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Circuits from the Lab® refer-
ence designs are engineered
and tested for quick and easy
system integration to help solve
today’s analog, mixed-signal,
and RF design challenges. For
more information and/or
support, visit
www.analog.com/CN0359.

Devices Connected/Referenced Devices Connected/Referenced
AD8253 10 MHz, 20 V/μs,

G = 1, 10, 100, 1000, iCMOS
Programmable Gain Instrumen-
tation Amplifier

ADuCM360 Low Power, Precision Analog
Microcontroller with Dual Sigma-
Delta (Σ-Δ) ADCs, ARM Cortex-
M3

ADA4627-1 30 V, High Speed, Low
Noise, Low Bias Current, JFET
Operational Amplifier

AD8542 CMOS Rail-to-Rail General-
Purpose Amplifiers

ADA4622-1 30 V, 8 MHz, Low Bias
Current, Single-Supply, Rail-to-
Rail Output Precision Op Amp

ADP2300 1.2 A, 20 V, 700 kHz/1.4 MHz,
Nonsynchronous Step-Down
Regulator

ADA4638-1 30 V, Zero-Drift, Rail-to-Rail
Output Precision Amplifier

ADP5072 1 A/0.6 A DC-to-DC Switching
Regulator with Independent
Positive and Negative Outputs

ADA4528-2 Precision, Ultralow Noise,
RRIO, Dual, Zero-Drift Op Amp

ADG1211 Low Capacitance, Low Charge
Injection, ±15 V/+12 V, iCMOS
Quad SPST Switches

ADA4077-2 4 MHz, 7 nV/√Hz, Low Offset
and Drift, High Precision
Amplifiers

ADG1419 2.1 Ω On Resistance, ±15 V/
+12 V/ ±5 V, iCMOS SPDT
Switch

AD8592 CMOS, Single-Supply, Rail-to-
Rail Input/Output Operational
Amplifiers with Shutdown

Fully Automatic High Performance Conductivity Measurement System

EVALUATION AND DESIGN SUPPORT

► Circuit Evaluation Boards
► CN0359 Circuit Evaluation Board (EVAL-CN0359-EBZ)

► Design and Integration Files
► Schematics, Layout Files, Bill of Materials

CIRCUIT FUNCTIONS AND BENEFITS

The circuit shown in Figure 1 is a completely self-contained, mi-
croprocessor controlled, highly accurate conductivity measurement
system ideal for measuring the ionic content of liquids, water quality
analysis, industrial quality control, and chemical analysis.
A high performance combination of precision signal conditioning
components yields an accuracy of better than 0.3% over a conduc-
tivity range of 0.1 μS to 10 S (10 M to 0.1 Ω) with no calibration
requirements, using either 2- or 4-wire conductivity cells.

The circuit automatically detects either 100 Ω or 1000 Ω platinum
(Pt) resistance temperature devices in 2-, 3-, or 4-wire configura-
tions, allowing for added flexibility when measuring the temperature
of the liquid.
The circuit generates a precise AC excitation voltage with minimum
dc offset to avoid a damaging polarization voltage on the conductiv-
ity electrodes. The amplitude and frequency of the AC excitation is
user-programmable.
A synchronous sampling technique converts the peak-to-peak am-
plitude of the excitation voltage and current to a DC value for
accuracy and ease in processing using the dual, 24-bit Σ-Δ ADC
integrated within the precision analog microcontroller.
The user interface consists of an LCD display and an encoder
push button. The circuit can also communicate with a PC using a
USB-to-UART bridge if desired, and operates on a single 4 V to 7 V
power supply.
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Figure 1.  High Performance Conductivity Measurement System (Simplified Schematic: All Connections and Decoupling Not Shown)
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CIRCUIT DESCRIPTION

