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Description

This TI Design provides a complete reference solution
for isolated current measurement using external
shunts, reinforced isolation amplifiers, and an isolated
power supply. The shunt voltage is limited to 25 mV
maximum. This limit reduces power dissipation in the
shunt to enable a high current measurement range up
to 200 A. The shunt voltage is amplified by an
instrumentation amplifier configuration with a gain of
10 to match the input range of the isolation amplifier
for a better signal-to-noise ratio (SNR). The output of
the isolation amplifier is level shifted and scaled to fit
the complete input range of 3.3-V analog-to-digital
converters (ADCs). This design uses a free-running
transformer driver that operates at 410 kHz to
generate an isolated supply voltage in a small form
factor to power the high voltage side of the circuit.

Resources

TIDA-00912 Design Folder
AMC1301 Product Folder
OPA2376 Product Folder
OPA376 Product Folder
REF2033 Product Folder
SN6501 Product Folder
LM4040-N Product Folder
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Design Features

* Shunt-Based, 200-A Peak Current Measurement
Solution With Reinforced Isolation

e Limiting Shunt Voltage to 25 mV Reduces Power
Dissipation

« High-Side Current Sense Circuit With High
Common-Mode Voltage of 1500-Vpeak; Supports up
to 690-V AC Mains-Powered Drives

e Calibrated AC Accuracy of < 1% Across
Temperatures of —25°C to 85°C

« Interfaces Directly With Differential or Single-Ended
ADC

¢ Small-Form-Factor, Push Pull-Based Isolated
Power Supply to Power High-Side Circuit

e Built-in 1.65-Vge, to Level Shift Output

Featured Applications

e Active Front-End Converters
¢ Uninterruptable Power Supply (UPS)
e Variable Speed Drives
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An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.

System Overview

System Description

Current measurement is an inherent part of any inverter-driven application such as motor control,
uninterruptible power supplies (UPSs), active front-end converters, and so forth. Motor control algorithms
like vector control and direct torque control require current sensing for control purposes. Active front-end
converters also measure grid current to ensure that the current is in phase with the voltage. Current
measurement in UPS is used to control the battery charging current as well as the inverter operation and
overload protection.

Active front-end converters are often used in high-performance adjustable speed drives where frequent
acceleration and de-acceleration is required. Active front-end converters have many advantages like
constant DC voltage, fast dynamic response, unity power factor, low harmonic distortion, and bidirectional
power flow. Generally, two control methods have been proposed for pulse-width modulation (PWM)
rectifiers: voltage-oriented control and direct power control. The main goal of these control techniques is to
reduce the current harmonics and to regulate the DC bus voltage.

An Inverter for motor control requires four kinds of sensors to detect motor phase voltages, motor
currents, DC-bus current, and DC-link bus voltages. The motor line currents are measured for torque
control and field oriented control algorithms. The DC bus currents are optional and are measured for
safety, diagnostic purposes, and power monitoring purposes. Figure 1 shows the current sensor locations
in the inverter.
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Figure 1. Current Sensor Locations in Inverter
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Multiple solutions exist today to measure current like Hall effect sensors, flux gate sensors, current
transformers, and shunts. Magnetic-based solutions inherently offer isolation benefits and have the
capability to measure higher currents; however,, magnetic-based solutions can be expensive. The shunts
are usually limited to measure currents less than 50 A because of power dissipation in the shunt. This Tl
Design provides a low-cost solution to enhance the current measurement range using a 125-uQ shunt up
to 200 Ap with isolation amplifier and signal conditioning circuit. The voltage across the shunt is limited to
25 mV, which is subsequently amplified to 250 mV by a gain stage before fed to the isolation amplifier.
The complete circuit design with simulation and test results are covered in this design guide. The current
measurement range can be further enhanced by reducing the value of the shunt.

