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130 BIF’OLAR JUNCTION
: TRANS!STORS

3.2 TRANSISTOR CONSTRUCTION.
The transntcu is a three-layer 5em1conductor device conmstmé, of elther two 7i- and one
p-type layers of material or two p- and one n-type layers of material. The former is called

. an npn transistor, and the latter is called a pnp transistor. Both are shown in Fig. 3.3 with
~ the proper dc biasing. We will find in Chapter 4 that theé dc biasing is necessary to establish -
the proper region of operation for ac amplification. The emitter layer is heavily doped,

~ - with the base and collector only llghtiy doped. The outer layers have widths much greater

. FiG. 3.‘.2
The fi st rrarmsmr (Courtesy of
. AT&T Archives and History Center.)
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FIG.3.3 .
Types of transistors. (a) pnp;
(b} npn.

than the sandwmhed p- Or n-type material. For the transistors shown in Fig. 3.2 the ratio of

~ the total width to that of the center layer is 0.150/0.001 = 150:1. The doping of the sand-

wiched layer is also considerably less than that of the outer layers (iy pically, 1:10 or less).
This lower doping level decreases the condu_ptmty (mcwaqes the reslsmmn) of this mate-

 rial by limiting the number of “'free carriers.

For the biasing shown in Fig. 3.3 the terminals have been indicated by the capital lettEIb

*E for emitter, Cfor collector, and B for base. An appreciation for this choice of notation will
develop when we discuss the basic operation of the transistor. The abbreviation BIT, from

bipolar junction transistor, is-often applied to this three-terminal device. The term bipolar
reflects the fact that holes and electrons participate in the in jection process into the oppo-
sitely polarized material. If only one carrier is employed (electron or hole), it is mnaldeied :
a unipolar device. The Schottky diode of Chapter 16 is such a device. '

3.3 TRANSISTOR OPERATION . B
: .

The basic operation of the transistor will now be described using the pnp transistor of Fig.‘_ 3.:3a.
The operation of the npn transistor is exactly the same if the roles played by the electron and
hole are interchanged. In Fig. 3.4a the pnp transistor has been redrawn without the base-to-
collector bias. Note the similarities between this situation and that of the forward-biased diode
in Chapter 1. The depletion region has been reduced in width due to the applied bias, res,uhmg |
in a heavy flow of majority carriers from the p- to the n-type material. |

Let us now remove the base-to-emitter bias of the pnp transistor of Fig. 3.3a as shown

1in Fig. 3.4b. Consider the similarities between this situation and that of the reverse-biased
~ diode of Section 1.6. Recall that the flow of majority carriers is zero, resulting in only-a _

minority-carrier flow, as mdzcated In Flg 3.4b. In summary, therefore:
One p—n junction of a trans;stor is reverse-bmsed whereas the other i s fomard—bmsed _

*Maioritvedmiers. - . L - . T Minority carriers
S ' etion region
Depletion region Depl ICEIon
_ _’.I--Il e e ailE 2 e 1=
o IEE > _mh | e _ . ‘r; :
' @ S W
. FIG. 3. 4

Bmsmgcxtranamm (a} ﬁmmul-bms (b) reverse- b:aa

In Flg 5 both biasmg potentiais haw been dpphed to a pup transmtor mth the rexultmg_
majority- and minority-carrier flows indicated, Note in Fig. 3.5 the widths of the depletion

regions, indicating clearly which junction is forward-biased and which is reverse-biased.

As indicated in Fig. 3.5, a large number of majority car riers will diffuse across the forward-
biased p—n junction into the n-type material. The question then is whether these carriers will

_contribute directly to the base current Iy or pass directly into the p-type material. Since the

andwmhed n-type material 1s very thin and has a low ccmductwﬂy a very small number of



+ Majority carriers — + Vim()rltv carTiers
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FEG 3. 5
Majority and minority ::*r.?rr;ar ﬂmv of a pnp
fransistor,

‘hese cammiers will take this pdth of high resistance to the base lermmal The magmtude: of the

nase current is typically on the order of microamperes, as compared to milliamperes for the

emitter and coliector currents. The larger number of these majority carriers will diffuse across

the reverse-biased junction into the p-type material connected to the collector terminal as indi-

cated in Fig. 3.5. The reason for the relative ease with which the majority carriers can cross the

reverse-biased ]unctlon 1s easily undeistood 1f we consider that for the reverse- bmxed diode
the injected majority carriers will appear as minority carriers in the n-—‘iype 'material. In other
words. there has been an injection of minority carriers into the n-type base region mdtelml
Combining this with the fact that all the minority carriersin the de pletion region will cross the
reverse-biased junction of a diode accounts for the flow md:mted in Fig. 3.5.

Applying Klruhhotf'b current Idw to the tmnsmc}r of Fig. 3.5 as if it were a e,mgle node i

Neobfain - ca - : -

Bk

current, however comprises two components—the majority and the minority carriers as
indicated in Fig. 3.5. The minority-current component is called the leakage current and is
given the xymbcal 1o (I current with emitter ter mmdl Open). The collector current, thu e~
fore, is determined in total by

i co : (3.2)

‘L'nujnm} L

1f~ =

mmﬂmy |

-y

For general-purpose transistors, /- is me'zisﬂred in mi]..liamperes and I is measured in
microamperes or nanoamperes. /¢p, like /; for a reverse-biased diode, is temperature sen-

citive and must be examined carefully when applications of wide temperature ranges are

considered. It can severely affect the stability of a system at high temperature if not con-
sadered pmperle Improvements in construction techniques have resulted n %wmilcamly =

vwer levels of e, to the point whera its effect can often be ignored.

34 COMMON-BASE CONFIGURATION

The notation and 3ymbois> used in {.011}1111{:&011 with the transistor in the majority of texts

and manuals pubhbhed today are indicated in Fig. 3.6 for the common-base configuration
with pnp and npn transistors. The common-base terminology is derived from the fact that
the base is common to both the input and output sides of the configuration. In addition, the
base is usually the terminal closest to, or at, ground potential. Throu ghout this text all cur-

rent directions will refer to conventional (hole) flow rather than electron flow. The result is
that the arrows in all electronic symbols have a direction defined by this convention. Recall

~at the arrow in the diode symbol defined the direction of conduction for conventioncﬂ |

rrent. For the tratmstor

The arrow in the graphic symbol deﬁnes the d:rectton of emmer current (canventwnal
flaw ) through the devme, | - |

(1E=zc+ff; - e ah -

znd find thdt the em:tter current 18 the sum of the QuHELtOI and base currents. The calleutor |

. COMMON-BASE 131
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Nt;rrarum and symbol. s used with the

common-base confi gumrsmz (a) il
transistor; (b) npn transistor,
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All the current dtreatlons appearing in Fi g 3. 6 are the actual directions as deﬁned by the

choice of conventional flow. Note in each case that I = I~ + Ip. Note also that the applied
biasing (voltage sources) are such as to establish current in the direction indicated for each

‘branch. That is, compare the direction of I to the p{)ldﬂt) of V VEE tor each conﬁﬂumtmn
and the direction ot /¢ to the polamy of Vee. . , |

To fully describe the behavior of a three-terminal device such as the common-base an-

| plz‘itere of Fig. 3.6 requires two sets of characteristics—one for the driving point or input

parameters and the other for the ouspur side. The input set for the common- -base amplifier

A (mA)

Vep=20V

Veg=10V

Yeg= | V;

IR
1O Ve (V)

FiG. 3.7
Input or driving point characteristics for a
commnion-base silicon transistor ainplifier.

as shown in Fig. 3.7 rclateq an mput current (Iz) to an Input voltage (V z:) for various lev 18
“of output mltdge (V -3}

| The output set relates an output current (I¢) to an output voltage (V. ~3) for various leve]:,
of input current (/g) as shown in Fig. 3.8. The output or collecror set of characteristics has

= (n}}\'}

Ourpur or *r:r!leum characteristics for a wmman-hﬂw rransistor amphjmr

- Active region (unshaded area)

L ’ '?. mA
b HLE
: 5 mA
b 4 mA
3 3 mA
o) 2 mA

. m
i I{' =1 mA.
| = !F = 0 mA
0- . : :.:_ R G R S
e I s s e e e st s R et e e e __;;}0.:5_:_:: ..... . ' 3(}
_Cutoff regmn
. Sy HGI 3-’

~_three basm regions of mtcrest, as indicated i in Fig. 3.8: the active, cutoff dnd b(lﬂﬁ(&ﬂ()ﬂ



_reuwna The active reglon 1S Ehe region normal ly employed for hnear (undzstorted) amplk,'

hars In particular:

| In the active region the base—emitter junctwu is farward-bmsed whereas the collectar—. :

base ﬂmcnon is reverse-biased.

~ The active region is defined by the bmsmﬂ arran gemenrs of Fig. 3.6. At the lewei end of
 the active region the emitter current (/g) 1s zero, and the collector current is simply that due to

the reverse saturation current /., as indicated in Fig. 3.9. The current I is so small (micro-

~amperes) in magmtude compdred to the vertical scale of 1 (milhamperes) that it appears on
virtually the same horizontal line as I.- = 0. The circuit condhions that exist when Iz = 0 for
the common-base configuration are shown in Fig. 3.9. The notation most frequently used

for I on data and specification sheets is, as indicated in Fig. 3.9, I (the collectot-to-
base current with the emitter leg open). Because of improved construction techniques, the
level of Icpo for general-purpose transistors in the low- and mid-power ranges is usually
so low that its effect can be ignored. However, for higher power units /-5, will still appear

'n the microampere range. In-addition, keep in mind that /-5, like 1, for the diode (both

reverse leakage currents) is temperature sensitive. At higher temperatures the effect of /59

may pecome an lmpnrldm factor since it mt.reases so rapidly with temperature.

