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 AN004 
 APPLICATION NOTE 
�

 
 

APPLICATIONS FOR THE  
AUXILIARY SENSOR ADC OF THE CS124 

 
This application note discusses the following: 

�  Auxiliary ADC 

�  Pressure Measurement (0-10V and 4-20mA) 

�  Light Measurement 

�  RTD Temperature Measurement 

�  Thermistor Measurement 

�  Thermocouple Measurement 

 

1 AUXILIARY ADC 
The auxiliary ADC has excellent specifications as highlighted below. Refer to the datasheet for full 
specifications. 

1.1 Input Voltage Range 

The common mode voltage range for both of the analog inputs is 0 to +1.024V. This means that the VIN+ 
(or VIN-) can have any voltage in the range 0 to +1.024V with respect to ground. 

The differential analog input voltage range is ±1.024V. This means that the VIN+ can have any voltage in 
the range ±1.024V with respect to VIN-. 

1.2 External Reference Voltage 

An internal reference is included in the CS124. While this reference is typically good enough for 8-bit and 
10-bit conversions, an external voltage reference is usually required for higher accuracy conversions. 

The voltage input range for the external reference is 0 to +1.024V. 

In many applications, the external reference input will be driven from a bridge type circuit where the 
voltage reference is actually the voltage dropped over a reference resistor. In these applications care 
must be taken to ensure that the maximum voltage at the reference input is maintained less than 1.024V 
at all times. 

1.3 Analog Input Impedance 

There is no input buffer on the analog inputs. The analog inputs drive a 0.5pF sampling capacitor which 
is sampled at approx 32.768kHz. This equates to an approximate input impedance of 60M� . 

The input impedance is very important when deciding if the input voltage needs to be buffered or not. 

�  For the input impedance to have no effect on the measured value (14-bit conversion) the source 
impedance should be less than 3.7k� . 
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�  For the input impedance to have no effect on the measured value (12-bit conversion) the source 
impedance should be less than 14.6k� . 

�  For the input impedance to have no effect on the measured value (10-bit conversion) the source 
impedance should be less than 58.6k� . 

�  For the input impedance to have no effect on the measured value (8-bit conversion) the source 
impedance should be less than 235k� . 

If the source impedance is higher than listed above then additional care is required. 

�  The easiest option is to buffer the voltage before the CS124 however this can increase the noise, 
offset, gain and non-linearity of the voltage being measured. Minimising these errors may often 
require using a more expensive op-amp. 

�  The leakage current (input impedance) of the CS124 ADC inputs may be removed by post 
processing in the microcontroller. The ADC measurement is actually a measurement of the source 
resistance in parallel with a 60M�  resistor. The real source resistance can be calculated from this. 
This procedure is prone to errors if the source impedance is much greater than the values listed 
above. E.g. if the source impedance is 235k�  then it would be difficult to get more than 10-bits 
using this method. 

�  A reservoir capacitor may be used as highlighted below. Use of a reservoir capacitor has the 
additional advantage of filtering (reducing noise) the signal input. 

1.4 Using a reservoir capacitor instead of a buffer  

If the input impedance is larger than listed above for the accuracy of measurement it is best to buffer the 
input to the ADC. However instead of buffering the ADC input it may be possible to use a reservoir 
capacitor across the ADC inputs instead of buffering the ADC inputs. This is particularly useful for low 
resolution measurements (approx 10-bits). 

When the auxiliary ADC input is NOT selected the ADC input impedance is very large and the reservoir 
capacitor will charge up to the appropriate value. When the auxiliary ADC is selected conversion will 
start and the input impedance of the CS124 voltage inputs will be approx 60M� . The reservoir capacitor 
acts as a charge buffer and only reacts slowly to the step change in resistance preserving the voltage at 
the ADC inputs. The larger the capacitor the longer the voltage will be preserved.  

