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CIRCUIT FUNCTION AND BENEFITS

This circuit is an AC excited weigh scale system that uses the

AD4170-4, an ultralow noise, low drift, 24-bit 2-A ADC with internal

PGA and drivers to implement AC excitation of the load cell.

Although Wheatstone bridge-type sensors are commonly powered

using a constant DC voltage, using AC excitation helps solve

issues such as thermocouple effects, offset errors, and offset drift,

the

direction (polarity) of the excitation voltage applied to the bridge is
switched back and forth with each cycle, with the conversions from
each cycle being averaged. This alternating approach helps cancel
out DC-related errors, although it makes the system design more
complex.

Figure 1 shows how to connect a bridge sensor for AC excitation
using the AD4170-4.

The AD4170-4 is a DC to 50kHz input bandwidth, low noise, high
speed, completely integrated analog front end for high precision
measurement applications. The AD4170-4 offers output data rates
from 7.6SPS up to 500kSPS. The device contains a low noise,
24-bit Z-A analog-to-digital converter (ADC) and can be configured
to have four differential inputs or eight single-ended or pseudodiffer-
ential inputs. The on-chip low noise gain stage ensures that signals
of small amplitude can be interfaced directly to the AD4170-4.
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Figure 1. Weigh Scale (AC Excitation)
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CIRCUIT DESCRIPTION
OVERVIEW OF BRIDGE MEASUREMENTS

A common way to measure weight using electronics is through a
resistive load cell which uses a Wheatstone bridge architecture. In
the load cell, one or more resistors change resistance when weight
is applied. To detect this change, a voltage (or current) called
excitation is applied across the bridge, and the resulting output is
measured as a differential voltage between the middle points of the
bridge (see Figure 2).
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Figure 2. Basic Circuit of Load Cell

Load cells typically have two key specifications, as follows:

1. Sensitivity (rated output)—the amount of voltage the loadcell
outputs per volt of excitation when fully loaded, usually ex-
pressed in mV/V.

2. Rated capacity—the maximum weight the load cell can meas-
ure.

To find the full output voltage of the load cell, multiply the sensitivity
by the excitation voltage. For instance, a load cell with a sensitivity
of 2mV/V powered by 5V produces 10mV when the full load is
applied.

It is important to understand the following:

» The output signal is directly related to both the applied weight
and the excitation voltage.

» For loads less than the rated maximum, the output voltage
scales linearly.

» Though techniques exist to improve the linearity of this setup,
they are not covered in this circuit note.

o v
Veripge(mV) = Sensitivitypgipce(-) * Vexc (V) (1)

RATIOMETRIC BRIDGE MEASUREMENTS

For weigh scale design, a ratiometric design is recommended. In a
ratiometric setup, the voltage used to excite the Wheatstone bridge
is also used as the reference for the ADC, as illustrated in Figure 3.
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Figure 3. Ratiometric Bridge Configuration

Because both the bridge excitation and the ADC reference share
the same voltage source, any variations in this voltage, whether
caused by temperature changes, supply fluctuations, or noise af-
fects both the bridge output and the reference equally. The ADC
reference voltage is ratiometric to the load cell output, these varia-
tions effectively cancel out, ensuring that the digital output of the
ADC remains consistent.

A key advantage of this ratiometric configuration is improved noise
immunity. Any noise on the excitation voltage appears identically at
both the ADC input and reference terminals, it is cancelled during
the conversion process.

6-WIRE BRIDGE

For AC excited designs, a 6-wire bridge is required. A 6-wire bridge
helps eliminate errors caused by lead wire resistance. In a six-wire
bridge (as shown in Figure 4), two wires are used to provide excita-
tion voltage to the bridge (VEXCITATION+ and VEXClTATION—): and two
wires carry the output signal from the bridge (Vours and Vouto).
The ADC measures the differential voltage across the signal wires.
The two sense wires (Vsense+ and Vsense—) are connected directly
to the top and bottom of the bridge. These sense wires allow the
system to monitor the actual voltage across the bridge, ensuring
more precise measurements. The sense wires connect to the
reference pins of the ADC.

