Power Tips: How and Why to Sense Current – Part II
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It is almost always necessary to measure some sort of current.  In my last post, I covered two main reasons why you should measure current and a few ways to do so using loss current sense techniques. This post will focus on loss-less current sense techniques.
Use what you already have! We are going to talk about two ways to sense current using circuit elements that are already present.  Those two methods are inductor DCR sensing and FET sensing.

Inductor DCR sensing is not super accurate, but good enough.  Typically, the DCR of an inductor is on the order of +/- 10%. Factor in temperature changes to the copper and you can get some pretty inaccurate measurements.  One saving grace is that after the DCR network, you end up with a pretty clean signal that does not have switching noise.  Figure 1 shows the network necessary to extract the current information from the DCR of the inductor.




Figure 1
The components of this network are chosen by the equation below:




There are a couple of factors that need to be taken into account when setting up the DCR network:

1. Maximum signal size that the controller or sensing circuit can handle - it may need to be divided down.

2. Temperature compensation - components with a negative temperature coefficient can be used to help keep the DCR constant over temperature.

Usually, DCR sensing is used in a multiphase configuration for current-mode control.  It is very easy to implement current sharing between multiple phases using this technique.

Use FET sensing, but watch out for switching noise!  When FETs switch, a lot of noise can be generated.  This noise needs to be filtered.  Figure 2 shows a FET sensing scheme and how noise can interfere with the measurement.  A couple of things can be done to mitigate this noise, but they do not come without penalty.




Figure 2
1. Filter using an RC network.  This is okay, but it can round off the current signal and the edges are not clean.  The rounded off current sense signal can lead to jitter and other noise issues.

2. Leading edge blanking.  This is a technique where the first part of the current sense signal is ignored.  The main issue with this is it leads to a minimum on-time, if there is an issue the duty cycle can only be reduced so much.

Figure 3 shows the penalty from the two fixes shown above.




Figure 3
Loss-less current sense techniques are not as accurate as using a precision resistor, but avoid the efficiency and power loss issues.  Usually the loss-less methods are good enough for the application that the efficiency gains outweigh the accuracy issues.  The methods for current sensing covered in the last two blogs are by no means the only ways.  Leave a comment and let me know how you do it!
Related resources:
· Read: All PowerLab Notes
· Easily find and use one of nearly 1500 reference designs: PowerLab Reference design library
· Find: Power Management products
· Sign in to Comment 




· 


Ahmet Cetin 
Hi Robert.

What about  a current line pass through inside a coil and read  EMF from coil. It may work just AC and high current.

Thank you for informations.  Regards,  Ahmet.

· Jun 15, 2014 
· 


Gerold Dhanabalan - WEBENCH Design Center 
Nice article Robert. Thanks and Regards, Gerold

· Jun 30, 2014 
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Power Tips: How to measure current – Part I

[image: image22.png]


Power supplies generally sense output voltage and regulate it.  However, it is almost always necessary to measure some sort of current.  There are two main reasons why you would measure current:

1. Current mode control purposes

2. Current protection/regulation

There are several ways to measure the current, but the methods can be split into two categories: loss current sense that adds an element and creates loss, or a loss-less current sense that uses existing components.  Today’s blog will focus on loss current-sense methods, Part 2 will focus on loss-less current sense techniques.

Without further ado, two "loss" current-sense methods for measuring current…

Simply use a resistor to measure current.  Everyone knows ohms law: V=IR.  By measuring the voltage across a known resistor, the current can be determined.  Figure 1 shows a very simple diagram of how to measure the current in the output of a power supply. 




Figure 1: Measuring Output Current of a Power Supply Using a Resistor
Measuring current in this method might be useful for limiting or regulating the DC level of the output current.  For control purposes, it is usually necessary to make very fast AC current measurements.  Figure 2 shows how to measure the current in a FET of a synchronous buck converter.




Figure 2: Measuring FET Current Using a Resistor
This current measurement is necessary for current mode control.  Using a resistor in the source of the low-side FET makes the measurement very easy because it is referenced to GND.

Although using a resistor is simple, they come with a fatal flaw - Resistor burn power! 
While very simple and possibly very accurate (resistors are available in 0.1% tolerances), resistors do cause losses in the system.  For very large currents, this is usually unacceptable.  This can quickly add up to a significant amount of loss in the system.  Resistors can also cause problems with regulation and voltage tolerances do to the voltage drops.  There has to be a better way! There is.. 
Alternatively, use current-sense transformers for very-low loss and the ability to measure AC currents.  A current sense transformer can be used in place of a sense resistor to improve efficiency in cases where a resistor is not practical.  Figure 3 shows how to use a current sense transformer to sense the primary current in an isolated converter.




