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Overview 

This application note describes the signal gain and noise gain of the op-amp. The noise generated 

inside the op-amp and the input offset voltage are affected by the noise gain. Please use it as an aid 

in designing. 
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1. Introduction 

When amplifying small signals from various sensors with an op-amp circuit, the amplifier circuit 

must be designed considering S/N ratio between the input signal and the noise of the op-amp so that 

the signal you want to amplify is not buried in the noise generated inside the op-amp. When 

amplifying a signal in the op-amp circuit, the input signal is amplified by the signal gain, but the noise, 

offset voltage, etc. generated by the op-amp are amplified by the noise gain. 

This application note describes the signal gain and noise gain of the op amp that should be 

considered when designing the op amp amplifier circuit. 

 

1.1. Feedback circuit 

 

 This section explains the generally feedback circuitry prior to considering the operational amplifier 

noise gain (NG). Figure 1. shows the principle of the feedback circuit. 

 

 

 

 

 

 

 

 

 

Figure 1. Feedback Circuit 
 

Since the op-amp has a very high voltage gain, it is usually used as an amplifier circuit with 

feedback. 

 

VOUT … Voltage-signal (Unit : V) 

VIN … Input-voltage signal (unit : V) 

A … Open loop gain of the op-amp (Unit : times) 

β … Feedback ratio (Unit : times) 

 

 Now consider the transfer function of the above circuits. 

  

 In Figure 1, 

vi = VIN – VOUT x β ・・・ (1) 

VOUT = A x vi ・・・ (2) 

VOUT = A (VIN – VOUT x β) ・・・ (3) 

 Equation (4) can be obtained from these equations. 

 

VOUT / VIN = A / (1 + A x β) ・・・ (4) 

 

Incidentally, 

   1+ A x β … Feedback quantity 

 

VOUT 

‐ 

VIN 

+ 

β 

A 

vi 

VOUT x β 
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Figure 2. Loop Gain 
 

Figure 2. shows an explanatory diagram of the loop gain. A x β is the feedback loop shown in Fig. 

1, and represents the gain from the input VIN to the output of the feedback β. 

For this reason, 

   A x β … Loop gain 

 

 (4) Assuming that the open-loop gain A of the op-amp is very large as A>>1 in Equation, the gain 

G of the negative feedback circuit in Figure 1 can be approximated as 1/β as in Equation (5). 

 

Assume that VOUT/VIN = G 

G … Gain of the negative feedback circuit (Unit : times) 

 

(4)From the equation 

VOUT / VIN = G 

= A / (1 + A x β) 

= 1 / ((1 / A) + β) 

≒ 1 / β … (5) 

 

By configuring the negative feedback circuit, the feedback ratio, that is, the amplification factor of 

the circuit can be determined by the external resistor of the op-amp circuit, regardless of the value of 

the op-amp open-loop gain A. Also, the frequency band of the amplifier circuit that can be used can 

be widened (described in Section 3.3). 

However, care must be taken because the amplification factor decreases and the circuit oscillates 

more easily due to feedback than when in an open loop where feedback is not applied. 

  

A 

VIN  x A 

VIN 

VIN x A x β β 
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1.2. Noise Gain 

 

The noise gain (NG) is the voltage gain relative to the input referred noise of the op-amp. The input 

conversion noise is calculated by assuming that the noise generated by the op-amp itself is located at 

the input pin side. The op-amp noise is generated everywhere inside the op-amp circuit, but it is 

assumed that the op-amp non-inverting input terminal has a noise source (VNOISE). This is amplified 

and included in the output voltage signal VOUT, (Noise component of VOUT) / (VNOISE) is called the noise 

gain. Note that noise includes voltage noise, current noise, and input offset voltage. 

 

★ Signal gain of operational amplifier … 

 Output voltage signal (input signal amplified) / Input voltage signal 

= VOUT(Signal) / VIN(Signal) 

 

※The noise component (input conversion noise voltage, input offset voltage, etc.) generated 

inside the op-amp is used as the output signal does not include. 

