Instructor :

BIRZEIT UNIVERSITY

ENEE3304 ELECTRONICS2

Mr.Mohammad AL-Jubeh



ENEE3304 Projectl : Water Temperature Controller

R28

ic1 - 1c3 = pA741 s [
1
70 3
Y I1ca,i1c5 st
=LM324 P
OPAMP AMA
o
A2z
VR1 3 ¢ 4 1K
1K AN~ AL2ja)
. /K:S(d) -
R S8z00 fzs -
1000 - b, NG
7
220 [ / ‘v‘v" o NO
< Ate P7ICS(c) Lgc
<3200 R24 o N
1000
SR
< 10K
<
y T2
£L100
<
-
oa20n
[

LED! - LED7 = GREEN LEDs
LEDE «RED LED

RTD
PT100

AAAA

WATER

AAA
v




Power Amplifiers




General Audio Amplifier System

Input Voltage Voltage Power Output
Transducer Amplifier Amplifier Amplifier Transducer
/ > Power

Voltage Voltage amplifier
amplifier amplifier

Loud Speaker
Microphone

Input transducer : Microphone

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

Loud speaker: Used to convert electrical energy to acoustical energy.



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 .

* 1t contains a bulky component having large
surface area to enhance heat transfer.

* 1t Is often the last stage of amplifier system.



Packaging Schemes

10




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

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

Operating Curve




Classes of Power Amplifiers

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

1) Class A Power Amplifier: 6 =360°

Input
Signal

+V,

12



Classes of Power Amplifiers

2) Class B Power Amplifier: 6 =180°

Input
W
e Signal
0 -
0t
Ve T Am Jm 4 7 o
A
S QOutput
t Signal
0 r

time




Classes of Power Amplifiers

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

Input
W
i /\ Signal
0 -
\/ \_/ o
Ve m 2m am 4m an it

m A

Qutput

Bias — . N
Voltage _ Signal
i
L N N N
0! -

time




Class A Power Amplifier

Power Calculation :

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

Pav=1 [y V(DI(E)dt

is(t)

15



Power Calculation :

Pav=17 f, V(O)i(t)dt

is(t)

V(t) :Total voltage across the
device

i(t) : Total current through the
device

Vit) =V +v
U= VmCOS((L)t) 1 ~T .
i(t) =1 +i Pav=;f0(V+v)(I+l)dt

(= Im Cos(wt)

16



Power Calculation :

Po=7 [y (V+v)( +i)dt

Since: _

1 (T 1 (T
— dt= =| idt =0

Poy=7Jy 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 . 17



The Ac Average Power Dissipated in The
Load : P,

Pl,ac f lc(t) Rl dt

iC(t) = Icm COS(Wt)

is(t)

_ 1 2
Pl,ac_ E Icm RL

1 2 18
(Pl,ac) y max — 5 Icm, R,



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

Lem, max™Ico
(Prac) » max = _ICQ R,
fce = ¢ VCCR
ac+ Rac
R,;. = R;+R,

Rac = Rl"'Re

19



The Average Power Dissipated in The Load

[ — Vee
‘¢ Z(Rl+Re)

2
P _ Vee Ry
( l,ac)max = 8(R1+Re)2

If R, << Ry

2
Vee

8 Ry

(Pl,ac) ymax —

20



Average Power Delivered by the Supply : P,

1 T : .
P = ;fo Vee \lC(t)dt lC(t)
1 T
P.. = ?fo V.. {(ICQ+IcmCos(oot)])dt
P. = VchCQ
VCC ’
Butileo = 3@, k0
Ve
Pec= 2Rk 2
If R, << R; Pec= 2p, =



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

Pc.=2y Vee(®) ic(Ddt

Ves(t) = Vee — (RiR) ic(®) §

1 T . .
P.= ;fo [Vcc _ (Rl+Re) lC(t) ] lC(t)dt

1 T . 1 T .
P, =(; [TV, lC(t)dq ~ 1T(R,R,) ic(0)? dt
/ P

1T . 2 2 Iem”
—Jy lc@®*dt = Ico™+- 2




Average Power Dissipated in the Transistor
2

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

~ Pcis maximum when I_,= 0

is(t)

