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How to calibrate the ADC120 and ADC1283 using a voltage reference

Technical note

Introduction

The ADC120 and ADC1283 analog-to-digital converters have the same architecture and require a known analog supply voltage
to perform voltage conversion in the microcontroller.

This technical note describes the hardware needed to manage software calibration. The software must be able to measure

a dedicated channel and compare the results with the expected values. Any differences indicate that the voltage is not
appropriate, and this difference should be treated inside the microcontroller to ensure proper conversion.
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1 ADC coding and maximum scaling value

The converted input voltage appears on the SPI interface in a 12-bit natural binary code format. The LSB
(quantum) of the conversion is directly linked to the analog voltage that supplies the ADC (AVCC).

_ AVCC _ Avee
LS5 =712 =209 ™

Typically, the LSB for 3.3V analog supply is rounded to 0.806 mV.
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2 Potential error due to imprecise voltage supply

The ADC120 and ADC1283 are SAR ADCs with 12-bit resolution. The AVCC input supply voltage is used in the
following ways:

. For supplying the analog part of the ADC.

. As the measurement reference.

If all power supply errors are not known, the microcontroller software may generate a conversion error, even if

the hexadecimal conversion result on the output of the ADC represents the analog input voltage correctly. This
mismatch can occur in the customer software if the AVCC is over or underestimate, and lead to inaccurate results.

Consider the example of the ADC providing a decimal code of 3526. If the supply voltage is 3.3 V, the measured
voltage should be 2.035 V. But if the supply voltage is only 3.25 V, the software must have this new value for
reference, or an error may be introduced on the output. For a supply voltage of 3.25 V, the final calculated voltage
should be 2.004 V. The user may notice an error of around 0.03 V (30 mV).
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3 How to remove the potential error

The real voltage used for the measurement must be reflected by the value used by the microcontroller to perform
calculations. As the device uses an analog supply voltage to obtain the digital output of the channel voltage,
channel measurement through a resistive bridge supplied by the AVCC is not sufficient.

A reference voltage device can be used as a dedicated channel with a well-known voltage. Measuring this
voltage, the software can correct the supply value by performing a comparison with the expected reference
voltage.

For example, a reference voltage of 1.8123 V can be used on a dedicated channel. Measurement of this channel
can be performed and compared with the recorded value in the software to determine whether the measurement
is being performed in a different power supply condition.

The software should implement the correction to obtain the proper conversion voltage, so it can provide the
correct voltage after the digitalization of the input analog voltage.
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4 ST device able to perform the calibration

Among the various ST reference voltage devices available, we chose the TS3431 adjustable shunt voltage
reference buffered by a TSX711 operational amplifier.

The chosen output voltage is 1.8123 V, and appropriate measurement performed with a correct power supply
should provide this voltage.

If the measurement returns a different value, the software should adjust the voltage used to calculate the
digitalized output voltage.

TN1461 - Rev 1 page 5/16


https://www.st.com/en/power-management/ts3431.html
https://www.st.com/en/amplifiers-and-comparators/tsx711.html

‘ TN1461
, l Proposed circuit to perform ADC calibration

5 Proposed circuit to perform ADC calibration

The following schematics are designed to ensure proper ADC calibration. A voltage reference with a known value
is connected to an input.

Input 0 is used in this case, but all the inputs can be used for this operation.

Figure 1. Proposed block diagram
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6 Uncertainty calculations

6.1 Uncertainty calculation example with the TS3431C

The TS3431 is an adjustable shunt voltage reference with guaranteed temperature stability over the entire
operating temperature range (-40°C to +125°C). The output voltage can be set to any value between 1.24 V and
24V with an external resistor bridge.

The version of the reference voltage mounted on the STEVAL-AKI002V1 is the TS3431C, with £0.25% precision.

The value of the reference voltage is known and should deliver a constant voltage to the selected ADC input. To
determine the uncertainty of the voltage reference, the following calculations were performed with this device at a
constant temperature of 25°C.

Using the reference voltage and the schematic presented in Figure 3. Reference voltage set to 1.8123 V, the
following calculations determine the error on the reference voltage presented on the ADC input.

Figure 3. Reference voltage set to 1.8123 V
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Vryef = VrefT53431*(1 + %) + Iref*R22 2)
With:
. lref = input current in the TS3431 from the resistor bridge
. From the datasheet: L. € [0.514, 3p4]
. V\ef = output reference applied on one of the ADC channels current in the TS3431 from the resistor bridge

. Vyefrs3as1 = 1.24V £ 0.003V
. R22 & R23 forming the resistor bridge

. Including the uncertainty on resistor values:
- Lrefmin = 0504
- Irefmax =3uA
0.9975*V,prs34317(1+ %)Hw Fmin*0.999*R22;
Yref = 1.0025*VrefT53431*(1+%)+Irefmax*1.001*mz v

Vref = [1237%(1+ 37355 ) +0.0009; 1.243%(1 + 35088 + 0.0054]

Vief = [1.80768V;1.82324V]
Vie fmin = 180768V
Vrefmax = 182324V
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This reference value is buffered by a TSX711 op amp, which also introduces some uncertainty, but is far lower
than the uncertainty from the voltage reference or the ADC1283 and ADC120 devices.

The static characteristics of the ADC120 and ADC1283 give an offset error of £2 LSB. The LSB value represents
the smaller step between two converted values. ADC120 and ADC1283 are both 12-bit converters, hence the
LSB depends on the analog voltage applied to the component. As the ADC120 or ADC1283 has an offset error of
+2 LSB on the calculated value, the converted values are precise to +2 LSB.