   

 ★ Noise gain of the operational amplifier … 

Output voltage signal (noise component) / noise generated from the inside of the operational 

amplifier 

= VOUT(Noise) / VNOISE 

 

   ※The output signal is obtained by amplifying the noise component generated inside the op-amp. 

Noise (VNOISE) generated from the inside of the op-amp is input-converted noise voltage, 

input-offset voltage, etc. 

 

 This noise gain can be expressed as 1/β in equation (5) above. 

 

Noise Gain (NG) = VOUT(Noise) / VNOISE 

= 1 / β … (6) 

 

In addition, 

Total output-voltage of the op-amp VOUT = VOUT(Signal) + VOUT (Noise) … (7) 

(The total noise component of the op amp, such as voltage noise, current noise, and offset voltage, 

can be expressed as the square root of the sum of these squares.) 

 

 Please refer to FAQ and application notes below for the noise of the op-amp described above. 

 

■FAQ: What types of noise affect an op-amp? ☞ 

 

■Application Note:  

Low-Noise CMOS Operational Amplifier Ideal for Sensor Signal Amplification  ☞ 

Click 

Click    

https://toshiba.semicon-storage.com/ad/semiconductor/knowledge/faq/linear_opamp/what-types-of-noise-affect-an-op-amp.html?utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/info/docget.jsp?did=64647&utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/ad/semiconductor/knowledge/faq/linear_opamp/what-types-of-noise-affect-an-op-amp.html?utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/info/docget.jsp?did=64647&utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/ad/semiconductor/knowledge/faq/linear_opamp/what-types-of-noise-affect-an-op-amp.html?utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/info/docget.jsp?did=64647&utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/ad/semiconductor/knowledge/faq/linear_opamp/what-types-of-noise-affect-an-op-amp.html?utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/ad/semiconductor/knowledge/faq/linear_opamp/what-types-of-noise-affect-an-op-amp.html?utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/info/docget.jsp?did=64647&utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/ad/semiconductor/knowledge/faq/linear_opamp/what-types-of-noise-affect-an-op-amp.html?utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/info/docget.jsp?did=64647&utm_campaign=x34_en_opamp-noisegain202209_HLE
https://toshiba.semicon-storage.com/info/docget.jsp?did=64647&utm_campaign=x34_en_opamp-noisegain202209_HLE
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Figure 3. Illustration of Noise Gain 

 

In Figure 3., 

VOUT = A (VNOISE - vi) … (8) 

vi = β x VOUT … (9) 

Note that β = R1 / (R1 + R2) … (10)  

By substituting (9) into (8), 

VOUT = A (VNOISE – β x VOUT) → (1 + A x β) x VOUT = A x VNOISE … (11) 

The Noise Gain NG indicates the ratio of the Noise Voltage VNOISE to VOUT . 

For this reason, 

VOUT / VNOISE = A / (1 + A x β) = 1 / (1 / A + β) … (12) 

 

    Where A>>1, or 1/A << β, Equation (12) is as follows. 

VOUT / VNOISE ≒ 1 / β ・・・ (13) 

 That is, the same result as in equation (5) is obtained and can be expressed as the noise gain  

NG = 1 / β. 

  

VOUT 
IN(‐) 

A 
VNOISE IN(+) 

vi 
R2 R1 
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2. Signal Gain and Noise Gain 

 So far, we have explained that the feedback circuit, the negative feedback circuit, and the noise gain, 

and that the noise gain NG can be shown as NG=1/β, assuming that the feedback ratio of the 

feedback circuit is β. This chapter describes the noise gain and signal gain concepts of the op-amp 

inverting and non-inverting circuits. 

 

・Non-inverting amplifier circuit 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Non-inverting amplifier circuit 

 

Figure 4. shows an example of a non-inverting amplifier circuit. 

