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PWM Applications
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Current sensing in a Pulse Width Modulation (PWM)
systems presents challenge due to large change in
common mode voltage(s). In PWM systems, for in-line
current sensing the current sense amplifier should
have the ability to reject high dv/dt common mode
signals and accurately measure the voltage drop
across the shunt which will produce the di/dt
information of the load, which is predominantly
inductive.

INA240 current sense amplifier was specifically
designed to work in PWM applications that can reject
the high dv/dt signals and accurately measure the di/dt
information. The fast PWM rejection feature assists in
fast settling of dv/dt signals so the amplifier can
accurately track the di/dt information. INA240 can
provide very accurate fast real time current in a PWM
switching signal. The key to achieving accuracy in
PWM system is a combination of INA240 and a very
precise high accuracy, low ohmic, low temperature
drift and low inductive shunt. The INA240 amplifies the
signal across the shunt and produces the output. As
PWM switching signals have sharp edges a series
parasitic capacitance or inductance introduced by the
shunt is directly seen at the input of the INA240 which
is hence amplified at the output. This is one of the
common examples of reduced current accuracy.

One of the key system requirements for accurate
current sensing in a PWM application is the low
inductive shunt. Shunt resistors are comprised of
metal, ceramic compound and carbon materials. The
ceramic and carbon components add additional
parasitic inductance to the effective shunt of the
amplifier. Shunt manufacturers do produce low-
inductive shunts, these should be chosen for accurate
PWM current measurements. For DC current
measurements the parasitics of the inductance can be
ignored because at DC the inductance acts as a short
and it behaves as a parasitic resistor. The effective
parasitic resistance of the inductor is insignificant
compared to the value of the shunt. Typically if the
PWM signals are <1Khz the parasitic inductance of the
shunt can be ignored.
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Figure 1. Effective Impedance of a Shunt Resistor

Figure 1 illustrates the effective impedance of shunt
resistor. For DC measurements the voltage across the
shunt resistor is V = | x R. For AC and PWM currents
the voltage developed across the shunt resistor will be
V =1x R + L x di+dt. As the inductance of the shunt
increases the error voltage developed across the
shunt increases and as the PWM frequencies increase
the voltage error further increases. For accurate PWM
current measurements a system with a shunt resistor
with low inductance is required. When identifying a
shunt, the data sheet will have a specification of
inductance. A typical low inductive shunt from shunt
manufacturers ranges from 3nH to 5nH. Shunt
manufacturers use low inductive ceramic and carbon
materials to achieve such low inductance. Few
manufacturers do produce shunt using special metal
alloys with low temperature drift which are trimmed.
These shunts are bulky and often used for applications
that require 500A of current or higher.

Current Sensing in a DC-DC Converter

Figure 2 illustrates an example of in-line current
sensing for a DC-DC converter. The PWM switching
frequencies can be in the order of 100Khz to 1Mhz. At
such high frequencies the parasitics related to board
layout and type of shunt selected plays a crucial role in
achieve high accuracy. Any additional large inductance
in series with the PWM node shunt introduces glitches
and overshoot. These glitches and the overshoot
which will be at the input of the current sense
amplifier. A current sense amplifier with a gain will
amplify the overshoot and corrupting the signal
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integrity. One technique to minimize input glitches to
the current sense amplifier is to add additional input
filter but such implementation reduces the bandwidth
and hence lowers the response time for critical alert
techniques.

Figure 2. Current Sensing in a DC-DC Converter

Figure 3 describes the wavefroms in a DC-DC
converter system. The waveform includes the PWM
input to the shunt and the various voltage errors
developed across the shunt with parasitic inductance.
Ideally if the shunt has no parasitic inductance the
voltage developed across the shunt will be
proportional to output load current. Since the shunt
has a finite parasitic inductance the total error
developed across the shunt will be a summation of
load current and the current developed across the
parasitic inductance (Le). The error in the current
measurement can be minimized by lowering the
inductance in the shunt.

PWM

/\V/\\// VRe = xR

Vie = L x di/dt

%VAV/ Vshunt = VRe + VLe

Low inductive Shunt in Motor Control

In a motor control application, as the motor windings
age due to continuous usage the efficiency of the
motor drops. This is usually an indication of early
failure of the motor. One of the benefits of low
inductive current shunt is a motor control is to identify
and detect winding to winding shorts. The effective
inductance in the motor is made up of copper wire
wound over several times across the core. If a short
exists between the windings, detecting a change in
inductance of the motor can help identify motor failures
and can prevent costly system downtime and
permanent motor damage. A low inductive shunt in
series with the PWM can benefit in detecting minor
changes in inductance.

INA240 is a high precision, bi-directional current sense
amplifier with low input offset and gain drift across
temperature range making it an ideal device for
measuring currents in a PWM application. The INA240
is specifically designed to work in switched node
environments where the common mode transients will
have large dv/dt signals. The ability to reject high dv/dt
signals enables accurate current measurements. The
true performance benefits of the current sensing can
be achieved in combination with a low inductive shunt.
The INA240 has low maximum input offset voltage of
25pV and a maximum gain error of 0.2% allowing for
smaller shunt resistance values to be used without
sacrificing measurement accuracy. The offset drift and
gain error drift is as low as 0.25pV/°C and 2.5ppm/°C
respectively enabling accurate and stable current
measurements across temperature.

Table 1. Alternate Device Recommendations

Device Optimized Parameter Performagfcf:e reie
INA168 Bandwidth : 800kHz, Adjustable gain,
Package: SOT-23 external components
Offset voltage: 1mV,
LMP8601 Vew -22V to 60V bandwidih: 60kHz
INA282 DC CMRR: 140dB Bandwidth: 10kHz

Table 2. Related Tl TechNotes

SBOA174 Current Sensing in an H-Bridge
SBOA176 Switching Power Supply Current
Measurements
High-Side Drive, High-Side Solenoid
. . SBOAL66 Monitor With PWM Rejection
Figure 3. Output Waveforms in DC-DC Converter Measuning|CUent 1o Detect OULORRaNge
SBOA162 -
Conditions
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developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
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(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources 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.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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