1.2 Key System Specifications

Table 1. Key System Specifications

PARAMETER SPECIFICATIONS

Maximum current 200 Apk

Current type AC and DC

Common-mode voltage 1500 Vpk

Calibrated accuracy <1%

Common-mode transient immunity 15 kV/us

Output 112 mVto 3.19V

Operating ambient temperature —-25°Cto 85°C

Features Isolated current sense outputs designed to be interfaced to

3.3-V built-in ADCs of MCUs
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Block Diagram

Figure 2 shows the block diagram for current measurement using a shunt. The main parts of this design
consists of a gain-stage succeeding shunt using a precision op amp (OPA2376), a reinforced isolation
amplifier (AMC1301), and a differential to single-ended conversion using the OPA376.
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Figure 2. Block Diagram for Current Measurement Using Shunt

The front-end gain stage is designed using the OPA2376 in a instrumentation amplifier topology, which
enables it to accept differential input and have differential output. The overall gain of this stage is set to 10
for amplifying the £25 mv across the shunt to £250 mV to fit the input range of the isolation amplifier. The
OPA2376 is supplied with 2.5 V.

The next stage involves the AMC1301, which provides galvanic isolation of up to 7000 Vpga between the
high-voltage and low-voltage circuit. The AMC1301 has a fixed internal gain of 8.2 and accepts a
maximum input of £250 mV to operate in a linear region. The AMC1301 is biased by +2.5 V on the
high—voltage, side and by 3.3V on the low voltage side. The output of AMC1301 can be given directly to a
differential ADC. However, in this design, the output of the AMC1301 device is level shifted and
attenuated by the OPA376 device. This process converts the output to a voltage signal between 0 V and
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1.4

14.1

1.4.2

3.3 V for interfacing to single-ended ADCs. The output of the isolation amplifier is fed to the level shifter
circuit. This circuit converts the differential output from the AMC1301 device to a single-ended signal along
with the level shift to match the input range of the single-ended ADC. This task is achieved by using the
precision op amp OPA376 and the final output is mapped on to 0 V to 3.3 V. This op amp is powered
using 3.3 V with a reference voltage of 1.65 V for level shifting.

The power supply circuit consists of the REF2033 and the SN6501.

The REF2033 reference derives 3.3 V and 1.65 V from the 5-V supply. The 3.3 V is used to power the
OPA376 op amp and the low-voltage side of the AMC1301 device. The 1.65 V is used as a reference
voltage for the OPA376 to map the output of the isolation amplifier to 0 V to 3.3 V.

The SN6501 device drives the transformer to generate an isolated power supply for powering the high-
voltage side of the circuit, which consists of the front-end gain stage and the high side of the AMC1301
device. The SN6501 is powered from the 5-V input supply.

Highlighted Products

This TIDA-00912 reference design features the following devices, which were selected based on their
specifications. The key features of the highlighted products are mentioned as follows. For more
information on each of these devices, see their respective product folders at www.ti.com or click on the
links for the product folders on the first page of this reference design.

OPA376 and OPA2376

The OPA376 family represent a new generation of low-noise operational amplifiers with the eTrim™
System Reference Voltage Trim, which offers outstanding AC precision and AC performance. Rail-to-rail
input and output, low offset (25 uV max), low noise (7.5 nV/NHz), quiescent current (950 uA max), and a
5.5-MHz bandwidth make this part very attractive for a variety of precision and portable applications.

In this design, the OPA2376 works as an instrumentation amplifier for the front-end gain stage and in the
level shifter circuit.

This op amp has been chosen for this design for its extremely low voltage offset, low temperature drift,
rail-to rail output, low noise, and low cost.

AMC1301

The AMC1301 is a precision isolation amplifier with an output separated from the input circuitry by a
silicon dioxide (SiO,) barrier that is highly resistant to magnetic interference. This barrier has been certified
to provide galvanic isolation of up to 7000 Ve« according to VDE-V 0884-10 and UL1577. When using in
conjunction with isolated power supplies, this device prevents noise currents on a high common-mode
voltage line from entering the local ground and interfering with or damaging sensitive circuitry.

The excellent performance of this device supports accurate current control, which results in system-level
power savings and lower torque ripple, especially in motor control applications.

