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ABSTRACT

This document is intended to summarize the development and testing of the data
acquisition module portion of the Johnson Noise Thermometry (JNT) system developed at
ORNL. The proposed system has been presented in an earlier report [1]. A more extensive
project background including the project rationale is available in the initial project report [2].

1. SYSTEM DESCRIPTION

As presented in the previous report [1], the JNT system consists of several parts as
shown in Fig. 1. This report describes specifically the development of the “Digitizer” and
“AC-DC Power Supply” blocks, which encompass the digital data acquisition and power-
supply portions of the overall system.
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Fig. 1. JNT System Block Diagram.

Digitizer Description

In practice, the Amplifier/Filter and Digitizer are both contained in a single steel box
(shown in Fig. 2) with AC and DC power fed in from an external supply. The digitizer,
shown in Fig. 3, receives the processed analog inputs from the amplifier/filter module and
translates them into digital information, which is then sent to the signal processing program
residing on the processing computer. The waveform synthesizer generates the pilot tone or
random noise inputs to the processing electronics. The external computer acts as the system
controller, which programs and operates the both the digitizer and the digital waveform
synthesizer.

Because there are numerous commercial options for the ADCs and because of the
limited time and budget for this project, it was decided to go with a mostly commercial, off-
the-shelf system. The individual modules are described below.
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Fig. 2. Box photograph.

Data Acquisition System (DAQ) — (Agilent U2531A)

The U2531A is the heart of the data-acquisition system. The device contains four 14-
bit, 2-MSa/s analog-digital converters (ADCs). In addition, it contains TTL-
programmable digital outputs, digital counter channels, and 2 analog output channels.
The only functionality used in this application is the set of four ADCs. Two of the
ADCs are used for signals from the noise channels, while one is used for the DC
ohmmeter signal and the fourth handles the pilot-tone digitization. The device is
programmed and controlled from a standard USB interface, which is connected
through a USB hub to the control computer. To minimize internally-generated
electromagnetic interference, the U2531A is wrapped in copper mesh and single-
point grounded to the main chassis.

. Pilot-Tone Generator — (Agilent 33220A Digital Waveform Generator)

The pilot tone is a frequency-modulated sine wave that is swept from 1 kHz to 100
kHz with a very stable amplitude of approximately 0.75 V peak-peak. The Agilent
33220A is used for this function, as it is capable of 14-bit, 50 Msa/s output. The



device is also programmed and controlled from the USB interface, which is

connected through a USB hub to the control computer.

Again, to minimize

internally-generated electromagnetic interference, the 33220A is also wrapped in
copper mesh and single-point grounded to the chassis.
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3. Filter/Interface Board

Fig 3. Digitizer Block Diagram.
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The Filter/Interface Board (FIB), whose schematic is shown in Fig. 4 provides
connections between the Amplifier Module and the rest of the system. The FIB’s

functions are

as follows:

1. The two noise-channel outputs are fed from the Amplifier Module into
two of the input channels of the Agilent U2531 through the FIB. The FIB
provides an adjustable voltage gain of 2-20 and further low-pass filtering,
with cutoff frequencies of approximately 40 kHz. The DC voltage supply



is taken from the input £ 15 V source and locally regulated to + 12 V.

2. The board also contains the circuitry to convert the single-ended output of
the Agilent 33220A into an attenuated (~70 dB) differential drive suitable
for the Amplifier Module.

4. Low-Voltage Power Supplies.

The power supplied to the digitizer system consists of clean DC voltage driver from
two linear DC power supplies and 120V AC, all controlled by a single switch on the
power-supply box and shown in Fig. 5. The Agilent U2531 is supplied from the
factory with an external 12-V, 2-A switching supply which was, in earlier tests, found
to inject noise into the Amplifier/Filter Module. To mitigate this for all possible
configurations, we replaced the supply with a linear, non-switching DC supply and
enclosed it in the box with the system +/- 15-V supply.

Fig. 4. Filter/Interface Board Schematic.

5. Computer Interface.

The interface was chosen to be Universal Serial Bus (USB) for two reasons. First,
consultation with local and industry colleagues indicated that for this prototype, the
type of connectivity was not critical for the demonstration. Second, the most
common interface for benchtop electronic equipment is USB due to its simplicity and
ease of use. Consequently, we decided to use USB for the entire system. A USB hub
was also installed in the box so that we could readily communicate with the two
Agilent modules, both of which use USB interfaces.




Fig. 5. Low-Voltage Power Supply Box.

Processing Computer/ Interface Description

The computer used for this system is a standard device running Windows™ 7. We
are currently running the lab setup on a Dell desktop using LabView™ as the programming
software for the JNT calculations and control; we plan to remain with that platform
combination through our present development/demonstration cycle. The machine is in a
mini-tower configuration, which should be adequate for transporting to various sites for
testing. The entire system is shown in Fig. 6 sitting on a portable cart. The steel box is on
top, with the power-supply module on the bottom.

2. TESTING RESULTS TO DATE

After final setup of the system and some required internal adjustments, preliminary
testing was performed in a laboratory environment. The cable length between the RTD and
Amplifier input was approximately three feet. Four temperature points were tested: 0°C,
room temperature (23°C), 183°C, and 373°C. The elevated temperatures were generated in a
tube-furnace controller run in burp mode. The initial performance results are displayed in
Fig. 7. From these results, for constant environmental noise situations, it was concluded the
system has been able to maintain an overall error of less than +1°C. It is important to
understand what the requirements are for a realistic JNT operational environment within a
reactor and whether +1°C meets these constraints.



\_\U-Si
O 53

Amplifier/Filter/Digitizer

15,12V OWVAC

RTD E] (!} |§j|

Power Supplies

120VAC
Fig. 6. Picture of the Complete System.

Table 1. Preliminary Test Results

0.298 273.458 273.451 -0.007
22.388 295.548 295.410 -0.138
182.898 456.058 456.089 0.031
372.826 645.986 645.657 -0.328

Different lab environments showed different amounts of EMI pickup when using the longest
cable between the RTD and the system. These were distributed throughout the spectrum up
to 55 kHz, our highest normal operating frequency, as shown in the spectrum in the lower left
of Fig. 7. We then modified the software to allow temperature calculations in multiple,



discontinuous bandwidths to allow rejection of frequency regions in which there are high
levels of pickup.
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Fig 7. Run with excess EMI.

Future Work and Testing

In the laboratory environment there was a demonstrated difference between the
various measurements using different cable lengths. We are therefore testing the new system
in various internal rooms with varying cable lengths. After this, we will be placing the
system into a realistic environment such as the High-Flux isotope Reactor at ORNL.

3. CONCLUSION
The entire integrated system was successfully designed, constructed, and tested at ORNL.
The system contains the input amplifiers, data acquisition, pilot-tone generation, power
filtering and USB interface in a single box. Testing has shown that the device is working as
designed and is presently being tested under various environmental conditions to determine
the effects of EMI on the measurement.
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