CONDUCTIVITY THEORY
The resistivity of a material or liquid is defined as the resistance of a
cube of the material with perfectly conductive contacts on opposite
faces. The resistance can be calculated using Equation 1:R = ρL A (1)

where:
R is the resistance.
ρ is the resistivity of the material.
L is the distance between the contacts.
A is the area of the contacts.
Resistivity is measured in units of Ω cm. A 1 Ω cm material has a
resistance of 1 Ω when contacted on opposite faces of a 1 cm × 1
cm × 1 cm cube.
Conductance is the reciprocal of resistance, and conductivity is the
reciprocal of resistivity. The unit of measurement of conductance is
Siemens (S), and the unit of measurement of conductivity is S/cm,
mS/cm, or μS/cm.
All aqueous solutions conduct electricity to some degree. Adding
electrolytes such as salts, acids, or bases to pure water increases
the conductivity (and decreases resistivity).
For the purposes of this circuit note, Y is the general symbol for
conductivity measured in S/cm, mS/cm, or μS/cm. However, in
many cases, the distance term is dropped for convenience, and the
conductivity is simply expressed as S, mS, or μS.
A conductivity system measures conductivity by means of electron-
ics connected to a sensor called a conductivity cell immersed in a
solution, as shown in Figure 2.

Figure 2. Conductivity Cell Geometry and Electrical Connections

The electronic circuitry applies an alternating voltage on the sensor
and measures the resulting current, which is related to the conduc-
tivity. Because conductivity has a large temperature coefficient (up
to 4%/°C), a temperature sensor is incorporated into the circuitry
to adjust the reading to a standard temperature, usually 25°C

(77°F). When measuring solutions, the temperature coefficient of
the conductivity of the water itself must be considered.
A basic conductivity sensor typically consists of two electrodes that
are insulated from one another. The electrodes, typically Type 316
stainless steel, titanium palladium alloy, or graphite, are specifically
sized and spaced to provide a known cell constant. Theoretically, a
cell constant of 1.0/cm describes two electrodes, each sized 1 cm2

in area, and spaced 1 cm apart. Cell constants must be matched to
the measurement system for a given range of operation.
For instance, if a sensor with a cell constant of 1.0/cm is used in
pure water with a conductivity of 1 μS/cm, the cell has a resistance
of 1 MΩ. Conversely, the same cell in seawater has a resistance
of 30 Ω. Because the resistance ratio is so large, it is difficult for
ordinary instruments to accurately measure such extremes with
only one cell constant.
When measuring the 1 μS/cm solution, the cell is configured with
large area electrodes spaced a small distance apart. For example,
a cell with a cell constant of 0.01/cm results in a measured cell re-
sistance of approximately 10,000 Ω rather than 1 MΩ. It is easier to
accurately measure 10,000 Ω than 1 MΩ; therefore, the measuring
instrument can operate over the same range of cell resistance for
both ultrapure water and high conductivity seawater by using cells
with different cell constants.
The cell constant is defined as the ratio of the distance between the
electrodes to the area of the electrodes, which can be calculated
using Equation 2:K = L A (2)

where:
K is the cell constant in cm-1.
L is the distance between electrodes in cm.
A is the area of electrode surface in cm2.
The instrumentation then measures the cell conductance using
Equation 3:Y = I V (3)

Y is the measured cell conductance in S.
I is the cell current.
V is the excitation voltage.
The conductivity of the liquid is then calculated using Equation 4:Yx = K × Y (4)

Yx is the conductivity of the liquid in S/cm.
K is the cell constant in cm-1.
Y is measured conductance in S.
There are two types of conductivity cells: those with two electrodes,
and those with four electrodes, as shown in Figure 3. The electro-
des are often referred to as poles.
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Figure 3. 2-Pole and 4-Pole Conductivity Cells

The 2-pole sensor is more suitable for low conductivity measure-
ments, such as purified water, and various biological and pharma-
ceutical liquids. The 4-pole sensor is more suitable for high conduc-
tivity measurements, such as waste water and seawater analysis.
The cell constants for 2-pole cells typically range from approximate-
ly 0.1/cm to 1/cm, and the cell constants for 4-pole cells typically
range from 1/cm to 10/cm.
The 4-pole cell eliminates the errors introduced by polarization of
the electrodes and field effects that can interfere with the measure-
ment.
The actual configuration of the electrodes can be that of parallel
rings, coaxial conductors, or others, rather than the simple parallel
plates shown in Figure 2.
Regardless of the type of cell, it is important not to apply a DC
voltage to any electrode, because ions in the liquid accumulate on
the electrode surface, thereby causing polarization, measurement
errors, and damage to the electrode.
Take special care with sensors that have shields, as in the case
of coaxial sensors. Connect the shield to the same potential as
the metal container holding the liquid. If the container is grounded,
connect the shield to the circuit board ground.
The final precaution is not to exceed the rated excitation voltage
or current for the cell. The CN0359 circuit allows programmable
excitation voltages from 100 mV to 10 V, and the 1 kΩ series
resistor limits the maximum cell current to 10 mA.