E.g. For a conversion time of 47ms the sampling capacitor will be charged 32768sps × 0.047s = 1540 
samples. This is equivalent to a 0.7nF capacitor (1540 × 0.5pF) being charged once per conversion. 

�  For a 47ms conversion time a reservoir capacitor of 3.3µC across the ADC inputs will mean that 
less than one 12-bit LSB of charge will be used to charge the sampling capacitor. 

�  For a 47ms conversion time a reservoir capacitor of 1µC across the ADC inputs will mean that less 
than one 10-bit LSB of charge will be used to charge the sampling capacitor. 

�  For a 47ms conversion time a reservoir capacitor of 220nF across the ADC inputs will mean that 
less than one 8-bit LSB of charge will be used to charge the sampling capacitor. 

1.5 ADC Noise 

The auxiliary ADC offers very low noise. Typically for a 300ms conversion the ADC noise is 95dB. This is 
approx equivalent to one 16-bit LSB. For a 47ms conversion the ADC noise increases to 80dB which is 
approx equivalent to one 13-bit LSB. 

The ADC noise is gaussian so it will be decreased by averaging. Averaging gaussian noise will reduce 
noise by half for every four samples averaged.  
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2 PRESSURE MEASUREMENT 
The auxiliary ADC is perfect for all sorts of sensor measurements including pressure, light and 
temperature. Pressure measurements are often of the form of 0-10V and/or 4-20mA measurements 
although the CS124 should be easily able to convert any form of voltage, current or resistive signal. 

HVAC systems use pressure sensors to provide more accurate control and allow precise monitoring of 
system performance. Pressure sensors enable the use of intelligent charge indication units, which 
accurately display refrigerant pressures and allow compensation for environmental temperature effects 
upon charging. Sensors can also provide performance information that may indicate system problems 
that might otherwise be overlooked.  

Pressure sensors can be classified in term of pressure ranges they measure, temperature ranges of 
operation, and most importantly the type of pressure they measure. In terms of pressure type, pressure 
sensors can be divided into five categories: 

�  Absolute pressure sensor (measures the pressure relative to perfect vacuum pressure) 

�  Gauge pressure sensor (measures the pressure relative to a given atmospheric pressure) 

�  Vacuum pressure sensor (measure pressure less than the atmospheric pressure). 

�  Differential pressure sensor (measures the difference between two or more pressures introduced 
as inputs to the sensing unit) 

�  Sealed pressure sensor (measures the pressure relative to standard atmospheric pressure) 

Typically pressure sensors come with 0� 10V or 4� 20mA outputs. 0� 10V and 4� 20mA outputs can 
be easily and accurately measured using the CS124 as shown below. These circuits for 0� 10V and 
4� 20mA measurements are not restricted to pressure measurements and can be used on any 0� 10V 
and 4� 20mA measurements. 

2.1 0��� � 10V Pressure Measurement 
The auxiliary ADC can be used for 0� 10V inputs by simply using a voltage divider on the input. The 
input voltage range for the ADC is ±1.024V. Connecting VIN- to ground will allow the ADC to operate in 
the range 0 �  10V. To achieve a 10:1 divider on the input means that the resistors should be chosen in 
the ratio of 9:1. The smaller the resistors the lower the input impedance to the ADC, however the load 
will be increased on the sensor output. Typically a 9k�  and 1k�  resistor will provide a good tradeoff 
between input impedance and load. Figure 1 shows a 0 �  10V input being easily measured using the 
CS124 auxiliary ADC.  

 

Figure 1: A typical 0 ��� � 10V pressure measurement using the CS124 

The internal voltage reference on the CS124 is accurate to about 8-bits. If higher accuracy is required an 
external voltage reference is required. The maximum voltage of the external reference is +1.024V. 
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The capacitor CFILTER is used to reduce the noise in the measurement and to provide anti-aliasing for the 
ADC. Increasing the capacitance reduces the signal noise and decreases the frequency of the anti-
aliasing filter. Capacitors in the range 10nF to 10µF are suitable for most applications. As shown in 
section 1.4 capacitors in µF region will also act as reservoir capacitors for the measurement. The 
capacitor is recommended however it may be omitted if required. 