Note in Fig. 3.8 that as the emitter current increases above zero, the collector current
increases to a magnitude essentially equal to that of the emitter current as determined by
the basic transmer-aurrent relations. Note also the almost ecrhg;ble eftect of Vp on the

collector current for the active region. The curves clearly indicate that a first app? oximation

to the rf*larmmth beﬂrween Ig a:zd IC in the ac tive region is grven by

Il

: Ie

As inferred by its name, the cutoff region is detined as that regmn where the collector |

current is O A, as revealed on Fig. 3.8. In additmn

In the cutoff region the base—em:tter and collector-base Junctions of a transistor are
both reverse-biased. ‘ |

The s;aturation region 18 defined as that rEHion of the chamcteristic'; to the left of

Veg = 0 V. The horizontal scale in this region was expanded to clearly show the dramatic
change in characteristics in this region. Note the exponential i increase in collcctor current
as the voltage Vg increases toward 0 V. ' |

In the saturation region the base—emuter and collector—base juncuons are forward-bwsed.
The input characteristics of Fig. 3.7 reveal that for fixed v alues of collector voltage (Vp, ¥

zs the base-to-emitter voltage increases, the emitter current increases in a manner that closely

resembles the diode Lhﬁrauemucs In fact, increasing levels of V5 have such a small effect
on the characteristics that as a first approximation the change due to changes in Vg can be
1ignored and the characteristics drawn as shown in Fig. 3.104. If we then apply the piecewise-

linear approach, the characteristics of Fig. 3.10b result. Taking it a step further and ignoring

the slope of the curve and therefore the resistance associated with the forward-biased junction

results in the characteristics of Fig. 3.10c. For the analysis to follow in this book the equivalent
model of Fig. 3.10c will be employed for all dc analysis of tr dmﬂ.st_or networks. That1s, once a-
transistor is in the “on” state, the base-to-emitter m]tage will be assumed to be the following:

VBE 07V - 04

In other words, the effect of variations due to'-VCB aﬁd the slope of the input characteristics

will be ignored as we strive to analyze transistor networks in a manner that will provide a
sood approximation to the actual response without getting too involved with parameter
variations of less importance.

It is important to fully appreciate the atdtcment made by the Lharactemtms of Fig, 3.10¢c.
They specify that with the transistor in the “on” or active state the voltage from base to
emitter will bé 0.7 V at any level of emitter current as controlled by the external network.
In fact, at the first encounter of any transistor configuration in the dc mode, one can now-
'mmediately specify that the voltage from base to emitter is 0.7 V if the device 1s in the

active region—a very important conclusion for the dc analysis to follow.

b . : _(3;3)'.
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Leno=1co

Bo' 7/ Emitter
' . open

Collector 10 base

FIG.39

Reverse saturation current.
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Dm*elo;mu; the eqanalenr model m be wnp!n}ﬁd for the base-to-emitter regzon of an umphfwr in the dc mode.
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EXAMPLE 3.1 e
a. Using the characteristics of F1 g. 3. 8 detemnne the raau]tmfr mllector r.,urrent if [E = ’3 mA
and Vg = 10 V. e sae | e - | -

b. Using the Llwractemtlu of F1g .3, detelmme the resulrmw mllector muent if Ig |

= remains at 3 mA but Vg is reducedto2 V.
C. Usmg the characteristics of Figs. 3.7 and 3.8, determine Vg if I(_ = 4 mA and VCH = 20 V -
d. Repeat part (¢) using the c.lmractemucs of Figq 3.8 and 3.10c.

Solutlon. L :

a. The characteristics cleaﬂv indicate that IC Ir = 3mA.

" b. The effect of changing V¢ is negligible and /¢ continues to be 3mA.

c. From Fig. 3. 8. Ir = I = 4mA. On Fig. 3.7 the resulting level of Vg 18 about 0.74 V.
d. Agam fromFig. 3.8. Ip = Ic = 41113-\ Howevei on Fig. 3.10¢, Vg is 0.7 V for any

. level of emitter current.

e Alpha (a)

DC Mode In the dc mede the levels of I-and I due to the majority ¢ amen S are relatad bv
a quantlty called alpha and defined by the fol]owmﬁ E?L]lethﬂ |

e

where I~and I are the levela oi current at the point of operation. Even though the charac-
teristics of Fig. 3.8 would suggest that « = 1, for practical devices alpha typlcally extends

. - from 0.90 to 0. 998, with most values approaching the high end of the range. Smce alpha is
- defined bole!y for tha majority carriers, Eq. ( 3.2) bemmeq . o

[C - RIE”;{.—”'.!CBO'Z . S (3'.6)”

" For the chdrflctemms of Fig. 3 8 when Iz = 0 mA, I is theretore equal to I-po, but as
mentioned earlier. the level of I-pp is usually so small that it is virtually undetectable on
the graph of Fig. 3.8. In other wor ds, when I =0 mA on Fig. 3.8, !( alm appears to be 0 mA

for the range of VCB values



&

AC Mode For ac %1tuat10ns whew the point of operation moves on the cha.racteuetic

curve, an ac alpha 18 defmed by

s A
o Al

V LH Lﬂﬂ*«t&ﬂi

The ac alpha is formally called the common-base, short-circuit, amplification factor, for

reasons that will be more obvious when we examine transistor equivalent circuits in

Chapter 5. For the moment, recognize that Eq. (3. 7) specifies that a relatively small change

in collector current is divided by the correspondmg change in [ with the collector-to-base

voltage held constant. For most situations the magnitudes of (tye and agc are quite close,
permitting the use of the magnitude of one for the othe: The use of an equdtton wch as

(3.7) WIH be demonsudted in Sectmn o 6

Bl " : :
sl © .,

The proper biasmg of the Lomm{m-baqe {:onhguratmn in the active wﬂlon can be deter-
mined quickly using the appmxrmatmn Ic = Iz and assuming for the moment that

Iy = 0 pA. The result is the Lonﬁgummm of Fig. 3.11 for the pnp transistor. The arrow of
the symbol defines the direction of conventional flow for /g = .. The dc supplies are
then inserted with a polarity that will support the resulting current direction. For the npn
transistor the polarities will be reversed.

- FG. 3.11
. Establishing the proper biasing
management for a common-base pnp
transistor in the active region.

Some btuclenta feel that they can remembei whether the arrow of the dewce <;ymbol is

pointing in or out by mdtchmg the letters of the transistor type with the appropriate letters -
of the phrases “pointing in” or *not pointing in.” For instance, there is a match between
the letters npn and the italic letters of not pointing in and the letters pnp with pointing in.

Breakdown Reglon

As the apphed voltage Vg increases there is a point where the curves take a dramatic-_

upswing in Fig. 3.8. This is due primarily to an avaltha etfect similar to that described
tor the diode in Chapter | when the reverse-bias voltage reached the breakdown region.
As stated Cdther the base-to-collector junction is reversed biased in the active r region, but

~ there is a point where too large a reverse-bias voltage will lead to the avalanche effect. J
The result is a large increase in current for small increases in the base-to-collector
voltage. The largeet permissible base-to-collector voltage is labeled BV pg as shown
in Fig. 3.8. It is also referred to as V(pgrycpp as shown on the characteristics of Fig. 3.23to
be discussed later. Note in each of the above notations the use of the uppercase letter O to
~zpresent that the emitter leg is in the open state (not connected) It is important to remem-

ser when taking note of this data point that this limitation is only for the common-base
-onfiguration. You will find in the common-emitter configur a_tmn that this limiting volt-
22¢ is quite a bit less. . & |

i

an
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(Saturation region)
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COMMON-EMITTER CONHGURAT!ON

The most frequultl y uwountued tmrmstm contiguration {mpmn in F:t‘r

3.12 for the pnp

" and npn transistors. It is called the commoit-enuitter configuration bu.amt: the emitter is

- common to both the input and outplit terminals (in this case common to both the base and
collector terminals). Two sets of characteristics are again necessary to describe ful

ly the

~behavior of the common-emitter comigur&imn one for the input or base- ﬁmsmfr cu'uut
.:md one for the aufpur or collec rm—-e,rmrrm circuit. Both are %lmwn i Fig. 3. ]’3

FIG 3. ’!2

M)taﬁwi and tunim! s used with the common-emitier umﬁ guration: {aj npn transistor:

o Ic (mA)
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(b) pnp trausistor.
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The emitter, collector, and base currents are shown in their actual conventional current ~ COMMON-EMITTER 137
sirection. Even though the transistor configuration has changed., the current relations devel- C;’NFEGURAT;ON ' "
oped earlier for the common- base configuration are still dppllcab!e That 1s, IF = 4], o |
and I{" C]'.’[E . - =
For the common-emitter confi gurdtmn the output characteristics are a plot of the output
current (/) versus output voltage (Vep) for a range of values of input current (/). The in put
characteristics are a plot of the input current (/g) versus the mpi.u: 1‘0]1:&1?5 (Vgr) i{)r arange
of values of output voitage Ver) - A = -
Note that on the characteristics of Fig. 3.14 the magnitudé of Iy is in mi(:toﬁmpems,
mmpaied to mﬂlmmpema of 1. Consider also that the curves of I are not as horizontal as
hose obtained for Iz in the common-base configuration, indicating that the mi]ecmr—to—. |
mitter voltage will mfluence the magnitude of the collector current.
T‘if} active region for the common-emitter configuration is that pomc-m of the upper-nght :
suadrant that has the greatest linearity, that is, that region in which the curves for I are
nearlv straight and equally spaced. In Fig. 3.14a this region eiii;t‘; to the right of the verti-

cal dashed hne at Ver and above ::hf: curve for Ig equal to zero. The regmu to the left of
Vee,, Is called the Ramrdtmn region. L

In the active region of a common-emitter a'm;)l.{f er, the base—emitter Jjunction is
forward-biased, whereas the collector-base junction is reverse-biased. =~
You will recal] that these were the same conditions that existed in the active region of
the common-base configuration. The active region of the common- umttu conﬁgumtion :
can be employed for voltage, current, or power ampllhcat:m : | S
The cutoff region for the common-emitter configuration is not as vuell defined as f or the,
mmmomba&,e configuration. Note on the collector Lhdltiﬂ-teflﬂl_tb of Fig. 3.14 that I 1s not
equal to zero when I is zero. For the common-base configuration, when the input current
"= was equal to zero, the collector current was equal only to the reverse saturation current
[~ so that the curve Ir = 0 and the voltage axis were, for all practical purposes, one.

e

The reason for this d1ffueme in collector characteristics can be derived through the
peoper manipuls twr‘! foq‘; (? 3) and (3. 6) That 1s.