EXCITATION GENERATION
The excitation square wave for the conductivity cell is generated by
switching the ADG1419 between the +VEXC and −VEXC voltages
using the pulse-width modulation (PWM) output of the ADuCM360
microcontroller. It is important that the square wave has a precise
50% duty cycle and a very low DC offset. Even small DC offsets
can damage the cell over a period of time.
The +VEXC and −VEXC voltages are generated by the ADA4077-2
op amps, and their amplitudes are controlled by the DAC output of
the ADuCM360, as shown in Figure 4.

Figure 4. Excitation Voltage Sources

The ADA4077-2 has a typical offset voltage of 15 μV (A grade), a
0.4 nA bias current, and a 0.1 nA offset current, which minimizes
residual DC content of the excitation waveform. Output current is up
to ±10 mA, allowing use with very high conductivity liquids; and the
low 1.2 V dropout maximizes the available output swing.
The ADA4077-2 op amp has a closed-loop gain of 8.33 and
converts the ADuCM360 internal DAC output (0 V to 1.2 V) to
the +VEXC voltage of 0 V to 10 V. The second ADA4077-2 op
amp inverts the +VEXC and generates the −VEXC voltage. R22 is
chosen such that R22 = R24||R27 to achieve first-order bias current
cancellation. The error due to the 15 μV offset voltage of the first
ADA4077-2 op amp is approximately (2 × 15 μV) ÷ 10 V = 3 ppm.
The primary error introduced by the inverting stage is therefore the
error in the resistor matching between R24 and R27.
The ADG1419 is a 2.1 Ω, on-resistance SPDT analog switch with
an on-resistance flatness of 50 mΩ over a ±10 V range, making it
ideal for generating a symmetrical square wave from the ±VEXC
voltages. The ADG1419 introduces a symmetrical error of 50 mΩ ÷
1 kΩ = 50 ppm (Typical).

ANALOG SIGNAL CONDITIONING
The voltage applied to the conductivity cell is measured with the
AD8253 instrumentation amplifier. The positive input to the AD8253
is buffered by the ADA4622-1. The ADA4622-1 is chosen based pri-
marily on its bias current of 5 pA to minimize the error in measuring
low currents associated with low conductivities. The negative input
of the AD8253 does not require buffering.
The offset voltages of AD8253 and ADA4638-1 are removed by the
synchronous sampling stage and do not affect the measurement
accuracy.
The AD8253 instrumentation amplifiers have a high bandwidth of
10 MHz, programmable gains of 1, 10, 100, 1000, and a gain error
of less than 0.04%. The AD8253 also has a slew rate of 20 V/μs
and a settling time of 1.8 μs to 0.001% for G = 1000. The fixed,
selectable gains provide a wide measurement range, and the fast
slew rate ensures that the output is fully settled before sampling.
The ADA4627-1 stage is a precision current to voltage converter
that converts the current through the sensor to a voltage. The low
bias current and offset voltage of the ADA4627-1 has typical values
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of 1 pA and 120 μV, respectively (A grade); making it an ideal
component selection for this stage of the design. The symmetrical
error produced by the 120 μV offset error is only 120 μV/10 V = 12
ppm.

ADC CAPTURE AND MEASUREMENT
The ADuCM360 generates the PWM0 square wave switching
signal for the ADG1419 switch, as well as PWM1 and PWM2
synchronizing signals for the synchronous sampling stages. The
cell voltage and the three timing waveforms are shown in Figure 5.

