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Chapter 10 Negative Feedback for Transistor

10.1 Study Objective:

(1) Understanding the meaning of each negative feedback circuit.
(2) Understanding the principle of each negative feedback circuit.
(3) Understanding the function of each negative feedback circuit.

10.2 Basic Description:

10.2.1 New Terminology:

(1) Voltage amplifier (Av):
@ Output voltage is proportional to input voltage.
@ Ideal voltage amplifier: Zi =, Zo = 0, Av = Vo/V/s

(2) Current amplifier (Ai):
® Output current is proportional to input current.
@ Ideal current amplifier: Zi = 0, Zo = oo, Ai = lo/Is

(3) Transconductance amplifier (Gm):
® Output current is changed with input voltage.
@ ldeal transconductance amplifier: Zi = co, Zo = oo, Gm = lo/Vs

(4) Transresistance amplifier (Rm):
® Output voltage is changed with input current.
@ Ideal transconductance amplifier: Zi = 0, Zo = 0, Rm = Vol/ls

10.2.2 Basic Principle:

(1) Feedback for amplifier
1) The circuit topology in which part or all the output signal of an amplifier is
re-applied to the input terminal through a feedback network is referred to
as feedback. If the phase o?:féjedﬁack signal is same as that of input
signals, this feedback is called positive feedback. If the phase of feedback
signal is inverse ‘tl:)‘f;;ﬁ}t?hat Ofnmput"signals and this feedback signal will be
subtracted from thé’"input signal to reduce the gain, this feedback is called
negative feedback.
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2) The block diagram of the amplifier with feedback is shown in Fig 10.1.

Vd=Vs-gVo
Vs 4 vd basic
amplification > Vo=Vdx A
Vf=pVo
B:Feedback factor
Fig 10-1
Vi:input signal Vo: output signal
Vf: feedback signal A : feedback factor
and Vf=3Vo Vd=Vs-Vf=Vi Vs=Vi+j3Vo
Vo
A:V_9 Af= VO _ _V° Vi _ A
Vi Vs Vi+ BVO Vi Vo 1+ BA -
. + B— S )

3) For negative feedback, - 5A<1 (A A'>»:m
For positive feedback, - A=1 (BA<-1)

(2) Topologies of negative feedback circuit
Depending on th ""’acquisition of feedback signal and the method of input, the
negative feedback circuits can be classified into the following four categories:
1) Voltage«samphng series-mixing negative feedback: Part of voltage is
_taken from the output terminal and is then applied to the input terminal
though series network.

2) Voltage-sampling shunt-mixing negative feedback: Part of voltage is taken
from the output terminal and is then applied to the input terminal though
shunt network. '

3) Current-sampling series-mixing negative feedback: Part of current
(alternatively, this current can be converted to voltage) is taken from the
output terminal and is then applied to the input terminal though series
network. :

-mtxmg negative feedback: Part of current is taken
emunal and is then applied to the input terminal though

shunt netwgdrrk,v
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(a) voltage-sampling
series-mixing
]
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R | 3w
Vs
b
B Vo
e Vi :» Rr R li
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(b)voltage-sampling
shunt-mixing
Circuit diagram:
Vo

.
-

(a) voltage-sampling
series-mixing
Vf=Vo
(100% feedback)
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(c) current-sampling
series-mixing
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(d)current-sampling
shunt-mixing

Ru

do_
Gu: Vi

Ru

(c) current-sampling
series-mixing
If=le

vf=le x Re
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+Vce
Rf VO Rs
Rs ‘
Zi i Re I Ce -_—
If=le2-lre2

. Zi .

Vi=Vo x £ VIsVe2 x 553
(Ve2=Ire2 x Re2)
o (b)voltage-sampling (d)current-sampling

shunt-mixing shunt-mixing

Comparing these block diagrams and circuit diagrams we can find out:

1) The voltages are taken through shunt anangement for both
voltage-sampling  series-mixing negative feedback circuit and

voltage-sampling shunt-mixing negative eedback circuit.

2) The currents are taken through series arrangement for both
current-sampling  series-mixing negative feedback circuit and
current~samplfng shunt-mixing negative feedback circuit (the current will
be converted to voltage through resistor).

o~ 3) The'feédbéck signals are applied to the input terminals through shunt
arrangement for both voltage-sampling shuntmixing and current-sampling
shunt-mixing negative feedback circuit.

4) The feedback signals are applied to the input terminals through series
arrangement  for  both  voltage-sampling  series-mixing =~ and

current-sampling series-mixing negative feedback circuit.

