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Frequency Response of BIT Amplifiers

Low-Frequency Response of BIT Amplifiers:

For the high-pass filter circuit of Fig. 14-1a, the output and the input voltages are
related by the voltage-divider rule in the following manner:

__RV,
° R+X.’
with the magnitude of V,, determined by
R-\V,
Vl=———"=.
R™+X¢
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Fig. 14-1

At the frequency of witch X. = R, the output will be 70.7 % of the input
(a 3 dB drop in gain, see Fig. 14-1b) for the RC circuit. The frequency (f;) at witch this
occurs is determined from:

b s
© wC 2#C
1
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f1: the low-cutoff frequency.

T 27RC
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The Capacitors Cs, C¢, and Cr will determine the lower-cutoff frequency (f;)
of the loaded voltage divider BJT bias configuration shown in Fig. 14-2, but the results
can be applied to any BJT configuration.

For the amplifier circuit of Fig. 14-2:

The cutoff-frequency of Ci,

1
 271(Rg + R)C

i

where R; =R/|h,, and
R'=R|R,.

The cutoff-frequency of Cc,

]
272(R, +R,)C,

i,

where R, =R(|l/h,,.

The cutoff-frequency of Cp,

1
Jis = 27R,C,,
where R, =R;| Rs + b , and
hy +1
Rs =Rg|R".

The lower-cutoff frequency,

J1 :Max-[fLSachafLE]
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Miller's Theorem and Its Dual:

For the circuit of Fig. 14-3a,

- : . — —AV. (1-A4)V. .
gV g VeV VAV (=AY V.
Zi Ri ZF ZF ZF ZF /(1_ Av)
[i:[1+[2 => ﬁzﬁ_l_L => L:i_l_;.
Z; R Zp/(1-4,) Z; R Zp/(1-4,)

when Z,. =R, => i:L+L, where R,, = Rr
Z, R Ry t1-A,
As shown in Fig. 14-3b,
X
when Z, =X, => L:LWLL, where X, = o 1 =>
g Z, R X, Mo 1-4, o(l-A4,)Cg
CMI- =(1-4,)Cp
é» Zy Cr
— i

~
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A
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Fig. 14-3
In a similar way,

L:L_F 1 => R, = Ry , and

Z, R, Z,/(1-1/4)) © 1-1/4,
X

Xeo = r = ! =>

Mo 1-1/4, wo(1-1/4,)Cp

Cy, =1-1/4,)C

The above shows us that:

For any inverting amplifier (phase shift of 180° between input and output
resulting in a negative value for 4,), the input and output capacitance will be increased
by a Miller effect capacitance sensitive to the gain of the amplifier and the

interelectrode capacitance connected between the input and output terminals of the
active device.
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High-Frequency Response of BIT Amplifiers:

A frequency response of the low-pass filter circuit of Fig. 14-4a is given by Fig. 14-4b,
where the high-cutoff frequency is determined from:

1
= . the high-cutoff frequency.
Ju 27RC Ju 8 1 Y
R A Av s G(dB)
. AN 1,0dB |
. 0.707,-3dB
V. C=——1V,

Fig. 14-4

At the high-frequency end, there are two factors that will define the -3 dB point:
the circuit capacitance (parasitic and introduced) and the frequency dependence of /.

Circuit (Capacitances) Parameters:

In high-frequency region the capacitive elements of the importance are the
inter-electrode (between terminals) capacitances internal to the active device and the
wiring capacitance between leads of the circuit. In Fig. 14-5, the various parasitic
capacitances (Cp., Cp., and C,) of the transistor have been included with the wiring
capacitances (Cy, and Cj, ) introduced during construction.
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The high-frequency equivalent model for the amplifier circuit of Fig. 14-5
appears in Fig. 14-6. Note the absence of the capacitors Cs, Cc, and Cg, which are all
assumed to be in the short circuit state at these frequencies.

Ry

AN— . ; 4
fae =i mmmn
) Rm[_T- X RMU_T_
C=Cp+Cp+Cy ==  C,=Cp +C+Cy,
Rmi R”o
MN MN

E;hi @ —C, EThO@ ;

[|
I
a

Fig. 14-6
For the circuit of Fig. 14-6:
The input high cutoff frequency,
1
T = 2Ry, C;
where Ry, =RSHRZ., and R, :R1HR2 h,,.