Eq (’% 6) {I[F St IC'BO
Subsiiiution Hl\«”'ﬂ‘» — B (‘%3) e = af(_h;- + Ip) + lepo
. _ alp- ey -
Rfmanging yie]d:-;;-- | = T e S s = (3. 8)

o ‘“‘“(.l:?_ b

If we consider the case ducua%d above, where I3 = 0 A, and ‘-.»ubhfl‘[ufﬁ a tvplcal value
such as 0,996, the resulti; 1g collector current is the following: '

b a(0 Ay we
" 1-o |09
Icpo .
= 22 = 250/ 0
0.004 e

£l were I A, 1hr.-:: resulting collector current ‘with ]B O A W ould be mO( 1 ,LLA)
.25 mA, as reflected in the characteristics of Fig. 3.14.

For future reference, the collector current defined by the wndnmn g =0 ,u,A wﬂl be
asstgm,d thP notation’ mdzmted by the faIl(}wmg equation:

4
3

Lo el o o
PitEo o | (3.9)
. L G =0ah -

In Fig. 3.13 the mmdﬂmm SULTO u.idmﬂ this newly defined current are demomtmt&d with
its assigned reference direction. " =

For linear (least distortion) amplification purpases, cutoff for the cnmman-emztter
copf'gumtwn WEZZ be defﬂfd by IC -- IC'EO' '

[n cher words, the region below / g = O A IS to be avoided if an undmﬁr{ed output
signal 18 I'L{.]Lliit,d \ |

When employed as a switch in the i()“’lt‘_, ufmitw of a Lomputei. a mehmr wiil hdve

o points of {)T‘ﬂ*“&[ onof int =&~ in the ¢ umff and one in 1}1(‘? saturation region The

- - S £
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-b ‘Using the characterlsncs m‘ Fi

: i e ¥
= e -
- e F"-’ - -
4 . a.- = -
i {- () e
e
E 1]

\4 \B;:se'_'{}pen a S 0I 02 04 ().fi_i 08 1  Vge(V)
l: T ngtectur to emitier - : 07V e
e Rl EE e e FIG. 3.15
Circuit conditions related to Icgp. ' Piecewise-linear equivalent for the

diode characteristics of Fig. 3.13b. |

cutoff condition should ideally be /- = 0 mA for the chosen Vg voltage. Since I-g() is typi-
cally low in magnitude for silicon materials, curoff will exist for switching purposes when
Ig = 0 pA or [ = Icgg for silicon transistors only. For germanium transistors, nawever '
cuioff ﬁ'}r switching purposes will be defined as those conditions that exist when I~ = Igp.
This condition can normally be obtained for germanium tranﬂstors by reverse-biasing the
base-to-emitter junction a few tenths of a volt. | | |

Recall for the cemmon-base configuration that the mput 'aet o’r lem{.tensucs Was dp*_

pmmmated by a atrmght-lme aquw.-.ﬂent that resulted in Vg = 0.7 V for any level of I

-greater than 0 mA. For the common-emitter configuration ﬂlL same appmach can be taken,
._lesultmg in the approximate c,quwalt.,m of Fig. 3.15. The result supports our earlier wmlu-
sion that for a transistor in the * ‘on” or active region the base-to-emitter voltage is 0. 7V.In

this case the \Glfdf‘ft 1S tmed for any level of base currem

- EXAMPLE 3.2

a. Using the Lhdldclerl‘atits of Fig. 3.13, determine /- at IB = 30 uA and VCF = 10 ‘J
g, 3 13 determine I at VBE =07V dl‘l(l V Vol h V.

f‘I

I"

 a. Atthe mtelbectmn Of lp = 30 ,u,A and V(,E = lO V, 1(, == 3 4 mA.

b. Using Fig. 3.13b, we obtain /p = 20 pA at the intersection of VBE =07 V and Vop =
15 V (between Vg = 10 V and 20 V) From hg ’& 13a we find that I(-* =25 mA at the |

mtcrsectlon of IB = 20 nA and V k= 1‘3 V.

Beta (8) . _
DC Mode ln thc dc mode the levels 01 JC and | B are relate:d by a qlidntil‘} La]led beta and
dehned by tha mlluwmg equatlon o |

e e oo GO

L

where IC and I are determ;md at a part:culal opelatmﬂ point on the charm,{erlstlns Pur

practical devices the level of B tvplc:allyardngea from about 50 to over 400, with most in the -

midrange. As for a, the parameter 3 reveals the relative magnitude of one current with
respect to the other. For a dcvme with a B of 200, the Colle{,mr current is 200 Ilmw the

maﬂ*mmdf: of the bdﬂt‘:‘; current.



On *-:peuﬁcaﬁon sheets [34{# 18 muallv melu::*ed as rg With the 1tdhc lerte,r ) derived from
an ac hybrid equivalent circuit to be intr oduced in Chapter 5. The subscript FE is derived
irom forward- current ampl 1ﬁwtlon and common- {71111{{81“ configuration. impuctwelv

AC Mode For ac situations an ac beta is defined as follows:

The formal name for B, is common-emitter, forward-current, amplification factor. Since the

collector current is usually the output current for a common-emitter configuration and the base

current is the input current, the term amplification is included in the nomenclature above.
Equati{)_n (3.11) is similar in format to the equation for e, in Section 3.4. The procedure

or Db?ainiﬂg a, from the characteristic curves was not described because of the difficulty
- actually measuring changes of I - and /- on the chardctemtica Equation (3.11). however,

2 be described with some clarity, and, in fact, the result can be used to find (po usmﬂ an
samation to be derived shortly. = = |

Un specification sheets B3, 18 normally referred to as hﬁ?. Note that the only difference
setwe=en the notation used for the dL beta. specit 1&111), ﬁ&c = fpp. 1S the type of lettering
for each subscript quantity. ' = |

The use of Eq. (3.11) is best described b}f a numerical axdmpie using an actual set of
characteristics such as appearing in Fig. 3.13a and repeated in Fig. 3.17. Let us determine
B.. for a region of the characteristics defined by an operating point of Iz = 25 uA and V¢
= 7.5 V as indicated on Fig. 3.16. The re%tfiction of Vg = constant requires that a vertical -
line be drawn through the operating pomt at Vegp = 7.5 V. At any location on this vertical
line the voltage Vepis 7.5V, a constant. The Chanﬂe in-Ig(Alp) as appearing in Eq. (3.11)

s then defined by choosing two points on either side of the Q-point along the vertical axis

27 zbout equal distames' to either side of the O-pomnt. For this situation the Iy = 20 pA and
20 A curves meet the requirement without extending too far from the O-point. They also

‘:‘ { f_inf‘j\)

el b e o e s e s e s e N
G {}0 !.Lr”\
Hﬂpﬁ e 2

¢ § SEMISIISEER I <R U s i e hc : SR e

70 1A -

6 <R RN R S e s e e R fﬁU UA - i .................................................................................................................
Fuse 5

- { St e . ' ] = : . : 1 r'
V1 % Do _ g - ._.i.f‘i gio o .20., 2 Vep (V)
Vepr =2.3 Ve iy -
¥ I * :
Fig. 3. IG

Determining ,B & f‘md Bw ;“mr.n the (ﬂ].’f*( tor character istics.

taomiea ol s el
. =D i Ver i |
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_;-.deﬁne levels ef I that are easily deimed 1dther than reqmre mterpolatmn of the level of Iy
- between the curves. It should be mentioned that the best determination is usually made by

kca,pm g the chosen Aly as small as possible. At the two intersections of Iy and the wmam axis,
the two levels of I~ can be deterlmned by drawing a hnnmntal line over to the v ertical axis and
reading the IEHU]UHU xdluca of I~ Thu resultmﬂ B, for the region can then be detmmmd by
B :'-__ _‘”C e Ie, — ¢, : |

g _ ‘3]{3 Vep=constant '132

3.2 mA — 22mA ~ lmA

30 uA — 20 pA ~ 10pA
=1 '

il-
I

__ The solutxon above reveals that fm‘ an ac mput at the bdbt..r., the calle tor current will be
about 100 times the: mwmtudc of the base current. = | |

-l we determme the dc beta at thr.., O- pomt we obtam
| S ] C 2. 7 mA
5 ﬁdc f-,
- _13 DﬂA | | |
A]thowh not exacﬂy equal the levels 0f B 4c and ,B,JL are usually raamnahiy close and

- 1037

are o’rten used interchangeably. That is, if B.. is known, it is assumed to be about the same.
‘magnitude as Bgc. and vice versa. Keep 1n mind that in the same lot (large number of transis-

tors manufactured at the same time). the value of 8, will vary somewhat from one transistor

~ to the next even though each transistor has the same number code. The variation may not

be significant, but for the majority of applications, it is certainly sufficient to validate the
approximate approach above. Generally, the smaller the level of I¢cgp. the closer are the
magnitudes of the two betas. Since the trend is toward lower and lower levels of lcEo
the validity of the foregeing approximation 1s turther bubstantm(ed |

If the characteristics of a transistor are approximated by those dppmrmg in Fw 3. l?
the level of B.. would be the same n every region of the chcua(,tcmt}ca Note that the step
in I is fixed at 10 pA and the vertical spacing between curves 18 the same at every pointin
the charantensucs———namelv 2 mA. Calculating the B, at the Q-point indicated results in

Alc} 9mA — 7mA 2mA .
P AL T ASpA - BpA = e
Es 45pA - 3B pA  10pa

V( L‘E sz s barit

| . | - Ig=60pA
12—

; - . . L 1 - : TR ) : 3 ; ] o o L e e e A ey e T TR R o YR -..-u_- a4 D e 2 g M TR T P it :
i n : - [, ..'I .

