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o NE HE (B2t T LT (o)

& Bpc L
o TAEE BFY HOA BEY H (MROS) | L
e 20 ~200
= Opge I
o HAHE MFS OUE BT H O = =5
E
e 095 ~ 0.99 < 1
® Boc2 apc B
o] !E = !C + !B > 4 !E'I!C =1+ !B'/!C
Ex.4-1

> apo= 1+ 1/Bpe =(1 + Bpc)/Bps—

Q. IB :5OMA, IC :365mA, BDC , IE?

a Poc A I. 3.65mA
B = B¢ O = ——0 : _ I, _3.69m
 1-ay, ¢ 14py, Poc == "50ua

=73

I =I.+I;=3.65mA+50uA=3.70mA
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s AR MY oM chif
Ver + |+
Ry 'CB +
_ Ve T— V
s BB il I g WV ) e = Vec
M Vg, Vg, V all R A
m Y8 . Vpg Ves Ve — , [
B HI'OIO'IA: VBB! VCC B E

Vge= 0.7V : pn &Y

lg = (Vgg - Vge)/Rg

Vee = Ve - lc Re = Voo — (Bpclp)Re

Veg = Ve — Ve

It =~ I (€ Ig = Ig/ope)
Eggﬂﬁ@’dtﬂf—’tm
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Ex.4-2
Q. 7.3*% g, lg, I MY Ve, Ve, Ve 2
T5t=t,
&, Bpc =190
A 100 Q)
+
Vge= 0.7V : pn §E —_;_—_ 1‘(/)(?5/

lp = (Vg - Vie)/Rg =(5-0.7)/10k=4300A v, =L
lo= Bocls =(150)(4300A)=64.5mA VT
le= lg+ |y = 64.5mA+430 A=64.9mA

Vee = Ve - Ig Rg = 10V-(64.5mA)(1000)

Vg = Ve — Vge=3.55V-0.7V=2.85V

[1 Selgs]n feiymi 8
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o Collector EY4 =N MWy
m Vg JHT(QES 10 Hsten)
. RE! +
e X3 FA(saturation) )i“ %év
O<VCE < 0.7 L T _ -
= BE, BC: A% n:;é
V o Ve 31 (0.7Velst) > I
%Q?t *
o BYYY (MFI) J
EVCE > 07V B ik |
= BE: e%*%* BC' =L | i
o ICE IB (é'c - BDCIB) Saturatio i Active g;;?::own
Ve US %‘I[ SIEEE |, 1§ Slc Y7 Region | | Region i
° %*E%W i |
C’\t°l o Yot QWY HoojA Mooz ol | |
c MR FH® 3 > breakdown ¥ o o —

U Saturation Breakdown
§ E}% EH F ii! region ———————————————— Aclive region » region
| _
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ENX 3N
o Collector 59 =0
7(
= Fay
=l 37 > 1,37
JIIIl::
'}
Ic
A
C
B I |
| |
| I
| |
| |
| |
I |
| |
I |
| |
I |
I |
| |
| |
| |
: _ R
A | T rVCE(max)
0 0? A% i ,{g,z:‘(;&(.l'mm
S(rmrufiwr: Active region >i region
region r

[]i2scio
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Ex.4-3
Q. lg=5pA ~ 25 A WA 5 A W T oy H=E EHIM2S
==t
o, =100
Poc A
I (mA)
RC A
AN Ig =25 A

-— 2.5
[(* |
Ry : : Iy =20 A
4W\I_@)B =100 —;ivcc 2'O_ﬁ
= = [
+ [—" - _ I
. _,__E A | Ig=15uA
EB_ 154]) B
rl
|

Iy = 10 uA

|
= Lo
|
|
I.=5 uA
0.5 , =2
|
|
|
|

tl Slels]n feiim 11
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& At (Cutoff) &
zlg = 0 L
- IC ) ICEO _'-—_-'i Vee
(M &2 ¥of 2AH A T

o X3 (saturation) ®™

llB §1|' - IC %-It (IC = BIB) > VCE -IH-IIE (VCE = VCC - IC Rc)
> Ve Tt Vogen T2 > I 37 ST © 04 |, Tt F A