Figure 3: Measuring Primary Current Using a Current Sense Transformer
A current sense transformer allows the circuit designer to include a gain factor as well by using the step up ratio of the turns.  In order to use a current sense transformer, some additional circuitry and care are needed. The transformer can only measure AC current, so there needs to be a finite amount of time in which the primary switch is off. During this time, the transformer resets and the voltage across the winding can go negative.  Because of this, you need to include a diode in series with the winding. The fact that the transformer needs to be reset which prevents a current-sense transformer from being used for DC measurements.  If there is no off time for the transformer to reset, it will saturate and the information is not useful. The placement of the transformer in the circuit and on the PCB is also very important.  Care must be taken to make sure that circulating current loops are minimized.

Both methods discussed here require the addition of extra loss components.  In my next blog post, I will talk about a couple of methods that can be used to measure current with elements that are already included in the circuit. If you have any questions/comments on this method, please leave them in the comment section below.

Related resources:
· Read: All PowerLab Notes
· Easily find and use one of nearly 1500 reference designs: PowerLab Reference design library
· Find: Power Management products
PS. Don’t miss part 2, SUBSCRIBE to the Power House blog in the top right corner of this page.
· Sign in to Comment 




· 


rtzic 
So, in practice, are neither the inductive load presented by the current sense transformer nor the phase delay to the sense resistor also issues in the second case (especially if it's gained-up)?  ++thx

· May 2, 2014 
· 


Robert Taylor1 
Hi rtzic,

Thanks for the post.  In general the phase delay from the current sense transformer is not an issue.  This is usually very fast and the currrent seen across the resistor is very representative of the current in the main transformer.

The inductive load does pose more of an issue.  The inductance of the current sense transformer shows up as an added leakage inductance to the main transformer.  Depending on how the leakage energy is handled, this could cause a big impact in the efficiency (still usually less than a resistor).

Thanks,

Robert 

· May 2, 2014 
· 


Ahmet Cetin 
Thanks Robert, Is there "current sense transformer" in market or you just put name? could it be used any suit transformer for this.

Regards Ahmet.

· Jun 15, 2014 
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Power Tips: How and Why to Sense Current – Part II
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It is almost always necessary to measure some sort of current.  In my last post, I covered two main reasons why you should measure current and a few ways to do so using loss current sense techniques. This post will focus on loss-less current sense techniques.
Use what you already have! We are going to talk about two ways to sense current using circuit elements that are already present.  Those two methods are inductor DCR sensing and FET sensing.

Inductor DCR sensing is not super accurate, but good enough.  Typically, the DCR of an inductor is on the order of +/- 10%. Factor in temperature changes to the copper and you can get some pretty inaccurate measurements.  One saving grace is that after the DCR network, you end up with a pretty clean signal that does not have switching noise.  Figure 1 shows the network necessary to extract the current information from the DCR of the inductor.




Figure 1
The components of this network are chosen by the equation below:




There are a couple of factors that need to be taken into account when setting up the DCR network:

1. Maximum signal size that the controller or sensing circuit can handle - it may need to be divided down.

2. Temperature compensation - components with a negative temperature coefficient can be used to help keep the DCR constant over temperature.

Usually, DCR sensing is used in a multiphase configuration for current-mode control.  It is very easy to implement current sharing between multiple phases using this technique.

Use FET sensing, but watch out for switching noise!  When FETs switch, a lot of noise can be generated.  This noise needs to be filtered.  Figure 2 shows a FET sensing scheme and how noise can interfere with the measurement.  A couple of things can be done to mitigate this noise, but they do not come without penalty.




Figure 2
1. Filter using an RC network.  This is okay, but it can round off the current signal and the edges are not clean.  The rounded off current sense signal can lead to jitter and other noise issues.

2. Leading edge blanking.  This is a technique where the first part of the current sense signal is ignored.  The main issue with this is it leads to a minimum on-time, if there is an issue the duty cycle can only be reduced so much.

Figure 3 shows the penalty from the two fixes shown above.




Figure 3
Loss-less current sense techniques are not as accurate as using a precision resistor, but avoid the efficiency and power loss issues.  Usually the loss-less methods are good enough for the application that the efficiency gains outweigh the accuracy issues.  The methods for current sensing covered in the last two blogs are by no means the only ways.  Leave a comment and let me know how you do it!
Related resources:
· Read: All PowerLab Notes
· Easily find and use one of nearly 1500 reference designs: PowerLab Reference design library
· Find: Power Management products
· Sign in to Comment 
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Ahmet Cetin 
Hi Robert.

What about  a current line pass through inside a coil and read  EMF from coil. It may work just AC and high current.

