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s LOW-FREQUENCY RESPONSE - BJT AMPLIFIER WITH RL
The analysis of this section will employ the loaded (R.) voltage-divider BJT
bias configuration introduced. For the network of Fig. 2, the capacitors Cs, Cg and

Ce will determine the low-frequency response. We will now examine the impact of
each independently in the order listed.
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Fig. 1 Fig. 2
Loaded BJT amplifier with capacitors that affect the Determining the effect of Cs on the
low- frequency response. low-frequency response.

> Cs Because Cs is normally connected between the applied source and the
active device, the general form of the RC configuration is established by the
network of Fig. 2.
Ri = Ry// Ry /pre
The cutoff frequency defined by Csis:

.= 2orC
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Fig. 3 Fig. 4
Determining the effect of Cc on the low- Localized ac equivalent for Cc with Vi = 0V.

frequency response.

> Cc Because the coupling capacitor is normally connected between the

output of the active device and the applied load, the RC configuration that
determines the low-cutoff frequency due to Cc appears in Fig. 3. the cutoff
frequency due to Cc is determined by:

|
Jie = 27(R, + R)C¢

R-:i = RL" |"'-:i

> Cg The cutoff frequency due to Cg can be determined using the following

equation:

£ = ' Ri|R;
Lg — EWRI._-CI_ lﬁ':lr_'- = R.nr.| _8 + Fe

The gain for the network determined by:

Vo _ —Rc|Re

A, =
V; re
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“ IMPACT OF Rs ON THE BJT LOW-FREQUENCY RESPONSE

In this section we will investigate the impact of the source resistance on the

various cutoff frequencies. In Fig. 5.
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Fig. 5
Determining the effect of Rs on the low-
frequency response of a BJT amplifier.

+ T Vy System
v, N\, '
K _

Fig. 6

Determining the effect of Cs on the
low- frequency response.

» Cg The equivalent circuit at the input is now as shown in Fig. 6, with Ri

continuing to be equal to Ry ||R»]|| Bre . Doing so would result in the following

Equation for the cutoff frequency:

I

= 20 R + RIC,
so that

. YR

i vV, - R; + R,

VeV,
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> Cc For the coupling capacitor Cc, we find that the derivation of the equation

for the cutoff frequency remains the same. That is,

1
fre = 2@(R, + R)Cc

> Cg For the same capacitor, we find that Rs will affect the resistance level

substituted into the cutoff equation so that,

!
with Jie = SR C,

R}
Re = Rl = + re ) and Ry = Ry||Ry[|R,
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“ LOW-FREQUENCY RESPONSE-FET AMPLIFIER

The analysis of the FET amplifier in the low-frequency region will be quite
similar to that of the BJT amplifier. There are again three capacitors of primary

concern as appearing in the network of Fig.7: Cg, Cc, and Cs.

Vb

§ Rp

oV,

Fig.7

Capacitive elements that affect the low-frequency response of a JFET amplifier.

> Cg For the coupling capacitor between the source and the active device, the

ac equivalent network is as shown in Fig.8. The cutoff frequency determined by Cg

IS:
AAA— 3 .'
i = 5 LT
™ 2m(Ry, + R)Cg “‘u -
+ -
Ri = Rg Fig.8

Determining the effect of Cg on the
low-frequency response
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> Cc For the coupling capacitor between the active device and the load the

network of Fig. 9. The resulting cutoff frequency is:

|
ETT{R{; + RL]C{" System

Jie =

R, = Rp| Fig.9

Determining the effect of Cc on the low-

frequency response.