VEXCITATION+
VSENSE+

R1 R2
Vout+

R3 R4

VSENSE-
VEXCITATION-
O Vour-
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Figure 4. Connections for 6-Wire Bridge
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KEY PARAMETERS IN WEIGH SCALE SYSTEM
DESIGN

When designing a weigh scale system, several critical factors must
be considered to ensure accurate and reliable performance. These
include the internal counts of the system, the dynamic range of

the ADC, the noise-free resolution, the output data rate, the overall
system gain, and the gain error drift over temperature and time.
Each of these parameters plays an important role in achieving
precise weight measurements.

Internal Count

In weigh scale systems, the resolution visible to the user, often
called the external count, typically ranges from 1:3,000 in basic
systems to around 1:10,000 in high-precision designs. For instance,
a scale that measures up to 5kg with a resolution of 1:10,000
displays weight changes as small as 0.5g. However, to ensure this
level of accuracy is consistently achieved, the internal resolution of
the system must be significantly higher. Certain industry standards
recommend that the internal count be at least 10 to 20 times great-
er than the external count. Therefore, for a scale with a 1:10,000
external count, an internal resolution is ideally around 1:200,000 to
maintain high accuracy and stability.

ADC Dynamic Range

In weigh scale systems, although high-resolution ADCs are used,
the full input range of the ADC is often not utilized.

For example, consider a load cell powered with 5V, which gives a
full-scale output of 10mV. If the ADC operates with a 5V reference
and a gain of 128, it can accept a full scale signal of 39mV.
Therefore, only 25% of the dynamic range is used. As a result, a
low noise ADC is critical.

Typically, the ADC performance is three to four times more accurate
than the load cell so that the load cell becomes the main error
contributor in the system. That means the ADC must support a
resolution of about 1:800,000, which requires at least 19 to 20 bits
of noise-free resolution.

This shows the practical challenge of using a small input signal
range and still meeting high-resolution requirements in a weigh
scale system.

Gain and Offset Drift

Industrial weigh scale systems are expected to work reliably across
a wide temperature range, often around 50°C. As the temperature
changes, the gain of the system (the amount of signal amplification)
can drift, and this can cause significant measurement errors.

For example, if the user has a 20-bit system and the ADC has a
gain drift of 1ppm/°C, over a 50°C range the system can experience
an error of about 50LSB. This means even if the system is accurate
at room temperature (25°C) with 1LSB of error, the accuracy can
reduce to 50LSB at higher or lower temperatures. Therefore, it is
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important to choose an ADC with low gain drift when designing
weigh scale systems.

Offset drift is the other key concern. An ADC with good offset drift

is critical to minimize the error due to offset drift. For example, in

a 20-bit system with ADC offset drift of 10nV/°C, the resulting error
is only about 1/4 LSB over a 50°C temperature range, which is
very small and usually acceptable. Some ADCs include chopping to
reduce offset and offset drift further.

Noise-Free Resolution

When checking ADC specifications, a common mistake is confusing
RMS noise and peak-to-peak (p-p) noise. In weigh scale systems,
the peak-to-peak noise is more important because it defines how
many bits of resolution are actually useful and stable; this is called
the noise-free resolution.

Noise in an ADC means the smallest signals can get lost in the
background fuzz. The noise-free resolution shows how many clear,
distinguishable codes the ADC can produce without being affected
by noise.

Most ADC data sheets show both RMS noise and noise-free (p-p)
resolution. To estimate peak-to-peak noise from RMS noise, multi-
ply by 6.6, which covers 99.9% of the noise range in a standard
distribution. For example, if the ADC has 1LSB of RMS noise, the
peak-to-peak noise would be about 6.6LSB, and this results in a
loss of 2.7 bits of usable resolution.

Output Data Rate

The output data rate, which is how fast the ADC gives a new
reading, also affects the resolution. A slower output data rate allows
the ADC to average out more noise, which improves accuracy.

