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Comparator Series 

Input Common-mode Voltage Range for 

Open-Collector Comparator 

This application note explains the behavior of an open-collector comparator when the input voltage applied to the comparator is 

outside the Input Common-mode Voltage Range.  

Applicable part numbers  

LM2901xx/LM2903xxx/LM339xx /LM393xxx 

BA2901xx/BA2903xxx/BA8391G 

LM2901DT, PT/LM2903DT, PT, ST, WDT, WPT /LM339DT, PT /LM393DT, PT, ST, WDT, WPT 

 

Determination of Input Common-mode Voltage Range  

The Input Common-mode Voltage Range generally indicates the range of input voltage within which an IC operates normally. 

When the input voltage is outside the Input Common-mode Voltage Range, the offset voltage is rapidly increased beyond the 

normal operation region. 

• VCC side of Input Common-mode Voltage Range 

First, consider the VCC side of the input voltage range. In the 

equivalent circuit shown in Figure 1, the transistors Q1, Q2, 

and Q5 are located between the +IN input and the VCC. It is 

necessary to secure a voltage at which these transistors can 

normally operate. 

CCsatbebeIN VVVVV  521  

Suppose that the voltage between the base emitters of the 

transistor is Vbe1(Q1) = Vbe2(Q2) = Vbe, and the saturation 

voltage is Vsat. Then, the operating condition is described as 

follows. 

satbeCCIN VVVV  2  

• VEE (ground) side of Input Common-mode Voltage Range 

Similarly, when the pathways on the VEE side are considered, the following equation is obtained. 

EEbesatbebeIN VVVVVV  6334  

If Vbe3 = Vbe4 = Vbe6 = Vbe and Vsat3 = Vsat, the operating condition is described as follows. 

satbeEEIN VVVV   

• Input Common-mode Voltage Range Vicm  

 Therefore, the Input Common-mode Voltage Range is described as follows.  

 satbeCCicmsatbeEE VVVVVVV  2  
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Figure 1. Equivalent circuit diagram of 

open-collector comparator 
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 Example: When Vbe = 0.55 V and Vsat = 0.3 V, the above calculation gives the Input Common-mode Voltage Range:  

 VEE -0.25 V < Vicm < VCC -1.4 V. 

 

Operation outside the Input Common-mode Voltage Range, case 1 (the voltage is outside 

the Input Common-mode Voltage Range only on the +IN terminal)  

In this section, we consider an operation when the voltage is outside 

the Input Common-mode Voltage Range only on one of the input 

terminals.  

We consider the case where the -IN terminal is used as a reference 

terminal and the input is applied to the +IN terminal. 

 

• -IN terminal (reference voltage): Within the Input Common-mode 

 Voltage Range   

• +IN terminal: Within the Input Common-mode Voltage Range  

→ transition to outside the Input Common-mode Voltage Range 

• Maximum value of the Input Common-mode Voltage Range:  

VCC-2Vbe-Vsat 

 

(1) Maximum value of the input voltage range > Vref(-IN) > Vin(+IN) 

A current flows into the Q2 side. The potential at point A is reduced 

 to Low.  

Since the supply of base current to Q6 is cut off, Q6 is turned OFF. 

As Q6 is turned OFF, a base current is supplied to Q7 and turns ON 

 Q7. The output changes to Low. 

(2) Maximum value of the input voltage range > Vin(+IN) > Vref(-IN)  

A current flows to the Q3 side. The base current is supplied to Q6 and turns ON Q6. 

As a result, Q7 is turned OFF and the output of the comparator changes to High. 

(3) Vin(+IN) > maximum value of the input voltage range > Vref(-IN) 

Since the voltage on the +IN terminal is outside the Input Common-mode Voltage Range, Q1 and Q2 are turned OFF. 

A current flows to the Q3 side and Q6 is turned ON.As a result, Q7 is turned OFF and the output of comparator changes  

to High. 

Consequently, although the voltage is outside the Input Common-mode Voltage Range, the operation logic is the same as for 

the normal operation. 
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Figure 2. When the voltage on the -IN terminal is 

taken as the reference voltage (Vref) 
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Operation outside the Input Common-mode Voltage Range, case 2 (the voltage is outside 

the Input Common-mode Voltage Range only on the -IN terminal) 

Next, we consider the case where the +IN terminal is used as a 

reference terminal and the input is applied to the -IN terminal. 

 

• +IN terminal (reference voltage): Within the Input Common-mode 

 Voltage Range 

• -IN terminal: Within the Input Common-mode Voltage Range 

→ transition to outside the Input Common-mode Voltage Range 

• Maximum value of the input range: VCC-2Vbe-Vsat 

 

(1) Maximum value of the input voltage range > Vref(+IN) > Vin(-IN) 

A current flows to the Q3 side. The base current is supplied to Q6 

 and turns ON Q6.As Q6 is turned ON, the supply of base current 

 to Q7 is cut off. Q7 is turned OFF and the output changes to High. 