. | FIG. 3.!7 s |
- Characteristics in which By 18 the samne eve I‘_} niwe and BJL = Bae-

Dfﬂzcrn‘lmmImr the (l(, betd at the same Q -point amuita in

o 6111\. e .
' Bd,: = L= : 2@9 - | e

| 1p 40 PLLA - |

reve dlmg that if the chﬂrﬂctcmtm have the dp*:}mnmw of Fag 5 17 fhe magny tudu {“*f ﬁ .and

Bda, MH be" the same at every pmm on the lez ﬂua,nmm in pamwldr note iTmt Icro = 0 pA.



A

Al Lhoug;l 14 true set et transistor char aﬁ.temms will never have the exact appearance of
Fi2. 3.17, it does provide a set of characteristics for comparison with those obtained from

o

2 curve tracer (to be descrihed shortly). , _
For the analysis to follow, the subscript dc or ac will not be included with B to dV(}id

cluttering the cxprusmns with unnecessary labels. For dc situations it will simply be rec-

ognized as By and for any ac analysis as B,.. If a value of B is specified for a particular
rransistor configuration, it will normally be used for both the dc and ac caic ulations.

A reiauamhip can be developed between B and a using the basic relationships in-

troduced thus far. Using 8 = Ic, /IB-, we h.:we 1;.; = [/, and tmm v = I f_l;, we have

Ir = I/ a. Suhmtuting mm -
Ir

= I+ I
ot = e
we have < | L e e h; 4 —
- TEE B
wnd dividing both sides of the equation by IC results in
' P
e T T
| e B |
Of =% = 'ﬁﬁﬁﬁﬂ-ﬁt’ﬁ(ﬁ‘?'_])&
so that Sl el T o - (31D
B+ oseaiall
or - - s g= (3.13)
. | =L Al —a s o
in a_{idition,_ recall that
' lepo
ici) ™ |
| | | F—a
but using an equivalence of
-~ ] .
=0 % |
1 s

da.,rwed from the above. we find that
[Cf(? e (J{j ' i)ff !{(r :

2 ;. : - Sl - ] S wp e u-.‘i- 4 | . : .
L : e | e T :
i ; 8 df: r"r} ! i T r_;' l . =5 i # S
: e e T e - i : :

as indicated on Fig. 3.13a. Betais a pﬂrtmi;;u-h? important parameter because it provides a
direct link between current lev eis of the input and output circuits for a common-emitter
configuration. That is. ' | |

Ic = By ! . (3.1_5_) |
and simce g = !{-;'+ [1;: |

= Blg + Ip _
wehave . =& e l Il = (B + 1lip i e A (3‘16)

Both of the cquations above play a major role in the analysis in Chapter 4.

' Baasmg

i hr, proper biasing of a common-emitter a*nplifm can be de.,.!;emuned in a manner similar
) that introduced for the common-base configuration. Let us assume that we are presentec
ith-an zipn transistor such as shown in Fig. 3.18a d,hd asked to dpl)l} the proper biasin
=a¢1i,.L.'[llfi device in the active region.,

_,1_
Wy
i

l — p— 1
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FIG. 3.18

Determinng fhf* proper nms*mg arr mrfwmmf ;()r a cmnm(m-(’nmm; ﬂpn transistor L{}hf‘:gur(m”n

-

Thc., first *«mp IS 1o ind! cate the direction of I as established by the arrow in the tran-
sistor symbol as shown in-Fig. 3.18b. Next, the other currents are mtmduwd as shown,
keeping in mind Kirchhoff’s current law relationship: [~ + Iy = Ip. Thatis, I is the sum

of I-and I and both /- and I ; must enter the transistor structure. Finally, the supplies are
introduced with pelamies that will support the resulting directions of /p and [ as shown

in Fig. 3.18c¢ to complete the picture. The same apwmcb can be applied to pnp transistors.

~ If the transistor of Fig. 3.18 was a pnp transistor, all the Llll’ ents and polarities of Fig.

ISL wotld he rev ursud

Breakdownﬂegmn S s e

As with Lht’: conmmon- bme wnﬁtrumtlon there is a maximum ml]ectnr emitter volts h..e it
can be applied and Stlll remain in the active stable region of operation. In Fig. 3.19 the

characteristics of Fig. 3.8 have been extended to de smonstrate the impact on the character-

istics at high levels of Vep. At high levels of base current the currents almost climb verti-

~cally, whereas at lower levels a region develops that seems to back up on itself. This region
is particuiarly noteworthy because an increase in current is 1multmg in a drop i voltage—
totally different from that of any resistive element where an increase in current resuits in
- an :mrm.ae in potential drop ACIOSS thb resistor. Rcumu of this nature are said to have a

....................................

................................................

-~ Negative

i '
VL . .
et i il

'\ resistance

£ region =R

] ;'. 1 |
0 | ' 5 i 10 - 20 28 .
: : ' . \ _ . 5 9 : ~LE
| BYceo
F!G 3.19
Examining the breaidown region of a transistor in the conimon- emitter
| conflguration. |



negative-resistance characteristic. Althuuﬂh the concept i}f a negative resistance may COMMON-COLLECTOR 143
.wom siranee at this point, this text will introduce dﬁ'ﬂCfE% aih:i systems tmt rﬁl}, on t%‘*;a type - C-GN.F_l._.G.U_R;M*EQN =
© Characteristic to perform their desired &hl\ _ e = |
The recommended maximum value for a tmma”m unrler normatl {)pf—:mnw conditions 5
labeled BV g as shown in Fig. 3.19 or L (BRYCEO 5 shown inFig. 3.23. Itis Ei‘&w than Hlft&m;- |
md in fact, is often hai f the s value of BV 0. F or this bre ak,ﬂ{‘:mm region fhgm are {wo reasons
for the dr amatic chanee in the curves. One is the av aﬁancha breakdown m f‘ﬂii(}ﬁtd for the
common-base mmlfmm’fzon Whmcm the other, called punch- fhi”{}iiﬂlh is due to the 'L‘irﬁ.ﬁ.
Effect, to be iﬂthL]HCLd in Chapter 5. In total the avalanche effect is dominant because any
increase in base umem due to the breakdown p}mmm@m will be increase the resulting
collector current by a factor beta, Tlm increase in collecior current will then contribute to
the ionization (ﬁif neration of free Ldl‘l“f.,l‘a) process during breakdown, w 11;...}1 will cause a =

urther 1!‘1@?&1% in base cmzem and e\ en iuﬁner lavels of collector current.

-..n*

T

3.6 common—cofLLEcmn}chnGumnOﬂ el

The third and final tmmm(}r wni;ﬁummm is the common-collector configuration, sh own
in Fig. 3.20 with the ‘proper current directions and voltage notation. The common-collector
configur ation is used pf‘il’l"dﬁ ily for impedance-matching purposes since it has a high put

11}1pedmm and law output lﬁlpdenﬂﬂ, Oppmm tO ihat of the common- b{ue and mmmom-
Lmittu L(J*“si:wunm(}m - | = .

- mmaf' el
\ﬂft’}m}ﬁ and nm;’"ah ised with the common-coilector c ?f{ﬁ,gf”‘f*‘f‘;ﬂ”"' (a)kpnp tigsisior;
= | (b rzgm £m;m !m ' '

A !
L
3

_ ﬂ; COMmon- LU”LC‘E(;E’ circuit mﬂﬁw ation 18 mowda,(} mn Pw 321 with the load mmsm |

connected from emitter to ground. Note thal the u:r!it’:cfar is tieu to ground even thoughthe .,

fransistor is connected in 4 manner sm"nif,n to the common-emitter configuration. Froma.

“design vie wp{)m[ there 1s no need fm a set of common-collector characteristics to choose

Ehﬁ: arameters of the cnmzr of Fig. 321 It can be uﬂasarmd using the common-emitter

characteristics of Section 3.5. For all prdcm‘a; purposes. the output characteristics of the
common-collector configurs ition are the same as for the common-emitter configuration. For

the common- —collector configuration the output characteristics are a piot of [ versus ’if(.g; '

T a mnﬂe..uf values of fIp. The mput current, muuirm. is the same for both the mmr*wn-- '_ cr CFG. 32T
pnitter and L{}ﬂaﬁ "**‘*LGEELL’{UT Ci Lifriﬂ F"Ii“tu s ?}*L hf}ﬁ?t u:.,i %k)if ’*W*"" f,i"i IS '?Uf {h ”‘3*1}1? {)F’“ = .1:}:}”.?fﬂ_i”}_féj{;{f{!{;,—’}j”,f(‘*!*ﬁﬂﬁ}{ffff’}”‘.
=ctor configuration is ui s;mmi by -w*‘“;i / chaneing the § sien of ””‘n,. w;;::w;f to-emitter - used for impedance- ratehing

BL a8 _ | |
iage of the common- f"‘ﬁiiﬁ“i haracteristics. Finally, ﬂ"&i—i.i_‘ﬁ is an mzr‘mai wa iﬁ.,.fcfth e - pUIposes:

=l "E
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Lhdngt, in the veztlml smle of I of the common- emitter characteristics if I 18 ibp1stﬁd '
by I for the common—co]lu,tor characteristics (since a¢ = 1), For the input circuit of the
common-collector configuration the common emitter bdxe characteristics are ‘aﬂf’iitmﬂt for
obtaining the mqurred mfmmanon | | |

3.7 LIMITS OF OPERATION

- For each transistor there is a region of operation on the characteristics that will ensure that

the maximum ratings are not being exceeded and the output signal exhibits minimum dis-
tortion. Such a region has been defined for the transistor characteristics of Fig. 3.22. All of

the limits of operation are dehmd on a typicai transistor hpeuﬁtﬂiiﬁﬁ sheut dehcrzbed in

Section 3.8, | | _ | L - |

~ Some of the limits of tjperati(}n are self-explanatory, such as maximum collector
current (normally referred to on the specification sheet as continuous collector cum,ni) |
and maximum collector-to- emitter voltage (often abbreviated as BV, or V, BRYCED ON
the 5peuﬂmimn sheet). For the transistor of Fig. 3.22. e was specified as 50 mA ana:
BVero as 20 V. The vertical line on the characteristics defined as V- £, Specifies the
minimum Vegp that can be applied without falling into the nonlinear 16“}01} labeled the

saturation region. The level i}f Ve, 18 typically in the n_ezghborhm}; oi the 0.3 V speci-

fied for this transistor.

