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. . Circuits from the Lab® reference designs are engi-
cll'cl“ts neered and tested for quick and easy system integra-
from the I_a b® tion to help solve today’s analog, mixed-signal, and
Reference Designs  RF design challenges. For more information and/or

support, visit www.analog.com/CN0548.

Devices Connected/Referenced

LT1997-2 Precision, Wide Voltage Range, Gain Selectable
Funnel Amplifier

AD8418A Bidirectional, Zero-Drift Current Sense Amplifier

AD7798 3-Channel, Low Noise, Low Power, 16-Bit, Sigma
Delta ADC with On-Chip In-Amp

LTM2886 SPI/Digital or 12C uModule Isolator with Fixed £5V and
Adjustable 5V Regulated Power

LT6656 1pA Precision Series Voltage Reference

LT6657 1.5ppm/°C Drift, Low Noise, Buffered Reference

Isolated High Voltage, High Current, Measurement Module

EVALUATION AND DESIGN SUPPORT

» Circuit Evaluation Boards
» CN-0548 Circuit Evaluation Board (EVAL-CN0548-ARDZ)

» ADuCM3029 Ultralow Power, Cortex-M3 Arduino Form Factor
Development Board (EVAL-ADICUP3029)

» Design and Integration Files
» Schematics, Layout Files, Bill of Materials, Mechanical Draw-
ings, Software

CIRCUIT FUNCTIONS AND BENEFITS

Testing and evaluating power systems in industrial and communica-
tions settings often requires multiple voltage and current measure-
ments. Individual supplies may be referenced to different grounds,
have either positive or negative polarity, or may be floating with

no defined relationship to other power domains. Such scenarios ne-
cessitate either individual floating multimeters, or multichannel me-
ters with per-channel isolation, which are physically cumbersome
and expensive.
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The circuit shown in Figure 1 is a complete, isolated current and
voltage measurement system for industrial, telecommunications,
instrumentation, and automated test equipment (ATE) applications.
The system is galvanically isolated and will tolerate up to +/-250

V between the host controller and measurement grounds. The
isolation design includes both digital data and power domain sig-
nals; no additional power source is required from the circuit being
measured.

The current input range is +/-10 A and the voltage input range is
selectable from 16 V to 80 V, with several ranges between these
values. Both voltage and current inputs feature 16-bit resolution
with adjustable output data rate and signal bandwidth, including
modes that reject both 50 Hz and 60 Hz line noise.

The circuit is compatible with Arduino form-factor platform boards,
and supports logic voltages from 1.8 V to 5 V. When paired with
the open-source firmware example, application software can easily
communicate with the reference design over the Linux Industrial
Input/Output (110) framework using the libiio library, which includes
bindings for C, C#, MATLAB, Python, and LabVIEW.
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Figure 1. CN0548 Block Diagram
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CIRCUIT DESCRIPTION

VOLTAGE AND CURRENT MEASUREMENT
CONNECTIONS

The CN0548 can be configured to accommodate a variety of
measurement situations. The current sense input can be referenced
to either the positive or negative voltage input terminal or any
voltage in between, and measurement ground is isolated from the
development platform and the connected host computer’s ground.

Figure 2 shows the connections for measuring a circuit with a
grounded 15 V supply and grounded load. Load current is meas-
ured at the high side of the load.
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Figure 2. +15 V High side Current and Voltage Measurement

Figure 3 shows the connections for measuring load current at the
low side (ground return) of the load.
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Figure 3. +15 V Low side Current and Voltage Measurement

Figure 4 shows the connections for measuring a -48 V supply, with
current measured at the load's ground return.
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Figure 4. -48 V Voltage and current measurement

Figure 5 shows the connections for a high-side current measure-
ment, with a supply voltage as high as 250 V. While the voltage
measurement channel can tolerate voltages up to +/-250 V at its
inputs without damage, the output will be saturated and will not
produce a valid measurement.
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Figure 5. +250 V System Current measurement

VOLTAGE INPUT

An LT1997-2 precision, high voltage funnel amplifier with internal
matched resistor network scales the input voltage to within the input
range of the ADC. This device has a gain error of 0.006% and a
gain drift of 1 ppm/°C. Thirty eight unique attenuation factors can
be selected by pin-strapping the +INA , +INB, +INC, -INA, -INB,
and -INC inputs, implemented via jumpers on the CN0548. Table

1 lists five jumper settings that cover most applications as well as
the allowable input voltage for the circuit. Refer to the LT1997-2
datasheet for a comprehensive list of attenuation factors. Note that
the gain setting jumpers should be configured before connecting
the CN0548 to a live circuit, and do not move jumpers when
connected to a live circuit.

