Appendix H

Large-Signal Transistor Parameters
with Emitter Degeneration

The emitter current of a transistor in the common-emitter configuration has a
characteristic similar to that shown in Figure H-1. If a significant amount of
emitter degeneration is used, the curve may be approximated by a straight line
as shown. The slope of this line is 1/(r, + R)o where r, is the small-signal
transistor emitter resistance calculated at the mean emitter current /., and Ry
is the extemal emitter degeneration resistance. Thus the emitter current is
given approximately by

. _Esinwt+E,
(re +Rf)0
ie=0 (E sin wt + E,) <0. (H-2)

(E sin wt +Ey) =0 (H-1)

The collector current is given by i, = ai,. Normally « is very near unity and the
collector is taken to be equal to the emitter current for this analysis.
The effective conduction angle is 268, and the voltage E, is given by

Eo =-E cos 6. (H-3)
Thus we may write
E sin wt - Ecos 6
o= = 508 (3- e) <wr<(Z+o (H-4)
(re + Rf)o 2 2
i,=0 elsewhere.

Using Fourier analysis, we may represent #, by an infinite series of the form

a o0
i= 70 + Z a, cosnwt +b, sin nwt, (H-5)
n=1
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Figure H-1. Input characteristic of transistor.

where the a,, and b,, terms are defined by the equations

l 27
a, = p f i, cos ng do (H-6)
)

27
bn = f ie sin n¢ do, (H-7)
1]

| -
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where ¢ = wt. Let us first find the dc value of the current given by aq /2.

1 [(1*® Esing - E cos §
_ f sin ¢ - E cos ”

o =
T Jn2)-0 (re +Ry)o

=ZE(sin0-Gcos0)

H-
(Rf + re)1r ( 8)
Thus the dc emitter current is given by
E
I.(mean) = —————— (sin 0 - 6 cos ). (H-9)

(re +Rf)07’

The fundamental component of current is given by the 2, and b, terms, which
are

(n/2)+6 :

1 F -FE 6

0 =t f Esing-Ecosb < sdo=0 (H-10)
TJa2y-o e +Ry)o
1 ("'P*° Esng-E

b1=—f sin ¢ cos 6 in ¢ do
m ("/2)_0 (re +Rf)o

_E(6 - %sin 26)
n(re +Rp)o )

The second harmonic component is given by the @, and b, terms, which are:

(H-11)

1 £TD* psing - Ecos 8
4, =~ Esing- £ cosb cos 2¢ dé
TJ (nj2)-0 (re +Rf)o

_ E(-4 sin 36 - sin 6 + cos 6 sin 20)

(H-12)
m(re +Rp)o
@D+0 g o 0
b, =l[ -—M—sin 20 d¢ =0. (H-13)
n (nf2)-0 (’e+Rf)0

The third harmonic component is given by the @3 and 453 terms, which are

g =] (12)+6 E sin ¢ - E cos §
y=— oSing - L cosd

cos 3¢ dgp =0. H-14
T my-0  (Te +Rpdo H19
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b3=“‘

m/2)+0 . -E
lj“ FE'sin¢ cosasin3¢d¢
T J(a/2)-6 (re *Ry)o

_ E(- 3 5in 20 +  cos 0 sin 36 - § sin 46)
n(re +R f Jo .
Substituting these terms in equation (H-5) gives the equation

(H-15)

n(re +Ry)o w(re + Ry)o
' E(- § sin 30 - sin 0 + cos 6 sin 26)
n(re + Rp)o
N E(- 4 sin 20 + % cos 0 sin 30 - § sin 40)
m(re + Ry)o
Substituting for (r, + Ry)o from equation (H-9),
_ [ (6-1sin20)
i=I,(mean) |1 + ——=——sin wt
(sin6 - 6 cos 6)
(-4 sin 36 - sin 6 + cos 8 sin 26)
(sin @ - 6 cos 6)
+(—%sin26+%cos03in36 - 1 sin 49)
(sin 6 - 6 cos 9)

Thus it can be seen that knowing the mean emitter current and the conduction
angle, the fundamental and harmonic components of the collector current may
be calculated. The conduction angle is found using equation (H-9). Unfortu-
nately, 6 cannot be solved for directly, but the equations can be plotted in
parametric form using 6 as the parameter. This was done and the results are
presented in section 6.4.2.

