Amplifier Impedance
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» Amplifier circuits have impedance at both the input and output.
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Input Impedance
T W W

The input signal to a common emitter amplifier sees this circuit:
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* This is a high-pass filter with o, = 1/RC, where R 1s the parallel resistance.

* Ry s shorted at high frequency by Cg, but there is an internal resistance of about 2.6 kQ mA/ I~ =
870 Q.

* For a break frequency of 1 kHz, R;, = 0.71 k€

1

Cy» /R,

= 0.22uF
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Output Impedance
W TTYE——

* The output signal from a common emitter amplifier sees this circuit:

Vee
RC%

c Vout Voui_”
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Re

 This 1s a high-pass filter with o, = 1/R-C,

C2 »

1
= 0.069pF
2n/R o
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Follower Amplifier

LYY A —— A

 The common collector or emitter follower circuit:

VCC: +15 V

R,

b

R) Rg

» The emitter is a constant diode drop below the base.

VBE

Ve = Vb

* The output voltage follows the input.
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Design Parameters
T — W W

 Design for audio, f= 20 Hz - 20 kHz, /- = 1 mA.

* Set Vg=0.5Veec=7.5V to have the maximum dynamic range. Set R, = Vg / I[-="7.5 kQ
* Find Vp=Vyp+0.6 V=81V

.. Rz
* R;and R, form a voltage divider, V, = WVCC 7 = L7 =7

* The impedance due to the base bias should be small compared to the impedance into the base-
emitter junction

2
R\Ry PR 10rRy .
R +R, 10 (1+r)R, E
BR(1+7r)
| = —L—— = 139kQ ~ 130kQ
10r

Ry = 162kQ ~ 150k

 Total input impedance is 63 kQ. Select C; =0.5 uF >1/2nfZ, ;= 0.13 pF.
* Total output impedance > Rg /2 = 3.8 kQ). Select C, =4.7 uF>1/2nfZ;, = 2.1 pF.

» The amplifier provides high input impedance and low output impedance.
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Feedback

M M—— M —
Generalized Feedback

 In an amplifier output is a function of input

« It s difficult to design an amplifier with constant gain, and impedance

» Feedback allows the input to be a function of output

Vin Ag Vout
Types of Feedback
Sample output  Type of input Name
Voltage Voltage Voltage feedback
Current Voltage Current feedback
Voltage Current Operational voltage feedback
Current Current Operational current feedback
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Voltage Feedback

A—>

Sample output voltage and add it to input:

A —>

AVout
L ?
in
> add I f\o sample
Vin T OVoy AVout

* Input to amplifier: v, +av_

* Output of amplifier: 4,(v; +ov

* QOutput of the circuit:

« If A, 1s very large:

» The effective gain A4 is:
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High Gain

Y ¥ S— . e
Ag
(-dga)

« Ifadyisnear1: 4 =

But there will be oscillations

A

. e g 0
If a4 1s negative: 4 T A0 _AO(X)<A0
« Andif-ad,>>1:4 = i:_l_
07 T (1-4,0) " al

Amplifier Stability

* Small changes in gain A affect the effective gain:
d4 44, dA,,
A A

For an amplifier with 4,= 1000, and o = -0.1
A=1/lo|=10,4/4,=0.01
100% change in A4 results in 1% change in 4.

LABORATORY ELECTRONICS |

8 0of 12



Impedance with Feedback

- W - -

V.
* Input impedance changes with feedback: Z, = — = ——— = —Z. |

This is an increase for negative feedback

AVout
Vin dd Vino : Vout
| @ A, p| sample | >
A Vin T Wy 7 AVout
in in0 |
* Output impedance also changes:
7 ~ Vout _ Avin _ A'%s%ouro A 7
out — ;7 4 “out0
Ls Ls Ls AO AO
This is a decrease for negative feedback
AVout
Vin ¢ ? i Vout
> add A, p| sample | ’s 3
Vin T Wy ZoutO AVout 7
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Follower with Feedback

- W - -

* The emitter follower circuit:

VCC=+15V
RI%

b

 The base is one diode drop above the emitter, so v, = 0.