Figure 5. Cell Voltage and Track-and-Hold Timing Signals

The output of the AD8253 in amp drives two parallel track-and-hold
circuits composed of ADG1211 switches, series resistors, hold
capacitors, and unity-gain buffers.
The ADG1211 is a low charge injection, quad SPST analog switch,
operating on a ±15 V power supply with up to ±10 V input signals.
The maximum charge injection due to switching is 4 pC, which
produces a voltage error of only 4 pC ÷ 4.7 μF = 0.9 μV.
The PWM1 signal causes the ADA4638-1 track-and-hold buffer to
track the negative cycle of the sensor voltage and then hold it until
the next track cycle. The output of the ADA4638-1 track-and-hold
buffer is therefore a DC level corresponding to the negative ampli-
tude of the sensor voltage square wave.
Similarly, the PWM2 signal causes the other ADA4638-1 track-and-
hold buffer to track the positive cycle of the sensor voltage and then
hold it until the next track cycle. The output of the other ADA4638-1
track-and-hold buffer is therefore a DC level corresponding to the
positive amplitude of the sensor voltage square wave.
The bias current of the ADA4638-1 track-and-hold buffers is 45 pA
typical, and the leakage current of the ADG1211 switch is 20 pA
typical. Therefore, the worst-case leakage current on the 4.7 μF
hold capacitors is 65 pA. For a 100 Hz excitation frequency, the
period is 10 ms. The drop voltage over one-half the period (5 ms)
due to the 65 pA leakage current is (65 pA × 5 ms) ÷ 4.7 μF = 0.07
μV.
The offset voltage of the ADA4638-1 zero-drift amplifier is only 0.5
μV typical and contributes negligible error.
The final stages in the signal chain before the ADC are the
ADA4528-2 inverting attenuators that have a gain of −0.16 and

a common-mode output voltage of +1.65 V. The ADA4528-2 has an
offset voltage of 0.3 μV typical and therefore contributes negligible
error.
The attenuator stage reduces the ±10 V maximum signal to ±1.6 V
with a common-mode voltage of +1.65 V. This range is compatible
with the input range of the ADuCM360 ADC input, which is 0 V to
3.3 V (1.65 V ± 1.65 V) for an AVDD supply of 3.3 V.

CALCULATING CONDUCTIVITY
The four output voltages of the analog front end signal chain repre-
sent the sampled current and voltage values of the conductivity
cell during the positive and negative halves of the excitation cycle.
The two outputs of the cell voltage measurement circuit are applied
to the AIN2 and AIN3 pins of the ADuCM360. Similarly, the two
outputs of the cell current measurement circuit are applied to the
AIN0 and AIN1 pins.
To obtain peak-to-peak values from these outputs, the internal ADC
of the ADuCM360 is configured for differential mode. As such, the
four individual outputs of the analog front end are reduced to two
differential voltages that will be read by the ADuCM360. The two
differential output voltages are given by Equation 5 and Equation 6:VOUT1 = ADC2 − ADC3 (5)VOUT2 = ADC0 − ADC1 (6)

where:
VOUT1 is the differential ADC voltage representing the peak-to-
peak cell voltage in V.
VOUT2 is the differential ADC voltage representing the peak-to-
peak cell current in V.
ADC0 is the AIN0 input voltage in V.
ADC1 is the AIN1 input voltage in V.
ADC2 is the AIN2 input voltage in V.
ADC3 is the AIN3 input voltage in V.
These differential voltages are used by the ADuCM360 to deter-
mine the cell conductance and the conductivity of the liquid under
test. As shown in Equation 7, the cell conductance is equal to the
peak-to-peak cell current divided by the peak-to-peak cell voltage:Y = IP‐PV1P‐P (7)

where:
Y is the cell conductance in S.
IP-P is the peak-to-peak cell current in A.
V1P-P is the peak-to-peak cell voltage in V.
Since the cell current is converted into a voltage signal by the
feedback resistor of the ADA4627-1, its peak-to-peak value can be
derived using Equation 8:IP‐P = V2P‐PRf (8)

where:
V2P-P is the peak-to-peak output of the ADA4627-1 in V.
Rf is the ADA4627-1 feedback resistance in Ω.
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The peak-to-peak cell voltage can be derived from the differential
outputs of the analog front end, as shown in Equation 9 and
Equation 10:V1P‐P = VOUT1G1 × α (9)V2P‐P = VOUT2G2 × α (10)

where:
G1 is the AD8253 gain setting in the cell voltage measurement
circuit.
G2 is the AD8253 gain setting in the cell current measurement
circuit.
α is the attenuation from the ADA4528-2 stage.
By combining Equation 8 and Equation 10, an expression can be
obtained for IP-P:IP‐P = VOUT2G2 × α × 1Rf (11)