For example, with a 2.5V reference and a gain of 128, see as
follows:

» At4.17Hz update rate, the noise-free resolution is 20.5 bits
» At 500Hz, the resolution drops to 16.5 bits

Therefore, for weigh scale applications, it is important to find a bal-
ance. The output data rate must be slow enough to achieve good
resolution but fast enough to update the LCD display smoothly.

COMMON VARIATIONS

This circuit note discusses AC excitation of load cells, which is used
in high-end weigh scale design. Where active cancellation of DC
induced errors is not required, the load cell can be DC excited
instead. The CN-0600 discusses DC excitation of a load cell using
the AD4190-4.

Rev. 0|3 of 9


https://www.analog.com/cn-0601
http://www.analog.com/en/index.html
https://www.analog.com/cn0600
https://www.analog.com/ad4190-4

CN-0601

OVERVIEW OF AC BRIDGE EXCITATION

AC bridge excitation builds on the concept of input chopping. While
input chopping reduces the offset and offset drift specifically within
the ADC, AC excitation goes a step further by minimizing these
errors across the entire measurement system. Instead of applying
chopping at the ADC input, AC excitation achieves a similar effect
by applying the chopping directly to the bridge sensor.

INPUT CHOPPING

Input chopping is a method used to reduce measurement errors in
ADCs. It works by flipping the input signal and taking two readings,
and then averaging them. This process helps cancel small errors,
called offset voltages, in the system and gives a more accurate
result.
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Figure 5. Concept of Chopping
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Chopping helps remove offset errors that happen after the chopping
circuit, mainly the offset inside the ADC. However, any offset that
happens before the chopping is not removed. It stays in the signal
and needs to be fixed using offset calibration.

On the other hand, offsets changing slowly after chopping are
automatically removed during the chopping process.

analog.com

AC BRIDGE EXCITATION

AC bridge excitation is a method that removes offset errors from the
entire measurement system, not just the ADC.

It works like input chopping, but instead of happening inside the
ADC, the chopping is performed on the complete signal chain. This
gives more accurate results because it removes most of the offset
right at the source.

Despite the name, AC bridge excitation does not use a true AC
signal. Instead, it uses a DC voltage and simply reverses the
polarity (positive to negative and vice versa) during each cycle,
as shown in Figure 6. The conversions from each cycle are then
averaged to remove the offset.
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Figure 6. Concept of AC Excitation
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The total offset error (Vo) can come from different sources like the
ADC, signal conditioning circuits, or thermocouple effects. As long
as this offset changes slowly, the chopping action can dynamically
remove it.

Itis equivalent to the system doing continuous self-calibration,
keeping the measurement accurate.

When AC bridge excitation is used, the reference voltage connec-
tions also need to switch. This ensures that the ADC always sees
the correct polarity.
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AC EXCITATION WITH THE AD4170-4

T

Figure 7. Weigh Scale System Setup Using the AD4170-4

Figure 7 shows the system setup. With AC excitation, the polarity
of the excitation voltage applied to the load cell is reversed in
every cycle using external MOSFETs or a bridge driver circuit. This
approach removes not only the offset inside the ADC but also sys-
tem-level offsets from signal conditioning circuits, thermocouples,
and parasitic errors. These offsets, modeled as Vqg in the system,
are effectively cancelled as long as they change slowly compared
with the chopping frequency.

The AD4170-4 includes built-in logic signals to control this polarity
switching, similar to a chopping technique. It provides non-over-
lapping control signals (ACX1, ACX1 and ACX2, ACX2) through
its GPIO pins (GPIO0 to GPI03) to safely manage the external
transistor switching. The non-overlap time prevents short circuits
during polarity changes. These signals must be connected to the
gate terminals of matched MOSFETs or a dedicated driver such as
the MIC4427.

The two phases which make up AC excitation are the following:

» Phase 1: the GPIO0 pin and GPIO2 pin (controlled by ACX1 and
ACX1) turn on their transistors, and GPIO1 and GPIO3 are off.