Rev.0 |2 of 8


http://www.analog.com/CN-0548
http://www.analog.com/en/index.html
https://www.analog.com/CN0548
https://www.analog.com/lt1997-2

CN-0548

-INC

-INB +5V_ISO
—INA—
CINA[-INB|-INC v*
100kQ
12560 22
2o | N
out 100
zhna + Lozopr AN3_P
125kQ I L1
25kQ REF —-680pF
1000 " 270pF
10Q
T AIN3_N

+INC !

+INA[+INB|+INC |SHDN |V- WA
+INA Dz.o4sv$
BIP
+INB: -5V_ISO UN

Figure 6. Voltage Range and Polarity Circuitry

Table 1. Voltage Range Jumper Configuration

009

Input Attenu

Range ation +INA +NB +INC -INA -NB -NC
80V 20 OPEN  -VIN +VIN  OPEN +VIN  -VIN
40v 10 +VIN  Open  Open -VIN OPEN  OPEN
21V 6.67 -VIN OPEN +VIN  +VIN  OPEN -VIN
20V 5 OPEN +VIN  OPEN OPEN -VIN OPEN
16V 4 OPEN OPEN +VIN OPEN OPEN -VIN

The CN0548 voltage input can be set to unipolar or bipolar input
range by configuring the LT1997-2 REF pin and AD7798 AIN3- pin
voltages as shown in Table 2.

Table 2. Unipolar / Bipolar Voltage Configuration

Measurement Input Range (80V
Mode LT1997-2 REF AD7798 AIN3- span)

Unipolar GND GND 0Vt 80V
Bipolar 2.048V 2.048V -40Vto+40V
CURRENT INPUT

The AD8418A is a bidirectional, high voltage, zero-drift current
sense amplifier. It features fixed gain of 20 V/V, with a 10 kHz
bandwidth with a maximum +0.15% gain error over its entire
operating temperature range. The amplifier's output voltage direct-
ly interfaces to channel 1, AIN1- and AIN1+ of the ADC. The
AD8418A offers excellent input common-mode rejection from -2 V
to +70 V. As shown in Table 3, the AD8418A performs bidirectional
current measurements across a 10 mQ, 2 W current sense resistor
between the Isensg input terminals. The maximum input current is
+/-10 A in bipolar mode. The unipolar input range is 0 A to as

high as 14 A, limited by the power dissipation of the sense resistor.
The AD8418A output requires 32 mV of headroom to GND; refer to
Unipolar and Bipolar Current Measurement Test Results.

analog.com
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Figure 7. Current Input Signal Conditioning and Polarity Circuitry

Table 3. Unipolar / Bipolar Current Configuration

Measurement

Mode AD8418A REF AD7798 AIN1- Input Range
Unidirectional GND GND Oto14 A
Bidirectional 2.048V 2.048V -10Ato+10 A

ANALOG TO DIGITAL CONVERSION

The AD7798 is a 16-bit low power, high-precision Y -A analog to dig-
ital converter (ADC) intended for the measurement of wide dynamic
range, low frequency signals, such as those in pressure transduc-
ers, weigh scales, and precision measurement applications. The
AD7798 has three buffered differential inputs with a programmable
instrumentation amplifier (in-amp), and on-chip digital filtering. An
external reference voltage between 100 mV and 5.25 V determines
the full-scale input range. The output data rate of the AD7798

is user-programmable from 4.17 to 470 sps; the measurement
bandwidth, and hence sensitivity to noise, is proportional to the
output data rate. Most power supply measurement applications do
not require a high sample rate and can take advantage of the
narrow bandwidth provided by lower output data rate modes. Fur-
thermore, sample rates of 16.7 sps and lower provide simultaneous
rejection of 50 Hz and 60 Hz line noise. The AD7798 uses slightly
different filter types, depending on the output data rate, in order to
minimize the effect of internal noise sources. Figure 8 shows the
filter response for the for the 16.7 Hz mode. Refer to the AD7798
datasheet for a complete detailed description of all filter modes.
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Figure 8. AD7798 Filter Response, 16.7 Hz Update Rate Mode

The analog inputs to the AD7798 are fully differential, with an input

*VREF .
range of =7z The absolute voltage can extend to either

supply rail when the inputs are in unbuffered mode and the in-amp
is inactive, which is the configuration that the CN0548 uses by
default.

The CN0548 presents high-level, buffered signals to the AD7798,
so the gain can be set to 1 and buffers disabled, maximizing the
input range. The 4.096 V reference voltage results in a +/-4.096 V
input range, and readings are valid even when the ADC inputs are
at or slightly below ground.

