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SAR MEASUREMENT REPORT 
1.1 SCOPE            
Environmental evaluation measurements of specific absorption rate 1 (SAR) distributions in emulated human 

head and body tissues exposed to radio frequency (RF) radiation from wireless portable devices for 

compliance with the rules and regulations of the U.S. Federal Communications Commission (FCC).2 

 
1. 2 Applicant  

 

 

 

 

 

 

 

Company Name:  Headline I&C LTD. 

Address:   Shindong Bldg. Daeheung-Dong 298, Mapo-Gu, Seoul, Korea  

Attention:   W. S. Cho R&D –Manager 

Tel. / Fax :   82- 2-3273-6888 / 82- 2-3273-3111 

E-Mail :   wscho@headline.co.kr 

• FCC ID:    QREHL-10U2 

• EUT Type:    LMR (Land Mobile Radio) 

• Trade Name:    Headline  

 

• Model(s):    HL-10U2 

• Frequency Band:  440.015 MHz – 498.995 MHz (LMR) 

• Application Type:   Certification 

 

• Classification:    Licensed Portable Transmitter 

• Modulation(s):    FM 

• Max SAR Measurement:  1.280 mW/g(1g) LMR Face SAR ; 

1.055 mW/g(1g) LMR Body SAR 

 

• Place of Test(s):   Hyundai C- TECH. EMC Lab. 

 

 • Date(s) of Tests:    November 23, 2004 

• Report No.:    HCT-SAR04-1113                      Figure 1. SAR System 

1 Specific Absorption Rate (SAR) is a measure of the rate of energy absorption due to exposure to an RF transmitting 

source (wireless portable device). 

2 IEEE/ANSI Std. C95.1-1992 limits are used to determine compliance with FCC ET Docket 93-62 
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2.1 INTRODUCTION          
The FCC has adopted the guidelines for evaluating the environmental effects of radio frequency radiation in ET 

Docket 93-62 on Aug. 6, 1996 to protect the public and workers from the potential hazards of RF emissions due 

to FCC-regulated portable devices.[1] 

 

The safety limits used for the environmental evaluation measurements are based on the criteria published by 

the American National Standards Institute (ANSI) for localized specific absorption rate (SAR) in IEEE/ANSI 

C95.1-1992 Standard for Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic 

Fields, 3 kHz to 300 GHz. (c) 1992 by the Institute of Electrical and Electronics Engineers, Inc., New York, New 

York 10017.[2] The measurement procedure described in IEEE/ANSI C95.3-1992 Recommended Practice for 

the Measurement of Potentially Hazardous Electromagnetic Fields - RF and Microwave[3] is used for guidance 

in measuring SAR due to the RF radiation exposure from the Equipment Under Test (EUT). These criteria for 

SAR evaluation are similar to those recommended by the National Council on Radiation Protection and 

Measurements (NCRP) in Biological Effects and Exposure Criteria for Radio frequency Electromagnetic 

Fields,” NCRP Report No. 86 (c) NCRP, 1986, Bethesda, MD 20814.[4] SAR is a measure of the rate of energy 

absorption due to exposure to an RF transmitting source. SAR values have been related to threshold levels for 

potential biological hazards. 
 

2.2 SAR Definition 
Specific Absorption Rate (SAR) is defined as the time derivative (rate) of the incremental energy (dU) 
absorbed by (dissipated in) an incremental mass (dm) contained in a volume element (dV) of a given 
density (r ). It is also defined as the rate of RF energy absorption per unit mass at a point in an absorbing 
body . 

 

 
NOTE: The primary factors that control rate of energy absorption were found to be the wavelength of the 

incident field in relations to the dimensions and geometry of the irradiated organism, the orientation of 

the organism in relation to the polarity of field vectors, the presence of reflecting surfaces, and whether 

conductive contact is made by the organism with a ground plane.[4] 
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3.1 SAR MEASUREMENT SET-UP       
These measurements are performed using the DASY3 automated dosimetric assessment system. 
It is made by Schmid & Partner Engineering AG (SPEAG) in Zurich, Switzerland. It consists of 
high precision robotics system (Staubli), robot controller, Pentium III computer, near-field 
probe, probe alignment sensor, and the generic twin phantom containing the brain equivalent 
material. The robot is a six-axis industrial robot performing precise movements to position the 
probe to the location (points) of maximum electromagnetic field (EMF) (see Fig.3). 
  