The maximum dissipation level is defined by the following equation:

i
i

Pcnm = ‘_v"rfgfc '! | (3‘-17) |

e i il bt vy oy
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“FiG. 3.22

Dﬁfmmg the ltnear (undistorred) region of oper ation fora it {UHHI(H'

For the device {Jf Fig. 3.22, the collector power dissipation was hpmzﬁed as 300 mW.
‘The question then arises of how to plot the collector power dissipation curve ‘%ptCﬂlCd oy
the fact that

me = V CFE f( = 300 THW
300 }’HW



At Ic At any point on the chdmctemuc& the product of Vg and I must be egual w©
300 mW. If we choose I to be the maximum value of 50 mA and substitute into the rela-
tionship above, we obtain |
' . VCEIC = 300mW
1’(;;:(50 mA) =300 mW
300 mW

Vep = =6V
BT SomA T

At Vee,, Asa result we find that if [c = 50 mA, then ch = 6 V on the power dissipa-
tion curye as indicated in Fig. 3.22. If we now Lhomt, VCE to be its maximum value of
20 V. the level of I~ 1s the following: ' |

300 MW

(20V)IC =
' FI _300111W_1SmA
e ot R

defining a second point on the power curve.

At = %’c.., If we now choose a level of /- in the midrange such as 25 mA and solve
for the resulting level of V£, we obtain | |

VCF(?*S ITIA) = 300 mW
iy eoge ot | ::00 H}W |
afg e - Ve = =1V
aliol | - e .?,_,5 mA |

~asalso indicated in FIU 3.22. _
- A rough estimate of the actual curve can usually bL drawn using the three points defmed
above. Of course, the more points one has, the more accurate is the curve, but a mugh es-
- timate is nor mally all that 1s required. . ' “
The cutoff region is defined as that region beiow Ir = Icro. This region must also be
avoided if the output signal is to have minimum distortion. On some specification sheets
-~ only Icpo 1s provided. One must then use the e quation Icpg = Blepe to establish some
“idea of the cutoff level if the characteristic curves are unavaiiable. Operation in the result-
ing region of Fig. 3.22 will ensure minimum distortion of the output si ignal dnd current dl]d
voltage levels that will not damage the device. — | .
1 Lhe characteristic curves are unavailable or do not appeai on the specification sheet
(as is often the case), one must simply be sure thdt Ie, XCE, and thcu product Vgl tall
into the f()“GWil'té range | -

A

[Cnmx
V
P

cro = Ic

IIA

ch = Ve

FﬁdI

(3.18)

IIA

lndh :

- VCE.IC

For the common-base characteristics the maximum power curve is defined by the following
product of output quantities: | |

| B =Yeplr . ' (3.19)

. TRANSIS'I'OR SPECIFICATION susn

Since the SpeClﬁth{m sheet is the communication link between the manufacturer dnd
user, it is particularly important that the information provided be recognized and correctly
~understood. Although all the parameters have not been introduced, a broad number will
now be familiar. The remaining parameters will be introduced in the chapters that follow.
Retereme 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 prwided by the Fairc_hild_Semiconductor
Corporation. The 2N4123 is a general-purpose npn transistor with the casing and terminal
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."---.'_Tllf? ele cmcai harﬂatum;m are mrth

characteristics. The “on” and “off’

signal ctmraci 2ristics n}c}bdc the ¢ pa

= Nme in the max'mumz ling
"jThe. maximum coll ector dtmpmwﬂ P
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h,.. Voltage feedback ratio (x 10-4)

148

" NFE, Noise figure (dB)

- Figure 6 — Source Resistance
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Continued.

and 1n the “on’  characteristics Veop - = 0.3 V. The level of fig has a range of 50 to 150 at

“Je=2mAand V r= 1 V dnd mmunum value of 25 at a higher current of 50 mA at the

same voltage. | _
The limits of c:"rpuation ham nf:m beeﬂ dei‘m{,d for the device and are repeated below

in the f{;rmat of Eq. (3.18) using !.a;,;; 150 (the upper limit) and Icpg = Blepg = (150)
(50nA) = 7.5 pA. Certainly, for many 1pphcduams the 7.5 ,LLA 0. 0075 mA u.m be con-

sidt:-'n,d to be O mA on an approximate bdals

Lsm:ts of 0pcmtmn
e, ,U.A Ic = 200 mA

O 3 \f V(- B ”%G V
Vcﬁit 650 mW

Ili\

| Hﬂ

!!/\

B Vafiatian" #

In the %mail -signal Lhﬁ‘i‘dCtGI‘]S[lf.S thr:: level of hy, (ﬁ 2c) 18 prov ided almg wﬂ:h a plot of how

it varies with collector current in Fig. 3.23b. In Fig. 3.23¢ the effect of temperature and
collector current on the level of lipg ( Bae) is demonstr ated. At room temperature (25°C),

note that kg (By.) is a maximum value ot i in the neighborhood of about 8 mA. As /-

mereases beyond this level, Aigp drops off to one- half the value with ic eqtml to 50 mA. It

‘also dmpa (o this level 11 IC decrmsu to the low level of 0.15 mA ‘Sma;::e;, this 1 a 1os mf:[:mcl



curve, if we have a transistor with Bs. = hge = 120 at room temperature (25°C), the
~ maximum value at 8 mA is 120. At I = 50 mA it has dropped to about 0.52 and e =
(0.52)120 = 62.4. In other words, nor malizing reveals that the actual level of hipg at any
level of /- has been divided by the maximum value of hpp at that temperature and
I = 8 mA. Note also that the horizontal scale of Fig. 3.23(c) is a log scale. Log scales are
examined in depth in Chapter 9. You may want to look back at the plots of this section
~when you find time to review the first few sections of Chapter 9. ' ‘ |

Capacitance Variation The capacitance Cjp, and C,, of Fig. 3.23(d) are the input and

output capacitance levels, 're%pectively; for the transistor in the common-base configura-
tion. Their level is such that their impact can bf: ignored except tor relatively high fi equen-

cies. Othermse th:.,y can be approximated by opul Cire um 138 any dc or ac dnahsia

Switching Times Figure 3.23(e) includes the important p'irametert that define the

response of a transistor to an input that switches from the “off” to “on” state or vice versa. |

I

Each pardmute; will be dl%tll‘%%ﬂd it detail in Section 4.15.

Noise Figures Versus Frequency and Source Resistance The noise figure is a measure of
the additional disturbance that 1s added to the desired signal response of an amplifier. In
Fig. 3.23(f) the dB level of the noise figure is displayed for a wide frequency response at

~particular levels of source resistance. The lowest levels occur at the highest frequencies for
~ the variety of collector currents and source resistance. As the frequ‘emy drops the noise
fty.ue increases with a strong sensitivity to the collector wrrent |

In Fig. 3.23(g) the noise figure s plotted for various levels of source resistance and

co[}ectm current. FOI each current level the higher the source resistance, the higher the

notw flgure

Hybrid Parameters Figures 3.23(b), (h), (i), and () p_rmfide the components of a h ybrid

equivalent model for the transistor that will be discussed in detail in Chapter 5. In each case,

note that the variation is plotted against the collector current—a defining level for the equiv-
alent network. For most applications the most important parameters are /ig, and h;,. The
- higher the collector current, the higher the magnitude of 4y, and the lower the level of /1. As

- indicated above, all the parameters will be discussed in detail in Sections 5.19-5.21.
Before leaving this description of the characteristics, note that the actual collector char-
‘acteristics are not provided. In fact, most specification sheets provided by manufacturers

~fail to provide the full characteristics. It is expected that the ddtd proudud are sufﬁucnt to

‘use the dewce effectively in the design process.

' TRANSISTOR TESTING

3.9

As with diodes, here are three routes One can take to Lheck a. trdnsistol use of a cww

tracer, a di ‘-'i’fh*ll rwrer and an .f}hmmerer

-_Curve Tracer

The curve tracer of Fig. 1.43 will provide the display of Fig. 3.24 once ail the controls have
- been properly set. The smaller displays to the right reveal the scaling to be applied to the
characteristics. The vertical sensitivity is 2 mA/div, resulting in the scale shown to the left

of the monitor’ s display. The horizontal sensitivity is 1 V/div, resulting in the scale shown

- below the characteristics. The step function reveals that the curves are separated by a dif-
ference of 10 uA, starting at O uA for the bottom curve. The last scale factor provided can
be used to quickly determine the B, for any region of the characteristics. Simply multiply
the displayed factor by the number of divisions between I curves in the region of interest.
For instance, let us determine B, at a Q-point of I = 7 mA and Ve = 5 V. In this feg,ion
of the display, the distance between /5 curves 1S 17 . =ofa dn 1s1on, as mdlua{ed on Flg o2

Using the factor specified, we find that | ' |

200
=R S = ESO
fgacl M(dﬁ ) .

F
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Curve tracer response to 2N3904 npn rransistor,
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SR _ Bae = P =
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.Mﬂh Tﬂnﬂﬁlﬁ?ﬂ! rnfm g Trans'stor Testers

. Ithereisav dllef}’ of transistor teaterx available. Some are simply pdrt of a digital meter as

) f - shown in Fig. 3.26a that can measure a variety of levels in a network. Others, such as that

- oows w5 | in Fig. 3,26, are dedicated to testing a limited number of elements. The meter of Fig. 3.26b
i - % ;J - can be used to test transistors, JFETs (Chapter 60). and SCRs (C l'lc,lp{ﬂl 17) in and out of the

(b) appears to ensure that the i internal battery of the tester is not damaged and to provide a cor-
.02 ¢ oo recireading: Unce o transistor is connected, the switch can be moved through all the pos-

. FIG.3.26  siblecombinations until the test light comes on and identifies the terminals of the transistor.

