Al-Mustagbal University
Department of Medical Instrumentation Techniques Engineering
Class 2@
Subject: Electronic Circuits
Lecturer: Dr. Rami Qays Malik, MSC. Huda Asaad
2" term — Lect 1. FET Amplifiers

Electronic Circuit

Lecture 3 (4" & 5" Week)

BJT & FET Frequency Response

!
(D | -
T | 4 r It { System
$ \#— R, S <L' 01
% < J_ X e S
- | /c,i 1: |

Email: rami.qays@uomus.edu.iq , huda.asaad@uomus.edu.ig



mailto:rami.qays@uomus.edu.iq
mailto:huda.asaad@uomus.edu.iq

Al-Mustagbal University
Department of Medical Instrumentation Techniques Engineering
Class 2@
Subject: Electronic Circuits
Lecturer: Dr. Rami Qays Malik, MSC. Huda Asaad
2" term — Lect 1. FET Amplifiers

1.1. Introduction to BJT Amplifiers

The frequency response of a Bipolar Junction Transistor (BJT) describes how its
performance changes with varying signal frequency. The response varies across

low, and high frequencies.

+ Low Frequencies: The performance is affected by coupling and bypass
capacitors, leading to a drop in response at very low frequencies.

+ High Frequencies: The effects of parasitic capacitances (such as base-collector
capacitance (p, and base-emitter capacitance C(j, become significant,
reducing gain and altering circuit response.

1.2 Low Frequency Response BJT Amplifier with R

The analysis of this section will employ the loaded R, voltage-divider BJT bias

configuration introduced earlier lecture. For the network of Fig. 1, the capacitors

Cs, Cc, and CE will determine the low-frequency response. We will now examine

the impact of each independently in the order listed.

Cs Because 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, matching that with R; = R{||R;||B7,.

a ] t r; It T Ssiem

|
+ X, — Rl & 11,
R, L R, '
'—/‘ : I z .
- -

-
Fig.1. Loaded BJT amplifier with capacitors that Fig.2. Determining the effect of C s on the low-
affect the low- frequency response. frequency response.
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Applying the voltage-divider rule:

V, = —R,-V.,-
R; — jXc,

The cutoff frequency defined by Cs can be determined by manipulating the above
equation into a standard form or simply. For future RC networks, will simply be

applied.

1

fo. = Sore,

For the network of Fig.1, when we analyze the effects of Cs we must make the as
Sumption that CE and Cc are performing their designed function or the analysis
becomes too unwieldy, that is, that the magnitudes of the reactance of Ct and Cc
permit employing a short-circuit equivalent in comparison to the magnitude of

the other series impedances.

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 total series resistance is now

Ro + RL, and the cutoff frequency due to Cc is determined by:

|
"~ 2@(R, + R)Ce

Jie

Ignoring the effects of Cs and CE, we find that the output voltage Vo. For the
network of Fig.3, the ac equivalent network for the output section with Vi =0V

appears in Fig.3 The resulting value for Ro in Eq. below is then simply:
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Fig.3. Determining the effect of Cc on the low-frequency response. Localized ac equivalent for Ce with Vi=0 V.

CE To determine fiE , the network “seen” by CE must be determined as shown in
Fig.4. Once the level of Re is established, the cutoff frequency due to CE can be

determined using the following equation:

1

fLE - Z‘ITR,,CE

For the network, the ac equivalent as “seen” by CE appears in Fig.4. The value

of Re is therefore determined by:

R|| R,
Re=rel (B 4,

The effect of CE on the gain is best described in a quantitative manner by recalling

that the gain for the configuration of Fig.4. is given by
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(¢) Network employed to describe the effect of CE on the amplifier gain.

L ( ngk. "
Fig.4. (a)Determining the effect of CE on the low-frequency response. (b) Localized ac equivalent of CE.

