Power Amplifier:

C+

For Maximum symmetrical swing : *

. Ve g % .

lee = &
Rac+ Rdc

R,.=N*R;=RL

Rac = R, 20,

Ce
V ccC VTH

I CQ — Hr1 T I
RL + R, - -
If R, << R[' {% RL
- VCC
ICQ o Rll
Vceg = Rac +1CQ =V .
STUDENTS-HUB.com Uploaded By: anonymous
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VCC+

Power Calculation:

1 2
P(l,ac) — Ellm R,

I,,=N.Icm v N
1 2 p! %CD
~ PL.ac = = I.n,"Ry

VTH

1

(PL.ac), max = EI emmax_R]
1 2 p/
(PL.ac), max = EICQ R,
2
P _ VCC
(Lac)max= IR, 48
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Power Calculation:

1 T .
P = ;fo Veclec(Ddt

icc(t) =ic(t) = I¢g + I pcoswt
2

is(t)

.
FTt
| ]

STUDENTS-HUB.com

V I/
Pee =Veclcg = RL; — ICQZRI
RL% VTO P.=P.— Py,
1 /
P.=P — Elcmle
Ve
Pc max — p/ Pcc

49
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Power Calculation:

— Pac *100% Icm,max — ICQ

=",
Iem® Ry N max = 50% @
= 2 %1009
n ICQZ*RI’ /0 y = PC,max
(PL,ac), max
= (1 *100%
° lv=2]

50
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Ratings: Solution :

EXAMPLE:
A Power Transistor has the PC, max_ = M¢q -
following : = Ra(,: Mcq
BVCEO = 40V =Ry . I¢q
Pc, max = 4W
Determine the Q point so N Ru

that the maximum power :
dissipated by a 10 Q load. = /Pc,max.R; = (6.3N) V

How to choose N ?

51
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The Q point must satisfy :

ZVCEQ < BVCEO =40V
Wero = 126N <40V HEEEE) 317 >N

21co <ic(t) , max = 1A

2o = (126/N) <1A HEEEE) N >1.26

317 > N > 1.26

52
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a) Let N=2

0.63
VCEQ= 12.6 V

1 I—
(Prac)max = ?ICQZRI =2W
PCC — VCCICQ :4W

N max = 50%

STUDENTS-HUB.com

b) Let N=3
Ico = 0.21A
Vepo=189V
Vee=189 V
(Prac)mar = - Icg*Ri'=2W

Pcmax = Vceglcq =4W

N max = 50%

53
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Class A Output stage Power Amrmﬁer:

Q1 is common collector amplifier
The output stage is designed so

that :
Vo=0,IL=0,Vi=0.7V veer |
IE1I=1, VCEQ1 =VccC
. eeere—n o
Vo(t) = Vi(t) — VBE(t) | HEL(®)
Vo(t) = Vi(t) - VBE ( R . T
— | e
' Current v
source - 54

-VCC N |
STU\D—ENIS—HUB.G-o/m Uploaded By: anonymous



Transfer Curve:
Vo(t) = Vi(t) — VBE
Vo(t) =Vcc—VCE1(t)

Vo(t), max =Vcc — VCE1,sat
(When T1 enters Saturation)

Vo(t) =VCE2(t) —Vcc
Vo(t), min = VCE2,sat — Vcc
(When T2 enters Saturation)

v

/ Vbe vitt)

Or: ity A
Vo(t), min = —IRL/ |

(When T1 enters Cuttoff)
iE1(t) =0 55
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To allow Maximum symmetrical swing :

—IRL= —Vcc +VCE2, sat

Vcc+
—IRL = —Vcc
__Vec
RL
\Vo(t)
Vec-Veel,sat
l r,
Yoe Vi)
————— 7/|.m >6
STUDENTS-HUB.com VCEZ! sat — Ve
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Signal Wave forms: VCE, sat =0V Vet

Maximum possible swing

T vity ic1(t)

Vm

L J

\ 4

Vg (1)

Vcc [\ 2Vcce
Vc
U t

-Vcc

\ 4

A\ 4
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Signal Wave forms:

iC1(t) =iE1(t) VCE, sat =0V
iE1(t) =1+ iL(t)

iE1(t), max = I + iL(t), max veet
Vo(t),
iE1(t), max =1+ o(t), max ® 0 0=
RL
E1(t) 1+ 25€
i max =1 +—
RL

iE1(t), max=1+1

Ic1(t)

iE1(t), max = 21 .