» Phase 2: the GPIO0 pin and GPIO2 pin are turned off, and
GPIO1 and GPIO3 (controlled by ACX2 and ACX2) turn on.

This reverses the polarity of the excitation voltage. The analog input
and reference voltage to the ADC are also reversed.

The AD4170-4 averages the conversion results from both phases.

Although it is called AC excitation, an actual AC waveform is

not applied. Instead, the DC excitation voltage is reversed in polar-
ity across alternate conversion cycles, which effectively simulates
AC behavior for removing system-level offsets. The AD4170-4
synchronizes itself to the excitation switching automatically, and the
CHOP_ADC bits in the MISCn register are used to enable this
mode.

The AD4170-4 supports differential analog inputs and differential
reference voltages, which makes it ideal for this setup. The load
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cell produces a differential voltage between its OUT+ and OUT-
pins. For example, if a 5V excitation is applied and the sensor

has a sensitivity of 2mV/V, the full-scale output of the load cell is
10mV. The AD4170-4 accepts a reference up to AVDD. Therefore,
if the bridge is excited with 5V and the AD4170-4 operates with 5V,
the SENSE+ and SENSE- lines can be used directly as the ADC
reference. This removes the need for resistor dividers and simplifies
the design.

These connections result in a ratiometric configuration that makes
the system immune to small changes in the power supply voltage
and also removes the need for a separate precision reference.

One challenge with AC excitation is the settling time after each
polarity switch, especially in setups with long wires between the
load cell and the ADC. To prevent conversion errors due to unstable
signals, the DELAY register can be configured to insert a wait time
before each conversion, allowing the signal to settle.

The AD4170-4 automatically adjusts the switching frequency of the
AC excitation based on the selected output data rate (ODR). This
ensures the switching is not faster than necessary, which helps re-
duce unnecessary power usage and improves system performance.

The small signal from the load cell is first amplified by the internal
programmable gain amplifier (PGA) of the AD4170-4. The PGA is
set to a gain of 128 to boost the low-level signal to a readable
level. After amplification and conversion, the digital output from the
AD4170-4 is sent to the PC through a USB connection. On the PC,
ACE software is used to process the data and displays the weight
measurement in real-time.

To ensure safety, when the AC excitation is not enabled for certain
channels, the GPIOs are set to a safe high or low state using

the GPIO_MODE register and GPIO_OUTPUT _DATA register. This
prevents accidental short circuits when switching between channels
with different excitation modes. In standby or power-down modes,
the ACX pins are disabled. Therefore, pull-up and pull-down resis-
tors are recommended to hold the transistors in a safe state.
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LOAD CELL MEASUREMENTS AND RESULTS

Consider a 2kg load cell with a sensitivity of 2mV/V. If a 5V
excitation voltage is used, the load cell gives a full-scale output of
10mV.

Load cells usually have a small built-in offset called tare, which can
be as much as 50% of the full-scale signal. There can also be a
gain error of up to +20%. Some users prefer to use a DAC to cancel
out the tare.

When using the AD4170-4 with a 5V reference and a gain of 128,
its input range is t40mV in bipolar mode. This is much wider than
the 10mV signal from the load cell, which is a good thing because
it ensures that even with tare and gain error, the signal does not
exceed the ADC range.

The AD4170-4 has an rms noise of 0.01uV and a peak-to-peak
noise of 0.062uV when configured with the sinc? filter and an output
data rate of 7.63Hz. The number of noise free counts is equal to

(10mV)/(0.062uV) = 161,290 (4)
The resolution in grams is, therefore, equal to

2kg/161,290 = 0.0124g (5)
The noise free resolution is equal to

Log2(161,290) = 17.30 bits (6)

In practice, the load cell introduces some noise. Figure 8 shows the
measured output performance when a 1kg weight is placed on the
load cell and 500 conversions are gathered.