 

Signal Gain: 

VOUT = (1 + R2/R1) x VIN … (14) 

Therefore, VOUT/VIN = 1 + R2/R1 … Signal Gain 

Noise Gain: 

VOUT = (1 + R2/R1) x VNOISE … (15) 

Therefore, VOUT/VNOISE = 1 + R2/R1 ··· Noise Gain 

 

It can be expressed as. In other words, the noise gain NG has the same amplification factor as the 

signal gain. This is because the noise component generated inside the op-amp can be modeled as 

having the non-inverting input pin side of the op-amp. 

 

In Figure 4, the feedback ratio can be expressed as follows: 

 

Feedback ratio β = R1 / (R1 + R2) … (16) 

From equation (16) 

1 / β = (R1 + R2) / R1 = 1 + (R2 / R1) … (17) 

 It can be expressed as. 

 

 

 

 

 

VOUT 
IN(‐) 

A 
VNOISE IN(+) 

R2 R1 

VIN 
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・Inverting amplifier circuit 

 

 

 

 

 

 

 

 

 

Figure 5. Inverting Amplifier Circuit 

 

Figure 5. shows an example of an inverting amplifier circuit. 

 

Signal Gain: 

VOUT = - (R2/R1) x VIN … (18) 

Thus, VOUT/VIN = ‐ (R2/R1) … Signal Gain 

 Noise Gain: 

VOUT = (1 + R2/R1) x VNOISE … (19) 

Therefore, VOUT / VNOISE = 1 + R2/R1 ··· Noise Gain 

 

It can be indicated. Even in the inverting amplifier circuit, the input conversion noise is modeled as 

having a non-inverting input pin. Since the signal enters from the inverting input terminal, the noise 

gain NG has an amplification factor that differs from the signal gain. 

Conversely, the noise gain of the inverting amplifier circuit can be said to be the same as that of the 

non-inverting amplifier circuit. 

  

VOUT 
IN(‐) 

A 
VNOISE IN(+) 

R2 R1 

VIN 
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The content described up to this point is summarized. 

 

Table 1 summarizes the items described in circuit diagrams 4 and 5. 

 

Table 1. Inverting amplifier circuit and non-inverting amplifier circuit 

Item Inverting amplifier circuit 
Non-inverting amplifier 

circuit 

Signal Gain - (R2/R1) 
1 / β 

(1 + R2/R1) 

Noise Gain 1 / β 1 / β 

Loop Gain A x β A x β 

Feedback quantity 1 + A x β 1 + A x β 

 

The points in this chapter are summarized as follows. 

 

 ・ The noise source generated inside the op-amp can be considered to be on the 

non-inverting input terminal IN (+) side of the op-amp. 

 ・Assuming that the operational amplifier circuit is a feedback circuit and the feedback ratio 

is β, 1/β is the noise gain. 

 ・In a non-inverting amplifier circuit, the signal gain is equal to the noise gain. 

 ・In the inverting amplifier circuit, the signal gain and the noise gain are different. 

・The input offset voltage of the op-amp and the noise voltage component inside the op-amp 

are amplified by the noise gain. 

・Though the larger the noise gain is less likely to oscillate, the noise and the input offset 

voltage are also amplified by the noise gain and become larger. 

・Frequency characteristics can also be considered in terms of noise gain (described later). 
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3. Example of actual amplifier circuit 

 The following shows an example of operation when an op-amp with an input-offset voltage of 

approximately 1.4mV is amplified by an inverting amplifier circuit or a non-inverting amplifier circuit. 

  

  Sample Used : TOSHIBA CMOS Op Amp TC75S51F 

Circuit supply voltage : VDD = 2.5 V, VSS =-2.5 V operation 

Input offset voltage VIO : Approximately 1.4 mV sample 

 

3.1. Non-inverting amplifier circuit 

 

 The following shows an example of operation in a non-inverting amplifier (R1:980 Ω, R2:29.8 kΩ). 