A cell controller system contains the power supply, robot controller, teach pendant (Joystick), 
and remote control, is used to drive the robot motors. The PC consists of the Dell Pentium 
III 450 MHz computer with Windows NT 4.0 system and SAR Measurement Software DASY3, A/D 
interface card, monitor, mouse, and keyboard. The Staubli Robot is connected to the cell 
controller to allow software manipulation of the robot. A data acquisition electronic (DAE) 
c i r cu i t  pe r fo rms  the  s igna l  amp l i f i ca t ion ,  s igna l  mu l t i p lex ing ,  AD-convers ion ,  o f f se t 
measurements, mechanical surface detection, coll ision detection, etc. is connected to the 
Electro-optical coupler (EOC). The EOC performs the conversion from the optical into digital 
electric signal of the DAE and transfers data to the PC plug-in card. 
 

 
 

Figure 3. HCT SAR Lab. Test Measurement Set-up 
 

The DAE3 consists of a highly sensitive electrometer-grade preamplifier with auto-zeroing, a 
channel and gain-switching multiplexer, a fast 16 bit AD-converter and a command decoder 
and control  logic uni t .  Transmission to the PC-card is accompl ished through an opt ical 
downlink for data and status information and an optical uplink for commands and clock lines. 
The mechanical probe mounting device includes two different sensor systems for frontal and 
sidewise probe contacts. They are also used for mechanical surface detection and probe 
collision detection. The robot uses its own controller with a built in VME-bus computer. The 
system is described in detail in [5]. 
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4.1 DASY3 E-FIELD PROBE SYSTEM       
4.2 ET3DV6 Probe Specification 
Construction  Symmetrical design with triangular core 

Built-in optical fiber for surface detection System 
Built-in shielding against static charges 
 

Calibration   In air from 10 MHz to 2.5 GHz 
In brain and muscle simulating tissue at 
Frequencies of 450 MHz, 900 MHz and 

1.8 GHz (accuracy ± 8%) 
 

Frequency   10 MHz to > 6 GHz; Linearity: ± 0.2 dB 
( 30 MHz to 3 GHz) 

Directivity    ± 0.2 dB in brain tissue (rotation around probe axis) 
± 0.4 dB in brain tissue (rotation normal probe axis) 
 

D ynamic     5 uW/g to > 100 mW/g; 

R ange Linearity: ± 0.2 dB 

Surface   ± 0.2 mm repeatability in air and clear liquids 
D etection  over diffuse reflecting surfaces. 
Dimensions  Overall length: 330 mm 

Tip length: 16 mm 
Body diameter: 12 mm 
Tip diameter: 6.8 mm 
D istance from probe tip to dipole centers: 2.7 mm 

Application  General dissymmetry up to 3 GHz 
Compliance tests of mobile phones 

Fast automatic scanning in arbitrary phantoms   Figure 4.Photograph of the probe 

and the Phantom 
 
The SAR measurements were conducted with the dosimetric probe 
ET3DV6, designed in the classical triangular configuration [5] and 
optimized for dosimetric evaluation. The probe is constructed using 
the thick film technique; with printed resistive lines on ceramic 
substrates. The probe is equipped with an optical multifiber line 
ending at the front of the probe tip. It is connected to the EOC box 
on the robot arm and provides an automatic detection of the 
phantom surface. Half of the fibers are connected to a pulsed 
infrared transmitter, the other half to a synchronized receiver. As 
the probe approaches the surface, the reflection from the surface 
produces a coupling from the transmitting to the receiving fibers. 
This reflection increases first during the approach, reaches a 
maximum and then decreases. If the probe is flatly touching the 
surface, the coupling is zero. The distance of the coupling 
maximum to the surface is independent of the surface reflectivity 

and largely independent of the surface to probe angle. The DASY3 

Figure 5. ET3DV6 E-field Probe software reads the reflection during a  software approach and looks 
for the maximum using a 2 nd order fitting. The approach is stopped 

at reaching the maximum.  
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5.1 E-FIELD PROBE CALIBRATION PROCESS     
5.2 E-Probe Calibration 
 
Each probe is calibrated according to a dosimetric assessment procedure described in [6] with an accuracy 

better than +/- 10%. The spherical isotropy was evaluated with the procedure described in [7] and found to be 

better than +/-0.25dB. The sensitivity parameters (NormX, NormY, NormZ), the diode compression parameter 

(DCP) and the conversion factor (ConvF) of the probe is tested. 