Figure 8 presents the weight measurement results. Across 500
samples, the output shows a peak-to-peak variation of 0.0212g.
This indicates that the weighing system can achieve an accuracy of
0.0212g.

rrent Data Set: Eridge/RTD/Thermistor AnalysisDataet 8

| i | N“”i H‘l\“ |
*M |J/\ M \' '” i W "

Figure 8. Measured Output in Grams for 500 Samples Showing the Effect of Noise
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CIRCUIT EVALUATION AND TEST
This circuit uses the EVAL-AD4170-4ARDZ evaluation board

and the EVAL-SDP-CK1Z system demonstration platform (SDP-

K1). The load cell plugs into the J2 connector of the EVAL-
AD4170-4ARDZ board. The system connects to the PC through
the USB interface on the EVAL-SDP-CK1Z board.

EQUIPMENT NEEDED
The following equipment is needed:

» PC with a USB 2.0 port and Windows® 7 (64-bit) or later

» EVAL-AD4170-4ARDZ evaluation board

» EVAL-SDP-CK1Z system demonstration platform (SDP-K1)
» Tedea Huntleigh 505H-0002-F070 load cell:

» USB Type-C cable for connecting the board to the PC

SOFTWARE INSTALLATION

Refer to the evaluation board software section of the AD4170-4
User Guide for complete instructions on installing the evaluation
board software.

HARDWARE SETUP

Configure the hardware as follows:

1.

2,

3.

Set all links on the EVAL-AD4170-4ARDZ and connect the
sensor as shown in Figure 9.

Connect the EVAL-AD4170-4ARDZ to the SDP-K1 controller
board via the Arduino header.

Connect the SDP-K1 controller board to the PC via the USB
cable.

4-WIRE LOAD CELL CONFIGURATION CHoO

I [®®®®®®®®\ |®®\ \®®®®®®®|
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Figure 9. Link Settings and Sensor Connections
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GETTING STARTED
Run the analysis as follows:

1. On the ACE Start tab, in the Attached Hardware section,
double click the AD4170 Board icon as shown in Figure 10.

Figure 10. Attached Hardware Tab

2. Select the AD4170 Board tab and in the Configuration view,
Demo section, select Load Cell from the dropdown list and
click Configure as shown in Figure 11.

..........

o1

Figure 11. AD4170 Board Tab
3. Inthe Load Cell tab, select AC for Excitation.
Click Write Registers to write to the AD4170 registers.
5. Click Self Offset Calibration to perform a self offset calibration
on the AD4170-4.

6. Click Update Reading to read a sample from the AD4170-4,
the ADC sample is displayed to the right as shown in Figure 12.

>

‘‘‘‘‘‘‘‘‘‘

C
Wite Registers
Self Offset Calibratio
Update Reading  Jatate
eeeeeeeee 0g 0x000000
Fulscle ET—— 0:000000
Set Calibration

Figure 12. Load Cell Tab

7. Perform zero-scale calibration:

a. Apply the zero-scale weight to the sensor.
b. For zero-scale, enter the zero-scale weight.

analog.com

c. Click Set Zeros-cale; the ADC zeros-cale sample is dis-
played to the right.
8. Perform full-scale calibration:

a. Apply the full-scale weight to the sensor.

b. For Full-scale, enter the full-scale weight.

c. Click Set Full-scale; the ADC full-scale sample is displayed
to the right.

9. Click Set Calibration. This sets the zero-scale and full-scale
calibration values and configures the channel for gram units.

10. Go to the AD4170 Board tab. In the Configuration view, click
the Reference Input.

11. Change the value of REFIN+ to 5V. Go to the AD4170 Board
tab and double click the AD4170 chip on the diagram to open
the AD4170 tab.

12. On the AD4170 tab, click Proceed to Bridge/RTD/Thermistor
Analysis to open the Analysis tab.

13. On the Bridge/RTD/Thermistor Analysis tab, click Run Once
to read samples from the ADC.

14. On the Bridge/RTD/Thermistor Analysis tab, analysis win-
dow, click Grams to display the results.

15. Examine the waveform plot and the results.

16. To revert the channel to Volts units and clear the zero-scale
and full-scale calibration values, click Unset Calibration.
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