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1 Introduction

The important impact of the head on radiated performances of handsets is known to be modelled in a realistic way by using the artificial SAM head. Based on this, and also for the sake of harmonization with SAR standards, this head has been adopted as standard. It is also well-established that the influence of the hand of the user on radiated performances may often be much more significant than the head. Yet, because of:

· the difficulties in modelling a realistic hand, with average dielectric characteristics, and capable of average grip for a wide variety of mobile terminals;

· the complexity in defining a repeatable procedure to assess radiated performances with a hand phantom, which would provide measurement results being representative of average performances in the presence of the hand of a user;

A standard hand and a corresponding procedure have still not been chosen. However, this would obviously be a necessity to characterize mobile phones performances in speech mode (and in the future in browsing mode), in a realistic configuration.

Following the previous contribution from Nokia about OTA antenna measurement techniques with an artificial hand [1], Sagem Communication has started to make some measurements on the IXB-090 Indexsar hand.

Before using this artificial hand for radiated measurements with handsets, it should be verified that this phantom is representative of an average human hand. As a first step, it has been decided to carry out a return loss measurement campaign, with four different handsets models (2 bar phones and 2 clamshells). The aim of this campaign was to first compare the effects of the IXB-090R hand on the return loss with those due to real users’ hands.

2 Measurement results

As mentioned in the introduction, one of the major difficulties in defining a hand phantom is to determine a representative grip (average in some sense) for the wide variety of handset form factor. The figure below illustrates to different ways for holding the same clamshell phones. As well-known, depending on the position of the hand with respect to the terminal and especially the antenna element, the performances can vary a lot.
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Figure 1 : Different ways to hold the same handset

The IXB-090R represents one position among many others (here the position on the right picture of Figure 1).
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Figure 2 : Grip of the same phone as above Figure 1 with the IXB-090R hand.

First results with four different users gives us early information on the behaviour of the artificial hand compared to real hands.

The four mobile phones tested have been wired with 50 ohm coaxial cables soldered at te antenna input port. Care has been taken not to alter radio characteristics, when introducing this cables.

Two steps were then defined to assess the return loss of the terminal antennas in presence of the hands of the users:

1. Each user was asked to hold the mobile phone as he would do naturally with its right hand.

2. Then, the users were asked to hold the phone in a position similar to that of the IXB-090R (as on the right picture of Figure 1). 

The recorded return loss results were then compared to the return loss obtained with the artificial hand holding the same handset (in black solid line).
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Figure 3 : Return loss at the input port of the internal antenna of a bar phone held by four users in natural position.
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Figure 4 : Return loss at the input port of the internal antenna of a bar phone held by four users in a position similar to IXB-090R.

First, notice that the black curve on fig.3&4, which represents the phantom hand holding the phone, presents little weaving between 800 and 1700 MHz which does not appear on the other curves (with real hands). The origin of these artefacts are under investigation, the frequency behaviour of the IXB-090 material used has to be checked.
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Table 1 : Resonant frequency and return loss amplitude at resonance deviations between the IXB-090R hand and real users’ hands.

3 Conclusion

As expected, we observe that there is a great impact of the hand on the return loss ‘resonances’, both shifted in frequency and amplitude. As reported in Table 1, the maximal frequency deviation between the resonant frequency with the hand phantom and that with users' hands in natural position can be as large as 124 MHz, which is nearly 7% of relative deviation. This maximal deviation in frequency and amplitude is globally reduced when the user takes the phone in a position similar to that of IXB-090R instead of the natural position. Nevertheless, the maximal deviation remains important in both resonant frequency and amplitude at resonance. 

As future investigations, more users (around 10 people at least) will participate in the campaign so as to calculate representative average values of mean frequency and amplitude deviations, as well standard deviations for these quantities, to be related to the results obtained with IXB-090R.

In the near future, we will also analyse the different results that come from the other form factors (3 other handsets).

It is noteworthy that the positioning of the handset in the IXB-090R is an important issue. The use of the "air-spacer" IXBS-090 (not used here) should be useful to improve the positioning repeatability in the IXB-090 hand, though reducing the degrees of freedom for finding a relevant position of the phone. This impact should be studied.

The positioning in the hand of clam-shells phones, longer than bar phones, also needs to be discussed.

After this preliminary study in return loss, a next step will be to carry out radiated measurements and associated repeatability study.
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