The maximum gain is obviously available where R is 0. At low frequencies, with
the bypass capacitor CE in its “open-circuit” equivalent state, all of RE appears
in the gain equation above, resulting in the minimum gain. As the frequency

increases, the reactance of the capacitor CE will decrease, reducing the parallel

impedance of RE and CE until the resistor RE is effectively “shorted out” by CE.
The result is a maximum or midband gain determined by Av =-Rc/re. At fiE the

gain will be 3 dB below the midband value determined with RE “shorted out.”
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Examplel: Determine the cutoff frequencies for the network of Fig.1.
using the following parameters:

Cs =10 mF, CE =20 mF, Cc =1 mF
R1 =40kQ, R2=10k Q, RE =2 kQ,
Rc=4kQ, RL=22kQ,B=100,Vecc=20V

Vee

—AAN
=
=
o]
—n‘\

oV

Sol:
To determine r, for dc conditions, we first apply the test equation:
BRg = (100)(2k(2) = 200k == 10R, = 100 k()
Since satisfied the dc base voltage is determined by
RyVee 10 k€2(20 V) 200V
VB —, = - — = =4V
R, + R, 10kQ + 40 k(2 50
. ; Ve 4V —-07V 33V 1.65 mA
“/l ] — prom— ” pe—rl = —_— 02 m
E™ Re 2kQ) 2 k()
26 mV
so that re = S g 15.76
1.65 mA
and Br, = 100(15.76 1) = 1576 ) = 1.576 k()
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Vo —RellRe  d@dkMyf2kay

Midband Gain A, = ?! S 1576 0 = —90
o R, = R|||R;| Br. = 40k |10k 1.576 kO = 1.32 k()
1 1
St

T 2ARC,  (6.28)(1.32kQ)(10 uF)
fi, = 12.06 Hz

|
C = with R, = R-|r, = R
C fLC 271_(}20 + R;)Ce o C” 0 C
B 1
T (6.28)(4 kO + 22k)(1 uF)
= 25.68 Hz
R R;
(e R, = RE"( 3 + r,
= 21:{1||(4G'kﬁ”mkﬂ + 15.76 ﬂ)
B 100 '
2 kO
— 4 .
2kﬂ||( 100 15?6&’1)
= 2k (80 & + 15.76 0)
= 2k0)]95.76 £
= 91.38 O
1 1 L0%
fre = 87.13 Hz

T 2mR.Cp  (628X91.38 W20 uF) 1147773

Since f;, = f.orfi  the bypass capacitor Cg 1s determining the lower cutoff fre-
quency of the amplifier.
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1.3 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 a signal source and associated resistance have
been added to the configuration of Fig.1. The gain will now be between the

output voltage Vo and the signal source Vs.

Cs The equivalent circuit at the input is now as shown in Fig.5, with Ri

continuing to be equal to Ry ||R,|| B7e.

VC(‘

(
% H o
Gy
= I
+ ; +
R | Rg k
R, ¢, A ‘
) ’\I D> [‘E _ [ s
e " - e

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

effect of Cs on the low frequency response.

Using the results of the last section it would appear we could simply find the total
sum of the series resistors. Doing so would result in the following equation for the

cutoff frequency:

1
" 2m(R; + RYC,

It
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However, it would be best to validate our assumption by first applying the

voltage-divider rule in the following manner:

R:'Vs

V —
7R, + R — jXc,

For the midband frequencies, the input network will appear as shown:

Vs R;
A = = —
Veid Y. R+ R,

Noting the similarities with Eq. above the cutoff frequency is defined by fis

above and:

1
= 2ik; + RoC,

Cc Reviewing the analysis for the coupling capacitor Cc, we find that the

derivation of the equation for the cutoff frequency remains the same. That is,

1
C2m(R, + ROCe

T

CE Again, following the analysis for the same capacitor, we find that Rs will affect

the resistance level substituted into the cutoff equation so that

1

fLE - 2o RBCE
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Example 2: Repeat the analysis of Example 1 but with a source resistance Rs of
1 kQ. The gain of interest will now be Vo /Vsrather than Vo/ Vi. Compare results.