The function of the AMC1301 device in this design is to provide galvanic isolation between the high and
low voltage sides. This amplifier has been selected mainly because of its very-high-transient immunity
(15 kV/ps min), very low non-linearity (0.075 % max), and very low offset error.
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1.4.4

REF2033

Applications with only a positive supply voltage often require an additional stable voltage in the middle of
the ADC input range to bias input bipolar signals. The REF2033 provides a reference voltage for the ADC
and a second highly-accurate voltage that can be used to bias the input bipolar signals.

The REF2033 offers excellent temperature drift (8 ppm/°C, max) and initial accuracy (0.05%) on both the
Vrer and Vg as OUtputs while operating at a quiescent current less than 430 pA. In addition, the Vg and
Vgias OUtputs track each other with a precision of 6 ppm/°C (max) across the temperature range of —40°C
to 85°C. All these features increase the precision of the signal chain and decrease board space, while
reducing the cost of the system as compared to a discrete solution. Both the Vg and Vg .5 have the same
excellent specifications and can sink and source current equally well. Very long-term stability and low-
noise levels make these devices ideally suited for high-precision industrial applications.

The REF2033 is used for its dual outputs in a very small package, for its very low drift in output with
temperature, and for its Ve and Vg, tracking for higher accuracy.

SN6501

The SN6501 is a monolithic oscillator and power-driver, specifically designed for small form factor, isolated
power supplies in isolated interface applications. The device drives a low-profile, center-tapped
transformer primary from a 3.3- or 5-V DC power supply. The secondary can be wound to provide any
isolated voltage based on the transformer turns ratio.

This device includes an oscillator that feeds a gate-drive circuit. The gate-drive, comprising a frequency
divider and a break-before-make logic, provides two complementary output signals that alternately turn the
two output transistors ON and OFF with a duty cycle of 50%.

The function of the SN6501 device in this design is to provide its isolated power supply to power the
AMC1301 high-voltage side and first gain stage.

6
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2 System Design Theory

This section details the design procedure for each circuit selection.

2.1 Selection of Shunt Resistor

The shunt should drop a voltage of 25 mV across it when carrying 200 A. A shunt value of 125-uQ is
required. The minimum power-handling capability of the shunt must be 5 W. For the purposes of testing,
two 250-pQ resistors (part number CSS2725FTL250CT, from Stackpole Electronics) were connected in
parallel, with each having a 125-A current capability and 4-W dissipation. Other important parameters
include the resistance tolerance, temperature coefficient of resistance, low-thermal electromotive force and
low inductance.

2.2 Front-End Gain Stage With Isolation Amplifier

221 Gain Stage Using OPA2376

This design has been set up to measure current as high as 200-A DC or 200-A peak-to-peak AC with a
maximum drop of 25 mV across the shunt. The major requirement of this particular stage is to provide an
amplified differential output to match the input (x250 mV) of the isolation amplifier.

Figure 3 shows the gain stage configuration, which resembles an instrumentation amplifier configuration.
The individual op amp gains are set to 5; however, the outputs are differential and each op amp provides
an output of £125 mV out of phase with each other by 180°. This effectively leads to a total gain of 10.
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o >
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Figure 3. Configuration to Obtain Differential Output

The voltage drop across the shunt is connected to the positive terminals of both op amps shown in
Figure 3. Applying KVL to the loop V4 — R1 — Rg — R2 — V, results in Equation 1:

Ve -V, =Ix (R1+Rg +R2) )
V1-V2
l=— =%
Here, | is given as: Re
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Equation 1 now simplifies to Equation 2:
V1-V2
Vi = Vy =—x(R1+RG +R2);
Rg
Ve -V, = (V1-V2)x [1 + M];
Re @)

In this design, V2 is grounded to the high-voltage side ground on the board. Thus, considering V2 to be at
the ground potential with respect to V1, to obtain Equation 3:

Vi -V, =V1X(1+Mj

G (3)
Because the design requires a differential output that can directly be given to the isolation amplifier, V,
and V, must be equal and opposite of each other (see Equation 4).
Vi ==V, )
Again, referring to the preceding Figure 3, if considering V2 is at the ground potential, V, and V, now
become Equation 5 and Equation 6:
VX :IX(R1+RG) (5)
Vy = -1xR2 ©)
Equation 7 results from substituting Equation 5 and Equation 6 in Equation 4:
| x (R1 + RG)= —(—I X RX);
R1 + RG =R2 (7)

Equation 7 shows one of the constraints for choosing the values of the resistors. To provide an overall
gain of 10, each individual op amp has to provide a gain of 5 so that both the inputs to the isolation
amplifier are equal and opposite.