Transistor testers: (a) {f;”;;{;g meter: The tester will also indicate an OK if the npn or pnp transistor is operating properly. |

(b} dedicated tester. (Courtesy of An} meter with a dli)dﬂ—hl‘htklllé capability can also be used to check the status of a
B+_K Pseg:smz Corporation. i tlﬂi‘ﬁlhl{}r With the collector open thc base-1o- emmer Junc:tlm should msult inalow mlhue =

circuit. In all cases the power must first be turned off to the circuit in which the element



of about 0.7 \/ w;\:l; the red (pmmve) E’.‘ad umneated to the base and the black (negative)
lead conti wc,tr.,s;i to the emitter. A reversal of the leads should result | m an OL indication to
represent the reverse-biased junction. Similarly, with the emitter open the mwuﬂd- and
re\’ezae bm.s aiaiu of the b:.i‘at to-collector gunamm can be (.hu;lxﬁd

: _ﬂhmm@mr

An ohmmeter or the resistance scales of a digital multmmu (‘*"JMM) can be used to r.:heak
the state of a transistor. Recall that for a transistor in the active region the base-to-emitter
junction is forward-biased and the base-to- collector junction is reverse- bmsed Ehsentmlly

therefore, the forward-biased mnut}m} should register a re latml‘x low resistance whereax -_
an npn transistor, the
forward-hiased junction (biased by the internal supply in the resistance mode) from base to
emitter should be checked as shown in Fig. 3.27 and resuit in 4 reading that will typically

the reverse-biased junction shows a much higher resistance. For.

‘ il in the range of 100 £ to a few kilohms. The reverse-biased base-to-collector junction

(again reverse- bid%éjd by the internal supply ) should be checked as shown in Fig. 3.28 with

a reading tvpn:a!n exceeding 100 k£). For a pap transistor the leads are reversed for each

Juncmn Obviously, a large or small resistance in both directions (reversing tln, fcads) tm'-

either junction ot an npi or pnp transistor indicates a faulty device.

If both ;uns,mms of a transistor result in the expmtad readings, the type of tr dmzamr can
-diw be deter mined by simply noting the polarity of the leads as applied to the base-emitter

]LmLtHJﬂ If the positive (+) lead is wnneued to the base and the negative lead (— ~) to the

emitter, a low resistance reading would indicate an apn transistor. Mlﬁ_urfcmmnm reading

would indicate a pnp transistor. Although an uhmtmter can also be used to determine the
leads ( base. collector, and cmnter y of a transistor. it is assumed that this determination can
be made by simply Leomw at- m uwemaimn of the iLcldh on ihe casing.

3. ‘!B TRANSESTOR CASING AND
~ TERMINAL IDENTIFICATION

Aitf.r thL transistor has | bec,n manufactured using one of the tmhmques described in Appen-

dix A, leads of, wmwhv gold, aluminum, or nickel are then attached and the entire struc-
ture is wmpwldmd in a container such as that shown in Fig. 3.29. Those with the
‘heav wit, y construction are high- power devices, whereas those with the small can (top
hat) or p lastic body are lnw- to medium- -power devmes |

FiG. 3. 29

;rf s of general- f?mpme {;r switching transistors: (a) Zf,.-w;)ﬂwe} (b; meduﬂﬂ [}fJHE‘
{c) mﬂfduem i0 high power

w; 1o1S

‘Jv henever rs{}wble the transistor Gd‘;iﬂﬂ W 111 have $0 *m. markmg to indicate which leads
are connected to the emitter, collector, or base of a transistor. A few of the methods com-
monly used are indicated in Fig. 3.30.

Tu' internal construction of a TO-92 p,ﬂa.kaﬂe N the Fdlthlld }ms:: appeﬁm in Fig. 3. 31

ote the very small size of the actual semiconductor dev _161,.’1-1'1:5:1*_ are HGI b{md wires, d
copper frame, and an Lpum encapsula ion: = |

" FIG. 3.27

( Chec kmﬂ Ihf’ f{mm:d -biased base-io-

| t?H?fIFEr junction ::.s/ (i npn i ONSISIOT.

FIG. 3 23

Chc—*ckmq the ;ewmf biased
bﬂm-’m—*c ollector junction of an npn
ransistor. '
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~ FIG. 3.30

~Transistor terminal identification.
Axial molding
compound injection
Epoxy package

Locking tabs

FIG. 3.31

Internal construction of a Fairchild transistor in a TO-92 package.

Four (quad) individual pnp silicon transistors can be housed in the 14-pin plastic dual-in-
line package appearing in Fig. 3.32a, The internal pin connections appear in Fig. 3.32b. As

‘with the diode IC package, the indentation in the top surface reveals the number 1 and 14 pins.

(Top Vi ej.#'j

% . rees s i L8 B AL AL 4 5 5 4 i e T R g
C B C NC E B &
5 ; i : .
[rossigy I,.-.-._-a_.._-.-.:, e ey sy e o —— e s
14 1 13 EE 21 il 110 9. 1:1°%
SR . ; P i et s .- i g i o : - j- - ._!' R ;
; -Ir :;m.nu;__-__r_.—Lm;-m?——hi—-wu_-n_,,q—*u_-i—uh -.__..lt._..-..-...i_. __:,,_ ...._..._. _..._::...d.-\.- ;_ - :- . :.-
- E 2 3 i
: '! : !
. - g :
; ; '
i — ] [ —
i

i gt ;
NC .
NC - No internal connection

b

| - HG. 3.32 e

- Iype Q2712905 Texas Instruments quad pnp silicon transistor.
 ({(a) appearance: ( b) pin connections. |

As mentioned in Section 1.1, Moore’s law predicts that the transistor count of an inte-

- grated circuit will double every 2 years. First presented in a paper by Gordon E. Moore in

1965, the prediction has had an amazing accuracy level. A plot of the transistor count ver-
sus years appearing in Fig. 3.33 is almost linear through the years. The amazing number of
two billion transistors in a single integrated circuit using 45 nm lines is really beyond com-
prehension. A 1 in. line contains more than 564,000 of the 45 nm lines of construction used ;
in ICs today. Try to draw 100 lines in a 1 in. width using a pencil-—almost impossible. The

- relative dimensions of drawing 45 nm lines in a | in. width would be like drawing a line
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with a width of l in. across a hwhway that is almost 9 miles long.” Althouah there is con- -

tinuing talk that Moore’s law will ev enwaih suffer from density, performance, reliability,

and budget corners, the general consensus of the industrial community is that Moore’s law
will continué to be applicable for the next decade or two. Although silicon continues to be

the leading fabrication material, there is a family of semiconductors referred to as 1L V
compound semiconductors (the three and five referring to the number of valence elec-
trons in each element) that are making important inroads into future develnpmem One in
particular is indium gallium arsenide, or InGaAs. which has improved transport character-
istics. Others include GaAlAs, AlGaN, and AllnN, which are all being developed for
increased speed, reliability, stability, reduced size, and lmprmed fabrication techniques..

Currently the Intel® Core™ i7 Quad Core processor has over 730 million transistors
with a clock apeed of 3.33 GHz in a package slightly larger than a 1.6” square. Recent

developments by Intel include their Tukmla processor that will house over two billion
rransistors. Interestingly enough, Intel continues to employ silicon in its research dev elop-
nent of transistors that will be ’»0% smaller and 25% faster than today’s fastest transistors

asing 20 nm technology. IBM, in concert with the Georgia Institute of Technology. has
developed a silicon-germanium transistor that can operate at frequencies exceeding 50U
GHz—an enormous increase over current standards. |
Innovation continues to be the backbone of this ever- deve]upmg field, with one Sw edlﬁh
team introducing a junctionless transistor primarily to simplify the manufacturing process.

Another has introduced carbon nanotubes (a carbon molecule in the form of a hollow

cylinder that has a diameter about 1 /50,000 the width of a human hair) as a path toward
faster, smaller, and cheaper transistors. Hewlett Packard is developing a Croessbar Latch
transistor that employs a frr;d of pdml]el conduatmﬁ and slg__nal wires to create gumuom
that act as switches. L . |

The question was often asked many years ago: Where can the field go from here? Obvi-
aualy based on what we see today, there seems to be no limit to the innovative spirit of
ndividuals in iht, field as they search for new directions ot investigation.

i

~ metric units, it would be like drawing more than 220,000 lines in a 1-cm length or a 1-cm width line across

nighway over 2.2 ki long.,
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154 BIPOLAR JUNCTION -
' ' lmportant cgndusmns and Camepts | |

. Smna;{mduuer devices have the following ¢ '-’ dv mmm.s over mauum tubu Tlum are’
(1) of smaller size. (2) mo;c:hghiwe;ﬂht !’S‘r mote rugged, and (4) more efficient. In
addition, they have (1) no w varm-up period, {2) no heater reqmrmwm and (%)l{ﬁw |
‘operating wltages : o |

Transistors are three -terminal devices of thr ee semiconductor Law: S lmung abase or
center layer a gimt deal thinner than the other two Im,. ers. i “he outer two layers are -
both of either n- or p-type materials, with the sandw iched layer the opposite type.

. One p-n ;umtmn {31 a {rdmmor 18 tﬁ‘m ,.-:ﬁ*d-hm@m Whm{*j‘ m the tﬁhcr 1S E‘Q‘FLI‘SE
biased. . | e -
4, The dc emltm current is ﬁ}w s the laroest mmwt ot A transistor, “wh@mm the baf;e
current is always the &mfﬂlee& T he emitter current is always the sum of the other two.
The mllwmr current is made up of two mmp{meam the ma j{}rlt‘@' mmpﬁmm a.nd

the minority current (also called the Ieak&ge Lﬁl‘rei‘iﬁ 2oy = =
_ 6. The arrow in the transistor symbol defines the direction i‘}f cony entianal current flow
e e for the Lmlﬂf‘l mrrem .;md thbe‘y’ ds_,ﬁm_,a the direc tion for the uﬂ er currents of the
. | - device. | . 2 s -
7. A three-ter mmdl i“‘Ul{?t‘ m:,edx iwg sets of dzm ﬂiii‘:ﬂ%iiﬁ‘% (o wn*iplcu v define its
characteristics. | .