Thank you for informations.  Regards,  Ahmet.

· Jun 15, 2014 
· 


Gerold Dhanabalan - WEBENCH Design Center 
Nice article Robert. Thanks and Regards, Gerold

· Jun 30, 2014 
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Power Tips: How to measure current – Part I
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Power supplies generally sense output voltage and regulate it.  However, it is almost always necessary to measure some sort of current.  There are two main reasons why you would measure current:

1. Current mode control purposes

2. Current protection/regulation

There are several ways to measure the current, but the methods can be split into two categories: loss current sense that adds an element and creates loss, or a loss-less current sense that uses existing components.  Today’s blog will focus on loss current-sense methods, Part 2 will focus on loss-less current sense techniques.

Without further ado, two "loss" current-sense methods for measuring current…

Simply use a resistor to measure current.  Everyone knows ohms law: V=IR.  By measuring the voltage across a known resistor, the current can be determined.  Figure 1 shows a very simple diagram of how to measure the current in the output of a power supply. 




Figure 1: Measuring Output Current of a Power Supply Using a Resistor
Measuring current in this method might be useful for limiting or regulating the DC level of the output current.  For control purposes, it is usually necessary to make very fast AC current measurements.  Figure 2 shows how to measure the current in a FET of a synchronous buck converter.




Figure 2: Measuring FET Current Using a Resistor
This current measurement is necessary for current mode control.  Using a resistor in the source of the low-side FET makes the measurement very easy because it is referenced to GND.

Although using a resistor is simple, they come with a fatal flaw - Resistor burn power! 
While very simple and possibly very accurate (resistors are available in 0.1% tolerances), resistors do cause losses in the system.  For very large currents, this is usually unacceptable.  This can quickly add up to a significant amount of loss in the system.  Resistors can also cause problems with regulation and voltage tolerances do to the voltage drops.  There has to be a better way! There is.. 
Alternatively, use current-sense transformers for very-low loss and the ability to measure AC currents.  A current sense transformer can be used in place of a sense resistor to improve efficiency in cases where a resistor is not practical.  Figure 3 shows how to use a current sense transformer to sense the primary current in an isolated converter.




Figure 3: Measuring Primary Current Using a Current Sense Transformer
A current sense transformer allows the circuit designer to include a gain factor as well by using the step up ratio of the turns.  In order to use a current sense transformer, some additional circuitry and care are needed. The transformer can only measure AC current, so there needs to be a finite amount of time in which the primary switch is off. During this time, the transformer resets and the voltage across the winding can go negative.  Because of this, you need to include a diode in series with the winding. The fact that the transformer needs to be reset which prevents a current-sense transformer from being used for DC measurements.  If there is no off time for the transformer to reset, it will saturate and the information is not useful. The placement of the transformer in the circuit and on the PCB is also very important.  Care must be taken to make sure that circulating current loops are minimized.

Both methods discussed here require the addition of extra loss components.  In my next blog post, I will talk about a couple of methods that can be used to measure current with elements that are already included in the circuit. If you have any questions/comments on this method, please leave them in the comment section below.

Related resources:
· Read: All PowerLab Notes
· Easily find and use one of nearly 1500 reference designs: PowerLab Reference design library
· Find: Power Management products
PS. Don’t miss part 2, SUBSCRIBE to the Power House blog in the top right corner of this page.
· Sign in to Comment 
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rtzic 
So, in practice, are neither the inductive load presented by the current sense transformer nor the phase delay to the sense resistor also issues in the second case (especially if it's gained-up)?  ++thx

· May 2, 2014 
· 


Robert Taylor1 
Hi rtzic,

Thanks for the post.  In general the phase delay from the current sense transformer is not an issue.  This is usually very fast and the currrent seen across the resistor is very representative of the current in the main transformer.

The inductive load does pose more of an issue.  The inductance of the current sense transformer shows up as an added leakage inductance to the main transformer.  Depending on how the leakage energy is handled, this could cause a big impact in the efficiency (still usually less than a resistor).

Thanks,

Robert 

· May 2, 2014 
· 


Ahmet Cetin 
Thanks Robert, Is there "current sense transformer" in market or you just put name? could it be used any suit transformer for this.

Regards Ahmet.

· Jun 15, 2014 
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It is almost always necessary to measure some sort of current.  In my last post, I covered two main reasons why you should measure current and a few ways to do so using loss current sense techniques. This post will focus on loss-less current sense techniques.
Use what you already have! We are going to talk about two ways to sense current using circuit elements that are already present.  Those two methods are inductor DCR sensing and FET sensing.

