The c't lab data acquisition                       Carsten Schwarz

Introduction

The german c't journal published in 2007 a hardware project for electronic experiments. This project covered also the setup of a 16 bit ADC and a 16 bit DAC. There are even more devices working in the same environment, but this is not important here. The whole project is documented in german at http://www.heise.de/ct/projekte/ct-lab/  I will cover here only the ADC and the DAC which is used to calibrate the ADC in a convenient way. The next picture shows the components used in this project:  At right the Interface/Power Supply (IFP) with three interfaces, USB, Ethernet, and RS232, an ADA-IO card at left working like a motherboard with an Atmega32 processor on it with an ASCI parser.  Attached to the motherboard you find two daughterboards, a DAC in front and an ADC at back. The DAC and the ADC have both a multiplexer serving eight channels.
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The range of the DAC and the ADC is from -10 Volts to + 10 Volts
, with the 16 bit resolution this yields voltage steps of 300 µV. The ADC contains an high precision voltage reference which is also used by the DAC. Therefore, operate the DAC always with the ADC. The powersupply works with 220 Volts and if handled inproperly can harm you severely. It has a protection sheet underneath to prevent unattanded contact, however, with a screwdriver you can reach such dangerous positions. Therefore, always pay attention when you touch the device. Best is to hold it at the transformers.
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Calibration

The calibration can be performed by the Atmega32 CPU on the motherboard by offset and scaling registers, however the EEPROM can only written 10000 times. No problem if one does it by hand. However for an automatic calibration procedure one can hit the 10000 times limit. Therefore, the following procedures relies on a software calibration. The idea is to calibrate one channel of the DAC very precisely, and with that calibrated channel one calibrates the ADC and after that the remaining channels of the DAC with the calibrated ADC. For this you need a good Voltmeter like the HAMEG HM8112-3 with 6½ digits. Since the precision of the DAC can be enhanced by an external voltage reference delivered by the ADC, first this voltage reference has to be adjusted to exactly 2.56 Volts. 
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After that make sure that jumper JP2 on the ADC board is bridged. It feeds the reference voltage in the bus from where the DAC takes it when jumper JP1 on the DAC board is bridged. If this jumpers are not bridged the DAC board takes the reference voltage from the Atmega32 CPU, however this reference voltage is not so good compared to that of the ADC: The noise of the DAC reduces by a factor of 2-3 when using the ADC reference voltage. Therefor the reference voltage of the Atmega32 CPU was switched off, and the jumpers plugged in. The DAC offsetr and scaling factor can be adjusted by two potentiometers, the blue one for the scale, the yellow one for the offset. Adjustment of thesse potentiometers is done by setting the DAC to 10 Volts and adjustin the scale. Then one sets the DAC to 0 Volts and adjust the offset. This you repeat until the result is good. It is sufficient to do this for channel #0, the others are very similar due to the multiplexing. Little differences between the channels will be corrected by the software. The pin assignment of the plug is shown in the next illustration.
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Pin 1 is at the bottom left, pin 2 above it. Pin 3 is bottom 2nd left, pin4 above it... Pin 1 to 8 is matched to channels 0-7, pin 9 and 10 is signal ground.

The calibration of channel #0 is shown in the next figure. It shows (top part) that the DAQ works reasonable within the range of -9.6 to +10 Volts. The lower part shows the deviation from the set value for a blown up range (red points). 

This hardware calibration with the two potentiometers is for many applications alread good enough. This is valid only for channel 0 for which the hardware calibration was done and we will see, that the other  multiplexed channel deviate more. The deviations are up to four orders smaller than the set voltage and it is easy to correct the values by a lookup table in software. The table for this DAQ is called calib_dac01.dat and holds columns of the set voltage and eight additional columns of the readout voltage. The first readout voltage column of channel #0 was already done by hand.  The calibrated values are shown in Illustration 5 as blue symbols.
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Illustration � SEQ "Illustration" \*Arabic �1�: The c't lab data aquisition system with interface/powersupply and an motherboard holding an DAC and an ADC.
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Illustration � SEQ "Illustration" \*Arabic �2�: The protection plate underneath the interface/powersupply to protect the 220 Volt part. 





Illustration � SEQ "Illustration" \*Arabic �3�: The ADC booard with the potentiometer for adjustin the reference voltage to 2.56 Volts. Also visible is jumper JP2 which feeds this reference voltage to the bus.
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Illustration � SEQ "Illustration" \*Arabic �4�: The ADC board with the potentiometer to adjust the 2.56 Volt reference voltage. Jumper JP2 feed this voltage in the bus.
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Illustration � SEQ "Illustration" \*Arabic �5�: Output plug of the DAC.
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Illustration � SEQ "Illustration" \*Arabic �6�: Difference between set and read out voltages of DAQ channel #0. The blue points are calibrated.








�	Later we will see that the usable range for the DAC is only from -9.6 to 10 Volts.