2
P, max P - (Rl+Re)(ICQ )
2
p . Vee
“max  4(R.R,) p VCC2
If R, << Ri max = 4R, -



Summary

is(t)

24



Efficiency: n

n = I:’::c *100%

2
Icm Rl

n = chcz *100%
2R;

n is maxwhenl,, = 1., max

2
Vee

8Rl

nmax =—-;*100%

Vee
ZRl

nmax = 25%

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

25



Y : Figure of merit

y — PC'max
(Pl,ac) y max

(Pl,ac) ) max 8Rl

26



The Class A Common Emitter Power Amplifier
with Choke

For Maximum Symmetrical swing:

T _ Vcc
¢e (Rac+Rdc)
R, =Rl
R;. = R,
Vcc

I —
¢ (Rl+Re)

27



The Class A Common Emitter Power Amplifier

with Choke
v
Verg = Rac * Icg = — g
1+¢
Lapp oo
If R,<<R

VCC
Icop = —=
CQ Rl

VCEQ = Vee

28



Power Calculation:

VCC
ICQ — R_l

VCEQ = Vec

1 2
Pl,ac — Ellm R,

1 2
— Elcm R,

1 2
(Pl,ac) ymax — EICQ R,

is(t)

(Pl,ac) y max — Z_Rl 29



Power Calculation:

1 T .
P = T fo Vee lec (t) dt the chock is open
circuit for ac

lcc(t) =1
CC() cQ 2 analysis
cc
P..=V,.Ico=—
cC cctCQ Rl
Pc=Pcc_Pl
2
Ve 1 2
PC_R_I ) ?Icm Rl
2
_Vcc
Pc,max—R_ =P
[

P.e = Pepax = VCEQICQ

RL

30



n

Efficiency:

— Plac *100%

PCC
Icmle
— 2 * 0
Vecloo 100%
IcmZRl
) * 0
n Y 100%
( *100%

ICQ

I.,, max = ICQ

max = 50% !:‘
n 0 S

Pcmax

(P l,ac) )y max

'y:

ly =2]

31



Transistor Ratings:

iC (t) , MNaAX

Vee (t), max = BV cgo
Pcmax = Vceo-Ico
ZICQ < ic(t), max

2Vceeg < BVcko

Maximum Symmetrical
swing

32



Transistor Ratings:

EXAMPLE: %
A Power Transistor has the following: 1™~

BVCEO =40V
ic(t), max = 2A . R
Pc, max =4W ECA) -

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

33



Solution :

1 2
P , = —1 R;=2W
Pc max = VCEQ | ICQ ( l,ac) max 2 cQ l

Veeg=Rac.Icq=Ri-Icq P, =V I¢o =4W

Ico = \[Pc;z"ax =0.634

! N max = 0%
Vceg = Pc, max. R, = 6.3V
-
Is ZVCEQ < BVCEO =40V Yes —

Is ZICQ < ic(t) max = 2A Yes
-
g
Vee = VCEQ = 63V 4



Transistor Ratings:

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

Solution:

Ico = \/chmx =0.634

l

= +Pc,max.RL =6.3V
Is 2l¢o < i.(t) max=1A N

There Is A problem |

35



a) If the Q point left unchanged
VCEQ = 6.3V Vcc =6.3V

1A

0-63A — — —— CEE— CEE— -——

ICQ
Iom = 0.374 .

max

(PL,ac),max = %Icm,masz,: 0.69 W

Pcc = Vee* ICQ =4W

Nomax = 17.25% (%

Pc,max =Vigo . ICQ = 4W

P 5

)/:58 (a




Second solution

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

l'@

b)IfweletICQ= 0.5 ic(t),max mm) ICQ=0.5A
s Icmymax=0.5A
(Pl,ac) y max — %ICQ2R1= 1.25W n,nl‘ax — 59?_/?