Again looking at Figure 3, considering V2 to be at the ground potential, U2 functions like a non-inverting

vX:v1x[1+ﬂj
R

amplifier having transfer function: G

To obtain a gain of 5, calculate the following Equation 8:

E=42R1=4RG

Rg ®)
Equation 9 is obtained from Equation 7 and Equation 8:
R2 = 5Rg )

To limit the gain error, 0.1% accurate resistors have been chosen. The choices of feedback resistors are
restricted to less than 10 kQ to reduce the impact of noise voltages. Based on the availability and
accuracy required, the values chosen for this design are Rg = 1.27 kQ, R1 = 5.1 kQ, and R2 = 6.34 kQ.
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Figure 4 shows the simulation results using the TINA-TI™ simulation software. All TINA-TI models can be
found on the respective device product folders.
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Figure 4. Simulation Result of Gain Stage

The variables as defined in the preceding Figure 4 are as follows:

*  Vgyunt IS the voltage across the shunt

e V,is the output of the upper op amp in the schematic

* V, is the output of the lower op amp in the schematic

* Vo outeur IS the output of this gain stage

An RC filter with a 200-kHz cut-off frequency is added before the gain stage to avoid the entry of any high-

frequency noise into the circuit. This filter can be changed according to the requirements of bandwidth
versus noise immunity. Figure 5 shows the schematic for this stage.
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Figure 5. First Gain Stage

Connector J1 is used to connect the front-end stage with the shunt. The output of this gain stage is fed to
the isolation amplifier through the RC filter.
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222 Isolation Amplifier

This design uses the AMC1301 to provide galvanic isolation between the high- and low-voltage sides. The
AMC1301 provides a fixed gain of 8.2. In this design a 5-V bias has been selected to power the high-
voltage side, while the low-voltage side can be powered by either 5 V or 3.3 V depending on the voltage
swing of the required output.

This design uses +2.5 V to power the high-voltage side, which effectively provides the 5V and 3.3 V to
power the low-voltage side. Figure 6 shows a TINA-TI simulation model for the isolation amplifier along
with the gain stage. In this simulation, the Ve ourpur = 2250 mV, where Vper oureur IS the output of the
gain stage, which is given to the isolation amplifier, and V,sq our = #250 mV x 8.2 = +2.05 V, where
Viso_our iS the output of the isolation amplifier. B
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Figure 6. TINA-TI™ Model of Isolation Amplifier and First Gain Stage
In the preceding Figure 6, a current of 200 A passes through a resistor of 125 pQ, resulting in a voltage

drop of 25 mV, which is amplified and given to the isolation amplifier. Figure 7 shows the output of both
stages as simulation results.
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Figure 7. Simulation Result of Isolation Amplifier
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Figure 8 shows the schematic for this circuit.
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Figure 8. Isolation Amplifier Along With Front-End Amplifier

2.3 Differential to Single-Ended Conversion

To use the complete dynamic input range of a 3.3-V ADC, the +2.05-V output swing is mapped to
approximately 0 V to 3.3 V. This mapping is accomplished by the differential amplifier stage that Figure 9
shows. The OPA376 op amp was chosen for this stage mainly because of its low offset and high CMRR.

R8 7.5k
AV
GND2
R7 10k 4
——AWA e 85
VINN

R6 10k A
| A U4 OPA2376 +|
VINP 5| o S

2 1
GND2

&
e
(o]
B

= \/2 1.65
GND2

Copyright © 2016, Texas Instruments Incorporated

Figure 9. TINA-TI™ Model for Differential to Single-Ended Conversion
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The transfer function for this circuit can be derived easily considering R13 = R12 and R11 = R10 (see
Figure 11) and using only two variables for them. Equation 10 show that the transfer function for this
circuit is:

R11 )

In this equation, Vg is 1.65 V.
The OPA376 output voltage swing is limited up to 10 mV from the rails typically and 20 mV over

temperature. Considering the mismatch in resistor values, the output voltage has been designed to be
limited to a little over 100 mV from the rails.