Table (1) shows the variation of input impedance of these feedback circuits.

voltage-sampling current-sampling voltage-sampling current-sampling
series-mixing series-mixing shunt-mixing shunt-mixing
Zif increase increase decrdase decrdase
Zof decrdase increase decrdase increase
S~
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We can find out from Table (1):
@ Zif will be increased if the feedback signal is applied to the input

terminal through series arrangement, wherein the input impedance
is increased because the feedback network is connected to the input
circuit in series. On the conti'ary, Zlf will be decreased for
shunt-mixing feedback. =~ LA

Zof will be decreased if the feedback signal is taken by shunt
arrangement, wherein the output impedance is increased because

. “the feedback network is connected to the output circuit in shunt. On
_ the contrary, Zof will be increased if the feedback signal is taken by
- series arrangement.

Voltage shall be taken by shunt arrangement; current shall be taken
by series arrangement.

(3) Properties of negative feedback circuit:

1)

2)

3)

4)

5)

6)

Gain will be decreased. Af =

A
1+ BA

Stability of circuit will be increased.

Nonlinear distortion will be reduced. Df = L
5 ‘ 1+ BA
Noise will be reduced. Nf = S
& ' 1+BA

Baf{awidth will. be extended. BWf = (1 + BA) BW

Zi and Zo will be changed with feedback topology,

10.3 Experiment Equipments

(1) KL-200 Linear Circuit Lab.
(2) Experiment Module: KL-23007.
(3) Materials: As indicated in the KL-23007.

(4) Experiment Instrument: 1. Signal g

(5) Tools: Basic hand tools.

2. Q_scfijltb
3. Multime
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10.4 Experiment Items:

Item one (10-1): Experiment for voltage-sampling series-mixing negative feedback
circuit o

10-1-1

10-1-1-1 Experiment Procedures:

(1) Firsts fix the module KL-23007 in the KL-200 Linear Circuit Lab, then
‘ ,E:ocates the block marked 23007-block b.

(2) Insert the short-circuit clip by referring to Fig 10-2 and the short-circuit
clip arrangement diagram 23007-block b.1. The negative feedback is
disconnected (short-circuit clip is not connected to C14 R31 circuit).

(3) Use multimeter (DCV) to measure Vc10 and Vc9(Q9.Q10 collector).

(4) Connect signal generator and oscilloscope in the 'inéut terminal (IN3),
of signal generator to 1KHz sine wave and gradually increase the output
voltage so that the oscilloscope can display maximum non-distorted
waveform in the output terminal. View and record the waveforms in IN3
and OUT respectively.

(5) USe oscilloscope to measure the waveforms in TP3 and TP7, then make
records.

6) Connéct the negative feedback circuit (short-circuit clip is connected to
C14 R31 circuit).

(7) Repeat Step (3) (4) (5).

(8) Adjust the output of signal generator to 10Hz~;2§§)i(ﬂ;§, then view the
waveforms of Vin and Vout for both the circuits with negative feedback
and without negative feedback. Make records‘, and compare the
frequency response of these two circuits. The frequency response
curves of Av corresponding to f shall be recorded in Table 10-1 (b) (c).
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10-1-1-2 Experiment Result:

The experiment results shall be recorded in Table 10-1 (a) (b) (c), then
compare the difference between the circuits with and without negative

feedback.
measured voltage | without nééative with negative
feedback feedback
Vc10 (DCV)
Vc9 (DCV)
Vin3 (Vp-p)

Vr30 (TP7)(Vp-p)

Vb9 (TP3)(Vp-p)

Vout (Vp-p)

Av:Vout/Vin3

Table 10-1 (a)

(0db)

0.707 ¢
(-3db)

= f

(b) Frequency response of the circuit without negative feedback

Av

(0db)
1 <

0.707 t

(-3db)

+

f

(c) Frequency response of the circuit with negative feedback

Table 10-1
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O 12V
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R27
47K
R31
47K
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Fig 10-2
current-sampling (current-sampling voltage-sampling  disconnection
shunt-mixing series-mixing) series-mixing at Step (2)
+ R =TT
v R
R24 t
. TPa R26 <
TP3 Q9 oy
C10 gy i g
C8 N3 cit
+ , !
9 R27 !
1 '
R25 1]

__KL-23007 block b

Fig 23007-block b.1

Item two (1052): Experiment for voltage-sampling shunt-mixing negative feedback
circuit

10-2-1
10-2-1-1 Experiment Procedures:
(1) Insert the short-circuit clip by referring to Fig 10-3 and the short-circuit clip

arrangement diagram 23007-block c. The negative feedback is disconnected
(short-circuit clip is not connected to R34 C16 circuit).