The equivalent input impedance of the transistor is given by

cos 2wt

sin 3wt +-:-. (H-16)

cos 2wt

sin 3ct + - - ] H-17)

_ (fundamental component of base voltage)

in = . (H-18)
(fundamental component of base current)

The base current is given by i./(8+ 1); therefore, from equation (H-17) we
have
I.(mean) (6 - % sin 20) |

ip(fund) = 6+ 1) (sin 0 - 6 cos 6) sin wt. (H-19)
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Substituting £ sin wt for the base voltage and equation (H-19) for the base
current, the input resistance may be computed from equation (H-18) as

_ E(B+1)(sin 6 - 0 cos ) sin wt

" I(mean) (6 - 1 sin 26) sin wt

in

(H-20)
_E(B+1)(sin6 - 6 cosB)
" I,(mean) (6 - 1sin20) -
Substituting for /.(mean) from equation (H-9) gives
_(B+1) (e + Rplom
" (0-Lsin20)
If we define
r. +R 4
. ! = 1 .. ’ (H'zl)
(re +Rf)o 6 - 5 sin 26
then
Rin =(B+1) (e +Ry), (H22)
but the small-signal input resistance (6 = ) is given by
Rino = (ﬁ + 1) (’e +Rf)0;
hence
R; T
T = (H-23)

Rino 0-1sin20
The effective transconductance of the transistor is given by
_ fundamental component of collector current

Em = - . (H-24)
tundamental component of base voltage

Substituting the fundamental component of collector current from equation
(B-17) and E sin cwt for the base voltage, we have

_ I(mean) (0 - ] sin 26) sin wr

H-25
m E(sin 6 ~ 6 cos 6) sin wt ( )
Substituting for the mean emitter current from equation (H-9), we have
(6 - Lsin 20)
Bm =" (H-26)

T (e *+Rpom
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Again using the definition of equation (H-21), we have

1
e — H-27
Em (re + Rf) ( )
but the small-signal transconductance is given by
&mo = 1/(re + Ry)o;
therefore,
6 - 1sin 26
Em T M7 (H-28)

&mo n

It is also possible to calculate the bias shift due to the presence of the signal
voltage. From Figure (H-1) it can be seen that a no-signal base voltage V' is
required to establish an emitter current /.

With a signal present and a desired /.(mean) equal to the no-signal I, a voltage
Va+Eo, is required. By inspection we see that I.(mean) X (r, + Ry)o is the
distance between the intersection of the resistance line with the X-axis and V.
Thus V, =V, - I.(mean) (r, + Rr)o. The bias required with signal is thus given
by

Vg =Vs+Eq =Vp - I(mean) (ro + Rys)o + Eo. (H-29)
But from the equation (H-3) we have
Eo =-FE cos 0;
therefore,
Vg =V - Ie(mean) (r, + Ry)o - E cos 6. (H-30)
Substituting for £ from equation (H-9), we have
4
Vg = Vp - I.(mean) (7. +Rf)o (1 + m) (H-31)
The bias shift Vg - V), is therefore given by
T
Vbias = Ie(mean) ("e + Rf)o [ 1+ m] . (H-32)

Normalizing the shift to Je(mean) (7 + Rs)o, we have

Vbias =1+ m
I(mean) (v, + Ry) tanf -0

(H-33)
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The pea current for 0 < 6 < 7 is given by
E+Ey, _E(l1-cosf)

i(pea )= . H-34
(pez ) (re+Rp)o  (retRp)o ( )
Thus using equation (H-9),
i(peak - 0
Mpeak) _ m(1- cosf) (H-35)
I.(mean) sin @ - 6 cos 0
For 0=,
. E
i(peak) =1, + (H-36)

(re +Rf)o-