The +£2.05-V input to the differential amplifier is to be mapped to 0 V to 3.3 V and the input of 0 V is
mapped to 1.65 V (Vge). Providing a window of 150 mV from the rails, the maximum swing of output
becomes 0.15 V to 3.15 V. As a result, the positive and negative swing that is allowed is

3.15V -1.65V = 1.5V riding over the Vg of 1.65 V.

Thus, the ratio of resistors required to achieve this shift is calculated as the following Equation 11:

15V =[R13), (2,05 v),
R11
ﬁ =0.7317
R11 (11)

To obtain a margin of 150 mV from the rails, the values to choose are R13 = 15 kQ and R11 = 20 kQ.
Figure 10 shows the simulation result with the output of this differential amplifier.

2.05

Viso_out

-2.05
4.00
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000 v o T e T
\ | \

0.00 25.00m 50.00m 75.00m 100.00m

Figure 10. Simulation Result for Differential to Single-Ended Converter

In this scenario, Vs, our is the output of the AMC1301 device, as the preceding Figure 10 shows, and V¢
is the final output of the level shifter. Figure 11 shows the schematic of the level shifter.

R13
15.0k

VINN R11

V1.65

Copyright © 2016, Texas Instruments Incorporated

Figure 11. Differential Amplifier Stage
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24.1

To compare the overall performance and linearity of the circuit, the transfer function is plotted for input
current versus output and separately for every stage, as Figure 12 shows.
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Figure 12. Transfer Function Plotted Using TINA-TI™

Power Supply and Reference Solution

Isolated Power Supply

The AMC1301 requires an isolated power supply for powering its input section. The SN6501 is used as a
switching device to generate a 5-V isolated output and drives the transformer.

The SN6501 is a monolithic oscillator and power-driver, specifically designed for isolated power supplies
in isolated interface applications with a small form factor. The device drives a low-profile, center-tapped
transformer primary from a 3.3- or 5-V DC power supply. The SN6501 consists of an oscillator followed by
a gate drive circuit that provides the complementary output signals to drive the ground referenced N-
channel power switches. The internal logic ensures break-before-make action between the two switches.

The SN6501 features a push-pull driver for small transformers and a single 3.3- or 5-V supply.

While selecting the transformer, preventing the transformer from saturation is important. To achieve this
protection, the V x t product of the transformer must be greater than the maximum V x t product applied
by the SN6501 device. The maximum voltage delivered by the SN6501 device is the nominal converter
input plus 10%. The maximum time this voltage is applied to the primary is half the period of the lowest
frequency at the specified input voltage. Therefore, the minimum V x t product of the transformer is
determined through the following Equation 12:

Tuax  VIN_MAX

V xt >V X = ;
MIN IN_MAX 2 2 % fM|N

V X tMlN > & = 91 VHS
2 x 300 kHz (12)

Common V x t values for low-power center-tapped transformers range from 22 V us to 150 V us with
typical footprints of 10 mm x 12 mm.
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This design must have the capability to sense bipolar signal using a unipolar power supply. The front-end
amplifier is designed to be biased from a dual supply. The purpose of this design function is to process the
negative inputs as well as positive inputs. After rectifying the output of the transformer, the design splits
the power rail to obtain £2.5 V. Splitting is achieved by using Zener diodes, as Figure 13 shows.
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Copyright © 2016, Texas Instruments Incorporated
Figure 13. Isolated Power Supply

The V¢ and V¢ that the preceding Figure 13 show are used to power the first gain stage as well as the
high-voltage side of the isolation amplifier. The turns ratio of the selected transformer is 1:3.5. Thus, for a
5-V primary input voltage, the secondary voltage is 17.5 V. After accounting for the forward voltage drop of
the diodes, the voltage available after rectification is approximately 16.5 V.