Finally, by substituting Equation 9 and Equation 11 back into Equa-
tion 7, the general formula for conductance as a factor of the
differential ADC measurements can be written as:Y = G1 × VOUT2G2 × VOUT1 × 1Rf (12)

In this reference design, the ADA4627-1 feedback resistor has a
value of 1 kΩ resulting in Equation 13:Y = G1 × VOUT2G2 × VOUT1 × 1 mS (13)

From the cell conductance, the ADuCM360 can then calculate the
conductivity of the liquid based on the cell constant of the sensor as
shown in Equation 14:YX = Y × K (14)

where:
Yx is the conductivity of the liquid under test in S/cm.
Y is the measured cell conductance.
K is the cell constant in cm-1.

SYSTEM ACCURACY MEASUREMENTS
Equation 9 through Equation 13 are all based on the assumption
that the four individual ADA4528-2 op amps provide the same
attenuation value of 0.16; any deviation would introduce an error in
the final measurements. Since the attenuation of an ADA4528-2 op
amp is dependent on its feedback resistance and input resistance,
the resistors used for these should be matched as closely as
possible with their counterparts in each channel to maintain the
system accuracy.
Equation 13 also shows that the conductivity measurement de-
pends on G1, G2, and Rf, and the ratio of VOUT2 to VOUT1.
Therefore, a precision reference is not required for the ADCs within
the ADuCM360.

Additionally, the conductance calculation performed by the
ADuCM360 assumes an exact 1 kΩ value for the ADA4627-1
feedback resistance, as shown in Equation 13. The farther the
actual resistance is from this ideal value, the greater the error
introduced into the calculation; therefore, it is imperative that a high
precision resistor be used for the ADA4627-1 feedback.
Assuming that all nine resistors have 0.1% tolerance, and including
the 0.04% (max) gain error of the AD8253, a worst-case error
analysis yields approximately 0.6%.
In practice, the resistors are more likely to combine in an RSS
manner, and the RSS error due to the resistor tolerances in the
positive or negative signal chain is √5 × 0.1% = 0.22%.
Accuracy measurements were taken using precision resistors from
1 Ω to 1 MΩ (1 S to 1 μS) to simulate the conductivity cell. Figure 6
shows the results, and the maximum error is less than 0.1%.

Figure 6. System Error (%) vs. Conductivity of 1 μS to 1 S

In order to maintain accuracy over a wide input range with a
high signal-to-noise ratio, a given measurement must use a large
fraction of the ADC's input range without exceeding full-scale.
The CN0359's software implements a simple autoranging scheme,
adjusting the AD8253's gain to maintain the ADC's input between
10% and 90% of full-scale.

PREVENTING ELECTROLYSIS AND
POLARIZATION
For proper conductivity measurements, it is critical to prevent
electrolysis of the sample solution and polarization of the cell
electrodes. Electrolysis is a chemical reaction caused by applying
an excessively large voltage level to the conductivity cell, and
changes the conductivity of the sample solution over time. Polariza-
tion of the conductivity cell occurs when current is allowed to flow
across the electrodes in one direction for a sufficiently long time.
In this scenario, ions accumulate on the surfaces of the electrodes,
resulting in the formation of a space charge region, and thereby
restricting the flow of current. Both electrolysis and polarization
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introduce nonlinear errors to the measurements, and therefore
result in erroneous readings.
To avoid these errors, the level and frequency of the excitation
signal should be set appropriately based on the specifications of
the conductivity cell. In addition, the DC content of this waveform
should be kept to a minimum to prevent DC currents from appear-
ing across the cell electrodes.
The CN0359 is carefully designed for low DC voltage bias on the
excitation channel, with typical values being less than 200 μV.
For most commercial conductivity probes, this small residual DC
content has negligible effect. Certain probes however, depending
on their construction, can be more sensitive and might exhibit a
drift in measurement values. For these cases, capacitive coupling
should be used for the voltage measurement channel.

