Operational Amplifiers
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Double-ended (differential) operation

’7 +
Vy hu

A
\/






Common-Mode Operation
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DIFFERENTIAL AMPLIFIER CIRCUIT

—— .L':-I-"- Il.-\.




+ i.-"m:.

Veg=0V

-V EE

f — F!- - { - 1';!'_'!'_.} . F.F'.-L - D'? v
B Ry a Ry




I

Ve, = Ve, = Voo — IcRe = Vee — ?Rr_'

1

(VCC-IE/2 RC, IE/2)

= 1.3kQ =

-9V



Vg — 07V 9V 07V _

I 2.5mA
E R, 3.3k0 -
I 2.
Ir :EE = 252”“" = 1.25mA

Ve = Vee — IcRe = 9V — (125 mA)3.9kQ) = 4.1V



—
1 (1+B) 1,







I — ‘f — —_— —
¢ Bl Ezﬁr{_ 2r, r,=Vt/IE
V. R
Vo= - _rRr_‘ — r}—i L-I_

e AF,
Av=-Rc/2re Vol=-Rc/2re vil+Rc/2re vi2
Av=-Rc/2re

Vo2=Rc/2re vil-Rc/2re vi2
vi=vil-vi2

Vo=vo1-vo2= -Rc/re (vil-vi2)
=-Rc/re vd



4TkQ 1y =1, = 20k0

=B, =15
o

L 2 43 k0 w Av=-47/2*%0.267
=-88
oy Vo=-176 mV
IE= 8.3/43 mA

re =25%43%2/8.3 0=269 Q

Re=20/75 kQ=267 Q



sayak mandal

2:22 PM

001910701014

Tandeep Singh

2:22 PM

001910701002

Abhishek Sarkar

2:22 PM

Abhishek Sarkar 001910701027
Sandip Dutta

2:22 PM

Sandip Dutta - 0019 1070 1017
Sagnik Banerjee

2:22 PM

001910701015

Snehasish Roy

2:22 PM

Snehasish Roy 001910701013
sagar sarkar

2:22 PM

0019107010141

Roudrini Mukherjee

2:22 PM

001910701053- Roudrini Mukherjee
ajoy dey



08/01/21

The properties associated with an 1deal Amplifier are:
1. infinite voltage gam ( 4, —> o )
. Infinite mput impedance ( 7 5 o )
In
3. Zero output impedance( Z —0 )

2
'g
4. Output voltage 7, =0 when mput voltagesV, =7
5

. Infinite bandwidth ( no delay of the signal through the amplifier)
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Closed-loop

The inverting configuration
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The Weighted Summer
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Integrators and Differentiators
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The Op-Amp Differentiator
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Noninverting Configuration
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Voltage Follower
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DC Imperfections

i/o Offset Voltage

150 kL2




Oftfset-free op amy
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Effect of Finite Open-Loop Gain and Bandwidth on
Circuit Performance
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Slew rate

Slew rate = maximum rate at which amplifier output can change in volts per
microsecond (V / us)
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A Superior Circuit: The Instrumentation Amplifier
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OP-AMPS WITH NEGATIVE FEEDBACK

» An op-amp can be connected using negative feedback to stabilize the gain
and increase frequency response.

» The closed-loop voltage gain is the voltage gain of an op-amp with external
feedback.

» The closed-loop voltage gain is determined by the external component
values and can be precisely controlled by them.



Op-Amp Parameters (4)
Slew Rate

* The maximum rate of change of the output voltage in response to a step
input voltage is the slew rate of an op-amp.

* The slew rate is dependent upon the high-frequency response of the
amplifier stages within the op-amp.
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(a) Test circuit (b) Step input voltage and the resulting output voltage



INSTRUMENTATION AMPLIFIERS

* Instrumentation amplifiers are commonly used in environments with high common-
mode noise such as in data acquisition systems where remote sensing of input variables

is required.
 The main purpose of an instrumentation amplifier is to amplify small signals that may be

riding on large common-mode voltages.
* The key characteristics are high input impedance, high common-mode rejection, low

output offset, and low output impedance.
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Ref: Floyd

Fig. The basic instrumentation amplifier using three op-amps.



| = (Vo1l-Vo2)/(R1+Rgain+R1) .........cccoeeuenene..e. (1)

| = (Vol-Vo2)/(2R1+Rgain)

Since no current is flowing to the input of the op-amps 1
& 2, the current | between the nodes G and H can be
given as,

| = (VG-VH) / Rgain = (V1-V2) / Rgain...........ccoccuvvuunn.. (2)
Equating equations 1 and 2,

(Vo1-Vo2)/(2R1+Rgain) = (V1-V2)/Rgain

(Vo1-Vo2) = (2R1+Rgain)(V1-

V2)/Rgain ........ccovveveennnnee. (3)

The output of the difference amplifier is given as,

Vout = (R3/R2) (Vo1-Vo2)

Therefore, (Vo1 — Vo2) = (R2/R3)Vout

Substituting (Vo1 — Vo2) value in equation 3, we get
(R2/R3)Vout = (2R1+Rgain)(V1-V2)/Rgain

i.e. Vout = (R3/R2){(2R1+Rgain)/Rgain}(V1-V2)

Acl=R3/R2 (1+2R1/Rgain)
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Logarithmic amplifier
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As you can see on the graph, the diode curve is nonlinear. Not onl ]
curve nonlinear, it is logarithmic and is specifically defined by the fo |
, 0 01 02 03 04 05 06 07
Iz = Ipe?Ve/kT
where I is the reverse leakage current, ¢ is the charge on an electron, k is Boltzmann’s
constant, and T is the absolute temperature in Kelvin. From the previous equation, the
diode forward voltage, Vi, can be determined as follows. Take the natural logarithm (In is
the logarithm to the base e) of both sides.
Infp = In I/ T
The In of a product of two terms equals the sum of the In of each term. Vo - —(E)]n( Vin
qVF ol q_ IR_R'
Inlg =Inlg + Ine?"¥* = Infp + 2=
kT
qVE
Inlg — Inlyp = —
F R~ 7

The difference of two In terms equals the 1n of the quotient of the terms.

In(ﬁ\] - t}"_VF-

- Vi (V)



The antilogarithm of a2 number is the result obtained when the base is raised to a power
equal to the logarithm of that number. To gt the antilogarithm, you must take the expo-
nential of the loearithm (antilogarithm of ¥ = gl™),

An antilog amplifier is formed by connecting a transistor (or dicde) as the input element
as shown in Figure 14-33. The exponential formula still applies to the base-emitter pa
junction. The cutput voltage is determined by the current (equal to the collector current)
through the feedback resistor.

Vour = —Rd
The characteristic equation of the pr junction is
Ic = lepoe® st

Substituting into the equation for V.

Vouw = —Relpppe BT
As yvou can see in Figure 14-33, Vi, = Vi

Vour = —Relgppe?"V=*T
The exponential term can be expressad as an antiloearithm as follows:

; Vindd
Vouw = —Rg, Eumﬂﬂmﬂg(ﬁ)

Since KTy is approximately 23 mV,

Vi
Vowr = —Rflmuanﬂ]-u-g( 3 ;1,,- )

FIGURE 14-33
A basic antllog amplifier. Vin
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Trans-resistance amplifier 2 current dependent voltage source
R=Vout/lin



Half-wave rectifier
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Sinusoidal Input Signal
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Sinusoidal Input Signal
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Vout=Vin+|Vp~|+Vref
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