The feedback voltage exactly cancels the input voltage
o=-1.
A A
0 0

4= (I—dgo)  (1+4y)

* The gain 4 = 1 for an emitter follower.
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Current Feedback

- W - -

« Sample output current, convert to voltage, and add it to input:

V; add
mn . )
Vi, T ol

Ry

out

 Input to amplifier:

Vin + O”outRf

* Output of amplifier:
Aoyt 0o, R0 =150 Z 000
* QOutput of the circuit:
AoV
ot (1-4y0)R '

i =
out
RL + Zom

© If-AgoR;>> Ry + Z,,,0 + Re(negative feedback):

Vin
out —oR

f
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Common Emitter with Feedback

% %uv

BN R

out

C;
.—P
Ip
v
R, Rp
=
» The feedback is through the emitter
ve=—Ryi, = Rgiy—Rgiy—Ryi, vy =—Rgi,—Rpgi,

Ve = REb+R R

» The two terms correspond to current feedback and voltage feedback.

Vi ViRe/Rp)
l

* The output impedance is Z,, , SR, R,
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	Amplifier Impedance
	• Amplifier circuits have impedance at both the input and output.
	• AC common emitter

	Input Impedance
	• The input signal to a common emitter amplifier sees this circuit:
	• This is a high-pass filter with wb = 1/RC, where R is the parallel resistance.
	• RE is shorted at high frequency by CE, but there is an internal resistance of about 2.6 kW mA/ IC = 870 W.
	• For a break frequency of 1 kHz, Rin = 0.71 kW.

	Output Impedance
	• The output signal from a common emitter amplifier sees this circuit:
	• This is a high-pass filter with wb = 1/RCC2

	Follower Amplifier
	• The common collector or emitter follower circuit:
	• The emitter is a constant diode drop below the base.
	• The output voltage follows the input.

	Design Parameters
	• Design for audio, f = 20 Hz - 20 kHz, IC = 1 mA.
	• Set VE = 0.5 VCC = 7.5 V to have the maximum dynamic range. Set RE = VE / IC = 7.5 kW.
	• Find VB = VE + 0.6 V = 8.1 V
	• R1 and R2 form a voltage divider,
	• The impedance due to the base bias should be small compared to the impedance into the base- emitter junction
	• Total input impedance is 63 kW. Select C1 = 0.5 mF > 1 / 2pfZout = 0.13 mF.
	• Total output impedance > RE / 2 = 3.8 kW. Select C2 = 4.7 mF> 1 / 2pfZin = 2.1 mF.
	• The amplifier provides high input impedance and low output impedance.

	Feedback
	Generalized Feedback
	• In an amplifier output is a function of input
	• It is difficult to design an amplifier with constant gain, and impedance
	• Feedback allows the input to be a function of output

	Types of Feedback

	Voltage Feedback
	• Sample output voltage and add it to input:
	• Input to amplifier:
	• Output of amplifier:
	• Output of the circuit:
	• If A0 is very large:
	• The effective gain A is:

	High Gain
	• If aA0 is near 1:
	• If aA0 is negative:
	• And if -aA0 >> 1:
	Amplifier Stability
	• Small changes in gain A0 affect the effective gain:


	Impedance with Feedback
	• Input impedance changes with feedback:
	• Output impedance also changes:

	Follower with Feedback
	• The emitter follower circuit:
	• The base is one diode drop above the emitter, so vbe = 0.
	• The gain A = 1 for an emitter follower.

	Current Feedback
	• Sample output current, convert to voltage, and add it to input:
	• Input to amplifier:
	• Output of amplifier:
	• Output of the circuit:
	• If -A0aRf >> RL + Zout0 + Rf (negative feedback):

	Common Emitter with Feedback
	• The feedback is through the emitter
	• The two terms correspond to current feedback and voltage feedback.
	• The output impedance is