The following calculation returns the estimated supply voltage. Valing is the decimal value read on INput O of the
ADC (reference input).

Vrefmin . Vrefmax
Valjpo + 2’ Valjpg — 2

LSB = Quantum €

Vrefmin 1.80768V

LSBmin = Valjpo+2 = Valppo + 2 ©)
Vrefmax 1.82324V

LSBmax = Valjpo—2 = Valppo— 2 ©6)

Vsupply € [LSBmin*(le - 1); LSBmax*(le - 1)]
For example, if the value given by the reference is Val},,g = 0x8CC :
0x8CC(h) = 2252(d)
Viefmin _ 1.80768V

LSBinin = ol 3 = Sosy g = 0.000802V (7)
LB _ Vrefmax _ 1.82324v _ 0.000810V 8)
max = Valj0—2 = 2252-2 - O

Vsupply € [LSBmin*(zlz - 1): LSByay* (1% - 1)]
Vsupply € |0.000802v+(2' — 1); 0.000810v*(2'% — 1)]
Vsupply € [3.284V;3.317V]

For a decoded value of 0x8CC, the analog voltage supply applied on the ADC120 or ADC1283 is therefore
between 3.284 VV and 3.317 V.
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6.2 Impact of Vref accuracy

An important thing to consider is the reference voltage precision. For example, if you use a 0.05% reference
voltage (accuracy given at the entry of the ADC, see Figure 1. Proposed block diagram) of 1.8123 V, then the
following calculations are performed:

Vref = 1.8123V £+ 0.05%

Ve = [18114;1.8132]
Vrefmin = 18114V
Vrefmax = 1.8132V

Val|ng is the decimal value read on INput 0 of the ADC (reference input).

Vrefmin Vrefmax
LSB = Quantum € Valo + 5 Valj o = 2 (9)
Vrefmin 1.8114V
LSBmin = Valino ¥ 2 = Valimg + 2 (10)
Vrefmax 1.8132V
LSBmax = Vol 0= 2 = Valjng - 2 (1)

12 12
Vsupply € [LSBmin* @2 = 1) LSBmay "2 ~ 1))
For example, if the value given by the reference is Val;,o = 0x8CC :
0x8CC(h) = 2252(d)

Viefmin _ 1.8114V
LSBmin = Vaio ¥ 2 = 22524 7 = 00008047 (12)

Vrefmax 1.8132V
LSBmax = Valino — 2 = 5555 —5 = 0.000806V (13)

Voupply € 15812 < 1) 15217 1)
supply € |0.000804V(2"% — 1), 0.000806V*(2" — 1
Vsupply € [3.292V; 3.3o1v]

For a decoded value of 0x8CC, the analog voltage supply applied on the ADC120 or ADC1283 is therefore
between 3.292 V and 3.301 V.
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7 Conclusion

The measurement on an ADC1283 or ADC120 board using a ST reference voltage on one of the eight channels
can provide very useful information to ensure that the software can perform appropriate calibration.
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Appendix A Reference design warnings, restrictions and disclaimer

Important: The reference design is not a complete product. It is intended exclusively for evaluation in laboratory/
development environments by technically qualified electronics experts who are familiar with the dangers and
application risks associated with handling electrical/mechanical components, systems and subsystems.

Danger: Exceeding the specified reference design ratings (including but not limited to input and
output voltage, current, power, and environmental ranges) may cause property damage,
personal injury or death. If there are questions concerning these ratings, contact an
STMicroelectronics field representative prior to connecting interface electronics, including
input power and intended loads. Any loads applied outside of the specified output range
may result in unintended and/or inaccurate operation and/or possible permanent damage
to the reference design and/or interface electronics. During normal operation, some circuit
components may reach very high temperatures. These components include but are not
limited to linear regulators, switching transistors, pass transistors, and current sense
resistors which can be identified in the reference design schematic diagrams.

STMicroelectronics reference designs are solely intended to assist designers ("buyers") who are developing
systems that incorporate STMicroelectronics semiconductor products (herein, also referred to as "components").
The buyer understands and agrees that he/she is the only responsible for independent analysis, evaluation

and judgment in designing his/her own systems and products. STMicroelectronics has conducted only the
measurements and tests specifically described in the published documentation for the specified reference design.
STMicroelectronics may correct, enhance, improve its reference designs for future development.

STMicroelectronics reference designs are provided "as is". STMicroelectronics does not promise that reference
designs are accurate or error free. STMicroelectronics makes no warranties or representations with regard to the
reference designs or use of the reference designs, express, implied or statutory, and specifically disclaims all
warranties, express or implied, as to the accuracy or completeness of the information contained therein.

STMicroelectronics disclaims any warranty of title and any implied warranties of merchantability, fithess

for a particular purpose and non-infringement of any third-party intellectual property rights concerning
STMicroelectronics reference designs or their use. STMicroelectronics shall not be liable for and shall not

defend or indemnify buyers against third-party infringement claim that relates to or is based on a combination

of components provided in an STMicroelectronics reference design.

In no event shall STMicroelectronics be liable for any actual, special, incidental, consequential or indirect
damages, however caused, on any theory of liability and whether or not STMicroelectronics has been advised of
the possibility of such damages, arising in any way out of STMicroelectronics reference designs or buyer's use of
STMicroelectronics reference designs.

You further acknowledge and agree that the reference designs may not be used in or in connection with any legal
or administrative proceeding in any court, arbitration, agency, commission or other tribunal or in connection with
any action, cause of action, litigation, claim, allegation, demand or dispute of any kind.
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2023 STMicroelectronics — All rights reserved
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