2.2 4 ��� �  20mA Pressure Measurement 
The auxiliary ADC can be used in 4� 20mA current loops as a current measuring device. The common 
mode input voltage range for the ADC is 0� 1.024V (VIN+ and VIN- should both be in the range of 
0� 1.024V with respect ground). To measure currents in the range 4� 20mA a small resistor is 
connected between VIN+ and VIN-. A 50�  resistor connected between VIN+ and VIN- will generate a 1V 
signal when the current is 20mA. 

Figure 2 shows a 4� 20mA input being easily measured using the CS124 auxiliary ADC. The 50�  RSENS 
resistor is small enough to ignore the leakage current so the measurement does not need to be buffered. 
For applications requiring the measurement circuit to be ‘invisible’ a much smaller reference resistor can 
be used. For example using a 1�  resistor would mean that only 20mV would be dropped across RSENS at 
maximum current which can still be easily measured by the ADC with approx 8-bit resolution. 

 

Figure 2: A typical 4 ��� � 20mA pressure measurement using the CS124 

The internal voltage reference on the CS124 is accurate to about 8-bits. If higher accuracy is required an 
external voltage reference is required. The maximum voltage of the external reference is +1.024V. 

The capacitor CFILTER is used to reduce the noise in the measurement and to provide anti-aliasing for the 
ADC. Increasing the capacitance reduces the signal noise and decreases the frequency of the anti-
aliasing filter. Capacitors in the range 10nF to 10µF are suitable for most applications. As shown in 
section 1.4 capacitors in µF region will also act as reservoir capacitors for the measurement. The 
capacitor is recommended however it may be omitted if required. 

3 LIGHT MEASUREMENT 
Ambient light sensors are designed to perceive brightness in the same way as human eyes do. Typical 
applications for ambient light sensors include: 

�  Power saving in lighting applications. Measuring daylight or ambient light allows intelligent systems 
to turn on and off (or partially on and off) the lighting in domestic, office and industrial applications. 

�  Ambient light sensors allow automatic headlight control in cars. This allows the car to automatically 
switch on the lights in twilight or when entering a tunnel. 

�  Automatic dimming of instruments to ensure reliable visibility under all circumstances from 
darkness to bright sunlight 



   AN004 
 

 Applications for the auxiliary sensor ADC of the CS124 

AN004 – REV 1.0 Page 5 of 11 March 2009 

Brightness is measured in units called “lux”. Light sources with the same lux level appear at the same 
brightness to the human eye. Table 1 shows the brightness (or illuminance) of some everyday light 
sources. As can be seen from the table there is a very wide range of values differentiating different 
lighting conditions. This means that if the measurement system needs to be able to measure across the 
full range a wide dynamic range (e.g. >14-bit conversion) is required in the measurement. Typically 
measuring in the range 1 lux to 4,000 lux would suffice for most applications - requiring 12-bit resolution. 

Typical Brightness (lux) Everyday example 

1 I candle as viewed from 1m 

50 Family living room 

80 Bathroom 

100 Very dark day 

500 Lighting level for an office according to EU law 

1,000 Overcast day 

20,000 Sunny day (out of direct sunlight) 

100,000 Direct sunlight 

Table 1 – Typical brightness levels 

Phototransistors (or photodiodes) with optical filters matching the spectral response of the human eye 
are typically used in ambient light sensors. A typical circuit for measuring ambient light is shown in figure 
3 below. 

 

Figure 3: A typical ambient light sensor (phototran sistor) with direct connection to the CS124 

In this configuration and using the TEPT4400 ambient light sensor (linear output of approx 2µA/lux) a 
light intensity of 100 lux will cause 200µA of current to flow through the current sensing resistor (RSENS). 
With RSENS = 100� , 20mV will be dropped across RSENS and can be measured at the ADC. The 
maximum voltage to the ADC input is 1.024V which will be dropped across RSENS when 10mA of current 
is forced through it. 10mA of current will be forced through RSENS when the light intensity is approx 5000 
lux. 