REFERENCE VOLTAGES

There are two voltage references used on the CN0548 board. An
A-grade LT6657, shown in Figure 9, provides a 4.096 V reference
voltage to the AD7798. This part offers exceptionally low noise for
a bandgap reference; only 0.5 ppmp_p or an average of 1.24 uVp-p
in the 0.1 Hz to 10 Hz bandwidth. It is stable with a large output
capacitor, which serves to reduce high-frequency noise as well as
providing a low-impedance for the AD7798’s dynamic sampling cur-
rent. The line regulation of the LT6657 for 4.096 V output reference
is typically well below 1 ppm/V. Load regulation is also less than 2
HVImA. A5 mA change in load current shifts output voltage by only
10 uVv.
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Figure 9. 4.096 V ADC Reference
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An LT6656 provides a 2.048 V bias voltage for the Vsense amplifier,
Isense amplifier, and ADC negative inputs, allowing the input termi-
nals to accommodate bipolar ranges.

NOISE PERFORMANCE

The highest output noise voltage for the LT1997-2 is at attenuation
of 4, which is about 1 pVp-p. The LT6657 has about 2 pVp-p output
noise. The total (root-sum-square) value of 1 uVp-p and 2.0 pVp-p,
or 1.7 uVp-p. The AD7798 quantization noise is 62.5uV, and will
thus be the dominant noise source for voltage measurements. The
input-referred noise will be approximately 1.2 mV in the 80 V input
range.

For the current measurement mode, the AD8418A has an input
noise voltage of 2.3 uVp-p from 0.1 Hz to 10 Hz. With a gain of
20, the reflected noise to the output results in 20 x 2.3 pVp-p, or
46 UVp-p. This is still slightly lower than the AD7798 quantization
noise. While several codes of flicker are to be expected for a fixed,
noiseless input, the AD7798 can still be considered the dominant
noise source.

POWER AND SPI ISOLATION

A5V, serial peripheral interface (SPI) version of the LTM2886
uModule provides isolated +/-5 V power and isolated SPI communi-
cation. No external components are required, decoupling capacitors
are incorporated into the module. The LTM2886 is extremely toler-
ant of common mode transients between ground planes; error-free
operation is maintained through common mode events greater

than 30 kV/us. The LTM2886 includes a separate logic supply pin,
allowing the host side logic level to be any voltage between 1.62 V
and 5.5 V.

CIRCUIT BOARD ISOLATION

Figure 10 and Figure 11 show the circuit board isolation barrier. The
board was designed for maximum creepage between grounds, with
two 250 V safety rated type Y2 capacitors in series for reducing
conducted noise from the LTM2886's internal switching regulator.

Figure 10. Top layer PCB isolation
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Figure 11. Bottom layer PCB isolation

COMMON VARIATIONS

For a higher resolution ADC, the AD7799, a 24-Bit, 2-A ADC can
be used as an alternative. If a 2.5 V reference is required for the
AD7798/AD7799, the ADR381 or ADR391 low noise, low power
references are recommended.

For lower full-scale current applications, the AD8417 is bidirection-
al, zero Drift, current sense amplifier with a gain of 60 V/V.

In an application that requires both signal input attenuation and
amplification, the LT1997-3 is an alternative amplifier. The LT1997-3
combines a precision operational amplifier with highly matched
resistors to form a one-chip solution for accurately amplifying vol-
tages. An attenuation up to 0.0714 and a gain up to +14 with
accuracy of 0.006% (60ppm) can be achieved using no external
components.

The maximum potential difference between the CN0548 grounds is
+/-250 V, limited by the 470 pF stitching capacitors. Higher voltage
applications require modification or removal of the stitching capac-
itance; the LTM2886 itself can withstand 2500 VRMS between
grounds for 1 minute.

For applications requiring higher voltage at the isolated side, the
LTM2883 is an alternative part. The LTM2883 is a complete galvan-
ic 6-channel digital uModule® (micromodule) isolator. The isolated
side includes +12.5 V and 5 V nominal power supplies, each
capable of providing more than 20 mA of load current. Each supply
maybe adjusted from its nominal value using a single external
resistor.

CIRCUIT EVALUATION AND TEST

The EVAL-CN0548-ARDZ was tested using an EVAL-ADICUP3029
ultralow power Cortex-M3 Arduino form factor development board.
For complete setup details and other important information,
visit the CN0548 User Guide.