(2) Maximum value of the input voltage range > Vin(-IN) > Vref(+IN)  

A current flows to the Q2 side. The base current to Q6 is cut off and 

 Q6 is turned OFF. As a result, Q7 is turned ON and the output of 

 comparator changes to Low. 

(3) Vin(-IN) > maximum value of the input voltage range > Vref(+IN) 

Since the voltage on the -IN terminal is outside the Input Common- 

 mode Voltage Range, Q3 and Q4 are turned OFF. 

A current flows to the Q2 side and Q6 is turned OFF. As a result, 

 Q7 is turned ON and the output of comparator becomes Low. 

Consequently, although the voltage is outside the Input Common 

-mode Voltage Range, the operation logic is the same as for the normal 

operation. 
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Figure 3. When the voltage on the +IN terminal is 

taken as the reference voltage (Vref) 
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Operation outside the Input Common-mode Voltage Range, case 3 (the voltages are 

outside the Input Common-mode Voltage Range on both the -IN/+IN terminals)  

We consider the case where the voltages on both the terminals are 

outside the Input Common-mode Voltage Range. The -IN terminal is 

taken as a reference terminal. 

We consider the case where the input is applied to the +IN terminal.  

  

• -IN terminal: Within the Input Common-mode Voltage Range 

 → outside the Input Common-mode Voltage Range 

• +IN terminal: Within the Input Common-mode Voltage Range 

→ outside the Input Common-mode Voltage Range 

• Maximum value of the input range: VCC-2Vbe-Vsat 

 

(1) Maximum value of the input range > Vref(-IN) > Vin(+IN)  

A current flows to the Q2 side. The supply of base current to Q6 is 

 cut off and Q6 is turned OFF.As Q6 is turned OFF, a current is 

 supplied to the Q7 base and turns ON Q7. The output becomes 

 Low. 

(2) Vin(+IN) > maximum value of the input range > Vref(-IN) 

Since the voltage on the +IN terminal is outside the input range, Q1 

 and Q2 are turned OFF.A current flows to the Q3 side and Q6 is 

 turned ON.As a result, Q7 is turned OFF and the output of 

 comparator changes to High. Although the voltage is outside the Input  

 Common-mode Voltage Range, the operation logic is the same as for  

 the normal operation. 

(3) Vin(+IN), Vref(-IN) > Input Common-mode Voltage Range 

Since the voltages on both the +IN/-IN terminals are outside the Input  

Common-mode Voltage Range, Q1, Q2, Q3, and Q4 are turned OFF. 

The supply of current to Q6 is cut off and Q6 is turned OFF. Q7 is then  

turned ON and the output becomes Low. Irrespective of the potential  

difference between the +IN/-IN terminals, the output is Low.  

 

Input voltage outside the Input Common-mode Voltage Range and above the power 

supply voltage  

Since the following products have no protection diode against the power supply, the voltage can be applied within a range 

between the power supply voltage and the absolute maximum rating as the input outside the Input Common-mode Voltage 

Range. 

LM2901xx/LM2903xxx/LM339xx /LM393xxx 

BA2901xx/BA2903xxx/BA8391G 

LM2901DT, PT/LM2903DT, PT, ST, WDT, WPT /LM339DT, PT /LM393DT, PT, ST, WDT, WPT 

Note: 

For BA10393F/BA10339xx 

These products have no protection diode against the power supply. Although the input is possible outside the Input Common-

mode Voltage Range, the voltage cannot be applied above the power supply voltage due to the limit imposed by the breakdown 

voltage. 

Figure 4. When the voltages on the +IN/-IN terminals 

are outside the Input Common-mode Voltage Range 
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http://www.rohm.com/contact/

Thank you for your accessing to ROHM product informations.  
More detail product informations and catalogs are available, please contact us. 

N o t e s  

The information contained herein is subject to change without notice. 

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.
Therefore, in order to prevent personal injury or fire arising from failure, please take safety 
measures such as complying with the derating characteristics, implementing redundant and 
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no 
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by 
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are 
provided only to illustrate the standard usage and operations of the Products. The peripheral 
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and 
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly, 
any license to use or exercise intellectual property or other rights held by ROHM or any other 
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of 
such technical information.

The Products are intended for use in general electronic equipment (i.e. AV/OA devices, communi-
cation, consumer systems, gaming/entertainment sets) as well as the applications indicated in 
this document.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified  
below), please contact and consult with a ROHM representative : transportation equipment (i.e. 
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety 
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace 
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising  from non-compliance with 
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensur  the accuracy of the information contained  in this 
document. However, ROHM does not warrants that such information is error-free, and ROHM 
shall have no responsibility for any damages arising from any inaccuracy or misprint of such 
information.

Please use the Products in accordance with any applicable environmental laws and regulations, 
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a 
ROHM sales office. ROHM shall have  no responsibility for any damages or losses resulting 
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,  
you must abide by the procedures and provisions stipulated in all applicable export laws and 
regulations, including without limitation the US Export Administration Regulations and the Foreign 
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of 
ROHM.

1) 

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

093475
ノート注釈
093475 : MigrationConfirmed

093475
ノート注釈
093475 : MigrationConfirmed