= Rac.ICQ =5V =
Vee = =5V C

- — e e e —_— —_— ——— .

Pc,max = VCEQ*ICQ = 2.5W

_ e
Pcc =Vcc ICQ = 2.5W yr=2 |=




Transformer coupled class A Power Amplifier:
For Maximum symmetrical swing :

I — VCC
¢e Rac+ Rdc
R,.=N?R;=RL
R, =R,
I — VCC
¢ 7 RL +R,
If R.<<R/
l,CCY
Ico = R

VCEQ = Rac ICQ =

VCC+
+
N:1
RTH
VTH T

VC C 38



VCC+

Power Calculation:

1,
Pac) = Ellm R,

I;,,=N.Icm - N
1 2 ! %C/D
~ PL.ac = =1.,"R;

VTH

[ 1

(PL.ac), max = EI cmmax- R}

1
(PL.ac), max = EICQZR;

2
_ Vcc
P(l,ac),max‘ Zer 39




Power Calculation: 1 T _
P = ;fo Veclee(D)dt

icc(t) =ic(t) = I¢g + Ipcoswt

2
cc

2 p/
Pcc:VchCQ: :ICQ R,

VCC+ Rl,
} g RL% VT° Pc = Pcc_ Pl,ac

<
|I 3
ﬁ"c
S :U
Q I
2 v
g
=S
(o
N N|=
Py
o)
C:u 3 N
) -~

40



Power Calculation:

N = *100% Iemmax = I¢g
Iem” Ry N max = 50% @
= 2 *100% :
77 ICQZ*RI’ 0 y = PC,max

(PL,ac), max

= (ICQ *¥100% ‘ — ‘

41



Ratings:
EXAMPLE:

A Power Transistor has the
following :

BVCEO =40V

Pc, max =4W

ic(t),max = 1A

Determine the Q point so

that the maximum power
dissipated by a 10 Q load.

Solution :

Pc, max = Mcq .
= Rac. ICQ
=R, . I¢q

Icg = |2% = (0.63/N) A

l’

= /Pc,max.R;,’ = (6.3N) V

How to choose N ?

42



The Q point must satisfy :

ZVCEQ < ﬁVCEO — 40V
Wesp = 126N <40V EEEEE) 317 >N

2lco <1c(t),, max = 1A

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

317 > N > 1.26

43



a) Let N =2

0.63

VCEQ= 126 V
1 2p !
(Prac)max = ?ICQ R, =2W
PCC — VCCICQ =4W

N max = 50%

b) Let N=3
Icop =0.21A
Vepo=18.9V
Vee=18.9 V
(Prachmax = - leg”R{=2W

Pcmax = Vceglco =4W

N max — 50%

44



Class A Output stage Power Amplifier:

. _ Q1 is common collector amplifier
The output stage is designed so DILIVER A LARGE AMOUNT

that : OF POWER
Vo=0,IL=0,Vi=0.7V veer 1
IE1=1, VCEQ1 = VccC

® ® 00 oy 01
Vo(t) = Vi(t) — VBE(t) (E1(t)

Vo(t) = Vi(t) - VBE R . . vor)
s ™ :

— | | e
I | Current v

source 4s

\ . -Vc c o



Sara Totah
Typewritten Text
DILIVER A LARGE AMOUNT OF POWER




Transfer Curve:
Vo(t) =Vi(t) — VBE
Vo(t) =Vcc—VCEL1(t)

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

Vo(t) =VCE2(t) —Vcc
Vo(t), min =VCE2,sat —Vcc

(When T enters Saturation)

/ Vbe

Or: /——— —ﬁ;m y
Vo(t), min = —IRL |

(When T1 enters Cuttoff)
iE1(t) =0

Vi(t)

When Q2 gety into- saturation
Vo, minv = -Vco + Vee,sat

OR
When Q1 gety into- cut-off
=01 -I1--->k1=0--->U=-1I
Vo,minw = L*RL = -I*R

v


Sara Totah
Text Box
When Q2 gets into saturation:
Vo,min = -Vcc + Vce,sat
         OR
When Q1 gets into cut-off:
iL = iE1 - I ---> iE1 = 0 ---> iL = -I
Vo,min = iL*RL = -I*R