STUDENTS-HUB.com » Uploaded By: anonymous



VCE, sat =0V

VCE1(t) =Vcc—Vo(t)

VCE1(t), max = Vcc —Vo(t), min

VCE1(t), max = Vcc — (—Vcc) | Veel(®

2Vce

Vet

VCE1(t), max = 2Vcc

59
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Power Calculation:

(PL,ac) =

.
Vom max” .z

2RL 2RI

(PL,ac), max =

Pcc = Pccl + Pcc2
_ (PL,ac), max ;
Pcc = 2Vcce + 1 n,max = Pec + 100%

n = L ac * 100% N, max = 25904 60
Pcc

STUDENTS-HUB.com Uploaded By: anonymous




Class B Push-Pull Power Amplifier:

A

SIE

Q2
/ [ ]
N Cica(t)

Ql

Vs =

Vm [\
U t Vm

lvee °

VA

A

STUDENTS-HUB.com

\

N:1

Vm
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Class B Push-Pull Power Amplifier:

1:

-§

DC Analysis:

1

N:1

ICQ2
Q2< ,Q

STUDENTS-HUB.com

7 1 J\_

VCC

Q1
o

I) ~ . ®
X CiCZ(t) ;

1 “(t>RL
i VL
| Q1 |vee ° § t)
e _

Vper = Vg2 = 0
. Q. and Q, are cut of f

>RL VL (t) ICQl — ICQZ =0

Vceer = Veegz = Ve
VL — O IL — O

62
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Class B Push-Pull Power Amplifier:

N:1
AC Analysis: 11 N N o
N CiCZ(t) +
Vs(t) || il(t /L
I > VL (t
1-B K iC1(t) _

a) whenvy(t) > 0
v4(t) >0; Qyison
vp(t) <0; Qqisoff

"L(t) — _NiCZ (t) uQq Isit) VCC i

and

VL(t)

. . 1 Ic2(t)
ls(t) —_ lcz (t) Niem RLN Iem

iL(t)

v, (t) = Ry i (t M
STUDELN(I'S?HUB.corlﬁ L( ) “Nlem Uploaded'B§™anonymous




1:1

N:1

-§

b) whenv,(t) <0
v4a(t) <0; Qzisoff
vp(t) >0; Qqison
~ i (t) = +Nigq(8)

and
is(t) — iCl(t)
v(t) = Ry i (t)

/\ RLN Icm

N:1

2 VCE2
@ VEZ i)

STUDENTS-HUB.com

+

iL(t)’ RL VL (t)

L VL)

A
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Class B Push-Pull Power Amplifier:

AC Analysis:

c) for the complete cycle
ip(t) = N (ic1(t) —ic2(D))

ig(t) = icp(t) +icq(t)

Icm lcm
m . T we

iL -RLNicm

iC1(t)
Nicm
lem [\

-Nicm

65
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Class B Push-Pull Power Amplifier:

AC Load Line for Q2: Q2 N:1

1) whenv,(t) > 0
v,(8) >0; Qison |
vp(t) <0; Quisoff O

R; = N*RL
Veez = —Rjicz = —(N?R) i,
Veg2(t) — Veggz = —Ri(ic2() — I¢q2)
Veg2(8) — Veggz = —Riic2 (D)
Vegz2(8) — Vee = —Rjic2 (8

Vee — vep2(t) = Rjica ()

STUDENTS-HUB.com Uploaded By: anonymous



Class B Push-Pull Power Amplifier:
To find  ic2(t)max AC Load Line for Q2:

= Vep2(t) = Vegz o= 0

Vee — 0 = Rjica (t) max

Vee — vepz(t) = Rjica ()

VCC

lc2 (t),max_ /
l

I - Ve
sz,max _ RI

To find  vcp(t) max

N
— icz (t) —_ O Vcc/RL'
VcE2 (t),max o Vcc =0 \
—————F > Vce2(t)

vCEZ (t),max — Vcc Vce 67
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iC2(t)

V
L2 (t),max: Rc’c
l
/ ICQ =0
I . Vee
cM2 max ~ R;
68
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Class B Push-Pull Power Amplifier:

N:1

AC Load Line for Q2:

+ + e
Q2 VCE2

V1i(t) +

iL(t)’ RL VL (t)

when vs(t) < 0

va(t) <0; Qzisoff
vg(t) >0; Qison

Veez = V1(8) Vep2(t) =V + N (RL Nicq (t)}
Vep2(t) = Vee = v1(2) Vepz(t) = Ve + N? Ry iy (D)
Verz(t) = Vee = Ny (0) Veg2(t) = Vee + Ryica ()

vC;gZ (t) =V + N\_”L(t)/

 VUCE2 (t),max =Vee t REiCl (t),max

STUDENTS-HUB.com Uploaded By: anonymous



Class B Push-Pull Power Amplifier:
AC Load Line for Q2: N:1

2 VCE2
@2 V2 i)

I i
| iL(t)) RL
’ VCC Ql GNDL
VcCE2 (t),max =Vee + Rl /
l

R
VCE2 (t),max =Vee + Ve

VCE2 (t),max =2V

Ic2(t)
N
Vcc/RL Q
Q2 is off
— Vce2(t)
Vce 2Vcc

70
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Class B Push-Pull Power Amplifier: N:1

I} . 1:1 I) ° .
Power calculation. A I C‘CZ“’ l
vqu%} § y I| . il(t RL§
Q1 | vee , >
1 1B 1 ica(y)
_ 2
PL,ac_ Z_ILm R; =
Iy = N gy
_ 2 !
Pjac 2_1 cmRL
N /
PL,ac,max 2 \iem max)RL
Ve

P
L'ac,max ZRL’

71
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Class B Push-Pull Power Amplifier:

. iS(t)
Power calculation: m
T
1 _ 2V, I t
Pcc — Tf Vcc ls(t)dt — C;T = »
0
2Pc = Pcc — PL,ac 11 A Qzﬁ Cicz(t% '
Vs(t il(t
Pcc—PL,ac ()B ta chc ‘ )RL§
Pc = 5 B—1 ica(t) %
pe =Yeeldem 1y em2Rr
T 4
dPc B
dicm
f B 2Vcc
‘M= TRL
Vec?
s Pc,max = 72

/
STUDENTS-HUB.com 77:2 RL Uploaded By: anonymous



n’max —_ Z * 100% —_ 78. 5%

Pc, max

V= (PL,ac), max

2
= = (.2

STUDENTS-HJE. gom

S

=
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Class B Push-Pull Power Amplifier:

Cross Over Distortion:

Vm

Vs(t)

N
U t

o2

1:1
:|iA

VA(t) has to increase above 0.7V for Q2 to turn on, and VB(t) has to go

below -0.7V for Q1 to turn ON.

Icm

Ic2(t)

Icm

Ic1(t)

AW

STUDENTS-HUB.com

n 21T

t

Nicm

A

iL

-Nicm
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Class AB Push-Pull Power Amplifier:

Cross Over Distortion:
1)Cross over distortion can be

reduced or eliminated by

biasing each transistor Bg
Vs(t)

slightly into conduction.

-
RZT c1

_I:

FK

2)Typically the base-emitter
junction are biased above

0.5V, 0.6V.
R;
3)When a transistor is biased R4 Rz
slightly into conduction , the
output current will flow
during more than one-half
cycle of a sinwave input

T%llgﬁ %& HUB.com

biased .

= =0.5,0.6,.