=L,

¥,
]

— Ve
+ Iy N N
" f
[] Sfelre]u feigm] =
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o A5 H5M (DC load line)

m AAHED ESFS C1HSE M I
A
® KI‘EQ (IC=O’ VCE = VCC ) ‘f/,.":iu.tlll';ii'iun —
;.E.HELI]_
¢ E§t§(|0= losan VCE=V(sat)) ) ———
CIEELTEIN N , -
VCE = VCC - IC RC
, -
|
: Ly
| k=0 \ Cutofl
: ot g > Vee
0l VeEsan Ve
E{g}]ﬁ!’."dtﬂf—’!ﬂ 13
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Ex.4-4 e Z 1ok
Q. T3} QIR OfYA| mEts}a} Ry e v,
E, VCE(SC(T):O.ZV o+ 10 kO o ""_]OV
VBB =
3V _I
A. vy = = =
- 10v-0.2v 9.8V
T __¢c CE(sat) _ _ _98mA
C(sat) RC IOkQ IOkQ m
L= HETO TRSZ BZ I, 30D 2O
I, - Vog —Vee _3V-0.7V _ 23V _ o,

R,  10kQ  10kQ
I. =PI =(50)(0.23mA) =11.5mA

EMA|AEIS TSHEQJD I = 115mA% B2 4 it

[ ]EE*%'EHE.*E ”
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® Bpe o M,

= BJTS Mget=r Zedt 52
mj2}0|Ef
= ZHE TR 20 BRN #et o 00 s 9 D
o 2C°| M2 p3y ==L [T R
~2E FU S g EUt i =
i IC EIAI.O“ [[I-EI. E§|. ?Iﬂl.ﬂ 2-.13 J:I] . 540 . 70 .l.ﬂ EID k1] . 30 .TU. .H.II . 200

I, collector current imA}

I — PD(I'\‘\GX)
I (mA) © Ve
| X
J e o 30| EANAE FH
B = X0 T H: % HY2| Mot
Ly 8 Vee 9 T = SN AHHE TR 4 ot
XILH A\H|A{=d -
\.\ I "'I " J-HII_1—| PD(I’I’\GX) = IC vCE
I £ Bimax) V(‘E "'.{_‘
1;} 500 mW 5V 100 mA
1 I I !| > Vee (V) 500 mW 10V 50 mA
5 10 15 20 500 mW 15V 33 mA
VeE(max) S00mW | 20V 25 mA
(a) (b)
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Ex4-5 Q. V=6VE 5 ACFHO| 250mWEIH EJAAET} HY 4 QUi N0 HAE

—
NFs?

A T - omes _ 250mW

=41.7mA
© Ve 6V

rl Selgs]n feiymi 16
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EX_4-6 Q PD(mGX)=800mW, VCE(max)=15V, Ic(max)ZloomA. 7((5'11% -7|(-EI'-6I'KI EGI-
HAUM 2T 4 A= A Vo 2, o FHO| HA XD

rr

A. L _Vea—Vee _BV-07V
R, 22k
I, =PI, = (100)(195.A) =19.5mA

=195 A

V, =IR. =(1.95mA)(1.0k2)=19.5V

Vee=Veeman=15V & M Ve di

\/ —_\/ _\
VR, = Vee — Vee

Vecomen = Vet + Ve, =15V +19.5V =34 5V

Pogmasy 11 800mW OB V, t=345V

Veet Vegmao® ZRET B 34 5VTHA| 57t s 2 ZMEA] RS VegmagE=15VE ©
ot ol AN Py, Tt ATHEA] & 4 Qirt 8% Mg gHo| &5,
' o | Bt} WO ANE T} BEA] B0} Tr& of 4
Py = Vegmao e = (15V)(19.5mA) = 293mW B2 BEM Vo M TR Trof 2

