. ® ANALOG ELECTRONICS

PREPARED BY
® RAMYA K




BJT FREQUENCY ANALYSIS

Frequency response of RC
Coupled amplifier:

Fig. (1) shows the frequency
response of RC coupled amplifier.
The horizontal scale 1s a
logarithmic scale to permit a plot
extending from low to high
frequency regions. The frequency
range is divided into 3 regions.

(1) Low frequency region.
(11) Mid frequency region.
(111) High frequency region.

The drop in the gain at low
frequencies
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Frequency response
of transformer
coupled amplifier:

Fig.(2) shows frequency
response of transformer
coupled amplifier. The
magnetizing iductive
reactance of the
transformer winding i1s
XL=2mfl. At low
frequencies the gain

drops due to small value
of XL.

At £=0 (DC) there 1s no
change 1n flux in the
core. As a result the
secondary induced
voltage or output voltage
1s zero and hence the
gain. At high frequencies
the gain drops due to
stray capacitance
between the turns of
primary and secondary
windings.



|4| (@B)

2log 4,

N 3B

Frequency response of
direct coupled
amplifier:

Fig. (3) shows frequency
response of direct coupled
amplifier. Since there are
no coupling or bypass
capacitors, there 1s no drop
1n gain at low frequencies.
It has a flat response to the
upper cut-off frequency.
Gain drops at high
frequencies due to device
internal capacitances and
the stray wiring
capacitance



Half power
frequencies and

bandwidth:

The frequencies f1 and 2
at which the gain is
0.707 Avmid are called
cut-off frequencies or
corner frequencies or
break frequencies. {1 is
called the lower cut-off
frequency and {2 1s called
the upper cut-off
frequency.

Bandwidth or pass band
of the amplifier is



BW=2- f1----- (1)

The output voltage in the mid
band is [VO|=| Avmid | V]|
Output power in the mid band

is
_ Vol
Po(mid™ o
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The output voltage at cut-off frequencies 1s
Vol=10.707AV 4| (Vi
The output power at cut-off frequencies 1s

p _0.707AV 4] Vi) P
O {eut-offh—
(cut-off) R,

_ 05 | AV |* IV ]*
Rp

= 0.5 Po (mig) --- (3)




NORMALIZED GAIN V/S FREQUENCY PLOT:

The normalized gain 1s obtained by dividing the

gain at each frequency by the mid band gain
Avmid.

Therefore normalized gain




Fig. (4) shows the normalized gamn V/s frequency plot for an RC coup
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Normalized decibel voltage gain at cut-off frequencies is

20 lOglg [w] =-3dB

Vinid

Since normalized decibel voltage gain at cut-off frequencies i1s 3dB less ths
normalized decibel mid band wvoltage gaimn. f; and f> are also called

frequencies.
f; = lower 3dB frequency
f>—=upper 3dB frequency

Fig. (5) shows the plot of normalized dB wvoltage gain V/s frequency for a
coupled amplifier.
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Fig. (5) Plot of normalized decibel voltage gain V/s frequency.



Low frequency Response of BJT amplifier:

Fig. (13) shows the circuit of single stage BJT amplifier. The coupling capacitors
Cs and C¢ and bypass capacitor Cg determines the low frequency response.

Effect of Cs on low frequency response:

The mput coupling capacitor Cs couples the source signal to BIT. Furst, we
will neglect the effects of C¢ and Cg1.e. they are treated as short circuits.

The AC equivalent circuit 15 obtamed by reducing VCC to zero and C¢ and Cg by
their short circuit equivalent as shown 1n Fig. (14).
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LetR;,=R; | R> | hy

Where hi=fr,

Using voltage division rule in the circuit of the
voltage applied to the amplifier is

A USR!'
' (Rs+R;)—fXcs




Where Xcg
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In the mid frequency band, f is large. As a result

. Xcg 20,

|V 5| R;

B (Rs+R;)

The lower 3dB cut-oft
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I coupling capacitor CC on
low frequency response :

The output coupling capacitor CC couples the
output of the BJT to the load. The equivalent
circult on the output side by neglecting the effect
of CS and CE by treating them as short circuits 1s
as shown 1n Figure



LetR 0~ To IR C V= output voltage of BJT

Vo=load voltage
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In the mid frequency band, Xc, = 0
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The lower 3dB cut-off occurs when V| = =0.707 Vg

This 15 possible 1ff.
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Effect of Emitter bypass capacitor CE on low frequency
response : The equivalent circuit considering the effect of CE is
as shown in Fig. Hence the effect of CS and CC are neglected.
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AC equivalent circuit using hybrid model

-
i ‘I.
Re :

| -L— I nt resistance seen by Ce. To
fmd Re, VS 1s reduced to O.




Let Z= RSIR1 Il R2 .

Rq = fr, is in base circuit. When it is transformed to emitter circuit, it is divided by
B. Therefore Ig = Ic= fI5.
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Effect of Cgon voltage gain:

The mid band voltage gain of amplifier of Fig. (13) without Cgis given Dy,

_ _ RollRg

ceeme (38)

Where Ro=R¢||rg

If Cg1s connected n parallel with Rg., then voltage gam becomes a function
of frequency. The voltage gain at any frequency 1s



LE‘.l

RgyllRg

Av = — re+RellXcp (39)
T . — 1 ————— F,
Where X _ py—— (40)

As the frequency increases:

(1) X, decreases.
(11) Re|| X¢. decreases.
(111) Ay increases in magnitude.