> Cg For the source capacitor Cs, the resistance level of importance is defined

by Fig. 10.The cutoff frequency is defined by:

f 1
ILs = ystem —— X
S~ 2ReqCs 5*

1

Fig.10
Determining the effect of on low-frequency

] ] ) response.
For Fig.7, the resulting value of is

Req = i
| 1 + R';“ + xff”_lrd}.-"r{rd + Rf)”Rf.}

which for ry = 0 Q, becomes  R., = R;s |L
Em

The midband gain of the system is determined by:

I

Vs
= T = —Em{Rﬂ”Rﬂ}

MVemid
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 HIGH-FREQUENCY RESPONSE-BJT AMPLIFIER

In Fig. 11, the various parasitic capacitances (Cye, Cpc, Cce) Of the transistor are
included with the wiring capacitances (Cwi, Cwo) introduced during construction.
The high-frequency equivalent model for the network of Fig. 11 appears in Fig. 12.
Note the absence of the capacitors Cs, C¢, and Cg, which are all assumed to be in

the short-circuit state at these frequencies.
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Network of Fig.11 with the capamtors that affect the high-frequency response.
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Fig.12
High-frequency ac equivalent model for the network of Fig. 11
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Determining the Thevenin equivalent circuit for the input and output networks of
Fig.12 results in the configurations of Fig.13 For the input network, the - 3dB
frequency is defined by:

1

T = 27 R, Ci
With
Ry, = B[R, R, Br
And Ci = Cw. + Cpe T Cy. = Cy, + Cpe + (1 — ACye
R, =R Ry |l Ry 11 Br, Ry, =RclIR. I,
AAA AAA
+ | +
ETh,- ’\, —R EThU ’\, ——
o= 4
(a) Fig.13 (b)

Thevenin circuits for the input and output networks of the network of Fig.12

For the output network

With J:I'-E"|-|-,IJ = R.:_“”RLH"})
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And Co = Cw, + Cee + Cpy,

or
Co = CH’“ + Cee + (1 — 1/A)Cp

For Ay large (typical): 1 == 1/A,

And {‘:0 = CWH + Eﬁ'e + Cn’)f'

% HIGH-FREQUENCY RESPONSE-FET AMPLIFIER

The analysis of the high-frequency response of the FET amplifier will proceed in
a very similar manner to that encountered for the BJT amplifier. As shown in
Fig.14, there are interelectrode and wiring capacitances that will determine the

high-frequency characteristics of the amplifier.

aV
V Do

Fig.14
Capacitive elements that affect the high-frequency response
9
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Fig.15
High-frequency ac equivalent circuit for Fig.14.
Ry, =Rs-,g|| Rg Ry =Rpll Rl rg
AN AN
+ —
En D\ = A ==
- +
b (@) ] ) (b)
Fig.16

The Thevenin equivalent circuits for: (a) the input circuit and (b) the output circuit.

The cutoff frequencies defined by the input and output circuits can be obtained by
first finding the Thevenin equivalent circuits for each section as shown in Fig.16.

For the input circuit.

|
Ju; = 27 R, C;
And
R, = Rsigl|Rc

10
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With Ci = Cw, + Cg + Cyy,

And Cy. = (1 — A)Cyq

For the output circuit,

1
fu,

 27Rm,C,
With
R, = Rp|Re|ra
And I':'U = CW“ + I':'d_s. == EM”
And 1
CM,) - (] o A_F)ng

11
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s MULTISTAGE FREQUENCY EFFECTS

Most of a cascaded amplifier stages are used to obtain either voltage gain or a
current gain. However, in most cascaded amplifiers, ultimately the power gain is
important. If a voltage gain is required, we can calculate the total gain by using the

equation for voltage gain of one stage. Thus, the voltage gain for stage | is:

V,
A= V°1
in1

In addition, the voltage gain for stage 2 is:

Voz
Vin2

sz =

The gain for additional stages can be written in a similar manner. Then, the total

amplifier voltage gain Ay, for n-cascaded stages is:

‘701 < ‘702 » V703 " ‘0(11—1) _ o(n—-1)
rin1 V01 V02 Von Vin1
Atotal = A1 xAr xAz x. . .xA,

Setting the magnitude of this result equal to 1/32 (-3 dB level) results in
1 |

Vil + R/ V2

12
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2n
so that [1+(f_ﬁ)] — 9
fi
jif)z 1/
and 1 + (— = 2/
fi
With the result that
i = I
2/ _

In a similar manner, it can be shown that for the high-frequency region,

fir= (V2" — 1fy

LA,
0
o // \\ f (log scale)
-6dB / \
-9dB —
-12dB l
-15dB M g™
~18 dB |+
n n=2
n=3
o I fo fu  fu
n=1)(n=2)(n=3) (n=3)(n=2)(n=1)
Fig.17

Effect of an increased number of stages on the cutoff frequencies and the bandwidth.

