BENHA UNIVERSITY
FACULTY OF ENGINEERING AT SHOUBRA

ECE-312
Electronic Circuits (A)

Lecture # 7
BJT Low Frequency Response

Instructor:
Dr. Ahmad El-Banna
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Low Frequency Analysis- Bode Plot

Low Frequency Response — BJT
Amplifier with R,

Impact of R on the BJT Low Frequency
Response
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LOW FREQUENCY ANALYSIS- BODE
PLOT




Defining the Low Cutoff Frequency
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* Inthe low-frequency region of the single-stage BJT or FET
amplifier, it is the RC combinations formed by the network V, RV,
capacitors C, Cg, and C, and the network resistive
parameters that determine the cutoff frequencies
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FIG. 9.14
RC combination that
will define a low-cutoff
frequency.

* Voltage-Divider Bias Config.

A, =V,IV,
e

o—-] network 0.707
+ .
v

I _ a

i - i 7
= FIG. 9.16 FIG. 9.19
— Equivalent input circuit for the Low-frequency response for the RC circuit of Fig. 9.14.
£
' network of Fig. 9.015.

Za' = R,- = l'ill ”RE”B“U

FIG. 9.15
Voltage-divider bias configuration.




Defining The Low Cutoff Frequency ..

40)
(o
(o
40)
o)
L]
-
40)
=
-
<
©

o l( O I
- -
C G, = 20log;pA, = 20log)p—= = —3dB
) 0g10 £10 NG
¥, BV,
A, = V,/V; = 1 orV, =V, (the maximum value),
S . G, = 20log,y 1 = 20(0) = 0dB
v, = Vi Vo R | | I =
0 | = —— = = =
R + Xc YUV, R—jXe | —jXeg/R) 1 — j(1JwCRY 1 — j(1/2mfCR) )
N
™ . s >
e magnitude of V, is @)
1 Z
1 - - @@
RV; - sk = - .
V, = N Ly L =) P~
- + -]
¢ 1t
Q
For the special case where X = R, In the magnitude and phase form, 3
v, ! . '
Vv, = RV: _ RV _ RV _ RV 1. A= = T /) Sj
VR +x2 VE+R VR V2R V2 i ML+ )
magnitude of A, phase<by which plj
Va 1 V, leads V; U
A =2 = —= = 0707|x - =
4] Vi 2 xe=R when f = f}.
1 I
1 A =——=—=0T707T=-3dB
Xe=5—==R M v ( > J
2mfi C
I = L A = 20 log S —
W wWdB) — < 10
27RC V1L + (fff)
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Bode Plot

Ayapy = 20logyg m
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For frequencies where f << f; or (f;/f)* = 1,

f 2
Ayapy = _lmﬂgm(f)

fr
Ayapy = —20logyg )?

=1

Atf = f % = land —20log;; 1 = 0dB

ALf = 3fy: % = 2and —20log;2 =

I

Atf = 1fi: - = 4and —20log;g 4 =

Atf =

The piecewise linear plot of the asymptotes and associated
breakpoints is called a Bode plot of the magnitude versus

ﬁf{ f_:. = 10and —20log;, 10 = —20dB

—6dB
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—12dB

frequency.
A gy (linear scale)
-201og,, | =0dB

10 AR h M 3K Sh 10,

e T
B R L S

:_ ! Actual frequency response
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\ —6 dBfoctave or —20 dB/decade

\-?ﬂ' logyg fulf

FIG. 9.20

Baode plot for the low-frequency region.

Sfllog scale)




Bode Plot..

* Achange in frequency by a factor of two, equivalent to one Ay = 20 Togyg 22
octave, results in a 6-dB change in the ratio, as shown by i
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Al'tdn] _ V(,
the change in gain from f,/2 to f,. 0 gy
 Fora 10:1 change in frequency, equivalent to one decade, v
] ] ) _ Yo _ o nAWdB)/20
there is a 20-dB change in the ratio, as demonstrated A=y =10
between the frequencies of f,/10 and f,.
* Phase Angle:
For frequencies f == f;,
f = tan 'f—L fl = tan 1“2490"
f f
For instance, if f; = 100f,
4V, leads V; 0 = tan_'% = tan '(100) = 89.4°
A s =TI For f = f;,
HH““\ § = tan”'= = tan'l = 45°
~ f
Bl e * . . _
LS For [ == f;,
] R - . _|,i"-,L N
0° | L1 I | i 0 =tan ——0
01, 02, 03,05, £ 2% M 5 10 f
For instance, if f= 100f;,
FIG. 9.22

Phase response for the RC cirenit of Fig. 9.14. B = mn"f—'L_ = tan ' 0.01 = 0.573°




Example

EXAMPLE 9.10 For the network of Fig. 9.23:

a. Determine the break frequency.

b. Sketch the asymptotes and locate the —3-dB point,

c. Sketch the frequency response curve.
d. Find the gain at A, gz, = —6 dB.

Solution:

, 1 1
a. fp = = 3 6

2oRC  (6.28)(5 X 107 Q)0.1 X 10°F)
= 318.5Hz
b. and c. See Fig. 9.24.
Vo A

d. Eq. (9.27): Ay = o~ = 1077

I
= 107920 = 10703 = 0.501
and V, = 0.501 V; or approximately 50% of V.
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FIG. 9.23
Example 9.10.

