p

EXAMPLE 3.1

(a) Using the characteristics of Fig. 3.8, determine the resulting collector current if
Iy =3mA and Ve = 10V,

(b) Using the characteristics of Fig. 3.8, determine the resulting collector current if
I remains at 3 mA but Ve is reduced to 2 V.

(c) Using the characteristics of Figs. 3.7 and 3.8, determine Ve if fi- = 4 mA and
Veg=20V.

(d) Repeat part (¢) using the characteristics of Figs. 3.8 and 3.10c.

Solution

(a) The characteristics clearly indicate that /- = /- = 3 mA.

(b) The effect of changing Vi is negligible and /- continues to be 3 mA.

(c) From Fig. 3.8, [r = I = 4 mA. On Fig. 3.7 the resulting level of Vg is about
0.74 V.

(d) Again from Fig. 3.8, [ = [ = 4 mA. However, on Fig. 3.10¢, Fge is 0.7 V for
any level of emitter current.

Alpha («)

In the dc mode the levels of /- and /; due to the majority carriers are related by a
quantity called afpha and defined by the following equation:

(3.5)

where /- and I are the levels of current at the point of operation. Even though the
characteristics of Fig. 3.8 would suggest that « = |, for practical devices the level of
alpha typically extends from 0.90 to 0.998, with most approaching the high end of
the range. Since alpha is defined solely for the majority carriers, Eq. (3.2) becomes

lrc' —i ﬂ'ff o .I‘c'm (36]

For the characteristics of Fig. 3.8 when { = 0 mA, /- is therefore equal to /g0,
but as mentioned earlier, the level of {4, is usually so small that it is virtally un-
detectable on the graph of Fig. 3.8, In other words, when [ = 0 mA on Fig. 3.8, /.
also appears to be 0 mA for the range of Ve values.

For ac situations where the point of operation moves on the characteristic curve,
an ac alpha is defined by

_ Al

Alp | Ve = constant

(3.7)

e

The ac alpha is formally called the commeon-base, short-circuit, amplification factor,
for reasons that will be more obvious when we examine transistor equivalent circuits
in Chapter 7. For the moment, recognize that Eq. (3.7) specifies that a relatively small
change in collector current is divided by the corresponding change in /. with the
collector-to-base voltage held constant. For most situations the magnitudes of a,, and
teq, are quite close, permitting the use of the magnitude of one for the other. The use
of an equation such as (3.7) will be demonstrated in Section 3.6.

Biasing

The proper biasing of the common-base configuration in the active region can be de-
termined quickly using the approximation /= I and assuming for the moment that
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A common-collector ¢ircuit configuration is provided in Fig. 3.21 with the load
resistor connected from emitter to ground. Note that the collector is tied to ground
even though the transistor is connected in a manner similar to the common-emitter
configuration. From a design viewpoint, there is no need for a set of common-
collector characteristics to choose the parameters of the circuit of Fig. 3.21. It can
be designed using the common-emitter characteristics of Section 3.6. For all practi-
cal purposes, the output characteristics of the commeon-collector configuration are the
same as for the common-emitter configuration. For the common-collector configura-
tion the output characteristics are a plot of [ versus V- for a range of values of /.
The input current, therefore, is the same for both the common-emitter and common-
collector characteristics. The horizontal voltage axis for the common-collector con-
figuration 1s obtamed by simply changing the sign of the collector-to-emitter voltage
of the common-emitter characteristics. Finally, there is an almost unnoticeable change
in the vertical scale of [ of the common-emitter characteristics if [ is replaced by
I for the common-collector characteristics (since & = 1). For the mput circuit of the
commen-collector configuration the common-emitter base characteristics are suffi-
cient for obtaining the required information.

3.8 LIMITS OF OPERATION

For each transistor there is a region of operation on the characteristics which will en-
sure that the maximum ratings are not being exceeded and the output signal exhibits
minimum distortion. Such a region has been defined for the transistor characteristics
of Fig, 3.22. All of the limits of operation are defined on a typical transistor specifi-
cation sheet described in Section 3.9.

Some of the imits of operation are self-explanatory, such as maximum collector
current (normally referred to on the specification sheet as continnous collector cur-

rent) and maximum collector-to-emitter voltage (often abbreviated as Vego or Figryero
on the specification sheet). For the transistor of Fig. 3.22, /- was specified as 50 mA
and Vegp as 20 V. The vertical line on the characteristics defined as Ve | specifies

1 imA)

Satraiion

regon =1

N /l",.-__ =
NG
e

S~

{p= ¥ mW
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the minimum V- that can be applied without falling into the nonlinear region labeled
the saturation region. The level of Ve is typically in the neighborhood of the 0.3 V
specified for this transistor.