To allow Maximum symmetrical swing :

—IRL=—Vcc +VCE?2, sat

Vcc+

—IRL = —Vcc

__Vec
RL

N
e I
Vi(t)
47
—_——————— 7/|.RI.
VCE2! sat — Vee




Signal Wave forms: VCE, sat=0V Vee

Maximum possible swing

t Vi

Vm

\ 4

Vcc [\ 2Vcc
Vc
U t

-Vcc




Signal Wave forms:

iC1(t) =~iE1(t) VCE,sat =0V
iE1(t) = I + iL(t)
iE1(t), max = I + iL(t), max veet

Vo(t), max
RL
Vce

(E1(¢), =]+ —
iE1(t), max o1

iE1(t), max =1+

iE1(t), max =1+1

iE1(t), max = 21



VCE, 6 sat =0V

VCE1(t) =Vcc—Vo(t)

VCE1(t), max = Vcc —Vo(t), min

VCE1(t), max = Vcc — (—Vcc)

VCE1(t), max = 2Vcc

50



Power Calculation:

(PL,ac) =

Vom, max® .

2RL  2RL

(PL,ac), max =

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

n= PL; ac + 100% n,max = 2504, 51
Pcc




Vs(t)#

Vm

Class B Push-Pull Power Amplifier:

Q2
r—,
|
Ql
S

CiCZ(t) .

Vs(t) -

\

Vm

VA

lvee °

N:1

Vm

52



Class B Push-Pull Power Amplifier:

N:1
1:1 . - - .

A N, CiCZ(t) +
vs(t) 1 "(t>RL
i VL (t
éﬁ % I(11 fvee ° § (t
1B I i@ _
DC Analysis:

J l Veer = Vpg2 = 0
ICQ2
"] Q2<4 L ., QqandQ, arecutoff
¢ == RL VL (t — —
IJ vee (t) ICQl ICQZ 0
Q1 -
'\l\)'c‘“ Vcegr = Veegz = Ve

VL:O IL:O

53



Class B Push-Pull Power Amplifier:

AC Analysis: 11 QZ/

A M
Vs(t)# §

a) whenvg(t) > 0
V() >0; Qyison
vp(t) <0; Qqisoff

iL(t) — _NiCZ (t) Q1 Is(t) VCC )

and
is(t) =icy(t)
v (t) =Ry i (t)

1c2()

N:1

CiCZ(t) .

il(t
a >RL§ VL (t)

iL(t)

-Nlem
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N:1
1:1 Q

Vs(t)# 3 i
Ql

b) whenv,(t) <0

v(t) <0; Qyisoff * I i
vg(t) >0; Qqison |l
Q
~ i (t) = +Nicy(t)
and
s Oy ® 1

N lcm

GOEEE® | [ ) | [



Sara Totah
Highlight

Sara Totah
Highlight

Sara Totah
Highlight

Sara Totah
Highlight

Sara Totah
Highlight

Sara Totah
Highlight

Sara Totah
Highlight

Sara Totah
Highlight


Class B Push-Pull Power Amplifier:

AC Analysis:
c) for the complete cycle

(@) = N (ic1(8) = ic2(D))

iC2(t) is(t)

m m A
_ VL(t)

iL -RLNIcm

iC1(t)
Nicm
lem [\

-Nicm

56
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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; Q,ison |

vp(t) <0; Qiisoff  «
R; = N*RL

Veez = —Rjic; = —(N*Ry) iz
Vegz2(t) — Vepgz = —Ri(ic2(t) — Icg2)
Vegz2(t) — Veggz = —Rjicz(t)
Vegz2(8) — Ve = —Rjica (Y

Vee — vepa(t) = Riica (£)



Sara Totah
Sticky Note
ICQ2 = 0 from the DC analysis
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Class B Push-Pull Power Amplifier:

To find lic2(®)max AC Load Line for Q2:
= Vepz2(t) = VeE2 3q,= 0
0V = _R;iCZ (t),max N1
Q2 '
= VCC
Le2 (t),max= /
[
— Ve
cm2 — /
,ymax Rl
To find  Wegp(®)max 2

— iCZ (t) — O Vcc/RL’
VcE2 (t),max o Vcc =0 \
> Vce2(t)

VcE2 (t),max = Vcc Vee 58
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Class B Push-Pull Power Amplifier:
N:1

AC Load Line for Q2:

2 VCE2
@ VEZ i

when v,(t) <0

V() <0; Qyisoff ('IGN VL (t)
vp(t) >0; Qqison
Veez = V1(8) Vep2(t) =Vee + NRyp Nicq(t)

Vg2 (t) — Ve = v4(1) Vep2(t) = Vee + N* Ry icq (T)
Veg2(t) — Ve = Nvg(t) Vg2 (t) = Ve + Rjic1 (1)
VcE2 (t) = Vee + N v (t)

59

 VCE2 (t),max =Vee t RiiCl (t),max
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Class B Push-Pull Power Amplifier:
AC Load Line for Q2: N:1

2 VCE2
@2 V2 i)

VCC Ql aND1
R;

VcCE2 (t),max = Ve + R;

VCE2 (t),max =Vee+Vee

VCE2 (t),max =2V

Ic2(t)
N

. Q
Q2 is off
— Vce2(t)

Vcce 2Vcc

60
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Class B Push-Pull Power Amplifier: N1

. 11 Q2 : . '
Power calculation. A C Cicz‘t’ l
Vs(t)(% 3 y !l il(t RL§
at | Mvee °
1 1B 1 icaqy)
Pjac = Z_I%m Ri =
Ijm = N Iy
PL,ac — Z_I%mRL,
1 /
PL,ac’max — 2 (I%m,max)RL

PL'aC,max o ZRL’
61
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Class B Push-Pull Power Amplifier:
Power calculation:
T

1 ] 2V .. 1
P. = Tf Vee ls(t)dt — c;:t o

2Pc = Pcc — PL,ac

C
Pcc — PL,ac Vs(t)B g:i\ L
Pc = —F |

Vecexlem
Pc = - L [em?2RU

[

dPc

dicm

" B 2Vcc
‘M= ZRL

Vec?
w2 RL’

s Pc,max =

62
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Sticky Note
Is(t) signal is a full wave rectifier and the average value for the full wave rectifier is (2Im)/pi
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Sticky Note
To find the Pc,max in a nonlinear equation, so we find the first derivative to find the value of Icm that provide Pc,max.

if Icm = 0:
There is no power dissipated in the transistor if I'm not using the amplifier 

FOR EXAMPLE: If I'm not using the microphone


n= * 100%
PCC
T /(1.,
— 1009
=737, |10
RL'
T
Nmax = 7 * 100% = 78.5%
B Pc, max
V= (PL,ac), max
2
y=—-=0.2

63
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Class B Push-Pull Power Amplifier:

Cross Over Distortion:

Vs(t) 1:1 A

HANA VS“’B

o)

U t

1 Ic1(t) iL,

Icm /L Nicm [\
0 Ic2(t) > o

-Nicm

Icm

64
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Sticky Note
why the wave forms differ from before?
عشان الترانزيستور يدخل في الاكتيف ريجون لازم الفولتج على بي اي يوصل ل 0.7
ولكن حاليا قيمتو 0 بناء للدي سي اناليسز

سو راح نضطر نستنى فترة عبيل م الفولتج يوصل ل 0.7 والترانزيستور يشتغل
هلا لما ينزل الفزلتج عن 0.7 برجع على الكت اوف ريجون وبنستنى فترة عبيل م يرجع ل الاكتف ريجون وهكذا 



Class AB Push-Pull Power Amplifier:

Cross Over Distortion:
1)Cross over distortion can be
reduced or eliminated by

1 _I: Q2 N:1
biasing each transistor ]E_VT; v %
slightly into conduction. "S“’B & e 8=

