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5.12 Using the npn transistor model of Fig. 5.5(b), consider
the case of a transistor for which the base is connected to
ground, the collector is connected to a 10-V dc source through
a 2-kQ resistor, and a 3-mA current source is connected to the
emitter with the polarity so that current is drawn out of the
emitter terminal. If 8= 100 and I;= 107" A, find the voltages
at the emitter and the collector and calculate the base current.

L =3mA; Iy == 1, =2 _10m,
(04

VBE

I = lge" >V, =V, xIn(-£)=0.747 V

ISE

Ve =V, -V, — 0.747=0-V, — V. =-0747V

I, =al, :ﬁil . —0.9901x3 = 2.9703 mA
J’_

V. =10-2.9703x 2 = 4.0594 V (which verifies active mode)
lg =1 — 1. =3-2.9703=29.7x10"° mA=29.7 A

5.19 A pnp power transistor operates with an emitter-to- l 2
collector voltage of 5 V, an emitter current of 10 A, and Vg =

0.85 V. For 8 = 15, what base current is required? What is +

I for this transistor? Compare the emitier—base junction D
area of this transistor with that of a small-signal transistor

that conducts i = 1 mA with vz = 0.70 V. How much B o—
larger is it?

" Vg =5, that means the pnp transistor is operating in the active mode.

Giventhatl_, =10 A — |31:£:9:0.625A Y

p+1 16 C

e, = Bly, =15x%:9.375 A;

Vee Ve 085
le, =1, eV = lg=l,e " — I, =9375xe %1° =594x10™" A
Agy  59.4x10° A 59.4x107°
A, Ve 2,03x107°

I, =1, € "
The power BJT has an emitter-base junction area 29.3 times larger than the
small signal BJT.

=293




6.28 TFor the circuits in Fig. P6.28, assume that the trapgis.
tors have very large J Some measurements have been mads
on these circuits, with the results indicated in the figure,
Find the values of the other labeled voltages and currents,

=10.7—0.7:1mA

Il - IE

B is very large, we can assume I, is0 —
lc=1.=1mA

V, =10x1+(-10.7)=-0.7 V..

d)
Equating the collector and emitter currents:
le =1¢

10-Vs; (v, —-0.7)—-(-10)

15 5
4, =-179 —» V,=-4475V.
I, = 10— (-4.475)
15

- 10-V, =3V, +27.9 —

~0.965 MA =1, = |,

6.29 Meusurements v the circuits of Fig. P6.2Y produce
labeled voltages as indicated. Find the value of f for exch
{ransistor.

To be able to find £, we must find two of the three currents:
l5, I, and I..

=1O—_7=3 mA.

IE
The current following into the lower 1-kQ resistor is exactly
equal to I-; why?
V. =3x1=3V > |, =M=O.033 mA

100
(15 1s flowing out of the base for a pnp transistor.)

l.=(B+Dl, — ,Bz:—E—lz9O.

B

+107 V

10 k&

+07 V

10 k2

—107V
(a)

+10V

=10V
(d

+10V
1 ko
+7V
+6.3V
100 kQ
1 kO

©



+3V

6.35 For cach of the circuits shown in Fig. P6.35, find the
emitter. base, and collector voltages and currents, Use fi= 50, 09 k()
but assume |Vye| = 0.8 V independent of current level.

Assuming the transistor is in active mode: L 2
V,=-08 - I =%2(‘3):%=1 mA
| 1 2.2k0
s =—f—="—=19.61x10" mA
B+1 51
I, = Bl, =50x33.78x107° = 0.980 mA -3V
Vg =0 (a)

V. =3-2.2x0.980=0.844 V.
Voo =0-(0.844)=-0.844 < 0.4 — theCBJis
reverse-biased — the transistor is in active mode as assumed!

5.26 For the circuit shown in Fig. P5.26, measurement
indicates that Vi = 1.5 V. Assuming V. = 0.7 V, calculate

Ve, , 3, and V. If a transistor with 8 = o is used, what values
of V, V,, and Ve result? 12 ¥

(i) Note: the negative value of V; indicates that the base current
is going (into) the base which is the right direction for an npn BJT.
0-(-1.5)
lg=—"7—7
10
(current is in mA because the resistance is in kQ.)
Ve =V, -07=-15-0.7=-22V
_Ve-(=9) _-22+9 _68

I, = =0.68 MA
10 10 10

lc=1-1;,=0.68-0.15=0.53 mA
V. =9-0.53x10=3.7V — V,, =-15-3.7=-52V<04V,
which means the transistor is operating in the active mode.

