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1 Introduction

In RAN4#60bis the R4- 114959 [1] introduced the hand phantoms. This contribution introduces more details and background for dielectric and mechanical properties for Hand Phantoms.

2 Hand phantoms

2.1 Dielectric Properties of Hand Phantoms

Prior the Gabriel [3] publication, the extensive studies have been made by several universities and standardization organizations. Electromagnetic characteristics of human tissues, energy absorption mechanism by biological bodies, dielectric properties of skin etc, the most relevant are referenced in Gabriel publication.  

In an ideal-case scenario, a phantom hand should couple to the electromagnetic field of the device in the same way and to the same extent as a human hand. The palm of the hand is the tissue most implicated in the interaction. Skin differs from other tissues in two ways that affect the measurement of its dielectric properties: (i) the water content of its outermost layer is uneven and (ii) skin has a microscopically rough surface which impedes good contact with topical dielectric measuring sensors. [3]
At microwave frequencies, the dielectric properties of tissues correlate strongly with their water content; a contact measurement carried out through the dry surface is dominated by the response of the outermost, low water content layer and would not be representative of the properties throughout whole thickness of the skin. Moistening evens out the water

content of the outer skin layer and reduces the roughness of its surface. Consequently a measurement through moistened skin is more reproducible and, arguably, more representative of the dielectric properties of the skin. For these reasons the dielectric properties of the palm and forearm were measured dry and after moistening with water. [3]
The values for dry palm are lower for both permittivity and conductivity reflecting the lower water content of the uppermost layer and, to a lesser extent, the difficulties of ensuring a good contact. They represent the lower bound of the dielectric properties of the palm. [3]
The dielectric properties on the dry palm human tissue published by Gabriel [3] have been chosen as the target values for the hand phantoms. Table 1 represents the values.
	Frequency (MHz)
	 Er
	 σ (S/m)

	300,00
	37,1
	0,36

	450,00
	33,9
	0,43

	835,00
	30,3
	0,59

	900,00
	30
	0,62

	1450,00
	27,9
	0,85

	1575,00
	27,5
	0,9

	1800,00
	27
	0,99

	1900,00
	26,7
	1,04

	1950,00
	26,6
	1,07

	2000,00
	26,5
	1,09

	2100,00
	26,3
	1,14

	2450,00
	25,7
	1,32

	3000,00
	24,8
	1,61

	4000,00
	23,5
	2,18

	5000,00
	22,2
	2,84

	5200,00
	22
	2,98

	5400,00
	21,7
	3,11

	5600,00
	21,4
	3,25

	5800,00
	21,2
	3,38

	6000,00
	20,9
	3,52


Table 1: The dielectric properties on the dry palm human tissue

2.2 Mechanical Properties of Hand Phantoms

Hand phantoms are to be used in OTA testing in lab environment. Repeatability and reproducibility properties has to be in such level that mechanically the hand phantom can be in use for a long time and can hold a different sizes and shapes. The main challenge for mechanical properties of the hand phantom is to have the specified dielectric properties. The difficulty is to measure the dielectric properties. 
The difficulties lay not so much in the manufacture of the materials themselves but rather in the available methods for measuring the dielectric properties of a solid material. Significantly different permittivity and loss tangents have been measured on samples of the same material using the different methods available. While the open ended coaxial probe method, which uses a reflectivity measurement from an open ended coaxial probe immersed in the dielectric to be measured, is ideally suited for evaluating the dielectric fluids used in the SAM Head Phantom, evaluation of a solid with this method is more prone to error. The flatness of the surface and quality of the surface contact can significantly change the measured result. If the fields at the end of the cable do not travel through a uniform media, the dielectric properties calculated from the reflection measurement will be in error. [2]

Silicone based material is fairly easy to mould, it is flexible to accommodate small size and shape differences of phones and by adjusting the carbon content, the dielectric properties similar to those of body tissues can be achieved. [3]
3 Conclusion
This contribution introduced a more background details for dielectric and mechanical properties of hand phantoms. 
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