”‘.-nlltl
(31.85 Hz) (318.5 Hz) (637 H) (3185 Hz)
Jef10 fi2 fi 2 M S 10f;
0 [ il I ]
(I

Y o \

A,., =-1dB

(dB)

FIG. 9.24

Frequency response for the RC circuit of Fig. 9.23.
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LOW FREQUENCY RESPONSE - BJT
AMPLIFIER WITH R,




c + System
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R,
Ry
gnl . -
In the voltage-divider ct. It
. C, -
—> the capacitors Cs, C., Y I
and C; will determine the s P FIG. 9.26
E | R, § Determining the effect of C, on the low- <t
low-frequency response. §n3 I ' Jrequency response. =
Re C; N
E cr— i 2
- = = - + C, + 2
— mi FIG. 9.25 v Sk P ‘
fL_ min (.fle chl fLE) Loaded BJT amplifier with capacitors that affect the low- g ‘ ¢ -— . ' I~
[freguency response. _ R, _ :tt
= = = &)
Q
—>Cs: - Cc: , FIG. 9.28 —
= Localized ac equivalent for Ce with
Jie = 3R, + ROC Vim0V ~
ra iF C‘ . = ;
RV, ! —
v.‘; - R iy on
i — I RU = RC'”rr.l E plj
Q
RIIR ~~ l M
% +r, R.l'-.' R" O,
I E
Ji, = - | R = R|R|Bre -2 C.: __1 I
27R;C, E fL.r.' 27R.Ck + = =
FIG. 9.30
v, 1 R =R ” (RI ||Rz L ) Localized ac equivalent of Cg.
Ar =—=— e — NE e
Vi L=/ B
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IMPACT OF R ON THE BJT LOW
FREQUENCY RESPONSE
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Impact of Rq
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FIG. 9.33 @)
Determining the effect of C; on the low- N
frequency response. >
Z
i = s i
ALy 2?7(”; o R\]C‘ :ﬁ:
Q
Q
FIG. 9.32 —
Determining the effect of R, on the low-frequency response of a o= 1 -
e e — o =
BIT amplifier. © 2mR, + R)Ce S:‘]
on
|
| i
th = Q
27R.C: 9B
R; ,
Re = Rel( " + re ) and RS = Ry|[Ry || R,




Example

EXAMPLE 9.12

a. Repeat the analysis of Example 9.11 but with a source resistance R, of 1 kf). The gain

of interest will now be V,,/V, rather than V,,/V;. Compare results.
b. Sketch the frequency response using a Bode plot.
¢. Verify the results using PSpice.

Solution: a. The dc conditions remain the same:

r, = 1576 Q and Br, = 1.576 kQ

v
Midband Gain A, = \—:’ =

i 3

¢ = —90 as before
The input impedance is given by
Zi =R = Ry|[Ro| pre
=40k 10kQ| 1.576 kKQ

= 1.32kf)
and from Fig. 9.35,
RV,
Oy
Vy R; 1.32k0)

o V. R+R _Ink0 ik %

Ver Vrl Vb
so that A, = ?. = ?;?. = (—90)(0.569)

= —51.21

C; Ri = Ri|Ry|Br. = 40kQ[10kQ[1.576 kO = 1.32k()
= 1 B 1
L™ 2m(R, + R)C,  (6.28)(1kQ + 1.32kQ)(10 uF)
fi. = 6.86 Hz vs. 12.06 Hz without R,
C fi. = S
¢ Le ™ 2m(Re + RCe
B 1
C(628)(4 kQ + 2.2 kO)(1 wF)
= 25.68 Hz as hetfore
C: R, = R,||R([|R; = 1kQ[|40KkQ [ 10kQ = 0.889 k()
R} I 0.889 k2 _
R, =Re|ll =+ r.)=2kQ || —— + 1576 O
< (5 ”‘) H( 100 )
= 2kQ[[(889 Q + 1576 1)) = 2k(2[|24.65 Q0 = 24350}
£ = P [ o
Le 7 amR,Cp (6.28)(24.35 O)(20 uF) 305836
= 327 Hz vs. 87.13 Hz without R..
A\
A'mid'(dB) Decade Bode plot
y '| (fr)
i ch f/_,_,
0 : oot ; -

0.1 1 / 10 100 \,‘:7 1000 flog
-3 _3dB scale)
-6 Midband
-9 |- 20 dB f1. (low-cutoff level

frequency)

-12
- |5 .-
~18
-2 -

-6 dB/octave
=24 }-
=27 i~
=301 -12 dB/octave -~~~

FIG. 9.36

Low-frequency plot for the network of Example 9.12.
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* For more details, refer to:

© Ahma& E_Lbanna

* Chapter 9 at R. Boylestad, Electronic Devices and Circuit Theory,
11t edition, Prentice Hall.

* The lecture is available online at:
e http://bu.edu.eg/staff/ahmad.elbanna-courses/11966

* For inquires, send to:

e ahmad.elbanna@feng.bu.edu.eg
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