(2) Use multimeter (DCV)
transistor). '

ure Vc17 (the voltage at collector of the
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(3) Connect signal generator and oscilloscope in the input terminal (IN), and
connect oscilloscope to the output terminal. Adjust the output of signal
generator to 1KHz sine wave and gradually increase the output voltage so
that the oscilloscope can display maximum non-distorted waveform in the
output terminal. View and record the wavefmm in IN and OUT respectively.

(4) Connect the negative feedback ciféﬁif‘(sﬁ.ort-circuit clip is connected to R34
C16 circuit). “

(5) Repeat Step (2) (3).

(6) Ad;ustthe output of signal generator to 10Hz~20KHz, then view the frequency
response for both the circuits with negative feedback and without negative

feedback. The frequency response curves of Av corresponding to f shall be
plotted in Table 10-2 (b) (c).

10-2-1-2 Experiment Result:

The experiment results shall be recorded in Tabte 10—2 (a) (b) (c), then

compare the difference between the c1rcunts”_“‘wm': and wnthout negative
feedback. L

measured voltage | without negative | with netative
feedback feedback

Vin (Vp-p)

Vout (Vp-p)

Vel1 (DCV)

Av : Vout/Vin3

Table 10-2 (a)
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Avo: The Av when Vo is maximum.

AVQAvo

(0db)

0.707
(-3db)

v

(b) Frequency feedback

AV/Avo
i

(0db)

—-
+

0.707
(-3db)

T

—f

(c) Frequency response of the circuit with negative feedback

o

+12V 1

Disconnection in Step (1)
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Fig 10-3 (Fig 23007-block c.1)
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Item three (10-3): Experiment for current-sampling series-mixing negative feedback
circuit

10-3-1
10-3-1-1 Experiment Procedures:

(1) Insert the short-circuit clip by referring to Fig 10-4 and the short-circuit clip
arrangement diagram 23007-block b.2. Connect capacitor C9 to bypass R25
(1KQ) that acts as the comments device in this current-sampling
series#niXibg circuit. The AC impedance of the capacitor is very small.

(2) Use multimeter (DCV) to measure Vc9(Q9 collector).

(3) Connect signal generator and oscilloscope in the input terminal (IN2), and
connect oscilloscope to the output terminal (OUT). Adjust the output of signal
generator to 1KHz sine wave and gradually increase the output voltage so
that the oscilloscope can display maximum non-di_stoctedfw eform in the
output terminal. View and record the waveforms in IN and OUT respectively.

(4) Remove C9 (disconnect the short-circuit clip) so tﬁ’at this circuit will operate
as the topology of negative feedback.

(5) Repeat Step (2) (3). |

The experiment results shall be recorded in Table 10-3, then compare the
difference between the circuits with and without negative feedback.

measured voltage | without negative | with negative
feedback feedback

Vin2 (Vp-p)

Vout (Vp-p)

Vc9 (DCV)

Av : Vout/Vin2
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=3 O 12V
R22 R24 cto
47K 47K 10u
& > Vo
1ou c1815
" _;* Qs
Tou
fok RS o
L s 5
Fig 10-4 Current-sampling series-mixing negative feedback circuit
- . current-sampling (current-sampling voltage-sampling
shunt-mixing series-mixing) series-mixing
]
!
i
!
KL-23007 block b |
Fig 23007-block b.2
— Item four -(10-4): Experiment for current-sampling shunt-mixing negative feedback

circuit

10-4-1
10-4-1-1 Experiment Procedures:
(1) Insert the short-circuit clip by referring to Fig 10-5 and the short-circuit clip
arrangement diagram 23007-block b.3. The capacitor C7 (10 1 F) for

negative feedback is disconnected.

(2) Use multimeter (DCV) to measure Vc8 and Vc9(Q8 Q9 collector).
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(3) Connect signal generator and oscilloscope in the input terminal (IN1), and
connect oscilloscope to the output terminal (OUT). Adjust the output of
signal generator to 1KHz sine wave and_gradually increase the output
voltage so that the oscilloscope can display maximum non-distorted
waveform in the output terminal. View and;recprd the waveforms in IN and
OUT respectively. o

(4) Use oscilloscope to measure Vc8 and Vc9(Q8 Q9 collector).

(5) Connect C7 (10 «F) so that this circuit will operate as the topology of
current-sampling shunt-mixing negative feedback.

