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Historically, an over–current detection solution has been created 
using a simple operational amplifier, external gain setting resis-
tors and a low-cost comparator. The operational amplifier and 
external gain setting resistors are configured to create a differ-
ence amplifier configuration to amplify the voltage developed 
across the current sensing shunt resistor to create a single-end-
ed output voltage that is routed to the comparator.

The threshold level of the comparator reference is set to equal 
to the output voltage level of the current sense amplifier corre-
sponding to the current level needing to be monitored for.  

There are several options for the circuitry used to create the 
comparator’s threshold reference signal depending on the accu-
racy and stability required by the application.  This reference 
signal can vary from a simple resistor divider network (lowest 
cost & least accurate) to a precision low-drift voltage reference 
(most expensive & highest accuracy). While this solution can 
be implemented using low-cost operational amplifiers, this will 
adversely affect the accuracy of the results or require expensive 
discrete external components to increase the performance.
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Current is one of the more common signals that is measured in 
electronic systems.  What varies from system to system is how 
that current information is utilized once it is collected.  Current 
information can be used in active feedback circuitry, system 
performance data logging as well as used in diagnostic and fault 
detection.

Many applications require that either indication or control of 
system performance be added in the event that an out-of-range 
condition could occur.  This can range from ground faults and 
short-circuit events to heavier than expected loading conditions.  
Regardless of the source, systems often need protection circuitry 
added to ensure that potentially damaging conditions are not 
allowed to persist for extended periods of time.  

The most common implementation for protecting a system from 
excessive out-of-range conditions is the addition of a fuse in the 
design.  This is an extremely simple component that’s use-case 
is obvious in that the device’s sole purpose is to open in the 
event of an extended over-current condition.  

While this approach to system protection is extremely simple 
and effective in protecting the system from gross, over-cur-
rent events, there are a few draw-backs and trade-offs to this 
over-current protection approach.  

A fuse protection scheme has a single event life-span requiring 
that once the component is blown, the board must be repaired 
to replace this device with a new one in order for the system to 
return to normal operation.  Another characteristic of a fuse is 
that in order for a quick open to occur the current must signifi-
cantly exceed by four to five times or more the current rating of 
the fuse in order to blow making the precise level the fuse opens 
difficult to predict.

The sole use of a fuse as a protection component also does not 
enable the ability to provide information on the actual operating 
conditions of the system.  This is where other options for system 

Discrete Current Detection – Op Amp plus Comparator Block Diagram

protection can be employed with TI leading the charge in provid-
ing targeted solutions to meet customer needs.  TI provides 
over-current detection solutions that can be optimized base on 
the key care-abouts of a particular application whether that be 
based on cost, solution size, measurement accuracy or alert 
response time.
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Featured Products
Current Sense Amplifier plus Comparator

Current Sense Amplifier plus Comparator
TI Part INA199 & LMV331

An over–current detection solution using a dedicated current-sense amplifier (CSA) 
paired with a comparator optimizes this protection function further.  

The current-sense amplifier’s integration of the operational amplifier and external 
gain setting resistors incorporate all of the discrete components in the measure-
ment portion of this solution enabling both a more accurate measurement with a 
smaller board space requirement.  The output of the current sense amplifier can be 
measured directly or routed to the comparator to form the detection portion of the 
over-current detection function.

The threshold level of the comparator reference is set to equal to the output voltage 
level of the current sense amplifier corresponding to the current level needing to be 
monitored for.  There are several options for the circuitry used to create the compar-
ator’s threshold reference signal depending on the accuracy and stability required 
by the application.  This reference signal can vary from a simple resistor divider 
network (lowest cost & least accurate) to a precision low-drift voltage reference 
(most expensive & highest accuracy).

Strengths
• Enables both over current detection as well 

as current monitoring
• Response time down to as low as 2 µs

Weaknesses
• Multiple chips require large footprint / board 

space
• Requires precise external reference for 

precision threshold setting
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Current Sense Amplifier plus Comparator Block Diagram

Get more information: http://www.ti.com/product/ina199a1
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Single-Chip Over-Current Detection Solution
INA300

Featured Products
Single-Chip Over-Current Detection Solution

The INA300 is a dedicated current-sensing comparator that is optimized for detect-
ing over–current conditions.  This device integrates both the precision measurement 
circuitry as well as the comparison portion creating an all-in-one over-current detec-
tion solution.

The INA300 features an adjustable threshold range to detect an over-current event 
that is set using a single external limit-setting resistor. The output can be configured 
to operate in either a transparent mode where the output status follows the input 
state or in a latched mode where the alert output is cleared when the latch is cleared 
indicating that the over-current alert has been received. 

The device response time setting is also selectable, enabling overcurrent alerts to 
be issued in as quickly as 10 µs.