As the frequency approaches the mid band value

(1) X, approaches zero.
(11)  Rg|| X¢, approaches zero. (1.e. Rg1s shorted out)

(iii) Ay approaches maximum value or mid band value.

—_ RGHRL e (41)
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Miller Effect Capacitance:

Fig. (19) shows an inverting amplifier with a capacitance Csbetween the mput
and output nodes. WKT, 4, 1s —Ve for inverting amplifier since Vg and V; are

180° out of phase. Using Millers theorem we can find the loading effect of Cron
the input and output circuits of the amplifier.
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To find Miller-Input Capacitance (C_,,;) =

From Fig. (19).

| - | T
Ri: ] a I1 — :
¥ | P
Zi=-—L=>» I; = _"

Apply KCL at imput node A

From Fig. (23),

S I"'Fi_'["r-c-
T2 = %
o

But 1-"?,:' — AUVE

) V,—ALV V,[1—Ay]
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X, X

r

Substitute for I; . I, and I, in Eq. (42). we get
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Where C,; = [1 - Ay]C¢ = muller mput capacitance

To find Miller output capacitance (C,,,) :

From Fig. (19),

_Va _ Wy
Ro F!--)Il Rg
V. V
Z.[].——G')I.[].——cr
Io Zp



Statement of Millar’s theorem:

A capacitance Cr connected between the input and output nodes of an inverting

amplifier can be replaced by

(1) Miller input capacitance, C,, = = [1 — Ay]C; connected between input
node and ground.

1

(i1)  Miller output capacitance. C,, = [1 — E] C; connected between output

node and ground.

For an non-inverting amplifier Ay 1s positive. In order to obtain positive values
for C,,,and C,,,_. Eq. (46) and Eq. (49) should be modified as follows

Con= [1 n i] Cp --- (51)



High Frequency Response of BJT amplifier:

In the high frequency response of BJ'T amplifier, the upper 3dB cut-
off point 1s defined by the following factors.

(1) The network capacitance which includes the parasitic capacitances
of the transistor and the wiring capacitances.

(11) The frequency dependence of short circuit current gain
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Usmg Miller’s theorem, the transit capacitance, Cp, can be replaced by
two capacitances; C,,; at the mput and C,, at output,

The total capacttance C; 1s the sum of ;. Cy, and C;.
1. (; = CpitCpeCyg = (52)
whete Cyp=[1 - AyCye === (33)

The total output capacitance is the sum of C,,,. C.. and C,,,.
Le. Cl} = Cwa-l_':‘ce-l_cmo """ (:"4)

where C,, = [1 + i] Cs



Upper cut-off frequency due to C;:

Apply voltage division rle to circuit of Fig. (22).

%7 R,IR,I R,
Erni= Vs [R5+R1IR3 I R’E] _____ (56)
From circuit in Fig. (21):
Ry =Rg + RIR, I R, ——-- (57)

Where R, = 1.

From Fig. (29) (b). Apply Vdivision rule.

Xe.
Vil = |Eqp; :
| r'l | T'ml [»-'F'[:RTMJZ-H:X&JE
Erh:

V| = |Eppgl —2zhl . (58)

| Rrhi

|1+( XC:)

1
LY - S —— ———— 5
Where Xp; p—y (59)

In the mud band. the effect of C; i1s negligible. As a result. X-; can be treated as
open circuilt 1.e. Xpo; = oo.

Therefore |Vilmia = | E1h;|

) - - - ] ) - Rrni
At high frequencies. C; cannot be neglected with increase in f. X.; decreases. X—‘
Zi

icreases. |V;| decreases and hence the voltage gain decreases.



3dB cut-off occurs at a frequency at which

IV |_ |Wimuid | Eppl
[ = — =
W 2 W =2

From (58). this condition occurs. when

Ryp: = Xeg

1

n : P
Thi 2w FC;

Or = in: =

=I%..]

Therefore Eq. (538) becomes.

2 RT-hiCy

E i
IV5|:¢ _____ (G2)

=

| =
ﬂl 1+(f£i)

Thus., due to C;. Ve gain decreases at the rate of 20dB/decade.

Upper cut-off fregquency due to output capacitance Cg :

Consider the ourput circuit of Fig.(22) which is shown in Fig. (23).
Biy. 1, and Ro || Ry is connected to voltage source as shown in Fig. (22).
Ripe =10 IRIIRy ————- (63)

Erne = [— Bis] [ IIRIHRL] ————- (64)

Using the same procedure as listed above. we have

v = IErhol (65

=2

™ oo

Where Xy = ——— —==—= (66)



Combined effect of C; and C, on high frequency response:

(1)
(11)
(iii)

(V)

The mput capacitance C;. defines upper cut-off frequency fy;.

The output capacitance C,. defines another upper cut-off frequency fy,.
The lowest of these 2 frequencies will be taken as overall upper cut-off
frequency.

If the variation of hg, with frequency is considered then the actual cut-off

frequency may be lower than fg; or f,.