The maximum output current required from this supply is less than 10 mA and the minimum current
required by the Zener diode to stay in regulation is only 45 pA. The voltage across the resistor in series
with the Zener diode is calculated in the following Equation 13:

VRES = 165 X —25 = 575 V
2 (13)
_ [5.75 vj _ 575 0
For a current of 10 mA, the required resistor value is: 10 mA

14
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2.4.2 Reference Solution

In this application, a unipolar power supply must be used to sense a bipolar signal. This sensing requires
level shifting of the signal to the midpoint of the power supply rail. A voltage reference is used to bias the
signal-conditioning stage output to the middle of the ADC dynamic range. The REF2033 integrated circuit
(IC) provides both the 3.3-V supply to the OPA317 op amp as well as the 1.65-V reference voltage for
biasing the signal to the middle of the ADC range. Both the outputs of the REF2033 IC can sink or source
20 mA. Also, there is excellent tracking between the 3.3-V and 1.65-V supplies, and both the supplies are
available in a single, extremely small SOT23-5 package, which reduces the bill of materials (BOM) count
and board size. Figure 14 shows this power supply section.

P5V

C12
L

0.1uF=
GND2  Us
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TP8
VBASp—— | V1.65
, , P11
E— | ERE =c10 ==c16
0.1pF | 0.1pF
REF2033AIDDCR

GND2 GND2 GND2

Copyright © 2016, Texas Instruments Incorporated

Figure 14. Power Supply and Reference Circuit

The IC is supplied with a 5-V power supply. The outputs are 3.3 V and 1.65 V. Place 0.1-yF noise
decoupling capacitors close to the IC pins for a clean power input and output rails.

TIDUBV1A-September 2016—Revised September 2016 Shunt-Based, 200-A Peak Current Measurement Reference Design Using 15

Submit Documentation Feedback Reinforced Isolation Amplifier
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUBV1A

13 TEXAS
INSTRUMENTS

Testing and Results www.ti.com

3

Testing and Results

The tests were conducted with DC input voltage, AC input voltage, and current input. The frequency of AC
input used for conducting the tests was 50 Hz. The values of voltages were measured after every stage
using a 6% digital multimeter (DMM) from Agilent with the aid of averaging functionality. Figure 15 shows
the test setup for the DC test.

KETHUEY

o

e & e S

Figure 15. Test Setup for DC Input

The DC input voltage was supplied by a Keithley 2450 source meter. The accuracy of the design was
calculated for every 1 mV in the input voltage over a range of —25 mV to 25 mV.

A similar test was conducted with AC input voltage and current wherein the design was tested for an input
ranging from 1 mVgys to 17 mVgy,s With 1-mV steps.

For testing the design over the temperature range of —25 °C to 85 °C, the board was kept inside the
temperature chamber and similar tests were conducted. Figure 16 shows the setup for testing across the
temperature range of —25°C to 85°C.

16
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Figure 16. Test Setup for Testing Over Temperature Range

3.1 Test Data

3.11 Power Supply

Figure 17 and Figure 18 show the +2.5-V isolated power supplies generated onboard to bias the front-end
gain stage and high-voltage side of the AMC1301 device.

7 Rn bt — 1.40MHz Noise Fiter S T T — 1.400Hz Moise Fiter
g R ' ' v M ' '
Et 1 | 1 | i Q— +
: [400us 105.200)15@ £ 240 <10H] | ; C fonm a0 & /2y <10h
@ 1oy J@pei-re 000w @BRMS  256v  fissese 100 | T O
Figure 17. +2.5-V Supply—Waveform 1 Figure 18. +2.5-V Supply—Waveform 2
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Figure 19 and Figure 20 show the 3.3-V supply powering the low-voltage side of the AMC1301 device and
level shifter and the 1.65-V built-in reference to level shift the output.