Strengths
• Small footprint saves greater than 50% 

compared to discrete operational amplifier 
solution

• Integrated precision reference sets thresh-
old trip point via single external resistor.

• Response time adjustable from 10us to 
100us

Weaknesses
• Does not report current value
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Get more information: www.ti.com/product/INA300

INA300 is in a tiny 2mm x 2mm QFN package 
minimizing footprint requirements.
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Device
Op-Amp + 

Comparator
INA199 + 

Comparator INA300

Integrated Circuits 16.2 mm2 12.3 mm2 4.0 mm2

Discrete Components 30.7 mm2 17.0 mm2 10.2 mm2

# of discretes 9 5 3

Area 46.9 mm2 29.4 mm2 14.2 mm2

% Savings n/a 37% smaller than op-amp implementation
70% smaller than op-amp implementation

52% smaller than INA199 implementation

Featured Products
Footprint Requirements Comparison

One of the most significant advantages of the INA300 imple-
mentation is the integration offered and the resulting footprint 
savings.  The different alternatives discussed for over-current 
detection have very different footprint requirements.  The size 
of the implementation will vary depending on the actual compo-
nents chosen.  The discussion below is based on very typical 
components for each of the solutions. Many typical op amps and 
comparators utilize the SOT23 package. The historical imple-
mentation in addition to being complex and difficult to achieve 
high precision with requires two such packages, as well as 9 
discrete resistors, for which we will use the 0603 size.  This leads 
to a total component footprint (not counting the routing) of just 

under 47 mm2. The INA199 plus comparator implementation 
offers savings of around 37% over the om amp plus comparator.  
The INA199 is offered in a SC-70 package, which requires about 
half the area of the op amp.  the comparator remains the same 
size and this implantation only requires five discrete resistors, or 
again an almost 50% savings. The footprint for this implementa-
tion totals just over 29 mm2.The INA300 is in a very small SON 
package and eliminates the need for the additional comparator 
as well as reducing the number of external resistors. This totals 
a solution footprint of just over 14 mm2.  This is a 70% savings 
over the op amp plus comparator solution and a 36% savings 
over the INA199 plus comparator.

INA300 footprint is approx. 14mm2

Op-Amp + Comp. footprint is approx. 47mm2

INA199 + Comp. footprint is approx. 29mm2

Total Component Footprint Required not including trace routing & RSHUNT
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TI Worldwide Technical Support

Internet
TI Semiconductor Product Information Center 
Home Page
support.ti.com

TI E2E™ Community Home Page
e2e.ti.com

Product Information Centers
Americas Phone +1(512) 434-1560

Brazil Phone 0800-891-2616

Mexico Phone 0800-670-7544

 Fax +1(972) 927-6377
 Internet/Email support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa
Phone
 European Free Call 00800-ASK-TEXAS 
  (00800 275 83927)
 International +49 (0) 8161 80 2121
 Russian Support +7 (4) 95 98 10 701

  Note: The European Free Call (Toll Free) number is not active in 
all countries. If you have technical difficulty calling the free call 
number, please use the international number above.

Fax +(49) (0) 8161 80 2045
Internet www.ti.com/asktexas
Direct Email asktexas@ti.com

Japan
Phone Domestic (toll-free number) 0120-92-3326

Fax International +81-3-3344-5317
 Domestic 0120-81-0036

Internet/Email International support.ti.com/sc/pic/japan.htm
 Domestic www.tij.co.jp/pic

Asia
Phone Toll-Free Number
   Note: Toll-free numbers may not support  

mobile and IP phones.
  Australia 1-800-999-084
  China 800-820-8682
  Hong Kong 800-96-5941
  India 000-800-100-8888
  Indonesia 001-803-8861-1006
  Korea 080-551-2804
  Malaysia 1-800-80-3973
  New Zealand 0800-446-934
  Philippines 1-800-765-7404
  Singapore 800-886-1028
  Taiwan 0800-006800
  Thailand 001-800-886-0010
International +86-21-23073444
Fax +86-21-23073686
Email  tiasia@ti.com or ti-china@ti.com
Internet support.ti.com/sc/pic/asia.htm

A012014

Important Notice: The products and services of Texas Instruments 
Incorporated and its subsidiaries described herein are sold subject to TI’s 
standard terms and conditions of sale. Customers are advised to obtain the 
most current and complete information about TI products and services 
before placing orders. TI assumes no liability for applications assistance, 
customer’s applications or product designs, software performance, or 
infringement of patents. The publication of information regarding any other 
company’s products or services does not constitute TI’s approval, warranty 
or endorsement thereof.

SLOB091

The platform bar and E2E are trademarks of Texas Instruments. All other trademarks 
are the property of their respective owners.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity
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