The free space E-field from amplified probe outputs is determined in a test chamber. This is performed in a 

TEM cell for frequencies bellow 1 GHz, and in a waveguide above 1 GHz for free space. For the free space 

calibration, the probe is placed in the volumetric center of the cavity and at the proper orientation with the field. 

The probe is then rotated 360 degrees. 

E-field temperature correlation calibration is performed in a flat phantom filled with the appropriate simulated 

brain tissue. The measured free space E-field in the medium correlates to temperature rise in a dielectric 

medium. For temperature correlation calibration a RF transparent thermistor-based temperature probe is used 

in conjunction with the E-field probe. 

 

Figure 6. E-Field and Temperature   Figure 7.  E-Field and temperature 

measurements at 900MHz[5]                      measurements at 1.8GHz [5] 
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5.3 Data Extrapolation 
 
The DASY3 software automatically executes the following procedures to calculate the field units from the 

microvolt readings at the probe connector. The first step of the evaluation is a linearization of the filtered input 

signal to account for the compression characteristics of the detector diode. The compensation depends on the 

input signal, the diode type and the DC-transmission factor from the diode 

to the evaluation electronics. If the exciting field is pulsed, the crest factor of the signal must be known to 

correctly compensate for peak power. The formula for each channel can be given as [8]: 
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6.1 PHANTOM & EQUIVALENT TISSUES      
6.2  SAM Phantom 
The SAM Phantom is constructed of a fiberglass shell integrated in a wooden table. 
The shape of the shell is based on data from an anatomical study designed to 
determine the maximum exposure in at least 90% of all users [9][10]. It enables the 
dosimetric evaluation of left and right hand phone usage as well as body mounted 
usage at the flat phantom region. A cover prevents the evaporation of the liquid. 
Reference markings on the Phantom allow the complete setup of all predefined 
phantom positions and measurement grids by manually teaching three points in 
the robot. See Figure 8.  

  Figure 8. SAM Phantom 
Shell Thickness  2 ± 0.1 mm 
Filling Volume   Volume Approx. 30 liters 
Dimensions   810 x 1000 x 500 mm (H x L x W) 
 

6.3 Brain & Muscle Simulating Mixture Characterization 
The brain and muscle mixtures consist of a viscous gel using hydrox-ethyl cellulose (HEC) gelling agent and 
saline solution (see Table 1). Preservation with a bacteriacide is added and visual inspection is made to make 
sure air bubbles are not trapped during the mixing process. The mixture is calibrated to obtain proper dielectric 
constant (permittivity) and conductivity of the desired tissue. The mixture characterizations used for 
the brain and muscle tissue simulating liquids are according to the data by C. Gabriel and G. Hartsgrove [11]. 

 
MIXTURE 

% 

FREQUENCY(Brain) 

450 MHz 

FREQUENCY(Body) 

450 MHz 

WATER 38.56 51.16 

SUGAR 56.32 46.98 

SALT 3.95 1.49 

BACTERICIDE 0.19 0.05 

HEC 0.98 0.52 

Table 1. Composition of the Tissue Equivalent Matter 

 

6.4 Device Holder for Transmitters 
In combination with the SAM Phantom V4.0, the Mounting Device (POM) enables the 
rotation of the mounted transmitter in spherical coordinates whereby the rotation points is 
the ear opening. The devices can be easily, accurately, and repeatable positioned 
according to the FCC and CENELEC specifications. The device holder can be locked at 
different phantom locations (left head, right head, flat phantom). 
 
Note: A simulating human hand is not used due to the complex anatomical and 
geometrical structure of the hand that may produced infinite number of configurations 
[10]. To produce the Worst-case condition (the hand absorbs antenna output power),   
the hand is omitted during the tests.      
                                                            Fig. 9. Device Holder 
 