For the input light illuminance range of 1 lux to 5000 lux and using a 100�  current sensing resistor the 
output voltage range is 200µV to 1000mV which is easily measured by the CS124 auxiliary ADC. 

In this example, the current sensing resistor has a small impedance (100� ). This means that the current 
leakage into the ADC is negligible in comparison with the current in RSENS which means that the input 
can be left unbuffered as shown in the example. 

The capacitor CFILTER is used to reduce the noise in the measurement and to provide anti-aliasing for the 
ADC. Increasing the capacitance reduces the signal noise and decreases the frequency of the anti-
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aliasing filter. Capacitors in the range 10nF to 10µF are suitable for most applications. As shown in 
section 1.4 capacitors in µF region will also act as reservoir capacitors for the measurement. The 
capacitor is recommended however it may be omitted if required. 

4 TEMPERATURE MEASUREMENT – RTD 
The CS124 includes a very high accuracy integrated temperature sensor. Some applications will require 
the addition of an RTD, thermistor or thermocouple. Some reasons include: 

�  Application requires a wider temperature range. 

�  Application requires the temperature measurement to be remote (e.g. probe). 

�  Interfacing to existing ‘proven’ instrumentation 

�  Exceptional accuracy is required 

The auxiliary ADC can be used to conveniently interface to thermistors, RTDs or thermocouples. In the 
case of thermocouples the integrated temperature sensor can be used to measure the junction 
temperature. Thermistor and RTD temperature measurements are usually performed using a bridge 
circuit while thermocouples can be directly connected to the ADC. Details for these configurations are 
shown below. 

RTD temperature measurements offer the following advantages: 

�  (+) Wide temperature range (-200°C to 800°C, althou gh rarely used above 600°C) 

�  (+) Relatively low input impedance (10’s to 100’s of � ) 

�  (+) Excellent accuracy 

�  (+) Excellent repeatability, drift and stability 

�  (-) Slow response time  

�  (-) Must be careful of self heating 

�  (-) Large sheath diameters (especially in 4-wire RTD measurements) 

A typical RTD measurement using the auxiliary ADC of the CS124 is shown in figure 4 below. In this 
half-bridge configuration the RTD is excited by a voltage excitation (RTDs are usually excited by current 
excitation). A current limiting resistor (RLIMIT) of 6.2k�  limits the current in the bridge to about 500µA (for 
3.6V excitation). 500µA offers an excellent trade off between generating a large enough measurable 
voltage and reducing the self heating of the RTD due to the current passing through it (I2R). 

 

Figure 4: A typical RTD measurement with direct con nection to the CS124 

In this ratiometric configuration the measurement at the RTD is independent of the current in the RRTD 
and the voltage of the bridge (microcontroller port pin PA.a). Because the RTD resistance can be 
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calculated independent of the excitation voltage or current of the bridge circuit this circuit is immune from 
drops and spikes in the excitation voltage. 

REFBRIDGEREF

RTDBRIDGERTD

RIV

RIV

=

=
 

The ADC calculates its output ADC code (where N is the number of bits) as follows: 

N

REF

RTDN

REF

RTD

R
R

V
V

CodeADC 2=2=  

Temperature RTD Resistance VADC (mV) VREF (mV) VADC/VREF (%) 

-200 23.00 12.48 223.54 5.6% 

-100 61.5 33.18 222.25 14.9% 

0 100 53.64 220.98 24.3% 

100 138.5 73.86 219.72 33.6% 

200 177 93.86 218.47 43.0% 

400 254 133.18 216.02 61.7% 

800 408 209.23 211.28 99.0% 

Table 2: RTD calculations using the circuit of figu re 4  

To recalculate the RTD resistance the reverse equation is used. The temperature of the RTD can be 
calculated from the resistance. While it is possible to use formula it is usually faster to use lookup tables 
to convert the resistance to temperature. 