Inductor DCR sensing is not super accurate, but good enough.  Typically, the DCR of an inductor is on the order of +/- 10%. Factor in temperature changes to the copper and you can get some pretty inaccurate measurements.  One saving grace is that after the DCR network, you end up with a pretty clean signal that does not have switching noise.  Figure 1 shows the network necessary to extract the current information from the DCR of the inductor.




Figure 1
The components of this network are chosen by the equation below:




There are a couple of factors that need to be taken into account when setting up the DCR network:

1. Maximum signal size that the controller or sensing circuit can handle - it may need to be divided down.

2. Temperature compensation - components with a negative temperature coefficient can be used to help keep the DCR constant over temperature.

Usually, DCR sensing is used in a multiphase configuration for current-mode control.  It is very easy to implement current sharing between multiple phases using this technique.

Use FET sensing, but watch out for switching noise!  When FETs switch, a lot of noise can be generated.  This noise needs to be filtered.  Figure 2 shows a FET sensing scheme and how noise can interfere with the measurement.  A couple of things can be done to mitigate this noise, but they do not come without penalty.




Figure 2
1. Filter using an RC network.  This is okay, but it can round off the current signal and the edges are not clean.  The rounded off current sense signal can lead to jitter and other noise issues.

2. Leading edge blanking.  This is a technique where the first part of the current sense signal is ignored.  The main issue with this is it leads to a minimum on-time, if there is an issue the duty cycle can only be reduced so much.

Figure 3 shows the penalty from the two fixes shown above.




Figure 3
Loss-less current sense techniques are not as accurate as using a precision resistor, but avoid the efficiency and power loss issues.  Usually the loss-less methods are good enough for the application that the efficiency gains outweigh the accuracy issues.  The methods for current sensing covered in the last two blogs are by no means the only ways.  Leave a comment and let me know how you do it!
Related resources:
· Read: All PowerLab Notes
· Easily find and use one of nearly 1500 reference designs: PowerLab Reference design library
· Find: Power Management products
· Sign in to Comment 
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Hi Robert.

What about  a current line pass through inside a coil and read  EMF from coil. It may work just AC and high current.

Thank you for informations.  Regards,  Ahmet.

· Jun 15, 2014 
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Gerold Dhanabalan - WEBENCH Design Center 
Nice article Robert. Thanks and Regards, Gerold

· Jun 30, 2014 
[image: image93.png]


[image: image94.png]


TI E2E™ Community 

· Support Forums
· Blogs
· Videos
· Groups
· Site Support & Feedback
· Settings
TI E2E™ Community Groups 

· TI University Program
· Make the Switch
· Microcontroller Projects
· Motor Drive & Control
Other Communities 

· Deyisupport
· Designsomething.org
· beagleboard.org
· TI on Element 14
· TI on TechXchangeSM
Other Technical & Support Resources 

· WEBENCH® Design Center
· Product Information Centers
· Technical Documents
· TI Design Network
· TI Technical Articles
· TI Training
All content and materials on this site are provided "as is". TI and its respective suppliers and providers of content make no representations about the suitability of these materials for any purpose and disclaim all warranties and conditions with regard to these materials, including but not limited to all implied warranties and conditions of merchantability, fitness for a particular purpose, title and non-infringement of any third party intellectual property right. TI and its respective suppliers and providers of content make no representations about the suitability of these materials for any purpose and disclaim all warranties and conditions with respect to these materials. No license, either express or implied, by estoppel or otherwise, is granted by TI. Use of the information on this site may require a license from a third party, or a license from TI.

Content on this site may contain or be subject to specific guidelines or limitations on use. All postings and use of the content on this site are subject to the Terms of Use of the site; third parties using this content agree to abide by any limitations or guidelines and to comply with the Terms of Use of this site. TI, its suppliers and providers of content reserve the right to make corrections, deletions, modifications, enhancements, improvements and other changes to the content and materials, its products, programs and services at any time or to move or discontinue any content, products, programs, or services without notice.

[image: image95.png]


[image: image96.png]


[image: image97.png]


[image: image98.png]


[image: image99.png]


[image: image100.png]


Follow Us 


 HYPERLINK "http://twitter.com/txinstruments" 
[image: image102.png]




 HYPERLINK "http://www.ti.com/linkedin" 
[image: image103.png]




 HYPERLINK "https://plus.google.com/u/0/104292131839044508100/posts?hl=en" 
[image: image104.png]




TI Worldwide | Contact Us | my.TI Login | Site Map | Corporate Citizenship | 
m.ti.com (Mobile Version)
 

TI is a global semiconductor design and manufacturing company. Innovate with 100,000+ analog ICs and
embedded processors, along with software, tools and the industry’s largest sales/support staff.

© Copyright 1995-2016 Texas Instruments Incorporated. All rights reserved. 

