Chapter 4
Bipolar Junction Transistors

Section 4-1 Bipolar Junction Transistor (BJT) Structure

1.
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Majority carriers in the base region of an npn transistor are holes.

Because of the narrow base region, the minority carriers invading the base region find a
limited number of partners for recombination and, therefore, move across the junction into
the collector region rather than out of the base lead.

Section 4-2 Basic BJT Operation
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The base is narrow and lightly doped so that a small recombination (base) current is
generated compared to the collector current.

Iy = 0,021 = 0.02(30 mA) = 0.6 mA
f(; = lr|; - fn =30 mA — 0.6 mA = 29.4 mA

The base must be negative with respect to the collector and positive with respect to the
emitter.

f(: = f|:— fn =534 mA —475 l,i-l'.n‘i'l. =4.587T mA

Section 4-3 BJT Characteristics and Paraineters
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11.

I. $23mA
G = —= = =0.947
T 1, 8.69mA
I 25mA -
= —=——— =125
Fic T, 200 uA

Ig=1:— - =205 mA — 203 mA = 0.2 mA =200 gA

I 203mA N
== = 101.5
P I, 200 A

Jo=lc+In=535mA + 50 A = 5.40 mA
I _535mA o4

aie =
T 540mA

f(; = C,Ihr_'f[. = 0.96(9.35 mA) = 8.98 mA
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12, fe=2R_ Y _sna
R.  10k2
I SmA
-= — = = 1{“]
P Iy 50uA
13. dine = ﬁl){j = @ =099
Boc+1 101
14, e YV 3V-0TV o,

R 100 kg2
j(: = _,ﬂl)(:-ili = 20023 IHA:I =4.6 mA
=l +lh=4.6 mA + 23 pA = 4.62 mA
Ver =V = IcRe =10V — (4.6 mAN 1.0 ke2) =54V

15. I- = does not change.

For Voo = 10V

Ver= Ve = IcRe= 10V — (46 mAN1 0 k2) =54 W
FDF .L'..[:[.' = ]S ‘\"-:

Vep =153V — (4.6 mAN1.0k2) = 10TV

AV =107 V-54V=53Y increase

Vi —Va _4V-07V _ 33V

16. In= = =702
8 Ry 17k 47k KA
F V. o r - I
:.:::LLL ('E':_:‘\I 8V =M mA
R 1702

le=lc+in=34 mA + 702 A =34.7mA

) _i_ MmA _
P 1, 702 pA

17. (a) V=07V
W 41V
=Y Ve _ 43V 0,
Ry 309kn
I = focln = 30(1.1 mA) =55 mA
Vep= Ve = IeRe = 13V = (55 mANIE0 2) =510 ¥
1":;_'” = V(_'|._— i"’m: =510V-07V=440V

1"r|;|: =TV

Iy = Vi — Ve _ =3IV -(-0.TV) _ -3V
Ry 27T k& 2Tk

f(_': ﬁ){_'.lln = 125(—85.2 Jﬂﬁl] =—10.7 mA

Viep = Voo — IcRe = 8V — (=107 mA)(300 @) =383V

Vep = Vip— Ve = =383V - (07 V) ==-313 ¥

(b

=—85.2 uA




Chapter 4

18.

19.

0.

21.

Yoo _ BV _grama

R 13

fp= Y =Vew V=0TV _ 40
Ry 30k

:(: :tﬂm:.ﬁ; = 5':" 1.1 m)"l] =55 mA

Io < fopan

Therefore, the transistor is not saturated.

(a) :(le:zl =

Vo _ 8Y

(b) o = YEE =205 mA
R, 30@
o= Yon Vo V0TV g5y 0
R, ke
:(: :,ﬂm:h; = lEﬁiSSI;;A] = 10.7 mA
I < Jopy

Therefore, the transistor is not saturated.

Vp=2V
Ve=Vo—Vee=2V-07V=13V
h= Yo 15V g 3ma
R, 10k
I = apely = (0983013 mA) = 1.27 mA
e T _ 0 _
T T—ape  1-098

;|;=.II-E:—;(_'= 1. 3mA - 1.27 ﬂlA:MM

{a) FEI = 1-"’|;|; =10V
Ve=Vor =20V
Ve=Va—Vee=10V-0TV=03V
5'"'(_'|_ = 5"’(_'— 1r'r|_ = 1[] ‘\"- - 9:1 1\"- = 1{1.7 "‘
i"’m_ = ﬂ.T ‘!'I
Vep=Ve-Va=20V-10V =10V

(b} FEI = 1"’|;|; =4V
5""[_' = 1-":;_'(: = —12 vV
Ve V=V =4 V- (-07V)==-33V
Vo= Ve— Ve =12V - (33 V=87V
Vo =0TV
Ven=Ve—-Va=—12V-(4V) =8V

For Gy = 100:
=V 10V-0TV
fo= Yo —Voe _JOV-0TV o 0
R, 0k
ape= Lo 190 _ 999
1+ B 101

I = apcly = (09903930 wA) =921 uA
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For Boe = 150

I =930 HA
ape= —Poc 150 ggs
I+ 8y 151

Ie = ancly = (0.993)(930 A) = 924 kA
Al =924 A — 0921 wA = 3 pA

22 Poiman) = Vel
Vitiman = Foiman =ﬂ —MV
ST 50mA

23. P = 0.5 W = (75°C)(1 mW/Cr=05W =75 mW =425 mW

Secrion 4-4 The BJT as an Amplifier

M. Vau=AV.=50100mV)=5V

v /

25. A== 10V =333
Vv, 300mv

% A= 3802 g
T

V.= Vo= AV, = S6(50 mV) =28 V

7. fp=Yw Ve 25V-0TV e,
R, 100 ke
I(: = .BI:IZZ I.; = 25018 ,HA:I =4.5 mA
e — Vi [ —4 W
Re= VooV V-4V _ 1.1k2
I. 4.5 mA

28. (a) DC current gain = F- = 50
(b) DC current gain = foc = 125

I
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Secrion 4-3 The BJT as a Switch

r 5V
lg. ;L':s]jl = 1.[—':' =-—

= 500
R 10ke HA
f =k} 5
Dy = —2L = 00 h =333 uA
Boc 150
Visiiminy =0TV
Toimin) = ————
Ry,

Ralpimiz) = Vinimin — 0.7V
.L':lh'lminl = Rn.lrgurrj_ﬂ +07V= I'?-__?ﬁ '.HA:H JlOM)+ 07TV =403V

15V -
30. f':; = =125
T 2ke
fetay 125
iy = £=ﬂ =250 uA
Boe 50
V.07V v
Ry = 1 0.7 _ 43V _172ke
I 250 A
Viviemern =0V

Seetion 4-6 The Phototransistor
3. I = Focl = (20000100 gA) = 20 mA

32, 1= (50 Imfm®)(1 wASImim®) = 50 gA
I = Bocly = (100050 uA) = 5 mA

33. e = 103100 mA)Y = 30 mA

., Jor _g4
r|h'
fpo= Jour _10mA e mA
06 06

Section 4-7 Transistor Categories and Packaging

35, See Figure 4-1. i
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Figure 4-1
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36, {a) Small-signal
(b} Power
{c) Power
{d) Small-signal
(e) RF