NREFRTD

CodeADC
RR

2
=

 
 

 

The measurement accuracy depends on the reference resistor RREF. This is usually calibrated to 
increase the accuracy of the measurement. This reference resistor should have a very low temperature 
co-efficient or should be thermally isolated from the RTD and is usually thermally tied to the CS124 
allowing the on-chip temperature sensor to measure the reference temperature. Thermal compensation 
can be performed in software if required. 

With an RLIMIT = 6.2k�  the maximum voltage dropped over the RTD (RRTD = 408�  ~ 800°C) for a 3.6V 
supply voltage is 219mV with a current of 540µA. The power consumed in the RTD at this temperature is 
0.12mW. With a package thermal impedance of 500°C/W  this equates to a maximum self heating rise in 
temperature of 0.06°C which is negligible. 

The capacitors CFILTER are used to reduce the noise in the measurement and to provide anti-aliasing for 
the ADC. Increasing these capacitance reduces the signal and reference noise and decreases the 
frequency of the anti-aliasing filter. Capacitors in the range 10nF to 10µF are suitable for most 
applications. As shown in section 1.4, a capacitor in the µF region may be used at the ADC inputs to act 
as a reservoir capacitors for the measurement. The two capacitors are recommended however they may 
be omitted if required. 

In typical RTD applications, the RTD is located far away from the reference resistor. Depending on the 
length of cable the resistance of the cables may not be negligible. This cable resistance will be seen as 
an RTD resistance thereby causing an increase in the temperature offset. In some application these are 
minimised and calibrated out, however sometimes a 4-wire configuration is used as shown in figure 5. 
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Figure 5: A typical 4-wire RTD measurement using th e CS124 

In this circuit no current passes through the wires connected to the ADC or reference inputs and so the 
voltage measured by the ADC reflects the voltage dropped over the RTD and reference resistor. The 
voltage dropped in the cables is irrelevant. The disadvantage in the 4-wire configuration is that the 
significant extra wiring is required. 

5 THERMISTOR MEASUREMENT 
Thermistors differ from RTDs in that the material used in a thermistor is a semiconductor material 
whereas RTD are made of pure metal (usually platinum). More importantly from a measurement point of 
view the temperature response is also different. RTDs exhibit a small and very linear response to 
temperature whereas most thermistors (NTC) have a negative temperature co-efficient and their 
response is large and non linear. 

Measuring temperature with thermistors has the following advantages: 

�  (+) Cheap 

�  (+) Fast response time 

�  (+) Very good accuracy (on some types) 

�  (±) Generally high input impedance - very high at low temperature (M� ) 

�  (-) Nonlinear. 

�  (-) Poor temperature range (only slightly better than IC) 

�  (-) Fragile 

Figure 6 shows a typical unbuffered interface of a 2.2k�  thermistor to the CS123. For 10K thermistors 
the thermistor will typically be buffered for high accuracy (greater than 8 to 10-bits) measurements.  

In this example a 2.2k�  NTC thermistor is used to measure temperature. The bridge circuit varies from 
the RTD example in that the reference resistor now sits on top of the thermistor. This is because the 
thermistor has such a wide variation of resistance (61�  to 57.7k� ) and at high temperature this 
resistance varies very slowly (approx 1� /°C). Using the maximum thermistor value as the ref erence 
resistance (as in the case of the RTD example) would require a 62k�  reference resistor. Using 16-bit 
resolution at high temperature the measurement would only change by about 1 LSB/°C. 