Signal Gain … 1 + R2/R1 = 31.4 times (30 dB) 

Noise gain … 1 + R2/R1 = 31.4 times (30 dB) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Circuit Diagram and Input-Output Voltage Waveform of Non-inverting Amplifier Circuit 

 

In this example, the amplifier is operated with a non-inverting amplifier whose gain is 31.4 times 

(30dB) (Figure 6.(a)). The circuitry consists of a sample with an input-offset-voltage VIO of 

approximately 1.4mV. Figure 6.(b) shows the input-output voltage waveform. Since the input 

voltage is 31.4times, the output voltage is ideally VOUT=0V at the origin of VIN=0V, but here, it can be 

seen that the input offset voltage 1.4mV is affected by the noise gain and 1.4mV x (1 + 

29.8kΩ/980Ω) ≒44mV output voltage VOUT is shifted to the positive direction. 
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3.2. Inverting amplifier circuit 

 

 The following shows an example of operation in an inverting amplifier (R1:980Ω, R2:29.8kΩ). 

Signal Gain … -R2/R1 =-30.4 times (30dB) 

Noise gain … 1 + R2/R1 = 31.4 times (30dB) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Inverting Amplifier Circuit Diagram and Input-Output Voltage Waveform 

 

In this example, the amplifier is operated with an inverting amplifier whose gain is -30.4 times 

(30dB) (Figure 7.(a)). The circuitry consists of a sample with an input-offset-voltage VIO of 

approximately 1.4mV. Figure 7.(b) shows the input-output voltage waveform. Since the input 

voltage is multiplied by-30.4, the output voltage is ideally VOUT=0V at the origin of VIN=0V, but here, 

it can be seen that the input offset voltage 1.4mV is affected by the noise gain and 1.4mV x (1 + 

29.8kΩ/980Ω) ≒44mV output voltage VOUT is shifted to the positive direction. 
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3.3. Frequency characteristic 

 

This section shows the frequency-response of a circuit in which the open-loop gain A and the 

closed-loop gain G are configured as 30dB in our CMOS op-amp TC75S51F. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 8. Frequency response (TC75S51F, Supply voltage VDD=2.5V, VSS=-2.5V) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Gain Frequency Characteristics Measurement Circuit 

Figure 8. shows the gain vs frequency response of TC75S51F (measuring circuit: Figure 9.). With 

respect to the open-loop characteristics, the frequency characteristics of the circuit composed of the 

closed-loop gain 30dB show that the frequency band that can be used with the set gain 30dB is as 

wide as approximately 10kHz (note that the amplification factor of the op-amp circuit has the 
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frequency characteristics). The closed loop gain is the same as the noise gain (1/β). 

 If Axβ >> 1, then the feedback 20log (1+Axβ) and the loop gain 20log (Axβ) can be approximated 

to be nearly equal.  
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4. Summary 

This application note describes the signal gain and noise gain of the op-amp. The noise and offset 

voltage of the op-amp are amplified by the noise gain and output from the op-amp. The noise gain 

can be expressed as 1/β using the feedback ratio β of the feedback circuit. This 1/β is related to the 

frequency characteristics and gain of the op-amp, and also related to the loop gain. 

It is important to select a product with a small offset voltage or a product with a small noise voltage 

when selecting an op-amp in the circuit design. However, it is also necessary to consider the required 

S/N ratio and frequency band by using the concept of signal gain and noise gain described in this 

application. 
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5. Related Links 

 

 
■Product Line Ups (Catalog) 
 
 
■Product Line Ups (Detail) 

 
 
■Product Stock & Purchase 

  
 
■FAQ of Op-Amps or Comparator 
 
 
■Application Notes 
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https://toshiba.semicon-storage.com/ad/semiconductor/product/linear-ics/operational-amplifiers-and-comparators.html?utm_source=PDF_HL&utm_medium=content&utm_campaign=x34_en_opamp-noisegain202209_HLE
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https://toshiba.semicon-storage.com/ad/semiconductor/design-development/application-note.html?utm_source=PDF_HL&utm_medium=content&utm_campaign=x34_en_opamp-noisegain202209_HLE#Linear-ICs
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