RTD MEASUREMENT
Conductivity measuring system accuracy is only as good as its
temperature compensation. Because common solution temperature
coefficients vary in the order of 1%/°C to 3%/°C or more, the
CN0359 implements a temperature compensation scheme. Solution
temperature coefficients are somewhat nonlinear and usually vary
with the actual conductivity as well. Therefore, calibration at the
actual measuring temperature yields the best accuracy.
The ADuCM360 contains two matched, software configurable, exci-
tation current sources. They are individually configurable to provide
a current output of 10 μA to 1 mA, and matching is better than
0.5%. The current sources allow the ADuCM360 to easily perform
2-wire, 3-wire, or 4-wire measurements for either Pt100 or Pt1000
RTDs. The software also automatically detects if the RTD is Pt100
or Pt1000 during the set up procedure.
The following discussion shows simplified schematics of how the
different RTD configurations operate. All mode switching is accom-
plished in the software, and there is no need to change the external
jumper settings.
Figure 7 shows the configuration for 4-wire RTDs.

Figure 7. Configuration for 4-Wire RTD Connection

The parasitic resistance in each of the leads to the remote RTD is
shown as RP. The excitation current passes through a precision 1.5

kΩ resistor and the RTD. The on-chip ADC measures the voltage
across the resistor.
It is important that the 1.5 kΩ resistor (REXC) and the excitation
current (IEXC) value be chosen such that the ADuCM360 maximum
input voltage at AIN7 does not exceed AVDD − 1.1 V; otherwise,
the IEXC current source does not function properly.
The RTD voltage is accurately measured using the two sense leads
that connect to AIN6 and AIN5. The input impedance is approxi-
mately 2 MΩ (unbuffered mode, PGA gain = 1), and the current
flowing through the sense lead resistance produces minimum error.
The ADC then measures the RTD voltage.
The RTD resistance is then calculated using Equation 15:Rx = ADC6 − ADC5ADC7 − ADC8 × 1.5 kΩ (15)

where:
Rx is the RTD resistance value.
ADC5 is the AIN5 input voltage in V.
ADC6 is the AIN6 input voltage in V.
ADC7 is the AIN7 input voltage in V.
ADC8 is the AIN8 input voltage in V.
The measurement is ratiometric and does not depend on an accu-
rate external reference voltage, only the tolerance of the 1.5 kΩ
resistor. In addition, the 4-wire configuration eliminates the error
associated with the lead resistances.
The ADuCM360 has a buffered or unbuffered input option. If the
internal buffer is activated, the input voltage must be greater than
100 mV. The 1 kΩ/36 Ω resistor divider provides a 115 mV bias
voltage to the RTD that allows buffered operation. In the unbuffered
mode, Terminal 4 of J3 can be grounded and connected to a
grounded shield for noise reduction.
The 3-wire connection is another popular RTD configuration that
eliminates lead resistance errors, as shown in Figure 8.

Figure 8. Configuration for 3-Wire RTD Connection

The second matched IEXC current source (AIN5/IEXC) develops
a voltage across the lead resistance in series with Terminal 3
that cancels the voltage dropped across the lead resistance in
series with Terminal 1. The measured voltage is therefore free of
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lead resistance error. The RTD resistance can be calculated using
Equation 16:Rx = ADC8 − ADC5ADC7 − ADC8 × 1.5 kΩ (16)

where:
Rx is the RTD resistance value.
ADC5 is the AIN5 input voltage in V.
ADC7 is the AIN7 input voltage in V.
ADC8 is the AIN8 input voltage in V.
Figure 9 shows the 2-wire RTD configuration where there is no
compensation for lead resistance. The RTD resistance for 2-wire
configuration can be calculated as Equation 17:Rx = ADC8 − ADC9ADC7 − ADC8 × 1.5 kΩ ‐ 2 RP (17)

where:
Rx is the RTD resistance value.
ADC7 is the AIN7 input voltage in V.
ADC8 is the AIN8 input voltage in V.
ADC9 is the AIN9 input voltage in V.
RP is the parasitic resistance value.