U

L
R

' Pl u 1 3 = .-r L4 i
2 i : By e R e & © " i S L T - -
8. In the active region of a transistor, (ne dase—emilicr junclion s forward-biased,
: s e I RIS g et At T O Sy
whereas the collector—base junction is reverse-biased.
¥ F ';'-'i'* g . e, i . :- : | : " I".t - e 1 i —_— = -—\- T : & = 1 - = i 5
9. in the cutoli eoion le.Ci b:.i.?ﬂﬁ*-f::f!:’[.{ff and colecior—-nase unciions ¥l o SISO A1c

both reverse-biased.
10. In the saturation region the base—emitier and collector—base iunctions are farward-
: hiased. -
11. Onan wemm basis, as a first ’mpmwmtlon the bme 10- mmff* """" }zf::;f:f? af an a}wifzr
= g transistor can be assumed to be 8.7 V. _ | | | ,
12 The quam;w alphd (cw} relates the wl t,ml and cm:im currents uml is m y$ a,tme to
- one. | ' : |
13 Eae lmpﬁiddﬂm between lf.:rmnmh f}f a h}rmzrd biased junction is al.,.fm} L uvely
small, whereas the impedance between t zmmala _“‘.: reverse- ht% d junction 1S uSt-
ally quife iarge. | 5 .
14. The airow in the symbol of an npn transistor points out ol ih{‘ device (not p(}miﬂ ng
in), whereas the-armw points in to the center of the symbol for a pnp transistor
| -(pmmmﬂ m). ' e
15. For hinear ampliﬁmll(m purpmeq cutott f0r the, cominon-emitier wmlﬂurmoﬂ will
~be defined by Ic = Icpo- ey | |
16. The quantity beta (B) provides an ;mpﬁrmnt Mauamhip bf:m een the base and coilec-
- tor currents. and is usually bfﬂtwem 50 and 400, | | |
17. The dc beta is defined by a szmph., ratio of dc mirmis at an {}pemtmg pmnt
~ whereas the ac beta is sensitive tﬁ the character m;ﬁ in the region of interest, For
~_most applications. however, the two are considered f‘*qa:wmn as a first approximation.
#18. To ensure that a transistor is operating within its maximum power lev el rating, simply
find the product of the mllet,mr-t&-enuttu ‘@ﬁftd*’fﬂ szi the uﬁlem(}r current, and

| {,{)Tlipdlu it to. the mted mlue

Equatmns
..[F ,(- + !H’ S | ]{: ; m qurﬂ - I(-Gmmmﬂf' ' ‘;ﬂ-ﬂ | ‘} 'T x’ R
Sk e B L g el
qee = & ' A e | | CEQ E i
5 ' ‘{E T | AIL “”“'H sponstant %) | € .l. ' = :_ff'di‘l";‘f:ﬁf"ﬁm
s P AlLE T g
| ﬁd.'{.‘: ::_ H....;..* : i I{%E'itf o i -.-.W_. _ - e ' o : (y == ;—;rnzw
. !H : : .L S S ;i]f; V!fr Fhonsiant : G - "t“"“} : m?*. .



3.13 compum ANAwsls i
Cadence OrCAD ,

Since the uam:stor char fmemt.ca were introduced in this chapter, it seems tippmprmte
that a procedure for obtaining those characteristics using PSpice Windows should be exam-
ined. The transmms are listed m the EVAL library and start with the letter Q. The library

includes two npn tr ansistors, two pip transistors, and two Ddzhnﬂmﬂ cur‘fn_,mat]s:m«, ihe

fact that there is a series of curves defined by the levels of Iy will require that a sweep of Iz
vaiues (a mf:;rf*d sweep) occur within a sw eep of collector-to-emitter vo oltages. This 18
unnecessary for the diode, h{}wwcr sHice onl‘u one curve would result. | ‘

First, the network in Fig. 3.34 is established using the same procedure as dcmed mn
Chapter 2. The voltage Ve will establish our main swee %hbi’ﬁ‘dq the voltage Vpp will
: SC Y CC P> BB Y

determine the nested sweep. For future reference, note the panel at the top right of the menu

bar with the scroll control when building networks. Th}a option allows you to retrieve ele-

ments that have been used in the past. For instance, if you placed a resistor a few elements
ago, simply return to the scroll bar and scroll until the resi stor R appears. C!u.,k the location
once, and the resistor will appear on the screen.

:.F:_-‘--ar---—-.l-u—---l.l-u1 VAT T T T R bR P B et B B e 7 e g v P L G L s GRSk B ek e e e e L R F A R L e e e
" -

; - |I'"-\- g : E i :.- ;.-1:-:‘-; } -'--.-f_:;ﬂ_'_‘.__:: .-.E:'
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FIG 3.34

Nefw f;rrA employed to obtain the collector
characteristics of the Q2N2222 rransistor.

Once the network 18 t&tahh&hud as appmnnﬂr in Fig. 3. ’%4 select the New ‘iimuldlmn -
Profile key and insert OrCAD 3-1 as the Name. Then select Create to obtain the Simula- _

tion ‘:,ettmgg dialog box. The Analvsm type will be DC Sweep, with the bweﬁp variable
2 a Voltage Source. Insert VCC as the name for the swept mltdg; source and select
Limear for the sweep. The Start value is 0 V, the End value 10 V, and the Increment 0.01V.

it is important not to select X in the top rlght corner of the box to leave the settings
centrol %\ & must first enter the nested sweep variable by selecting Secondary Sweep and

mserting VBB as the voltage source to be swept. Agmn it will be a Linear sw eep, but now

the starting value will be 2. 7 V to correspend with an initial cuirent of 20 pLA as determined by

k_ Vep — Ver 27V-07V___ 50 1A
R wpae e
The End value is 10.7 V to correspond with a current of 100 wA. The Increment is set
at 2V, (,("}I‘I'Q%p(}!'ldm” to a change i in base current of 20, A, Both sweeps are now set. but
before leaving the dialog box be sure hoth sweeps are enabled by a check in the box
next to each sweep. Often after entering the second sweep, the user fails to establish the

cond sweep before leaving the dialog box. Once both are selected, leave the dialog box

—

ind sclect R:m P‘ipice Ihe i':‘slllt will be a ydph mth a voltage VCC varying from {
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FIG. 3.35

Collector characteristics for the transistor of Fig. 3.34.

to 10 V. To establish the various / curves, apply the sequence Trace-Add Trace to obtain

~ the Add Trace dialog box. Select IC(Q1), the collector current of the transistor for the

vertical axis. An OK, and the characteristics will appear. Unfortunately, however, thev

extend from — 10 mA m +20 mA on the vertical axis. This can be corrected by the sequence
Plot-Axis Settings, which again will result in the Axis Settings dialog bm Select Y-AXIS
and under Data Lﬁnge choose User Defined and set the range as 0-20 mA. An OK, and
the plot of Fig. 3.35 will appear. Labels on the plot can be added using the pmducnw ver- .

- sion of 01CAD

The first curve at the bottom of P: g 455 raprtxemx Iy = 20 nA. The curve dh(we islp =
4() uA, the next 60 pA, and so on. If we choose a point in the middle of the characteristics -
dtfmed by VCF =4V dnd [ = 60 A as shown in Fig. ’% 35 B can be determined from

o1 mA _
g ==t = 183.3
' Iﬂ? ﬁﬂ}}if%

lee the dmde the other parameters ot the device will have a noticeable effect on the oper-

ating wndltmm If we return to the transistor specifications using Edit-PSpice Model to
obtain the PSpice Model Editor Derno dialog box, we can delete all the parameters except.
the Bf value. Be sure to leave the parentheses surrounding the value of Bf during the dele-
tion process. When you exit the box the Model Editor/16.3 dialog box will appear asking
you to save changes. It was saved as OrCAD 3- I and the circuit was simulated again to

~obtain the characteristics of Fig. 3.36 following another adjmtmmt of the mngc of thL

vertical mr.ls
Note first that thc curves are ail horizontal, meaning the dcmwt 1S mad of any m%ntw
characteristics. In addition, the equai spacing of the curves throu shout reveals that beta is the

- same evei}where At the Jmezaecnnn of Vep =4V and / = 60 pA, the new value mf 3 1s

e 146mA
3::-9 ol e Aula
' IB | C“J}LE\ -

The real value of the dbove analysis is to recognize that even thﬂtl"ffh beta may be provided,

the actual performance of the device will be very depmdem on its other parameters.

Assume an ideal device is always a good starting pmm but an actual mtwmk provides a.
different set of results. | - | .
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FIG. 3.36

deal collector characteristics for the transistor of Fi ¢. 3.04.

PROBLEMS

*Note: Asterisks H‘dlCdt‘“ mem dlfﬁuﬂt probigmy

3.2 Transistar Cmstructwn

1. What names are dpp]ied to the two Wp{:s of B}T transistors? “rk%.et{,l the basic construction of
each and label the various minority and majority carriers in each. Draw the graphic symbol Next
to each. Is any of this information altered by Lh:mgmg from a silicon fo a germanium base?

