- 1 The terminal voltages of various apn transistors
*  are measured during operation in their respective
circuits with the following results:

Case E 8 C Mode

i 0 .07 07
2 0 0.8 0.1
3 -0.7 0 0.7
4 ~-0.7 0 -0.6
5 0.7 0.7 0

6 =27 =20 0

7 0 0 50
3 =0.1 0 5.0

In this table, where the entries are in volts. 0 in-
dicates the reference terminal to which the black
(negative) probe of the voltmeter is connected.
For each case, idertify the mode of operation of
the transistor. (Note that case 5 is a litle tricky:
To understand this situation. note that although
the transistor is not symmetricai it can be oper-
ated with the roles of the emitter and collector
interchanged in a so-called inverted mode.)

2“ An npn transisior has an emitter area of
10 um X 10 um. The doping concentrations are:
in the emitter Np = 10'%cm’, in the base Ny =
10'%em?, and in the collector Np = 10'%/cm?.
The wansistor is operating at 7' = 300 K, where
n, = 1.5 x 10'%m’. For electrons diffusing in
the base: L, = 19 um and D, = 21.3 cm¥s. Eor
holes diffusing in the emitter: L, = 0.6 um and
D, =117 cm?s. Calcutate {5 and B assuming that
the base-width W is: )

(@) 1 um.
(b) 2 um.
(€) 5 um.

3. Forcase (b). if [c = 1 mA, find /5. Iz, Ve, and
the minorty-camer charge stored in the base.
(Hint: 7, = L%/D,. Recall that the electron
charge ¢ = 1.6 X 107'° Coulomb.)

q. Two transistors. fabricated with the same tech-
nology but having different junction areas, when

| operated at a base-emitter voltage of 0.69 V, have
collector currents of 0.12 and 10.9 mA. Find /s
for each device. What are the relative junction
areas”?

G+ In a particular BJT. the base current is 7.5 uA.
and the collector curreat is 940 uA. Find 8 and
a for this device.

\p

P.7,1%,18,20,22,23,24,25,78

e+ Fora particular npn transistor, properly biased.
the collector current is measured to be | mA and
10 mA for base-to-emirter voltages of 0.63 V and
0.70 V, respectively. Find corresponding values
of n and /s for this transistor. [f two such devices
are connected in paraile! and 0.65 V applied be-
rween the combined base and emitter in the con-
ducting direction, what total coilector current do
you expect?

Show that for a transistor with a close to unity,
if a changes by a small per-unit amount (Aa/a)
the corresponding per-unit change in B is given

-

approximately by

A8 B(ﬁe)

B a
Find AB/B for B = 100 and a changes by 0.1%.

B Consider the large-signal BJT models shown in
Figs. 4.5(b) and (d). What are the relative sizes
of the diodes D¢ and Dg for transistors for which

‘ B =10 8 = 1000”

Q- A panicular BJT when conducting a collector
current of 10 mA is known 1o have wge =
0.70 Vand iz = 100 pA. Use these data to create
specific transistor models of the form shown in
Figs. 4.5(a) and (d).

40~ Using the npn transistor model of Fig. 4.5(h).
consider the case of a wransistor for which the
base is connected to ground. the collector is con-
nected 1o 2 10-V de source through a 1-k() resis-
tor. and 2 5-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
Iy = 107" A. find the voltages at the emitter and
the collector and caleulate the base current.

A{ « The current /¢, of a small transistor is measured ~
to be 15 nA at 25°C. If the temperawre of the
device is raised 10 75°C. what do you expect
leno 10 become?

42- Augmen: the model of the npn BIT shown in Fig.
4.5(¢) by a current source representing /cgo. In”
terms of this addition. what do the terminal cur-
rents iy ic. and ig become? if the base lead is
open-circuited while the emitier s connected 10
ground. and the collector is connecied 10 a posi-

‘ tive supphy. find the emiuer and coliector
currents.
{3~ From Fig. 4.6 we note that the transistor is not a

symmetrical device. Thus interchanging the col-
lecior and emitier terminals will result in a device
with different vaiues of a and B. called the in-
verse or reverse values and denoted ag and Bg.
An npr transistor is accidenially connected with
collector and emitter Jeads interchanged The re-
sufting curtents in the nommal emitter and base
leads are 5 mA and ! mA. respectively. What are
the values of ap and B5”

{Q = Skeich two additional models that parallet those
given for the npn transistor in Fig. 4.5(b) and (d).

\; - Consider the prp large-signal model of Fis.
4A8(b~) applied 10 a wansisior having g =
107" A and B = 40. If the emiuer is connected
10 ground, the base is connected 10 a current
source that pulls out of the base terminal a current
of 10 pA. and the collector is connected 10 a nee-
atve supply of ~10V via a 10-k) resistor. find
the base voltage, the collector voltage. and the
emitter current.

A&+ A prp transistor has ves = 0.8V at a collector
current of 1 A, What do YOU expect vgg (0 be-
come atic = 10mA? at i = 5 A°
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- ‘2‘ * For the circuits in Fig. P4.19 assume that the tran-

sistors have very large B. Some measurements
have been made on these circuits. the results are
indicated in the figure. Find the values of the
other labeled voltages and currents.