3
2)Typically the base-emitter
(UmEHoANEhIAsEaboNe We Choose R1 & R2 So that:
0.5V, 0.6V.
Ry Ve
3)When a transistor is biased -_ o

slightly into conduction , the
output current will flow 4) Efficiency is reduced depending

during more than one-half on how heavily the transistors are

cycle of a sinwave input biased .

signal, 5) 78.5% > 1 max > 50%
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Sticky Note
Not in the active enough but close enough, so the time we have to wait till the transistor gets in the active region is very small
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Sticky Note
If the efficiency is what matter the most in my application we bias the transistor so Vbe is small (about 0.3 , 0.4)

While if the distortion is what matters then Vbe is high (0.5, 0,6)
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Complementary symmetry Class B push pull

Power Amplifier

VBE1 +VEB2 =0

~. Q1 and Q2 are in cutoff
ICQ1 =1CQ2=0,IL=0 ,Vo=0

Q1

VCEQ1 =Vcc,VECQ2 = Vcc.
When Vi(t) > 0
,Qlison ,Q2isoff

VCC

Vi (t) Ql

—XK

\" o(t)’

RL
Q2

Vo

Vv o(t)’
RL

66
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Sticky Note
We use this type when we don't want to use transistor


Complementary symmetry Class B push pull
Power Amplifier

2) WhenVi(t) < 0,Q2ison ,Q1lisoff wee T
.
—

Q2

Vot
RL

-Vcc

v

For the complete cycle Vi) Ivol(t)
KVm

HAWANS A




Complementary symmetry Class B push pull Power
Amplifier A

+Vcc

Power calculation: s on
Aﬁ - al
Q2 isolf vcel(t)

A icl(t)

o Vo(t)’ Vice i‘dcc
T
L ra " 10
1 iu®|| Pec = ?j V. ig(t)dt
Ppac = Z_I%m R ™% 0
1 _ 2Vee Iem
P ac = 2 I%mRL T
1, n = Plac, 1009
PL,ac,max — 5 (Icm,max)RL P,
T
o _ Ve Mmax = 7 * 100%
Lac qyyax — ZRL

= 78.5% ™


Sara Totah
Sticky Note
The problem in using any type of class B is the cross over distortion.


Complementary symmetry Class@AB) push pull Power
Amplifier

L
Vce=+30

g

@ RL e
VBE1 = VEB2 = 0.5 . % ™

29.4vV R1
,0.6,... :
Vce=-30

So that ICQ1 = ICQ2 =0 v

and Vo=0 5
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Sticky Note
These resistor is to make a small biasing for Q1

Sara Totah
Underline

Sara Totah
Sticky Note
We choose R1&R2 in order to control the voltage on R2


Complementary symmetry Class AB push pull

Power Amplifier

Practical Class AB Power Amplifier

Vce= +6

Q1

VBE1 = VEB2

b -o6v

10Q

Vo
100 RL

Q2

To Provide Bias Stability . !
1)Small Re for bias Stability . > 56"“;
;.7V i
2)Diodes D1 and D2 for - D1
Temperature Compensation.e
DC Component o7v D2¥
Assume that Igvery small — 0
0= Ipy=Ipy = gos = 9.46mA 53 5003
0.1V
IC1: ICZ =—=10mA

10 Q)

-Vcc=-6
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Sticky Note
We add Re to improve the Q point stability
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DC Component
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Complementary symmetry Class AB push pull Power Amplifier

Practical Class AB Power Amplifier v s6 T
i

* The forward bias required to . ; a1
turn on the output transistor -~ °*° >
Decreases as it’s temperature ., SL
Increase bl 100
The Diodes are used to adjust—; T
the bas emitter forward bias %7V P ¥ o
automatically as a function of . I L
temperature 5.3V 560QT' Q2

* D{,D, are always on Ve
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Complementary Class AB Power Amplifier
using Darlington:

1. This circuit gives a higher power VCC+T

2. The loading effect 1s very small R_zkl

* To Reduce The loading on
the preceeding Stage.