13
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Example (1): Determine the cutoff frequencies for the network of fig.1. using the
following parameters : Cs = 10uf , Cg = 20uf , Cc = 1uf , R;=40kQ , R, = 10kQ ,
REzsz,RC:4kQ,RL:2.2kQ,B: 100,VCC=20V,ro:OOQ?

Solution: The dc base voltage is determined by:

Vee
_— RV,e  10kQ(20v)  200v 4
B=R,+R, 10kQ+40kQ _ 50 7 §H| Re
'
h

Vg 4v-07v 33v
Ry 2kQ  2kQ

26mV §R Rj RF;
i

_ ~ 15.760Q
Te = Tooma = 70 [Z

Ig = = 1.65mA o—lk—

Br, = 100(15.760) = 15760 = 1.576k Fig.1

The Midband Gain of the system is determined by:

4 Vo _ ZRllRL _ _ (4kOII22kD) _
v T, 15.76Q
For C;

R; = R.|IR, ||, = 40kQ||10kQ||1.576kQ = 1.32kQ

1 1
Jis = 2nric, (6.28)(1.32kQ) (10uf)

= 12.06 Hz

14



For C.

— - R, =R,||r, = R
ch - 27T(R0 +RL)CC ) o — c”ro - c
— ! ~ 25.68 H
T (6.28)(4kQ + 2.2kQ) (1puf) <000
For Ce

R,|IR
R, = RE“(%+T€)
= 2kQ (40k9”10k9 +15 76Q)
= 2kaj| 100 '

8kQ

= 2kQ||(80Q + 15.76Q)
= 2kQ||95.76Q
= 91.38Q

1 1
Ji5 = 22R.C; ~ (6.28)(91.380) (204/)

= 87.13 Hz
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Since fig >> f ¢ or f s the bypass capacitor Cg is determining the lower cutoff frequ-

ency of the amplifier.

15
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Example (2): Determine the cutoff frequencies for the network of fig.2. using the
following parameters : Cg = 10uf , Cg = 20uf , Cc = 1uf , Rg= 1kQ, R; = 40kQ ,
R2: 10kQ,RE:2kQ,RC:4kQ,RL:2.2kQ,B: 1OO,VCC=20V,r0:OOQ?

Solution: The dc base voltage is determined by:

_ RV, 10kQ(20v)  200v
" R, +R, 10kQ+40kQ 50

Vs 4y Ve

R('
Ry

Vg 4v-07v 33v

_ B _ — 1.65mA
R, 2k zkn oM

Ig

26mV

- ~ 15.76Q
e = 1 65mA

"N
Br, = 100(15.76Q) = 1576Q = 1.576kQ -

The Midband Gain of the system is determined by:

_—RIR, _ (4kQ)NI(2.2kQ) __
T, 15.760

A, =

ASIINS

R; = R,IR,|IBr, = 40kQ||10kQ||1.576kQ = 1.32kQ

R; Vg 1kQ
Ri +Rs V. I\’ R @1.32kQ |

v, R 1.32kQ
L = = 0.569 -
V. R, +R, 132kQ+ 1kQ -

V, V, V
2 =242 =(-90)(0.569) = —51.21

A A7

16
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For C;
= ! = - ~ 6.86 H
Jis = 2n(R, + R)C,  (6.28)(1kQ + 1.32kQ)(10pf) — 00 %
For C.
1 1
fLe R, =R, = R, = =~ 25.68 Hz