(6) Repeat Step (2) (3) (4).
10-4-1-2 Experiment Result:

The experiment results shall be recorded in Table 10-4,v then compare the
difference between the circuits with and without negative feedback.

measured voltage | without negative | with negative
feedback feedback

Vc8 (DCV)

Vc9 (DCV)

Vin1 (Vp-p)

Ves (Vp-p)

Vout (Vp-p)

Av:Vout/Vin1

Table 10-4

N
> S
R19
R21 R23
5.6K 680 s R25
2.2K

Fig 10-5 Current-sampling shunt-mixing negative feedback circuit
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current-sampling (current-sampling voltage-sampling
shunt-mixing series-mixing) series-mixing

o o o o o S, . 0 o o e o e o

KL-23007 block b !

-——— - ——————— . ——— v — =1

disconnectionin Step (1)

Fig 23007-block b.3

o~

10.5 “‘:Expe'riment Discussion:

This unit has discussed the experiment for negative feedback circuit, the concept of
which has already been used in the amplifier circuits of Chapter 6 and Chapter 9. For
example, One typical application of voltage-sampling negative feedback is the emitter
follower in which an emitter circuit is incorporated. The éxperi‘ments of this unit can
therefore be carried out by referring to the circuits and principles described in Chapter
6 and 9. The practice of Chapter 9, the tone control circuit, is an application of
voltage-sampling shunt-mixing negative feedback circuit.

10.6 Repairs for S.imulated Faults

— Carry out thé following repairs by referring to the test results of instruments along with
the operating principle, but the electric iron is not allowed to be used. List the faulty
parts, and briefly describe your steps for repairs.

10-4: Current-sampling shunt-mixing circuit as shown in Fig 10-5.
1. Fault phenomenon: ® DC bias of Q8 is abnormal.
@ DC bias of Q8 is abnormal..
® There is no amplification for Q9
2. Fault parts:

3. Steps for repairs:
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10.7 Problems: -
(1) Selection:
() 1. Emitter follower is the application o
1. voltage-sampling series-mixing negative feedback.
2. current-sampling series-mixing negative feedback.
_ 3. current-sampling shunt-mixing negative feedback.
()2 . Re of left Figure operates as:
+Vee
1. voltage-sampling series-mixing negative =
= SRe R¢ Vo feedback.
2. current-sampling series-mixing negative
Vs L feedback.
E
= 3. current-sampling shunt-mixing = negative
feedback. ’ .
() 3. When the negative feedback is applied to the amphﬁer, the amplification factor
will:
1. remain unchanged.
2. increase.
3. decrease.
() 4. Voltage-sampling series-mixing negative feedback will make Zi: Py
1. increased.
2. decreased.
3. unchanged
() 5. The amplifier in which output current is proportional to input voltage is called:
1. voltage amplifier.
2. transconductance amplifier.
3. current ampli
.
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() 6. For a negative feedback amplifier with basic gain A and feedback factor /3, the
overall gain Avf of this circuit is:

1. A
1+

2. i
1+ BA

3 _A
1-BA

() 7. After the negative feedback is applied, the bandwidth of an amplifier will be:

1. extended.
2. narrowed.
3. unchanged.
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(2) Practice:

1.

RC-attenuation tone control circuit .
Carry out the experiment of the circuit shown | "g,,{a), then describe Fig (a)
is the application of which negative feedback circuit.

Experiment procedures: :
1) Assemble the circuit according to Fig (a), then apply 18V to Vcc.
2) Adjust VR1M so that Vce of Q1 is equal to 1/2 Vz.
3) Adjust VR10K so that Vce of Q2 is approximate 1/2 Vz and Vce of Q3
B approximate 1/2 Vcc.
“eed 1KHz signal to Vi, then adjust the output amplitude of the signal
generator so that the maximum non-distorted waveform will be
displayed for Vo of this circuit.
5) Remove R2 and repeat Step (4), then view if the waveform of Vo will
be changed.
6) Describe what types of negative feedback are utilized in this circuit,
and which devices constitute these negative feetgb‘ép c;rcuﬂs

4)

1K
Q@ ane ‘@ 18V
= A A A + T =
-
12v Ri S 15K 2 Cw Zgr 220uF
> 250 >
Ce c
— 4 (F . Ca o
s
4.7uF 1 H ®
L 220 SR15 S0uF
22m E: Rue 470
+
= 1oou'F-J"_
s
A= kocm =
Yyy

Fig (a) RC-attenuation tone control circuit
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