Sol/ The dc conditions remain the same:

= 15.76 1) and Br, = 1576 k(}

¥ —R- R
Midband Gain A4, = ?” = ¢ = —00 as befare
! ™

The input itnpedance is given by
Z, = Ry = R| R Br.
= 4D kO 10k | 1576 k2

= 132 k0
and from Fig 0.35,
RV
v, = —ii
R+ R
Vv R )
o Vi _ I 132k _ o een
V. R+R L32KD+ LKQ
that A=Y Y Ve = (—90)(D.569)
=0 = = [—
“TV, WV
= —51.21
[ Ry = R| Rl Br. = 4D KDL 10K | L5760 = L2k
| 1

Jes = 2m(R, + ROC, B (G2EM 1 kD + L3210 uF)
fr. B 686 Hz vs. 12.06 Hz without &,

1
ImRe + RpCe
1
N 62804 kI + 22 k001 wF)
e 1568 Hx a5 before

Cc fie =

[ R.=RJ|R|R: = 1k£2|40kD [ 10K = DESIKD
Ri
(ﬂ + rd) = zmH M + 1536 ﬂ)

= 2kN|(889 01 + 15760} = 2kﬂ||24.65 {1 e 24350
1 1 106
fte = aaR.Ce (62802435 O)Z0uF)  3058.36
2 327 Hz vs. §7.13 Hz without R,

R, = R:
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1.4. High Frequency response BJT Amplifier

At the high-frequency end, there are two factors that define the -3-dB cutoff
point: the network capacitance (parasitic and introduced) and the frequency
dependence of hfe (B).

In the high-frequency region, the RC network of concern has the configuration
appearing in Fig.6. At increasing frequencies, the reactance XC will decrease in
magnitude, resulting in a shorting effect across the output and a decrease in gain.
The derivation leading to the corner frequency for this RC configuration follows
along similar lines to that encountered for the low-frequency region. The most

significant difference is in the following general form of Av:

1
A= ———
L+ j(f/fw)

-+ O

Q
L

Fig.6. RC combination that will define a high-cutoff frequency.
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In Fig. 8, the various parasitic capacitances (Cbe, Cbe, Cce) of the transistor are

included with the wiring capacitances (Cwi, CWo) introduced during construction.

V(.‘C

> ]
' ', PSRBT | B R R, c,
T T @ 1 ]

Fig.9. High-frequency ac equivalent model for the network of Fig.8
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Determining the Thevenin equivalent circuit for the input and output networks
of Fig.8 results in the configurations of Fig.9. For the input network, the 3-dB

frequency is defined by:

|
T = 2Ry, C;
with Ry, = R|| R || R, || Bree
and Ci=Cw, + Cpe + Cy, = Cy, + Cpe + (1 — A)Cp,
Ry, =R Ry 1| Ry || Br, Rpy, =RcllR, I 7,
AN N AN\ N
+ +

1l
1

Emy, ’\, ==C, Em, ’\,

At very high frequencies, the effect of Ci is to reduce the total impedance of the
parallel combination of R1, R2, fre, and Ciin Fig.9 . The result is a reduced level

of voltage across (i, a reduction in Ib , and a gain for the system. For the output

network,
1

I8, = R
with R, = Re|Re|lr,
and Co = Cw, + C.p + Cy,
or C,=Cy, + C,o + (1 — 1/A)Cp,
For A, large (typical): 1 = 1/A,
and Co = Cy, + Cp + Cpe
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Example 3: Use the network of Fig.1. with the same parameters as in
Example.1, that is,
Rs=1kQ, R1=40kQ ., R2=10kQ,
RE=2kQ,RC=4kQ, RL=2.2kQ
Cs =10 mF, Cc =1 mF, CE= 20 mF
hfe =100, r0 =0, VCC =20V
with the addition of Cr(Cbe) = 36 pF, Cu(Cne) = 4 pF, Cce =1 pF, Cwi= 6 pF,
Cwo =8 pF
a. Determine fHi and fHo.
a.
Br. = 1L.576 k12, A, famplifier—not including effects of R,) = —90
and R, = Rl Ri|| B2 | Bre = 1 KQ[40kQ [ 10 K2 [[1.576 k2
&= (.57 kS
with C{ = Cw‘ + Ch“ + (1 - A,.)Ch‘.

= 6pF + 36 pF + [1 = (=90)|4 pF
= 406 pF*
R |
Ju, = 2R, G 2m(0.57 KQ)(A06 pF)
= 687.73 kllz
Ry, = RellR = 4kQ[22kQ = 1419k

C,, = CW,, + C‘.‘. + CM,, =8 ])F + 1 |)F + (l o —L‘)O)" [)F

= 13.04 pF

o !
I, = 2Ry Co 2m(1.419 KQ)(13.04 pF)
= 8.6 MHz
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1.5. 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.15. CG , Cc, and Cs .