In this circuit the reference resistor can be chosen to be approximately equal to the nominal value of the 
thermistor. In this example a 1k�  resistor is chosen (instead of a 2.2k� ) to ensure that the accuracy and 
resolution at higher temperatures is greater than that at lower temperatures. 
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Figure 6: Measuring temperature using a 2.2k �  NTC thermistor 

Although the circuit of figure 6 is different from the RTD circuit it is still ratiometric so it is immune from 
drops and spikes in the excitation voltage. The resistance of the thermistor can be calculated as follows: 

( )THERMISTORREFBRIDGEREF

THERMISTORBRIDGEADC

RRIV

RIV

+×=

=
 

The ADC calculates its output ADC code (where N is the number of bits) as follows: 

N

THERMISTORREF

THERMISTORN

REF

ADC

RR
R

V
V

CodeADC 2
+

=2=  

To recalculate the thermistor resistance the reverse equation is used. The temperature of the thermistor 
can be calculated from the resistance using the formulae and coefficients provided in the thermistor 
datasheet. While it is possible to use formula it is usually faster to use lookup tables to convert the 
resistance to temperature. 

CodeADC
CodeADC

RR NREFTHERMISTOR  -
 

2
=  

Table 3 below shows typical thermistor voltages and resistances in the circuit of figure 6 using the 
Vishay 2.2k�  thermistor (P/N 2381 615 53222). 

Temperature  

(°C) 
Thermistor 
Resistance  

VADC VREF VADC/VREF 

(%) 

-40 57,658 0.99478 1.012033 98.3 

-20 17,986 0.383165 0.404469 94.7 

0 6,537 0.149384 0.172236 86.7 

25 2,200 0.051697 0.075196 68.8 

50 867.85 0.020572 0.044277 46.5 

100 193.66 0.004611 0.028422 16.2 

150 61.172 0.001458 0.025289 5.8 

Table 3: Thermistor calculations using the circuit of figure 6  

The capacitors CFILTER are used to reduce the noise in the measurement and to provide anti-aliasing for 
the ADC. Increasing this capacitance reduces the signal and reference noise and decreases the 
frequency of the anti-aliasing filter. Capacitors in the range 10nF to 10µF are suitable for most 
applications. As shown in section 1.4, a capacitor in the µF region may be used at the ADC inputs to act 
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as a reservoir capacitors for the measurement. The two capacitors are recommended however they may 
be omitted if required. 

6 THERMOCOUPLE MEASUREMENT 
Thermocouples are usually used when a wide range of temperature measurement is required. 
Advantages of thermocouples are shown below: 

�  (+) Very wide temperature range (K type offers -200°C to 1360°C) 

�  (+) Inexpensive 

�  (+) Rugged 

�  (+) Fast response time 

�  (-) Average accuracy 

�  (-) Unstable 

�  (-) Poor sensitivity. 

�  (-) Only measure the temperature difference between the tip and the lead connection 

The auxiliary ADC is perfect for thermocouple measurements because the on chip temperature sensor 
can be used to measure the junction temperature while the auxiliary ADC provides the differential mode 
and high accuracy required in thermocouple applications. A typical thermocouple application is shown in 
figure 7 below: 

 

Figure 7 – A typical thermocouple measurement with direct connection to the CS124 

Type K thermocouples offer a sensitivity of approx 41µV/°C. 16-bit conversion on a 1.024V reference 
input gives a resolution of about 15µV which is approx 0.4°C. This would suffice for many thermocouple  
applications because the temperature range is so wide. 

To increase the accuracy of the measurements, the thermocouple voltage can be amplified using a 
differential amplifier. Alternatively, as shown in figure 8, an accurate voltage reference could be divided 
down via a resistor divider to approx 250mV. With a 250mV reference 16-bit conversion yields an LSB of 
4µV which is approx 0.1°C. 

The internal voltage reference on the CS124 is accurate to about 8-bits. If higher accuracy is required an 
external voltage reference is required. The maximum voltage of the external reference is +1.024V. 
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Figure 8 – A thermocouple measurement using the CS1 24 and an external 250mV reference  

 


