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At its 21st meeting on 1997-06-25, the CCE (now CCEM) agreed on the creation of a working group on AC measurements of QHR (ACQHR) to foster the co-operation among researchers and with the objective, eventually, of developing a set of guidelines for accurate measurement of AC QHR. BIPM, BNM-LCIE (now BNM-LNE), CSIRO, IEN, NIST, NPL, NRC, OFMET, PTB, VNIIM and VTT became members of the working group. Dr. Braun (PTB) was chosen chairman.

The Working Group had the following meetings:

1st meeting on 1997-06-25 at the BIPM:

In a short meeting immediately after its formation the following items were resolved:

· it was premature to recommend guidelines for accurate measurement of AC QHR,

· an interchangeable sample holder system was agreed allowing an exchange programme of QHR samples for AC measurements,

· an Internet website was created to improve communication between the members. (In the meantime the website is closed. The BIPM restricted website for the Working Group will replace it in the future.)



Between this first meeting and the next one in 2000 an intensive exchange of experience and co-operation started since most of the members of the Working Group co-operated additionally within EUROMET projects on AC QHR and within an EU-sponsored project on a "Modular System for the Calibration of Capacitance Standards Based on the Quantum Hall Effect".

2nd meeting on 2000-05-18 in Sydney:

This meeting was held during CPEM 2000. The meeting started with a report of the experimental results obtained so far from some of the participants. Three institutes are already using the quantum Hall effect for the maintenance of the farad. However, they use DC measurements of a quantized Hall resistance in connection with a special designed DC/AC transfer resistance, the frequency dependence of which has been calculated.

All groups which have obtained experimental results from measurements of quantized Hall resistances with alternating current in the frequency range below 10 kHz do not observe flat plateaus as they are observed in DC measurements. There are maxima at the edges and wiggles in between. All groups can reproduce the Hall resistance value in the middle of the plateau with a relative uncertainty below 10-6. All groups observe a linear dependence on frequency, which is in the order of 10-7/kHz. It is not clear whether this frequency dependence also depends on the step number. If the frequency dependent data are extrapolated to f = 0, one institute obtains the DC data, another one observes deviations in the 10-6-range. Two groups have found that one could adjust electrical potentials in the neighbourhood of the sample (gates) which allow to suppress the frequency dependence and to flatten the plateaus in addition. One group uses a split gate on the back side of the sample, the other one has surrounded and enclosed the sample with additional Hall geometries. One institute observes a dependence on electric current, an other one observes independence. One institute observes the plateaus at different magnetic field values for AC and DC measurements, other institutes observe the plateaus at the same values.

The chairman informed that at the PTB a project has been installed in the department for fundamentals of physics in metrology where theoreticians are working on the frequency dependent quantum Hall effect. Up to now neither this group nor other groups have established models which give some guidance to the experiments.

In summary, it turned out that some of the results of different institutes were not in agreement and sometimes they were even in contradiction. Remembering the positive experience in the past when the knowledge of the DC-properties of QHE samples was advanced by exchanging samples between different institutes, it was proposed to exchange samples between different institutes for AC measurements as well. 

3rd meeting on 2000-09-11 at BIPM:

PTB reported experiments obtained with a specially designed sample with an internal and external gate. Adjusting appropriate gate voltages resulted in a vanishing of the frequency dependence of the Hall resistance, which is usually observed in AC measurements. In addition the plateau of the Hall voltage became flat within a few parts in 108. 

BIPM and NPL, in a co-operation, had obtained similar results and had developed a model describing the ac losses in a quantum Hall sample with dissipative charging of the device along its edges. By properly adjusting voltages to gates which had been placed under the sample edges the residual QHR frequency coefficients did not exceed ( 2 parts in 108 per kHz.

The results of these two groups are very promising with respect to the application of the quantum Hall effect to AC resistance measurements, however it has to be proofed whether these results can be reproduced at other institutes. 