The maximum dissipation level is defined by the following equation:

Pe... = Veele (3.16)

For the device of Fig. 322, the collector power dissipation was specified as
300 mW. The question then arises of how to plot the collector power dissipation curve
specified by the fact that

P(“n_ = VC-EJ(_' = 300 mW
V;_‘_EI(' = 300 mW

At any point on the characteristics the product of Vg and /- must be equal to
300 mW. If we choose /.- to be the maximum value of 50 mA and substitute into the
relationship above, we obtain

V("En{f' = 300 I.'.I'I.Ir\;'l||r
Vep(50 mA) = 300 mW

_ 300mW _
50 mA

Wi =6V

As a result we find that if /- = 50 mA, then Veg = 6 V on the power dissipation
curve as indicated in Fig. 3.22. If we now choose Vo to be its maximum value of
20V, the level of I is the following:

(20 V)l = 300 mW

300 mW
.&-—W—lsmﬁ.

defining a second point on the power curve.
If we now choose a level of /.- in the midrange such as 25 mA, and solve for the
resulting level of Vi, we obtain

Ver(25 mA) = 300 mW

300 mW

and V(-E—‘m-_— 12V

as also indicated on Fig. 3.22.

A rough estimate of the actual curve can usually be drawn using the three points
defined above. Of course, the more points you have, the more accurate the curve, but
a rough estimate is normally all that is required.

The cutoff region is defined as that region below I- = I, This region must also
be avoided if the output signal is to have minimum distortion. On some specification
sheets only /s 15 provided. One must then use the equation /o = Blego to es-
tablish some idea of the cutoff level if the characteristic curves are unavailable. Op-
eration in the resulting region of Fig. 3.22 will ensure minimum distortion of the out-
put signal and current and voltage levels that will not damage the device.

If the characteristic curves are unavailable or do not appear on the specification
sheet (as 1s often the case), one must simply be sure that /o Vg, and their product
Vegde fall into the range appearing in Eq. (3.17).

3.8 Limits of Operation




Igpslo= I,
Vi = Veor = Vor .. (.17

s

For the common-base characteristics the maximum power curve is defined by the fol-
lowing product of output gquantities:

Pc,

(LTS

= Vegle (3.18)

3.9 TRANSISTOR SPECIFICATION SHEET

Since the specification sheet is the communication link between the manufacturer and
user, it is particularly important that the information provided be recognized and cor-
rectly understood. Although all the parameters have not been introduced, a broad num-
ber will now be familiar. The remaining parameters will be introduced in the chap-
ters that follow. Reference will then be made to this specification sheet to review the
manner in which the parameter is presented.

The information provided as Fig. 3.23 is taken directly from the Small-Signal
Transistors, FETs, and Diedes publication prepared by Motorola Inc. The 2N4123 is
a general-purpose apn transistor with the casing and terminal identification appear-
ing in the top-right comer of Fig. 3.23a. Most specification sheets are broken down
into meaximum ratings, thermal characteristics, and electrical characieristics. The
¢lectrical characteristics are further broken down into “on,” “off.” and small-signal
characteristics. The “on™ and “off” characteristics refer to de limits, while the small-
signal characteristics include the parameters of importance to ac operation.

Note in the maximum rating list that Vg = = Vepo = 30V with [ = 200 mA.
The maximum collector dissipation P, = Pp = 625 mW. The derating factor un-
der the maximum rating specifies that the maximum rating must be decreased 5 mW
for every 19 rise in temperature above 25°C. In the “oft™ charactenistics /g i5 spec-
ified as 50 nA and in the “on” characteristics Veg_, = 03 V. The level of hge has a
range of 50 to 150 at [p-= 2 mA and Ve = 1V and a minimum value of 25 at a
higher current of 50 mA at the same voltage.

The limits of operation have now been defined for the device and are repeated be-
low in the format of Eq. (3.17) using hge = 150 (the upper limit) and lepo = Bleso =
(15050 nA) = 7.5 pA. Certainly, for many applications the 7.5 uA = 0.0075 mA
can be considered to be 0 mA on an approximate basis,

Limits of Operation
TS5mA = I = 200 mA

03V =VFep=30V
Veele = 650 mW

In the small-signal characteristics the level of hy. (B,) is provided along with a
plot of how it varies with collector current in Fig. 3.23f. In Fig. 3.23j the effect of
temperature and collector current on the level of e (5,.) 15 demonstrated. At room
temperature (25°C), note that figg (Bg.) 15 a maximum value of 1 in the neighborhood
of about 8 mA. As [ increased beyond this level, iy drops off to one-half the value
with f¢- equal to 50 mA. It also drops to this level if /- decreases to the low level of
0.15 mA. Since this is a normalized curve, if we have a transistor with B, = hyp =
50 at room temperature, the maximum value at 8 mA is 50. At /- = 50 mA it has
dropped to 50/2 = 25, In other words, normalizing reveals that the actual level of fig
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