Fig.15. 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. 16. The cutoff frequency determined by

CG is:

oy 1
fLG B 2’7T(R515._2 + R;)Cgq

v, ,\I —_— System

Fig.16. Determining the effect of CG on the low-frequency response.
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Typically, Re»Rsig, and the lower cutoff frequency is determined primarily by
RG and CG. The fact that R¢ is so large permits a relatively low level of C¢ while

maintaining a low cutoff frequency level for fLG.

Cc For the coupling capacitor between the active device and the load the network

of Fig.17.results. The resulting cutoff frequency is:

|
fLE- =
2m(R, + R;)Cr
I
I
C,
System - R

Fig.17. RL Determining the effect of Cc on the low-frequency response.

Cs For the source capacitor Cs, the resistance level of importance. The cutoff

frequency is defined by:

1

fLS B QTTRBqCS
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the resulting value of Req is

Rg
1 + Rs(1 + gmr)/(rs + Rp|RD

Req

which for r; = o5 {) becomes

rg=col}

Example 4:

Determine the lower cutoff frequency for the network of Fig. 1°
parameters:

C; =001 uF, Ce=05uF, Cg=2uF

Ri, = 10k€), R = 1MQ, Rp =47k, Rg=1kQ, R =22k(

Ipss =8mA, Vp=—-4V, r;=oQ, Vpp =20V

using the following

DC analysis: Plotting the transfer curve of I, = Ipgs(l — Vigs/ Vp)? and superimpos-
ing the curve defined by Vg = —IpRg results in an intersection at Veisy = —2V and
Ip, = 2mA. In addition,

21[)53 i 2(8 lTlA)

x - = 4mS
Emo |VP| 4V m
Vas, -2V
8m = gm()(' =5 VPQ> = 4mS(l = _4\/) = 2mS
C F= ' = ' = 15.8 Hz
» L 2m(Rgy + R)Cq 2m(10kQ + 1 MQ)(O0.01 uF) —
C Fr = l = l = 46.13 Hz
J e 7 2mR, + ROCe 2m@.TkQ + 22kQ)0.5 uF)
1 1 _
Cs Reg = Rs||— = 1kQ||=—— = 1k 05kQ = 333.33 Q
s eq S‘” Zm ” 2 mS ||

| 1
Eq. (9.40): f;. = =
q. (9.40):  fi, 2R Cs  2m(333.33 Q)(2 uF)

= 238.73 Hz
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1.5. 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. 18, there are interelectrode and wiring capacitances that will determine the
high-frequency characteristics of the amplifier. The capacitors C gs and C gd
typically vary from 1 pF to 10 pF, whereas the capacitance C ds is usually quite
a bit smaller, ranging from 0.1 pF to 1 pF.

Voo

| !

s

1l
n
AN
=

P

\
(

C
|}

‘o 4 I
!

i
.||
t

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

R

sig \ Vv

AN ‘ y y ‘

et "".x: § Em v_u.\ T R D R I I
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¢
1’\1
|

Fig.18. High-frequency ac equivalent circuit
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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.

18. For the input circuit,

|

Ju, = 27 R, C;

Ry, =Ryl Rg Ry, =Rp IRyl ry
———AWWN———— AN

2
2

(a) (b)

Fig.18. The Thevenin equivalent circuits for: (a) the input circuit and (b) the output circuit.

and Ry, = Rsig| Rg
“”Ith Cr == CW, + c"rq.i + CM,
and C_Mr. = (1 — Av)cg:e‘

for the output circuit,

Ju, = zmealrhncﬂ
with ‘ Ry, = Rp|| Ry | ry
and Co = Cw, + Cygs + Cy,
and Cu, = (l e L)C?d

A A,)
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Homework

Determine the high-cutoff frequencies for the network of Fig.18. using the same

parameters as Example 4:

Co=001uF, Cc=05uF, Cs=2uF
Rsig =10 kﬂ, RG =1 MQ, RD =47 k.Q, Rs =1 kQ, RL =22k
Iiso=8mA; Vo=—4V, r=all, V=20V
with the addition of
ng — 2pF, Cgs = 4pF, Cds =05 pF, Cw‘, - 5pF, CW,, - 6pF
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