Figure 9. Configuration for 2-Wire RTD Connection

The 2-wire configuration is the lowest cost circuit and is suitable
for less critical applications, short RTD connections, and higher
resistance RTDs such as Pt1000.

POWER SUPPLY CIRCUITRY
To simplify system requirements, all the required voltages (±15 V
and +3.3 V) are generated from a single 4 V to 7 V supply, as
shown in Figure 10.
The ADP2300 buck regulator generates the 3.3 V supply for the
board. The design is based on the downloadable ADP230x Buck
Regulator Design Tool.
The ADP5072 switching regulator generates independently regulat-
ed +15 V and -15 V supply rails for the different amplifiers. This
design follows the typical application circuit shown in the ADP5072
data sheet, and uses the recommended component values for a
+3.3 V to ±15 V application.

Figure 10. Power Supply Circuitry

Figure 11 shows the LCD backlight driver circuit. The AD8592 op
amp acts as a 30 mA current source to supply the LCD backlight
current. The AD8592 can source and sink up to 250 mA, and the
100 nF capacitor ensures a soft startup.

Figure 11. LCD Backlight Drivers 

COMMON VARIATIONS
The system shown in the CN0359 uses the ADuCM360 precision
analog microcontroller for a highly integrated conductivity measure-
ment. If the user desires a discrete ADC, the AD7794 24-bit, Σ-Δ
ADC is a good choice.
If board space is at a premium, the ADP2300 buck regulator can
be replaced with a μModule® part such as the LTM8074. While a
more expensive solution compared to the ADP2300, the LTM8074
is a highly integrated device with the inductor already built into its
package and does not require a catch diode. It is also designed
with the low noise Silent Switcher® architecture, which allows for
minimal electromagnetic interference (EMI) during operation.
Certain conductivity measurement applications may have additional
requirements such as isolation or a small hardware footprint. As

http:/www.analog.com/CN-0359.html
http://www.analog.com/en/index.html
https://www.analog.com/ADP2300
http://download.analog.com/PMP/ADP230x_BuckDesigner.zip
http://download.analog.com/PMP/ADP230x_BuckDesigner.zip
https://www.analog.com/ADP5072
https://www.analog.com/ad8592
https://www.analog.com/ad7794
https://www.analog.com/LTM8074


Circuit Note CN-0359

analog.com Rev. C | 9 of 10

such, Analog Devices, Inc. also offers other reference designs with
varying form-factors and features. One of these is the CN0349,
which features a high precision conductivity measurement data
acquisition system with an 8-pin I2C Pmod interface that is ideal for
industrial environments that require a small, low cost, fully isolated
solution. Other examples are the CN0411 and the CN0428, which
are designed to measure conductivity for water quality monitoring
applications.

CIRCUIT EVALUATION AND TEST
This circuit uses the EVAL-CN0359-EBZ circuit board, an external
power supply, conductivity cell, and an RTD. The EVAL-CN0359-
EBZ comes preloaded with the code required to make the con-
ductivity measurements. For complete information on the system
hardware and software operation, refer to the CN0359 User Guide.

EQUIPMENT NEEDED
The following equipment is needed:
► The EVAL-CN0359-EBZ circuit board
► A 6 V power supply or wall wart (EVAL-CFTL-6V-PWRZ)
► A conductivity cell
► Pt100 or Pt1000 2-wire, 3-wire, or 4-wire RTD (if the RTD is not

connected, the conductivity measurement is referenced to 25°C)

SETUP
Use the following steps to setup the CN0359 for evaluation:
1. Connect the 6 V power supply (EVAL-CFTL-6V-PWRZ) to the

EVAL-CN0359-EBZ.
2. Enter parameters for EXC Voltage, EXC Frequency, TEMP

Coefficient, and Cell Constant that are appropriate for the
probe.