We Choose R1 & R2 So that:

4) Efficiency is reduced depending
on how heavily the transistors are

5) 78 5% > n’max %plagd% an705nymous



Complementary symmetry Class B push pull

Power Amplifier

VBE1 +VEB2 =0

VCEQ1 =Vcc,VECQ2 = Vcc.

Q1

When Vi(t) > 0
,Qlison ,Q2is off

~ Q1 and Q2 are in cutoff e
ICQ1 =1CQ2=0,IL=0,Vo=0
—X

-Vcc
V CC v

Vi (t) Ql

Vv o(t)’
RL

V o(t)’

RL
Q2

77
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Complementary symmetry Class B push pull
Power Amplifier

2) When Vi(t) < 0,Q2ison ,Q1lis off weeT

Vot

-Vcc

For the complete cycle Vi) Ivo(t)
KVm

NAWA [
U : W .
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iC1(t)

Icm
Ac load line
T ici(t)

Veo/RL

Qlison

| Q1 is off
- Svec Vee 1(t)
V
I — _cc

le’max Rl

79
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Complementary symmetry Class B push pull Power

Amplifier a Ve piaw
. +Vcce cml max — v R
Power calculation: R, X
4l > QDisot Ve vcel(t)
¢ Vo(t)’ T
. 10
1 i@®|| Pee = ?f V. ig(t)dt
Ppac = Z_I%m LI 0
1 . 2VeeIem
PL,ac — Z_I%mRL n
_ 1 .9 n = PLac * 100%
PL ac max ~ 2 (Icm max)RL Pcc
T
P _ Ve Mmax = 7 * 100%
Lac pyax ZRL 80

— 0
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Complementary symmetry Class AB push pull Power

Amplifier Vin(t) has to increase above 0.7V for Q1 to turn on, or

go below -0.7V for Q2 to turn ON.
We Choose R1 & R2 So that:

o

29.4v R1

06V R2

L

Vcc=+30

.Vi(t)

R, V.,

=0.5,0.6 .

R4

VBEI1
, 0.6,

Sothat ICQ1 =

+ R,
= VEB2 =0.5

and\Vo=0

STUDENTS-HUB.com

1CQ2 =0

O6V R2

294v R1

I
N

Q1

|
>
o

o
N

v

Vol(t)
Q2 RL

Vcc=-30
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Complementary symmetry Class AB push pull
Power Amplifier

Practical Class AB Power Amplifier A
Vce= +6
To Provide Bias Stability . i 01
5.3v
1)Small Re for bias Stability . - |~ VBEI=VER2
0.7V D1
2)Diodes D1 and D2 for ' o
Temperature Compensation.” + Dzs‘z 100
0.7V
Assume that Izvery small - 0 I 1
;-3V 5600 Q2
1= Ipi=1 —5'3—946A |
4t = ID1— D2 — 560 - 7 m V-Vcc=-6
0.1V Vp=0.7V @ room temp

o IC].: ICZ = m — 10mA 82
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Complementary symmetry Class AB push pull Power Amplifier

Practical Class AB Power Amplifier

Vcc= +6

5.3V 5600

* The forward bias required to + ;
turn on the output transistor -

Q1

0.7V
Increase -

The Diodes are used to adjust—;
the bas emitter forward bias °7Y

Decreases as it’s temperature SL
D1

D2¥

10Q

10Q

automatically as a function of

+

temperature 5.3V 560QT'

Q2

* D{,D, are always on

STUDENTS-HUB.com

Vo
RL

-Vcc=-6
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Complementary Class AB Power Amplifier
using Darlington:

* To Reduce The loading on
the preceeding Stage.