Show that
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1. This circuit gives a higher power 
2. The loading effect is very small


Complementary Class AB Power Amplifier using

VBE Mutiplier

- If a stable quiescent current is to be
maintained , we must provide a bias

circuit that decreases the bias voltage as =

the temperature increase .

25—-1.4
I = = 5.02mA

4.7k

0.7
IE2_56_.Q_12 5mA

I, = 11; Ig very small

L
Vcc=+25

l

/

¢R1

3

R2

Q1
0.50
Vo(t)
o.5o§

> Qz_':t'__'5
4.7k
F R =560 73

Vcc=-25
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Vgais = (R + R2)I;

R4
Vpias =|\1+— |Vpg

Vgias may be adjusted

L
Vcc=+25

.

L

0.50

V o(t)
Q Si
o.sof

Vcc=-25

74



Transistor and Heat sink

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

C\ip MounT
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Transistor and Heat Sink

CQ.S‘Q

. i kaidiess
‘31/‘/ . 4 s

—_—

Heat Sink

S
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Transistor and Heat Sink

C:GIQ

/x ‘//) \nsu \ater

—
L‘ Heat Sink

The fundamental Problem is to remove heat from the
Semiconductors in order to keep Tj as low as possible
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Transistor and Heat sink

CG\JE

| :1i_](
\ [ 5

‘@/ s aag J n

Ojc
Ocs
Osa
Ojc = Junction to case thermal resistance -4
Ta

0., = Case to heat sink thermal resistance :|:

O, = Heat sink to ambient thermal resistance

Ti—T, =054 Pj “Thermal Ohm’s Law”

T

Gja - jS + O, + Ogq
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Transistor and Heat sink
Ojc: Depends on the construction of the power transistor.

— O,s: Depends on the interface
between case and sink , silicon
grease or without.

6, = 0.875 C/oo O¢,: Depends on the size of the heat sink.
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Transistor and Heat sink

Power Derating Curve .

slope

Pj,max

In Region 1:

Tj,max
Tco

P;j = Pj max
SAUfTe <Teo; Pj = Pjmax
In Region 2:
CAfTe>Teo; Tj = Tjmax
and Pj < Py
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Sticky Note
Ta : Ambient thermal temperature الحرارة المحيطة
Tc : Case temperature
Tj : Junction temperature



Transistor and Heat sink
Power Derating Curve

. B 1
region 2 - Tj=Tjax 0jc = pr—
Tj,max — T, = ejc Pj
T —T i
0. = jmax C T
je — P.
] Pj,max
1 2
6 . Tj,max o Tco
jc — P. Tj,max>
jmax Tco
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Transistor and Heat sink

A Silicon Power Transistor has a heat sink
with©,, = 1.5/,

and using Insulator which has

O. = 0.4 %/

, and has the given derating

curve. P

120

What is the power that the ” 175

transistor can dissipate if T, o
= 40°C ? . Tjmax=175°C

. ]
@y

T, =25°C
Pj max = 120W
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Sticky Note
أعلى درجة حرارة تكون موجودة في junction ثم في case ثم heat sink ثم ambient 
Ta (ambient) = 40
so Tc (case) is larger than 40 for sure
so Tc is in region 2


Tj,max — T

jS —_ P .
jmax

175 — 25
~ 120
0jc =1.25 Y/,
since T,, = 25°C
, and T, = 40°
~ T, >T,,

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

Transistor and Heat sink

Pj

120

175
25

Oja =3.15 Y/,
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To findTc: T

120

T;i—T. = 6. P;
Tjmax — Tc = 6jc P;
T, = 121.5°C
T, > T,

Region 2 as assumed

25

175
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Transistor and Heat sink

If we are using infinite heat sink

Pj
AN

~ TC — Ta 120
S

25

175

87
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Transistor and Heat sink

For Operation in free air
(No special arrangment for cooling )

O,, depends on the type of the case in which

the transistor is packed )

Oja = slope

Pj

Pjmax

Tj,max o Tao 1

%)

Oia

38
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