~ 2n(R, +R)C, ' ~ (6.28)(4kQ + 2.2kQ) (111f)

For Ce

R', = R,IR, IR, = 1kQ||40kQ||10kQ = 0.889kQ

R’S
R, = Rg|| ?_l' Te

0.889kQ
= 2kQ| (— + 15.76Q> = 2kQ||(8.89Q + 15.76Q) = 2kQ||(24.650) = 24.35Q

100
= L = ! =~ 327H
Jie = R0, = 6.28)(24.350) (20uf) z
i
‘m.dl(dm Decade ; Bode plot
0 0.1 | / 150 ’l_/l_io(ﬁ f(log
%l 7 3dB \ scale
-6 Midband
ok 20dB level
_]2 —
-15
_18 —
_2: -6 dBgctave. |
27| \
=30 - ~12 dB/octave ~~

17
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Example (3): Determine the cutoff frequencies for the network of fig.3. using the
following parameters : Cs = 2uf , Cg = 0.01pf , Cc = 0.5uf , Rgig = 10kQ,
Rs=IMQ, Rp=4.7kQ , Rs = 1kQ , R, = 2.2kQ , Ipss = 8MA , V4 = -4v ,

rq = 0Q, Vpp :20V,VG5Q =-2Vv?

Solution: The dc base voltage is
determined by:

_ 2lpes  2(8mA) s . s
Gmo = Vel 4V m 3 R Cg gk
, :
Im = gmo (1 - 5}53@) i 1
—2v
9m = 4mS (1 _TMJ) = 2mS
For Cg
= L = L =~ 15.8H
Jie = 2n(Rgiy + RDC;  (6.28)(10kQ + 1MQ)(0.01pf) ~ z
For C,
1 1
=~ 46.13 Hz

Jee = SR ¥ R)C, . (6.28) (47K + 2.2kQ) (0 54f)

18
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For Cs

1 1
Rey = Rs ||— = 1kQ||% — 1kQ[|0.5kQ = 333.330

m

1 1

= = = 238.73H
Jus 2mR,,Cs  (6.28)(333.33Q) (2uf) z

Because fi s is the largest of the three cutoff frequencies, it defines the low-cutoff

frequency for the network of Fig.3.
The Midband Gain of the system is determined by:

Vo

Avmia =77 = —gm(RplIR,) = (—2mS) (4.7kQ||2.2kY)

l

= —(2mS)(1.4kQ) = -3

’ A,

Y mial @)

o
——

-6 -6 dB/octave
-20 dB/decade —

/

Actual frequency response

—12 dB/octave

~40 dB/decade

19
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Example (4): Determine the high-cutoff frequencies for the network of fig.4. using
the following parameters : Cg = 10uf, Cg = 20uf , Cc = 1uf, Rs= 1kQ, R; = 40kQ
, R;=10kQ , Re=2kQ ,Rc=4kQ , R =2.2kQ , =100, Vcc = 20V, 1, = 0Q,
Cpe = 36pf, Cy = 4pf, C = 1pf, Cw; = 6pf, Cyo = 8pf?

Solution: The dc base voltage is determined by:

R,V,. 10kQ(20v)  200v _

= = = 4‘U Veo
R, +R, 10kQ+40kQ 50

Vg

R('
Ry

Vg 4v-07v 33v

b= R, = T2k 2k oSmA I °
- I
= 2 15760 "'*-% | 3
e = 165ma i " e ]
v, . R Cy
Br, = 100(15.76Q) = 1576Q = 1.576kQ " = e i I -
The Midband Gain of the system is determined by: Fig.4

“RellR, _ _ (4kQ)II22kD) __
T, 15760

Vo
A, =—=

Ryni = RolIR. IR, 1|57, = 1kQ||40kQ||10kQ||576kQ = 0.57kA)
With Cij=Cyi+ Cpe + Cpi , Cui= (1- A)) Cye
Ci=Cui+ Cpe + (1- Ay) Cyc
= 6pf + 36pf + [ 1 - (-90)] 4pf
= 406pf