3

= Whatis the major dif ferenw bem een a blpﬂ}clf and a HH'pGI ar device? 7

3.3 Transnstor Operatlon

3. How must the two transistor ]alllﬂilfﬂl% be ")ld‘%{’:d fﬁl’ proper tmih.stoz amplifier {)pumtmn ?
4. What is the source of the leakage current in a transistor? |

% Sk etch a figure mmlldr to Fig. 3.4a for the fﬂI‘Wdi‘d bud%d }unctmn i)f an npn trans istor.
escribe the resulting carrier mﬂu{m ' - -

& Skeicha tu_m similar to Fig. 3.4b f{}r the reverse- b:f-md}umtmn of an npn tldﬁ%ibtf}r Demnbu
e resulting L“E.,I‘I‘iﬂl motion. " |

#. Skeich 2 _{murr* similar to Fig. 3.5 for the majority- and r"smc} m-f;m*if.f flow of an npn transis-

B

wr. Desceribe th n.sultmfz carrier rnom}n

! !'q.-'-l- F o i- s : L : S TR - : ; -_ ..
8. Which of the tmmn,tur currents is a[wdn the ia..ig,, >5t? Which is always the smallest? Which
LW currents are !ii‘!d iv LE‘J Ll(r-,t: 11 n*mgmiudt . |

9. If the emitter current of a tr.:mxist{}rmSn’iA and IB 1 l/i(’i(} H,;,del rmine the levels of [-and [
3.4 Common- Base ﬁﬁnﬁgﬂmtmn

Ho. F ‘rom memory, sketch the 1111!151&{{11 3 rnhm iﬁr 4 pnp and an ﬂpn transistor, and then insert the
conventiona! flow direction f{‘}‘r cach current. | | -

fI"- 1.'-" | : . I TR T A .'
—t IHF tth L!}M{IL[L!.E‘)I!{ N ) i’ j: i;’:..-. ol *_;.# iJ'ﬁwE.’a.i “”51,:-#_ i‘ Igl_‘ th 1} ":, i.{}; - "I:"r LCJ! = 1, i{;‘: i..j.,ﬂ':_i *{} ifﬁ }:;

I e 1— ¥ ; i
t reasonable 10 assume on an sprrorimete bais thag ’::; Bas oniv a siight effect on the fela-

nonship between Vyr and 17 AE e e e



12,

14.

15.

' 16.

3.5
17.

18.

*19.

%20,

21

?ﬁ

~proper biasing arrangCinen *’ﬂ':th the E.G‘:-,Ulflllﬂ current du{::;:trfam for Iy, I and Ip.

o

a. Dctci mine ihe average ac re tat'mu, for the chardunmum of Fig. 3 IOb
b. For networks in which the magnitude of the resistive elements 1s ty mﬂlly in kll{xhrm, is the
| dpprﬁmmtmn {)i Fig. ’3- 10-:., a valid one [base ed on the rcaultx of part (a)}?

a. Using the Lhdl‘dﬂiﬁtfl‘atlt_ of FiL 38 determme the rusultmg c‘,{}}lc,m)r lH‘ILHI lf ff = 3.5 mf\

and V R HJ V.

b. Repeat part (a) for [ = 3.5 5 mA ‘md Vep = 20 V
¢. How have the changes Ver aﬁnctud the resulting level of I¢?

d. Onan approximate basis, how are / £ and /¢ rclated based on the results dbava“‘

a. Us ing the hamuerm:m of Figs. 3 7 and 3.8, determine /¢ if h g = 5"5.1 u;. ﬁf- = ()7 \f’
.hu Dete rﬂllﬂb V{;F lf I{j = S mA and ‘(‘H == 3 \‘r - Jré | i e .

¢. Repeat part (b) using the characteristics of Hg. 3.10b.
d. Repeat part (b) using the lerauterhu% of Fig. 3.10c.

e, Compare the solutions for V »p for parts (b) thro uch (d). Can the di’rﬁ,mm ba ignore d rf

voltage levels greater than a fcw volts are Lypic 1111. z:&nwunt&md’

a.  Given an ag e of (1.998. determine /- if Ir = 4 mA.

b. Determm{-‘: o oilk g2 3mbe ke — 2.75 mA and ICH{} = 0.1 ,w\

ira}m munora only, ske stch the wmmon-bdw BJ"I trdm:au}r configuration (for npa and pn;:-)
and indicate the p{ﬂﬁm}, of Ihc applied bias and resulting mmnt directions.

LS
k

CammnnmEmitter Cﬂﬂf:guminm

Define {pg and lepo. How are t they different? How are [hm rt,hue i” Arr* they typically CIOSE
in mugni{udf?

Using the characteristics of Fig. 3.13
. Find the vaiue of I corresponding to Ve = +750 mV and Vi — +4~ Y.
h. Find the value ot Vg anf] Var mrre::-,pmdmg to [ = 3.5mA and IH = 30 }.LA

o

a. For the common- _emitter ¢ ¢harac temncs 01 Fig. 3. !’5 find the dL heta af an mpﬁrau% p{}mi .
of Vep=06Vand e = < 2 mAL |

b. Find the value of corresponding to this operaiing p{)*ﬂi

c. AtVep= 16V, fmd the m“ﬂrumudlrw value of e o S

d. Ca‘ictﬁatﬂ the approx imate va alue of Ipo using the dc l}t}ld value obtained in part (a).

a. Using the ch ristics of Fig. 3.13a, determine LeEO at'Ver = 10 V.

¢
b. Determine By, at fg = 10 uA and Vg = 10 V.

1

¢c. Using the Ba. determined 1n part (b}, caicu ulate {-go-

-

ﬁ
h-t
Y
£
.l-l-!-

a. - Using the characteristics of Fig. 3.13a, determine By at Ip = 60 pA and V(_L = 4 V.
b. Repeat part (a) at fg = WuAand Vep =7V,
¢. Repeat part (2) at Ip = 16 pA and Ve = 10 V.

d. Reviewing the results of parts (a) through (¢), does the value i’}f ,(3,3.: lrmﬂr. from pomt to pomi.

on the lemammttcs ) Where were the higher values found? Can you develop any general con-

clusions about t‘ne miue of By {rn a set of Llﬁf.:u.,&.mucs such as those provided in Fig. 3.13a?

a. Using the mamatemtmb of Fig "«5 13a, determine ‘8% at f;g = b{) w\ and Vg = 4 V.

“b. Repeat part (aj at Iy = 30 A am} Ver=1Y.

¢. Repeat part(a) at Ip = 10 nA and Vep = 10 ‘s o | .

d. Reviewing the results of parts (a) through (¢). does the value of Bﬁ{}____ch:,uf_igé from pomt {0
potnt on the lldi‘di,lcll‘stli.s’ Where are the high values 10¢ ated? Can you develop any gen-
eral conclusions about the value of By on a set of collector characteristics? .

e; The chﬂmn points in this exerc iSe are ﬂu._ same as those employed in Ps oblem: 21. If Pfu%w
lem 21 was performed, compare the levels of By, and By for each point and comment O
the frend in magnitude for each guam:w | Se e

__Uﬁiﬁﬁ-'{hﬁ characteristics of Fig: 3:13a, determine Bdc at f g 29 -#f’:‘i*ﬂfﬂ!- 1i"J}:;}i, = [0 V. Then

calculate o4, anc the resulting Iw im Ip. (Use the leve ] of !( determined i":}, f _Bﬂﬂlg.}

. _Given that aﬂ;_:ﬁ {.980, dds;,fmme the corresponding mlm of ;:}dt,
b. Given By = 120, detunund {he cor 1“%[;{)51(1511& valueof e, .

- Given that {Sﬂﬂ = 120 and i = 2.0 mA, find I and Ip.

Hﬂm memory umy sketen | the mmmon emlttt,r umtigumtu)n (for n;::n and pnm dih?. insert ﬂm

*

Eamm@n-m!!ﬂmr Configuratian

Aﬂ ir;. put awia% of 2 v ms {medxm ed from hd‘éu’.‘i‘ 28} gmmd}l applied to th e circuit of Fig. 3.21.
V

Assuming that the emitter voltage follows the base. voltage exact ly and that Vj, (rms) = {}.

it

calcuiate “he circuit voltage ai :;;}!H ﬁ;ﬁmu 14 V ”f-} and emitier Curee ent fo1 E{a: = 1 k0.

-



27. For a transistor having the characteristics of Fig. 3.13, sketch the mput and output characteris-

tics of the common-collector configuration. - 2 e - = ' - o

3.7 Limits of Operation @~ - -

28. Determine the region Gf operation for a transistor havi ng the characteristics of Flg 13 if-
I(jgﬁd = (‘JﬂlA BV cto— = 15 V,and P~ = 35 mW e . Y . | e S o

hs _ “ITHaX

29. Determine the region of operation for a transistor having the characteristics of Fig. 3.8 if -
IC- == 7 mA, BV(’B{} S 20 V, and P(“ e 47 .II].‘#V; . _ ; ST e
Y | St - ‘mux | . |

3.8 Transistor SpecificationSheet .

30. Referring to Fig. 3.23, determine the temperature range for the device in degrees Fah;renhei_t.

31. Using the information provided in Fig. 3.23 regarding Py, , Ve, "Cm and Ve .sketchthe
boundaries of operation for the device. | | =

-

32. Based on the data of Fig. 3.23, what is s the expected value of I(TQ using the average value of Ba.?
3. How does the range of hgr (Fig. 3.23c. normalized from th. 100) compare with the range |

# 3.25b) for the range of I~from 0.1 to 10 mA?

3. U sing the charactensucs of Fig. 3.23d. determine whether the input capacitance in the common- |
hase configuration increases or decreases with increasing levels of reverse-bias potential. Can

yvou explain why? - S e ey o

*35. Using the characteristics of Fi 3. Z?b determine how much the level of hf,,, has chamzed from
its value at | mA toits value at 10 mA. Note that the vertical scale is a log scale that may require
reference to Section 11.2. Is the change one that should be considered in a design situation?

*36. Using the 'ch::ira»:tarist_ic;; of Fig. 3.23c, determine the level of Byc at Ic = 10 mA at the three
levels of temperature appearing in the ficure. Is the change biﬂmhcant for the specified tem-
perature range? Is it an element to be concerned about in the design pr ocess? ek

'
-

3.9 Transistor Testing = = =

{

. Using the chamcl ristics of Fig. 3.24, détgmli'n@ awcdtfe = 14mA and Vg = 3 V.,
Determine By at [ = 1 mA and 1 er oV,
Determine B atle = ldmAand Vg =3V,
Determine By at /e = Il mAand Vep = 8 V.

e. How does the level of B, and By compare in each region?

Is the approximation Bd = f..avalid one fm‘ this set of characteristics?

R ol
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e