48~ Measurements on the circuits of Fig. P4.20 pro-

duce labeled voltages as indicated. Find the value
of B for each transistor.
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2 \= For the conceprual circuit shown in Fig. 4.25,
Rc =1k, g, = 100mA/V.and 8 = 50.Ifa
peak-to-peak output voltage of 1.5 V is measured
at the collector. what ac input voltage and current
must be associated with the base?

&% For a BIT operating at a base current of 7.6 uA
and a B of 104, what values of r; and g,, apply?
What are the values of r, and o that correspond?

QB ~For a pnp BIT operating at an emitter curren: of
0.80 mA with an a of 0.99. what values of r..
r-. and B correspond?

24/A MPBIT ii-‘_!giased to operate at f¢ = 2.5 mA.
What is the associated value of g7 If § = 30,
what is the value of the small-signal resistance
seen looking into. the smitter (7,)? Into the base
(r-)? If the collector is connected 10 a 10-k(2 load.
with a signal of 10-mV peak applied between base
and emitter. what output signal voltage results?

@8vFor the circuit in Fig. P4.97 select a value for
Rp so that the tansistor saturates with an over-
drive factor of 10. The BJT is specified to have
a minimum B of 30 and Vg, = 0.2 V. What is
the value of forced B achieved?

26~For the circuit in Fig. P4.98 select a value for
Rg so that the ransistor sarurates with a forced 8
of 5.
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2%+ A BIT operating at ip = SpA and i =
~ 1.2 mA undergoes a reduction in base current of
0.8 uA. Itis found that when ucy is held constant
the corresponding reduction in collector cument
is 0.1 mA. What are the values of hgr and h,,
that apply? If the base current is increased from
8 A 10 10 nA and wvcg is increased from § 10
10 V. what collector current results? (Assume
Vi = 100 V and neglect the effect of r,.)

28 ~ Measurement of hy of an npn wransistor at
300 MHz shows that [h. =235 at /=
0.2mA and 11.6 at ¢ = L.OmA. Further. C,
was measured and tound to be 0.03 pF. Find fr
at 2ach of the two coilector currents used. What
must 7 and C, be?

2‘\-.& particular BIT operating ar /- = I mA has
C, =1pF. C. = l0pF, and B = [50. What
are wr and, wg for this situation?

£y

Complete the tabie entries below for transistors

(a) through (g). under the conditions indicared. |
Neglect r,.
le e Grm I Bo fr Cu Cr fa
Transistor  (MA) () (mAVI (k) MH2 (PR (PR (MH)38a
(@ 1 100 400 2
(b) 25 2 10.7 4
(3] 2.523 400 13.8 4
(d) Y 100 400 2
(=) 0.1 100 100 2
() I 10 400 2
(2 300 1 9 30
3t.The transistor in Fig. 4.43 has the charucteristics shown in Figs. .10 and 401, Let
Veg = 2 V. Voo = 12V, Rg = 270 0, and Re = 1200 Q.
(a) Find /g and Ve
(b) Find /- and Vg
R Re
[
v, o 2 v

m FIGURE 4.43

For the transistor in Fig. 443, Vy, = 065, ap = 099, and /¢y = 10 nA. Let
Veg = 5V, Vee = 10 V. Rg = 500 (0 and R = | kQ.

(a) Find /¢ and Veg.
(b) Change R to 2 k) and repeat pad (a).

The transistor in Fig. 3.44 is silicon: Vg = 0.7V, ap = 0.99, and /55 = 10 nA.

(@) Find Ry such that the aimmeter current is | mA.
(b) Write an expression tor / as a function of Ry.

= FIGURE 4.44

"V Sketch the collector charucteristics (/¢ versus V) for an apn BJT having B¢ = 100 and
lcgo = 0.5 mA. Let iy = 10, 20, 30, and 40 uA. [gnore the Earty effect.

Write 1 SPICE program 10 plot the curves of Fig. 4.25. Let By = apf/(l — @) = 0.11
Hint: Set the hase curment 1o } mA and let SPICE step the coliecior current.

351

3" Design the circuit of Fig. 4.45 using an npa transistor having 2 Br = 100 and a

Vae = 07 V. Let Voo = Vgg = 6 V, and choose values of Ry and R¢ such that
Ve = 3 Vand Ic = 10 mA.

The pup transistor of Fig. 4,46 hus B, =
Iy Do and Vg

100 and Vi, = —0.65 V. Find the quiescent
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Is there any difference berween the small-signal ac model for an npn transistor and that for
a pnp transistor? Explain.

Consider the amplifier circuit of Fig. 4.50 for which B¢ = 75 and V, = 200 V. {Assumc
that the capacitors arc open circuits 1o dc, and short ci to the ac freq y of

(a) Draw a dc model and find the operating pont.

(b) Find the small-signal ac mode! parameters, and draw an ac smail-signal model for
the circuit.

(c) Find the voltage amplification v, /vis-

5v