20
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1 1

_ _ — 687.73 kH
2mRmiC;  (6.28)(0.57kQ)(406pf) z

fui

Rrho = R IR, = 4kQ||2.2kQ = 1.419kQ
With Co = Cwo + Cce + Cmo » Cio = ( 1- 1/A,) Coe
Co=Cuo + Cee + (1- 1/A,) Cyc
= 8pf + 1pf + [ 1- 1/(-90)] 4pf

= 13.04pf
fi ! 1 8.6 MH
H = = = . Z
© 2R, C, (6.28)(1.419kﬂ)(13.04pf)
A,
A -
¥ mid | dE
. p e St i
| Jeo1o T 00 T 1 kHE 10 kHz 100kHz ~ \] MHz ,.-’ﬁlt} MHz 100 MHz
H—t—t—t— : ' H———A :
1] -/ f(log scale)
51— BEW
'\ _—6& dB/octave
BTV S T
—15
420 dB/fdecade . _— 12 dBfoctave
0
25—
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Example (5): Determine the high-cutoff frequencies for the network of fig.5. using
the following parameters : Cs = 2uf , Cg = 0.01uf , Cc = 0.5puf , Rsig = 10k€Q,
Re=IMQ , Rp=47kQ , Rg = 1kQ , R = 2.2kQ , Ipss = 8MA , V4 = -4v ,
rg = 00Q, Vpp =20V,Vgsg = -2V, Cyq = 2pf, Cy = 4pf, Cys = 0.5pf, Cwi = 5pf,
Cwo = 6pf ?

Solution: The dc base voltage is
determined by:

_ 2lpss 2(8mA)

= = = 4msS y .
Imo A 4V R LI“{
V, N
_ _aGsq | . 1 _
Im = Gmo (1 v, ) + Wﬁ ) J_ ey T Los
_ _ #_j -
_Zv ! (\I R V- . o
gm=4mS<1—T‘rv>=2mS _l. E* I
L L
The Midband Gain of the system is determined by: Fig.5
Vo
Aymia = 7= —gm(RplIR,) = (—2mS)(4.7kQ||2.2kQ)
l

= —(2mS)(1.4kQ) = -3
Rrni = RsigllRg = 10kQ|I11IMQ = 9.9kQ
With C;=Cyi+ Cg+ Cwi , Cwi= (1- A,) Cyq
Ci=Cuit Cg+(1-A)) Cyq
= 5pf + 4pf + ( 1+ 3) 2pf
= 9pf + 8pf = 17pf

22
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fui = 945.67 kHz

" 2nRmC (6.28)(9.9kQ)(17pf)

Rrno = RplIR, = 4.7kQ||12.2kQ = 1.5k
With Co = Cyo + Cgs + Cao » Cao = (1- 1/A,) Cyg
Co = Cuo * Cgs + (1- 1/A,) Cyq
=6pf+0.5pf +[1-1/(-3)] 2pf
=9.17pf

1 1
"~ 2mR,C,  (6.28)(1.5k0)(9.17pf)

fito = 11.57 MHz

23
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H.W :- For the network of Fig.1. determine :

a're.

b - Aumia = Vo !/ Vi.

c-Z7Z.
d- fs, fic, fie .

e — Sketch the low- frequency response for the amplifier .

Electronics 11 : 3° Year - 2015/2016
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H.W :- For the network of Fig.2. determine :

a— gmo and g .
b - AV and Avs.
c—fuiand fuo .

d - Sketch the high- frequency response for the amplifier .

1.5 kil

S
-

—
7

47xQ
091 k2 Ios WF
-
Fig .1
0V Cw, = 4pF  Cyy= BpF
f“ = bpF (.g‘ 12 pF
Cg = 3pF
3.9k VCSQ =258
§m1m GRpF
] Q)
Ipgy = 10mA ;
Vp= -6V '

g |

68 kLl
2.2k0

AN

1O uF

i—)

.||—

Fig .2

5.6 k)