ﬁ::—%@=3.5333 Sa=P —3'533320.7794::—0
B E

=0.15mA

0.15 B+1 45333
(ii)l; =0 > V,=0 > V., =07V > V. =07V



5.78 For the circuit in Fig. P5.78, find Vj, V,, and V. for
Ry =100kQ, 10kQ, and 1 kQ. Let 8 = 100.

(i) Rz =100 kQ
Assuming the transistor is in active mode:

(B+DI =1¢ +5V
207Ve) Ve g5y, 210,
100 1 101

SV, =216V > I, :2'—116=2.16 mA

101

1 kO
V=V +0.7=216+0.7=2.86 V
100
V.=5-1xl.=5-(——)x1.=286V V.
c xle (101)X E C

Voe =V =V, =0 < 0.4V — the BJT is in active mode as assumed. Ve v
E

(i) R, =10kQ §”‘Q
Assuming the transistor is in active mode:

(B+Dl =1 =
207 HVe) Ve g5y 210y,
10 1 101

SV, =391V > I, =%=3.91mA

101

V=V +0.7=3.91+0.7=4.61V
100
V.=5-1xl.=5-(+)xI.=1.13V
c e (101)X E

Voo =V =V, =348V >0.4 V! the BJT is saturated.

Restarting, and considering Vg i, =0.2 V:

=1+,

Ve _5-V, 5-V,

11 10

Ve _5-(02+V,) 5-(0.7+V)
1 1 10

V. =4.8-V, +0.43-0.1V, — 2.1V, =523 >V, =249V,
Vo =02+V, =2.69V; V,=07+V.=3.19V.



D5.65 For the circuit in Fig. P5.65 select a value for R so

that the transistor saturates with an overdrive factor of 10.
The BIT is specified to have a minimum S of 20 and Vg, =

0.2 V. What is the value of forced 8 achieved?

Useful relationships:

I Sal I sal
IB(EdgeOfSaturation) = IB(EOS) = ﬁ; Brorced = CI(B 2 ;
Over Drive Factor (ODF) = ls
B(EOS)
IC(sat) = ﬂ = 48 mA
1
_ IC(sat) _ 48 _ _ _
IB(EOS) - == 024 mA —> IB = IB(EOS) XODF = 24 mA
ﬂmin 20
~5-07 4.3

—> RB :ﬁ:1792 kQ

IB
B

I
ﬁforced = < - 48 mA = 2

24mA

IB

Note that 5., is only defined in saturation and it changes with I, and

always is less than .. .
5.. 130 For the common-emitter amplifier shown in
Fig. P5.130, let V(=9 V, R =27kQ, R,=15kQ, Rp=1.2kQ,

and R = 2.2 kQ. The transistor has = 100 and VvV, =100 V.

Calculate the dc bias current I If the amplifier operates
between a source for which Rg, = 10 kQ and a load of
2 kQ, replace the transistor with its hybrid-z model, and find
the values of R,,, the voltage gain v,/ vg,, and the current

gain i,/i;.

We first draw the DC equivalent circuit (all caps are open-circuited), then

we find Thevenin's equivalent looking out of the base.

27x15
=R, |IR, =27 kQ[|15 kQ =
Ry =R/ IR, I 27215

=9.64 kQ

__ R, __ 15
" R+R, © 27415

Assuming the transistor is in active mode:

x9=3.21V

(IB+1)IB = IE
101x 3.21-(0.7 +VE) = V—E — 2.51-V, =0.0796V,
9.64 1.2

+5V

L kG

Vih=3_21V

"
1‘& N
Ry Uy
Re I o

+9V

DC equivalent circuit



-V, =2325V - |,

100
=01 ~1.918mA
e = (Gop e

= 2325 =1.9375 mA,

Vp =V +0.7=2.325+0.7=3.025 V

Ve =9-22x1.;=9-22x1918=4.78 V

Voo =V -V, =3.025-4.78= -1.755V < 0.4V
— the BJT is in active mode as assumed.

1.918

L=le 198738 ms:
V, 26

r =YgV B0 5 1355k0
e "l 9, 738

R,=R IR, IIr. =R, |Ir, =9.64]1.355=1.18 kQ

Yo

e

R

n

1.19

sig

V,, R,+Ry L119+10

=0.106

V, =~ G,V X (Re IIR) = —77.3v,, — ~2 =773

be

A =Yoo = YoV _0106x(-77.3)=-8.2 VIV
oy .
sig be sig
Yo _LXR_ z75 L, b Ra Vo 56 A
Vee xR, i RL Ve
Rslg b c
. &
Vsig Rm¢ + $
Re
e R2§ - gvbe <*>9m Ybe § RL§ e
. r :

Small signal equivalent circuit