E0] Vegmao 1 M2 BN HHS AN

[ ]EE*?&EHE.*E
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© I:)D(max) 2 8d
= PD(max) at 25 C
a2k 3 > I:JD(max) [
® Ppmag & s [ mW/2Cl
Ex.4-7
Q. Ppmwdt 25 C =1 W, BUHL = 5mW/ C, 70 T <
I:)D(max) ?
A.
I:)D(max) = I:)D(max) (25 C) - (8dHL)(70 ¢ - 25 C)
=1 - (5m)(45)
= /75 mW
[] Sfels]nl keiim] N
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A& (DO uwF (AC)
SNEE Iy Iy
s e Ic, Ib! Ie

=W$ﬁ”"

= Q2N Re (BIF), R, (WR)

EUR|AE FE
L |_1Er7o=% (B)
ar, Y mE ojujENY

(¢ R2 M@ <« BE &£%

V IR R.
V. Lr' r'

ZZ

Av_
Egaw%mmm
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(a) Circuit with ac input voltage V', and dc bias
voltage superimposed

)]

(b) Wavetorms
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Ex.4-9
Q. r' =500 Al MAO|ED DEEHML?
Rc

a <R 10K o,

r,,  50( N +

) Vum VCC _____
T~ :

Vi, =AY, =(0)100mV) =2V, i l

[
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(VY

(a) Cutoff — open switch (b) Saturation — closed switch

¢ AtHAH
mlg = 0 > A > Y (open)
Verean = Voo = switch off
o oI H
BE £3F H%I2 > ey = (Vo - Veesan)/Re
m Veesay << Voo > logay = Voo/Re  (switch on)
® lgmin = (gean)/Bpe : Z&ET {181 B0 Base MR A [Tk

r] SRl ]u Leigmi
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Ex.4-10 Q. (a) V=0V €M V.2
A (b) o Tt ESHE 93 52 T, ?
(a) V=02 Tr AH-> AQIA] 'Y (c) V=5V Ry2 HAM
Ve = Ve =10V

(b) Vegear)/ENH5 SEZ(OVE 1)
IC(SGT) - VCC /RC =10V/10kQ=10mA
IB(min) - IC(SGT)/BDC =10mA/200=50uA

(c) Tr Ol on KA M| V=07
Vi = V- Ve =5V-0.7V=4.3V
B50uA o HA I,E Z= =0 228 Ry2| 2O i
Ratmao = Vs /Tagmim =4.3V/50 pA =86kQ

[ ]EE*%'EHE.*E -
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Ex 4-11 LEDEE2 2% 30mAEL, Tro| X120t A FO M H,
Q. EBIE 2T AT HO|ANE HAE 5 H &k M, Ve =9V,
VCE(SG*):O.3V, RC:27O Q, RB:3'3 kQ, BDC:5O'

A.
Vee =V 9V-0.3V .
I =— R =32.2mA CC
C(sat) Rc 270_(2 m O
I 32.2mA i §
Totminy = 7 = — 644 A 3
B(min) L,)Dc 50 7
IB:ZIB(min)At% ) ) !\\‘\
N N
I = VRB _ vin _VBE _ vin _O7V } ',-..ﬂ r | Ry
"R, R 3.3k0) S0 e

V, ~0.7V =2, R, = (1.29mA)(3.3k )
V. =(1.29mA)(3.3k23+ 0.7V = 4.96V =

[ Jaztyriou -
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Data Sheets
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Data sheets give manufacturer’ s specifications for maximum
operating conditions, thermal, and electrical characteristics.
For example, an electrical characteristic is Bp;, which is given
as /. The 2N3904 shows a range of B’ s on the data sheet
from 100 to 300 for £ = 10 mA.
Characteristic Symbol Min Max Unit
ON Characteristics
DC current gain Nee -
(Ic=01mAdc, V=10 Vdc) 2N3903 20 -
2N3904 40 -
¢ e IN3904 70 _
(. =10mAdc, Vo =10V de) 2N3903 50 150
2N3904 100 300
lc =50mAdc, Ve =1.0Vd 2N3903 30 -
(= S0MAG, Vee % IN3904 60 -
lc =100 mAdc, Vg =1.0Vd 2N3903 15 -
(= 100mAdG, Vee % IN3904 30 —

E] Sjelgels feigm]

HANKYOMNG NATIONAL LN,



A Sample of Common Transistor Packages
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3 Collector i 3 Collector 3 Collector
S A 3 «
Base " & Base Base |
1 1 Emitter , 2 Emitter 1 Emitter
2
3

T0-92 TO-18

. E.\O
Be

/4

C(case)
. T0-220AB T0-225AA
TO-3
E] Sjelgels feigm]
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Phototransistor
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A phototransistor produces base current when light strikes the
exposed photosensitive base region, which is the active area.
Phototransistors have high gain and are more sensitive to light
than photodiodes.