IEN reported AC measurements of the longitudinal resistance also using a gated sample and especially mentioned that a very low frequency dependence was observed on a sample with larger dimensions than the others. R. Haug (guest from University Hannover) explained the measurements which had been made at his institute with much higher frequencies than those used in the NMIs.

The previous meeting in Sydney had shown that some of the experimental observations by the various groups were contradictory - e.g. current dependence of the AC Hall resistance. It was not clear what is really a sample property and what is caused by the individual experimental set-up. Therefore a project on exchanging samples was started. About seven samples were exchanged between BIPM and PTB, between PTB and NPL, and between NRC and OFMET. AC measurements should  be undertaken at these laboratories. It was decided to start with these experiments immediately and to discuss the results soon. The experimental results on the various samples were not available during 2001 due to other workload in the institutes. The working group therefore used the possibility during CPEM 2002 for a short informal meeting.

4th Meeting on 2002-06-15 in Ottawa:

From the reports at this meeting and from the discussions during the CPEM new experimental results were reported. Measurements on samples which had no gates at all showed no frequency dependence at these samples within their measurement uncertainty. Up to this date all samples had shown a frequency dependence. As before, it was found that this dependence  could be removed by strategically placed and properly adjusted gates.

It seems at the moment still not absolutely clear, how the sample has to be prepared and how has the measurement instrumentation has to be set up. Therefore it is of great advantage, that NRC offered the possibility that for some weeks a co-operation of NRC, METAS and PTB can take place at NRC. It might be necessary to continue this co-operation at METAS and at PTB as well.

5th. meeting on 2000-09-09 at BIPM:

This meeting was attended by representatives of 11 institutes (a list with the names and email addresses is attached), which demonstrates the great interest in this subject. A status report was given by each institute. These reports did not change the general view, that a sample dependent frequency dependence of the Hall resistance exists and that this dependence can be suppressed by gates. An interesting proposal was made by IEN to make a three-layer hetero-structure with the two outer 2DEG layers becoming gates. PTB will inform the Working Group whether such a sample could be manufactured at their clean room facilities. An exchange of samples between BIPM and METAS has demonstrated reproducibility between measurements in both institutes. Since the begin of September two colleagues from METAS and PTB have started a collaboration at NRC with the colleagues of this institute.

Since the present chairman (E. Braun) of the Working Group has retired from PTB, he also resigned from the chairmanship of this Working Group. After a short discussion the members of the Working Group decided to recommend to the CCEM, to nominate Jürgen Melcher (PTB) as the new chairman.

During this meeting the question was roused whether – after eventually having successfully recommended guidelines for reliable AC QHR measurements – this would replace the realization of the Farad via the Calculable Capacitor. The Working Group clearly wants to state, that this is not the case. Guidelines for AC QHR measurements will lead to worldwide uniformity of AC calibrations and independence of them from time and location. However – as in DC calibrations on the basis of the DC QHE – they will not lead to a SI value. Therefore the Calculable Capacitor is still required as a link from the reference values provided by the quantum effects to the SI. Not every institute will need to have a Calculable Capacitor, but several of the institutes must have one.

Conclusions:

1.) A strong co-operation among the partners of the Working Group on AC measurements of the QHR has been created.


2.) Doing experiments on the AC QHR one observes "plateaus" which are not flat over a large range of magnetic field, as observed with DC. one also observes a more or less pronounced dependence of the Hall resistance on frequency.


3.) Several institutes have shown that strategically placed and properly adjusted gates, allow to suppress the frequency dependence below the measurement uncertainty and additionally flatten the plateaus over a wide range of magnetic field.


4.) Several institutes have measured Hall resistance values with sufficient low uncertainty for a metrological application.


5.) However, up to now the experimental results were not reproducible from one to the other institutes. This is the most important problem to be solved. A collaboration covering this item is on the way.


6.) It is still premature to develop a set of guidelines for accurate AC measurements of the QHR.


7.) Nevertheless, the Working Group is convinced that the metrological application of the QHR for AC measurements with frequencies up to about 10 kHz will be possible.
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