Ci=Cy +C, +Cy =Cy +Cp,+(1-4,)C,,..

The output high cutoff frequency,

1
S, = 2Ry, C,

where Ry, :RLHRO, and R, :RCHI/ h,,
C,=Cy +C,.+Cy =Cy +C +(1-1/4))C,,..

The higher-cutoff frequency,

fh::Aﬁ”{fEafﬁj
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he (B) Variation:

The beta cutoff frequency (f;) 1s another important transistor cutoff frequency. The fg,
the frequency where the S of the transistor drop to 0.707 of its low-frequency value,
is given by

[
a 27Z-ﬂre(cbe + Cbc)

If the frequency of operation is increased above the f; of the transistor, the S
will continue to decrease. Eventually, we find a frequency where the £ = 1; this
frequency is called the f; of the transistor. The fr of a transistor is much higher than
the f;. The relation between these two frequencies is

JrEp-fy=h, BW fr: the gain-bandwidth product frequency.

Finally, in data sheet, the CB high-frequency parameters rather than CE
parameters are often specified for a transistor. The following equation permits a direct
conversion for determining f; if f, and « are specified.

Jp =T (1-a)

Example 14-1:

For the BJT amplifier circuit shown in Fig. 14-7, with the following parameters:
Cpe =36 pF, Cp. =4 pF, C..=1pF, CW,~: 6 pF, CWO =8 pF, and r,= 1/h,, = o0 Q.

1. Determine f;, fu, BW, fz, and fr.
2. Sketch the frequency response.

Vece + 20V
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Solution:

Testing: SR, >10R,, 100(2k)>10(10k), 200kQ2>100kQ Satisfied.
p _Vee R _ 2000k) _ 00 Ve _Ve—Vi _4-07

B = =4V, I, = = =1.65mA.
R +R, 40k+10k R, R, 2k

p = 20mV._ 20m 150600, h = Br. =100(15.76) = 1.58kQ.

I, 1.65m
R|R.  2.2k|ak

__RiRc _ 22Kk _ oo

Ymid v 15.76

R, = R)||R,||l,, = 40k[10k1.58%k =1.324kC2,
fLS = ! = 1 =T7THz
27(Rg + R)Cg  27(lk +1.32k)(10,)
R, =Rc|l/h,, =4kQ2,
1 1
Ji. = 5 = =26
(R, +R,)Ce  2m(2.2k + 4k)(141)
R = Rg||R R, =1k|[40k|[10k = 0.894C2,
0.89k
100

R, :RE“[%+re]:2k“[ +15.76]=24.35Q).

1 1
27R,C,  2m(24.35)(20u)
The lower-cutoff frequency, f, =Max.[f,_, [} .. /1, ]
= Max.[7,26,327]=327Hz .

27Hz.

Ry, = Rg|R; = 1k[1.32k = 0.57kQ2.
Ci=Cy +C, +Cy =Cy +Cp,+(1-4,)C,. =6p +36p + (1+90)(4p) =406 pF .
1 1
27Ry, C; 27(0.57k)(406 p)
Ry, =R;|R, =2.2k|4k =1.42kQ2.
C,=Cy +C,,+Cy =Cy +C +(1-1/4,)C,. =8p+1p+(1+1/90)(4p)=13pF .
1 1
fHo = =
27Ry, C,  27(1.42k)(13p)
The higher-cutoff frequency, f}; = Min.[f , [y ]
= Min.[687.732k,8.622M | = 687.732kHz .

=687.732kHz .

=8.622MH:z .

The bandwidth, BW = f,, — f, =687.732k —327 = 687.405kHz .
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B 1
Ts = 2761, (Cye + Cp.)
B 1
B 27(100)(15.76)(36 p + 4 p)

The beta cutoff frequency,

=2.52MHz .

The gain-bandwidth product, f; = - f; =100(2.52M ) =252MHz .

The frequency response for the low- and high-frequency regions, bandwidth, beta
cutoff frequency, and gain-bandwidth product frequency are shown in Fig. 14-8.

Vf (log scale)

For the BJT amplifier circuit of Fig. 14-9, determine the lower- and higher-cutoff
frequencies.

C,. =18pF
C,, =24pF Cy, =8pF
c —12pF CW0=10pFC
—t
IOyF 10F
RS 0.1k02 4% %3.3/@ R, 4740
j I CCI16V 1
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