3. Disconnect the EVAL-CFTL-6V-PWRZ power supply.
4. Connect the conductivity cell as follows:

a. 4-wire cell: connect an outside current electrode to J5 Pin 1
and the closest inner voltage electrode to J5 Pin 2. Connect
the second outside current electrode to J5 Pin 4 and the
closest inner voltage electrode to Pin 3.

b. 2-wire cell: connect one electrode to J5 Pin 1 and Pin 2 and
connect the second electrode to J5 Pin 2 and Pin 4.

c. If the conductivity cell has a shield, connect it to J5 Pin 5.
5. Connect the RTD as follows (if used):

a. 4-wire RTD (see Figure 7): Pair up the four wires according
to their color (or other identifying characteristic). Connect
one pair of wires to J3 Pin 1 and Pin 2, and the other pair
to J3 Pin 3 and Pin 4. Only one wire should be connected to
each pin.

b. 3-wire RTD (see Figure 8: Connect the odd wire to J3 Pin 1,
and the two common wires to J3 Pin 3 and Pin 4. Only one
wire should be connected to each pin.

c. 2-wire RTD (see Figure 9): connect one RTD wire to J3 Pin
1 and the other wire to J3 Pin 4.

d. If the RTD wires are shielded, connect the shield to J5 Pin
5.

6. Reconnect the EVAL-CFTL-6V-PWRZ power supply to the
EVAL-CN0359-EBZ.

7. Wait for the ADuCM360 to flush the buffers and display the
conductivity and the temperature. If the screen shows an error
and the buzzer beeps more than 20 times, check the sensor
connections.

Figure 12 shows a typical conductivity measurement setup.

Figure 12. Test Setup Functional Diagram
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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
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
functionality.

(Continued from first page) Circuits from the Lab circuits are intended only for use with Analog Devices products and are the intellectual property of Analog Devices or its licensors. While you may
use the Circuits from the Lab circuits in the design of your product, no other license is granted by implication or otherwise under any patents or other intellectual property by application or use of the
Circuits from the Lab circuits. Information furnished by Analog Devices is believed to be accurate and reliable. However, Circuits from the Lab circuits are supplied "as is" and without warranties of
any kind, express, implied, or statutory including, but not limited to, any implied warranty of merchantability, noninfringement or fitness for a particular purpose and no responsibility is assumed by
Analog Devices for their use, nor for any infringements of patents or other rights of third parties that may result from their use. Analog Devices reserves the right to change any Circuits from the Lab
circuits at any time without notice but is under no obligation to do so.

©2015-2023 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.
One Analog Way, Wilmington, MA 01887-2356, U.S.A.

Rev. C | 10 of 10

LEARN MORE

CN0359 Design Support Package
ADIsimPower Design Tool. Analog Devices
Linear Circuit Design Handbook. Analog Devices/Elsevier.
Op Amp Applications Handbook. Analog Devices/Elsevier.
The Data Conversion Handbook. Analog Devices/Elsevier.
A Designer's Guide to Instrumentation Amplifiers, 3rd Edition. Ana-
log Devices.
MT-031 Tutorial. Grounding Data Converters and Solving the Mys-
tery of “AGND” and “DGND”. Analog Devices.
MT-101 Tutorial. Decoupling Techniques. Analog Devices.
Practical Design Techniques for Sensor Signal Conditioning, Sec-
tion 7. Analog Devices.

DATA SHEETS AND EVALUATION BOARDS
AD8253 Data Sheet
AD8253 Evaluation Board
ADA4627-1 Data Sheet
ADA4627-1 Evaluation Board
ADA4622-1 Data Sheet
ADA4638-1 Data Sheet
ADA4528-2 Data Sheet
ADA4528-2 Evaluation Board
ADA4077-2 Data Sheet
AD8592 Data Sheet
AD8542 Data Sheet
ADuCM360 Data Sheet
ADuCM360 Evaluation Board
ADP2300 Data Sheet
ADP2300 Evaluation Board
ADP5072 Data Sheet

ADP5072 Evaluation Board
ADG1211 Data Sheet
ADG1211 Evaluation Board
ADG1419 Data Sheet
ADG1419 Evaluation Board
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