EQUIPMENT NEEDED

» Multimeter

» EVAL- ADICUP3029

» EVAL-CN0548-ARDZ

» Bench top Variable power supply source ( ex. Agilent €3631)
» USB CABLE micro Type B to Type A

analog.com

» 2 pieces banana to banana jack

» Windows, Linux, or Mac computer with serial terminal and Py-
thon 3.6 or newer installed

GETTING STARTED

To setup the EVAL-CN0548-ARDZ and the associated software,
use the following steps:

1. 1.Connect the EVAL-CN0548-ARDZ on top of the EVAL-ADI-
CUP3029 platform board as shown in Figure 12.

2. Connect the EVAL-ADICUP3029 to the PC using the micro USB
cable provided.

3. From the PC drag and drop the prebuilt .hex file onto the
DAPLINK drive. Refer to the user guide for the latest hex file.

4. Reset the ADICUP3029 by pressing the 3029_RESET button or
by unplugging and re-plugging the USB cable.

5. Determine the EVAL-ADICUP3029 COM port through the de-
vice manager (Windows) or TTY device file (Linux).

6. Open the CN0548_simple_plot.py example Python script. (Re-
fer to user guide for script location.) Follow the prompts for
setting up the jumpers and entering in the COM (or tty) port
number.

7. For voltage sensing measurement, connect the banana connec-
tors at main DC source as shown in Figure 13 and Figure 14.
Set the output voltage between 5.99V and 6V and current limit
set between 3.9A and 4A.

8. For current sensing measurement, connect the banana connec-
tors at main DC source as shown in Figure 17 and Figure 18.

——
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INPUT

EVAL-CN0548-ARDZ

VSENSE
INPUT

©
o ™o

USB CABLE TYPE A
TO
MICRO USB TYPE B

EVAL-ADICUP3029

013

Figure 12. Host Computer Connection

VOLTAGE MEASUREMENT TEST SETUP

The EVAL-CN0548-ARDZ was tested in Unipolar and in Bipolar
mode, sweeping the input voltage from 0-40V and -40 to +40V,
respectively, in 100 mV steps. The EVAL-CN0548-ARDZ board
reading was compared to a Keithley DMM7510 7-1/2 digit multime-
ter as shown in Figure 13 and Figure 14. The LT1997-2 was set

to an attenuation of 20 and the voltage reference for the AD7798
and the LT1997-2 are set to 0V at unipolar and 2.048V at bipolar
voltage measurement mode.
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Figure 14. Voltage Input Test Setup Photo

UNIPOLAR AND BIPOLAR VOLTAGE TEST
RESULTS

Figures Figure 15 and Figure 16 show uncorrected output from
three individual CN0548 boards. Results are in line with the
LT1997-2, LT6657, and AD7798 accuracy specifications. The non-
linear "steps" in the transfer function is the point at which the
LT1997-2 enters "over-the-top" mode.

analog.com
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Figure 15. Unipolar Accuracy (Uncalibrated)
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Figure 16. Bipolar Accuracy (Uncalibrated)

CURRENT MEASUREMENT TEST SETUP

The EVAL-CN0548-ARDZ was tested in Unipolar and in Bipolar
mode, sweeping the input current from 0 Ato 9 Aand -9 A to +9
A, respectively, in 100mA steps. The EVAL-CN0548-ARDZ hoard
reading was compared to a Keithley DMM7510 high-resolution
7"»-digit multimeter as seen in Figure 17 and Figure 18.
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Figure 20. Bipolar Current Measurement Error

Figure 18. Current Input Test Setup Photo

UNIPOLAR AND BIPOLAR CURRENT
MEASUREMENT TEST RESULTS

Figures Figure 19 and Figure 20 show the uncalibrated accuracy of
three individual CN0548 boards. The gain error is dominated by the
+1% tolerance current sense resistor.
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Figure 19. Unipolar Current Measurement Error
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LEARN MORE

» CN0548 Design Support Package
» CN0548 User Guide

» MT-031 Tutorial, Grounding Data Converters and Solving the
Mystery of “AGND” and “DGND”, Analog Devices.

» MT-035 Tutorial. Op Amp Inputs, Outputs, Single-Supply, and
Rail-to-Rail Issues. Analog Devices.

» Cantrell, Mark. AN-0971 Application Note, Recommendations for
Control of Radiated Emissions with isoPower Devices. Analog
Devices.

DATASHEETS AND EVALUATION BOARDS
LT1997-2 Datasheet

LT1997-2 Evaluation Board

AD8418A Datasheet

ADB8418A Evaluation Board
AD7798 Datasheet
AD7798 Evaluation Board
LTM2886 Datasheet
LTM2886 Evaluation Board
LT6656 Datasheet

LT6657 Datasheet
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‘ ESD Caution

ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary

Arad

functionality.

protection circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of
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