84
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Complementary Class AB Power Amplifier using
VBE Mutiplier

* If a stable quiescent current is to be Vecans

Lo

maintained , we must provide a bias
circuit that decreases the bias voltage as Rl

o)

El R2

0.5
0.7 | Bias
IEZ = 56_.Q. =12.5mA 050

the temperature increase . a _l
1=2"1% 5 02ma Rl " 1
a7k -

I, ~1; Igvery small | f
V
oo 11_ Iz — BE o Q2

R 2 ﬂm

"$ R =560

Vo(t)
Q8

85
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VBias — (Rlll + RZIZ) Vcc=+25A

RE ]
2 o —
_K Ql\ 0508
VBlas — (Rl + RZ)IZ ,:,l |__.;.R2 '
|4

Vce=-25

Vpgias may be adjusted i | Rf
86
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Transistor and Heat sink

The fundamental problem is to remove heat from
the Semi-Conductor in order to keep Tj as low as
possible

W

87
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Different types of heat sink

R 0 &

C\ip MounT
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Transistor and Heat Sink

CG\J’E

\wsu \ate

Upl
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Transistor and Heat Sink

CG\J'Q

I}M‘j / \wsu \atev
o —

P N

Lsstas oncd

—

—_—
L Heat Sink

The fundamental Problem 1s to remove heat from the
Semiconductors in order to keep Tj as low as possible
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Transistor and Heat sink : Thermal to electrical analogy

CRJ‘:

@/ s

—

| = { Bjc
L g ; A
\ ' | Ocs 5
- — A
Q.
= C

L HHHHH Bsa

Ojc = Junction to case thermal resistance
a:|:

T
O, = Case to heat sink thermal resistance

O, = Heat sink to ambient thermal resistance

Ti —T, = 0Ojq Pj “Thermal Ohm’s Law”

T

Oja = Ojc +0O¢s + Oy o
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Transistor and Heat sink

Ojc: Depends on the construction of the power transistor.

0. = 0.875 ¢/,
O_s: Depends on the interface between

case and sink , silicon grease or without.
S\

oR
Osq: Depends on the size of the heat sink.
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Transistor and Heat sink

Power Derating Curve

Pj

Pj,max

In Region 1:

Pj — Pj,max
S UfTe<Teos P; = Pjmax

In Region 2:

SUfTe>Teps Tj — Tj,max

and P; < Pjqx

STUDENTS-HUB.com

jS -

slope

o Tc

Tj,max
Tco
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Transistor and Heat sink
Power Derating Curve

. 1
region 2 -» T; =T; 0. =—
g J Jmax Je slope
Tj,max — T, = ejc Pj
Pj
0 . Tj,max B Tc
. =
d P] Pj,max
i 1
Pj | 2
0. = Tj,max — T J l
JjcC Pj,max o TC Tj,max
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Transistor and Heat sink

A Silicon Power Transistor has a heat sink

withO,, = 1.5°%/,

and using Insulator which has
O, = 0.4,

, and has the given derating
curve.

What is the power that the
transistor can dissipate if T,

= 40°C ?

STUDENTS-HUB.com

Pj

120

Tc

175
25

% o
,\. Tj,max =175 °C
) _nco
5 T, =25°C
Pj,max = 120W 95
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6 _ Tj,max o Tco
je —

Pj,max
175-25

- 120

0jc =1.25 0/,
since T_., = 25°C

, and T, = 40°
& T, >T,,

-region 2 > T; =Tjax
Oja = Ojc + 0O¢s + Oy

STUDENTS-HUB.com

Transistor and Heat sink

Pj

120

175
25

Bja =3.15 U/
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To findTc : T

120

Ti—T.=0j: P;j
Timax —T¢ = Ojc P;j
T.=121.5°C
T.>T,,
Region 2 as assumed

STUDENTS-HUB.com

25

175 Tc
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Transistor and Heat sink

If we are using infinite heat sink

Pj

/

Tc — Ta 120
Oca =0
re > T, Region 2

» P; =108

STUDENTS-HUB.com

25

175 Te
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Transistor and Heat sink

For Operationin free air
(No special arrangment for cooling )

O, depends on the type of the case in which

the transistor is packed )

slope

Gja -

Pj

Pjmax

6 __T}Jnax'_'Tho 1 )
ja —

I?Jnax

Tao nma” Ta

vy
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