+Vee
O
Emitter In a typical circuit the
base lead is left open. §Rc
In the circuit shown, Vour
the output voltage is T °
maximum with no light \§

and  drops  with
increasing light. @

Collector

E] Sjelgels feigm]
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Phototransistor
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The characteristic curves for a phototransistor are based on
light flux (mW/cm?2) to the base rather than base current in
an ordinary transistor.

Ic (mA)
] 2

40 mW/em’

30 mw/em?

20 mw/em?

Dark current

5 — o ‘ ‘ \ | >Vee (V)

[]izuciom )
[* HANKYONG NATIONAL UNMN.



Phototransistor
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+Vee
° Relay
corl A Relay
§ A -~ Al “contacts
R
e
e
Q1
o — An optocoupler is a single
package containing an LED and

With no incident light, & will be a phototransistor. Optical
biased OFF. @ will be forward-  couplers transfer a signal from
biased through A and is ON. one circuit to another while
Collector current in @ causes the  providing a high degree of
relay to be energized. isolation.

[ Sjeis ulkelim]
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Homework:
All Examples

Selected Problems (P.216
~219): 1, 6, 12, 13,
17(a), 18, 20(b), 22, 23,

27, 29, 32

[1 SRels]ulfeigm] 29
1 G ;
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PROBLEMS

Answers to all odd-numbered problems are at the end of the book.

BASIC PROELEMS Yun SeopYu
Section 4—1  Bipolar Junction Transistor (BJT) Structure
1. What are the majority carriers in the base region of an apn transistor called?
8. A certain transistor has an - = 25 mA and an Jp = 200 pA. Determine the Bpe.
12, A base current of 50 pA is applied to the transistor in Figure 4-53, and a voltage of 5 ¥ is
dropped across B, Determine the 8p- of the transistor.
FIGURE 4-53
R << 1.0k
R
+
Wy = Voo
£ 100 kgL -
R—=
13. Calcolate ap,- for the transistor in Problem 12.
17. Find Vg, Vg, and Vg in both circuits of Figure 4-535. I18. Determine whether or not the transistors in Figure 4-55 are saturated.

(a)

FIGURE 4-55

(b
30

e

]



20, Determine the terminal voltages of each transistor with respect to ground for each circuit in
Figure 4-57. Also determine Vg, Vi and Vg, Yun SeopYu
|

g) Voo g £> Voo —== FIGURE 4-58
- s == Y —
4 v v 12 T
Ve —— 45;1_3-—_- A
10V =T R T Sk
10 kLY 2.2 ki)
inl bl
FIGURE 4-57

221, A certain transistor is to be operated at a collector current of 530 mA. How high can Viog go
without exceeding a Ppymary 0F 1.2 W7
23, The power dissipation derating factor for a certain transistor is 1| mW/™C. The P, . 158 0.5 W

2 i 7

at 257C. What i3 Ppyyayy at 100°C7 FIGURE 4-60
27. Determine the value of the collector resistor in an spa transistor amplifier with B = 250,

Ve = 25V, Voo = 9 V. Vg = 4 V.and Rg = 100 kLL N T 50 Imfm* 20V
29, Determing fry,y, for the transistor in Figure 4 -58. What is the value of /g necessary to produce L 2

saturation? What minimum value of Vi is necessary for saturation? Assume Vg, = 0V - Boc = 100
A1. Determine the emitter current in the phototransistor circuit in Figure 4 —60 if, for each Im/m* of )

light intensity, 1 pA of base current is produced in the phototransistor. T;E

!‘ Sfelzs]u keigm] 31
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