
Principle of EE1
Lesson 4
Prof. Võ Văn Tới

School of Biomedical Engineering
Vice-Provost for Life and Health Science, Engineering and Technology Development of

International University
Vietnam National Universities – HCMC 



OPERATIONAL AMPLIFIER (OP-AMP)



Contents

• Physical aspect of an op-amp
• Op-amp characteristics
• Negative feedback circuit:

– Applications of op-amp
– Analysis of an op-amp circuit
– Different features of op-amp utilization 

• Real world op-amp



OPERATIONAL AMPLIFIER (Op-Amp)





Very large-scale integration (VLSI) 
Technology 





Op-Amp Basics
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Characteristics of an ideal op-amp

1. Linear vs. saturated zones



Characteristics of an ideal op-amp

1. Linear vs. saturated zones
2. Infinite input impedance  => Ip = In = 0
3. Zero output impedance
4. Infinite voltage gain
5. Zero common mode gain
6. Infinite bandwidth







Negative Feedback

1. vp = vn

2. ip = in = 0 



ANALYSIS OF A CIRCUIT USING OP-AMP



Role of an Op-Amp

What are the gains in voltage and power at 600Ω in 
both situations?

600 Ω

29.4 KΩ

60 mV Vo

600 Ω
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60 mV

Vo



Role of an Op-Amp (cont.)* With op-amp:
ip = in = 0 
vp = vn

vo = vin = 60x10-3 (voltage follower)
P = (0.06)2/600 = 6x10–6 W
* Without op-amp:

v0 = 60.10-3 = 1.2x10-3V

P = (1.2x10-3)2 /600 = 2.4x10–9W
With op-amp: Voltage gain 50X and
Power gain 2.500X 

600 Ω

29.4 KΩ

60 mV Vo

600 Ω

29.4 KΩ

60 mV

Vo

= 60x10-3V



Non-Inverting input

Given vin and all resistances. Find relationship between vo and vin
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Non-Inverting input (cont.)
1. ip = in = 0 
2. vp = vn

Vp = vin

Using voltage 
divider
vn = vo 

R1
R1 + R2

= vin

=> vo = vin 
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Inverting input

1. ip = in = 0 
2. vp = vn = 0

if = vo
Rf 

= 0 – vin
Rin

=> vo = – vin 
Rf 
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Comparison between Non-Inverting 
and Inverting input features

vo = vin 
R1 + R2

R1

vo ≥ vin and same sign

vo = – vin 
R2 
R1

vo ≥ vin or vo ≤ vin and in 
opposite sign
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Adding 2 non-inverting inputs

Determine vp and vo

vo
4.7KΩ 

3.3KΩ 

10KΩ 

1.2V
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0.4V
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Solution

1. ip = in = 0 
2. vp = vn

i1 + i2 = 0
0.4 – vp

3.3K + 1.2 – vp
4.7K = 0

 vp = 0.73V

vn = vo 
 = vp 

 vo = 11 vp = 8.03V
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Adding 3 inverting inputs: Summer

1. ip = in = 0 
2. vp = vn = 0

a 
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= – o 
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=> vo = – Rf ( a 
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Current to Voltage Converter

The goal of this circuit is to convert a 
current source into a voltage source
1. ip = in = 0 
2. vp = vn = 0

if = – 3.5 µA
 vo = – x10−6) vo

if

2.2MΩ 

3.5µA



Example
Find the range of α so that the op-amp is not saturated

Vo ≤ + 5V
Or Vo ≥ – 5V
And 0 ≤ α ≤ 1

Statement:

1. ip = in = 0 
2. vp = vn = 0
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Solution
iin = 0.25 = – if
vo = if (α 50K + 12K)

vo = – 0.25(α 50K +12K)

= – 0.16 (α 50 +12)
* Vo ≥ – 5V 
=> α ≤ 0.4
* Vo ≤ + 5V
=> α ≥ – 0.88

Therefore 0 ≤ α ≤ 0.4
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Exercise 
Find the current ia

Statement:

1. ip = in = 0 
2. vp = vn

vo

if
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Solution
Use node technique:

A: (   

 
+ ) A – 10K 

vB – vo = 0                       (1)

B&C: – 10KvA + (   

 
+ + ) B – 10Kvo = 0       (2)

vC – vB = 10
But vC = vA = vP = vn => vA – vB = 10  (3)
(1) & (2) => 3vA – 13vB = 0         (4)
(3) & (4) => vB = 3V

=> ia =  1K 
= 3mA
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Difference Amplifier

1. The goal of this circuit is to:
• Compare 2 inputs
• Eliminate the noise
• Amplify the difference between 2 inputs

2. ip = in = 0 
3. vp = vn
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Difference Amplifier

Use node technique:

A: (   

Ra 
+ Rc

) n – Ra 
va – Rc

vo = 0             (1)

B: (   

Rb 
+ Rd

) p – Rb
vb = 0                         (2)

(1) => vo = (Rc
Ra 

+ 1) n – Rc
Ra 

va (1’)

(2) => vp =  Rd
Rb+Rd  b = vn (2’)

 vo = ( a Rc
Ra  

) ( Rd
Rb+Rd b – Rc

Ra 
va (3)

To eliminate the noise i.e., vo = 0 when va = vb

(3) => ( a Rc
Ra  

) ( Rd
Rb+Rd = Rc

Ra 
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Or RaRd = RbRc

and vo = Rc
Ra

( b – va) 

Gain



Difference Amplifier: Exercise
Design this circuit with gain = 10X, Ra = 4.7KΩ and 
voltage source vb sees an input resistance of 220KΩ.

(1) => 4.7K x Rd = RbRc
Rc = 10 => Rc = 47KΩ

and (1) => Rd
Rb

= Rc
Ra 

= 10 
=> Rd = 10 Rb                                        (3)
Vb sees an output resistance of 220K
i.e., Rb + Rd = 220KΩ (4)
(3) & (4) => Rb + 10Rb = 220KΩ
 Rb = 20KΩ
and Rd = 200KΩ
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Difference amplifier: Another perspective

• Differential mode input
Vdm = vb – va

• Common mode input
Vcm = (va + vb)/ 2

• Va = vcm – (1/2) vdm

• Vb = vcm + (1/2) vdm

• V0 = Acm vcm + Adm vdm

• Common mode rejection ratio:
CMRR =|Adm/Acm| (the higher the better)



Instrumentation amplifier

1. Ultrahigh input impedance: 1015 ohm
2. High and stable linear gain: 10 to 1,000
3. High Common Mode Rejection Ratio (CMRR): >10,000 or 

60-100 dB
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