FRun Auto — g 1.40MHz_Noise Filter Run Auto —t g 1.40MHz_Noise Filter
] M p v
[1 2 4 “
[0 103.200.5 | @B 7 240m <10Hi] [a0.00s — 103.200,05 |G 240mY <10Hg
& 100V | T &R 33V [issis0 | 1.00v J@mei-p 00my @BRMS 188V [150338
Figure 19. 3.3-V Supply Waveform Figure 20. 1.65-V Supply Waveform
3.2 Accuracy Results
Figure 21 shows the accuracy for measuring a DC voltage given at the shunt terminal on the board
(simulating shunt voltage) over the temperature range. The 25-mV input corresponds to the 200-A DC
current.
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-0.8
-25 -20 -15 -10 -5 0 5 10 15 20 25
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Figure 21. DC Accuracy Over Temperature
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Figure 22 shows the accuracy for measuring an AC input voltage to the board over the temperature range,
where the frequency for the input is 50 Hz. The 17-mV input corresponds to the 136-A RMS current.
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Figure 22. Accuracy for AC Input Voltage Over Temperature

Figure 23 shows the accuracy for AC current input wherein the current was passed through the shunt
resistor of 125 uQ and the voltage drop across the shunt was fed to the board as an input voltage.
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Figure 23. Accuracy for AC Current Input Over Temperature
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The following figures provide a deeper analysis wherein the behavior of all the stages is shown separately
for various tests conducted at 25°C. Figure 24 shows the behavior of the individual stages for the DC input
voltage.
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Figure 24. Accuracy for AC Current Input Over Temperature

Figure 25 and Figure 26 show the behavior for the AC voltage input and AC current input to shunt,
respectively.
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Figure 25. Accuracy of All Stages for AC Input Voltage at 25°C
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Figure 26. Accuracy of All Stages for AC Current Input to Shunt at 25°C

3.3 Time Response

This subsection shows the response of the design to a step input of 25 mV. Figure 27 shows the total rise
time of the input and corresponding rise time of the output.

Lursor 2

4,00 us

3 M ,‘- j
Qg
il L]

Figure 27. Rise Time of Input (CH1) and Output (CH2)

The measured rise time of the step input is 16.76 ps and the corresponding rise time of the output is
32 ps.
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Figure 28 shows the rise time of the AMC1301 device for a step input of 250 mV.
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Figure 28. Rise Time of AMC1301

The rise time of the input to the AMC1301 device is 23.4 ps and the corresponding rise time of the
AMC1301 device is 24.4 ps.
Figure 29 and Figure 30 show the propagation delay of the AMC1301 and the entire board, respectively.
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Figure 29. Propagation Delay of AMC1301
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As these waveforms show, the measured propagation delay of the AMC1301 device is 1.8 ps and the

board is 4.8 ps.
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4 Design Files

4.1 Schematics
To download the schematics, see the design files at TIDA-00912.

4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00912.

4.3 PCB Layout Recommendations

The following steps outline the proper PCB layout recommendations:
1. Do not allow any copper between the isolation with a minimum width of 9 mm (see Figure 31).

No copper between isolation with a minimum width of 9 mm

3 Texas
INWTRUMENTS -3

2371. 36mil >
Figure 31. PCB Layout Showing Isolation Between High- and Low-Voltage Side of AMC1301

2. Do not place any test points near the transformer to avoid noise pick up.

3. Place decoupling capacitors very close to their corresponding pins with a low impedance path to the
device GND (see Figure 32).

) J2
i3 Texas o
STRUMENTS { |

f‘ °°‘i=‘i i6°

w'PL]—_J}“E D ©

/ 2371.36m11 >

Minimum track lengths

Figure 32. PCB Layout Representing Signal Chain
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4. Keep the trace length from the input-to-signal chain equal and make sure the entire signal chain is in
one straight line.

5. Place the input resistors very close to their corresponding pins. Traces for output resistors can be a
little longer if required.

6. Make sure to have non-plated mounting holes if any holes are to be placed in the regions with no
copper pour kept for isolation.

4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-00912.

4.4  Altium Project
To download the Altium project files, see the design files at TIDA-00912.

4.5 Gerber Files
To download the Gerber files, see the design files at TIDA-00912.

4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00912.

5 Software Files
To download the software files, see the design files at TIDA-00912.
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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 REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, 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.
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LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN 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
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TI's standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of Tl products and services.
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