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SAR TEST REPORT 
 

Equipment Under Test 

Model Name        

Variant Model Name 

Trade Mark 

Applicant 

Address of Applicant  

FCC ID 

IC 

Date of Receipt   

Date of Test(s)   

Date of Issue  

Max.SAR(1g)  

:  Private Land Mobile Radio Service 

:  TPD-8424 

:  TPD-8424BK, TPD-8424BE, TPD-8424OR, XD-400U 

:  XRadio 

:  YEONHWA M TECH CO.,LTD. 

:  36, Jeonpa-ro 44beon-gil, Manan-gu, Anyang-si, Gyeonggi-do, Korea 

:  VSOTPD-8424 

:  9680A-TPD-8424 

:  2016-07-04 

:  2016-07-19 ~ 2016-07-20 

:  2016-07-21 

:  3.079 W/kg (Analog 3W) 

:  1.729 W/kg (DMR 3W) 

 

Standards:   KDB 865664 D01 v01r04 
KDB 447498 D01 v06 
KDB 643646 D01 v01r03 
IEEE 1528-2013 
ANSI/IEEE C95.1, C95.3 
RSS-102 Issue 5 

 

In the configuration tested, the EUT complied with the standards specified above. 
 
Remarks: 
 

This report details the results of the testing carried out on one sample, the results contained in this test report 

do not relate to other samples of the same product. The manufacturer should ensure that all products in 

series production are in conformity with the product sample detailed in this report. 

This report may only be reproduced and distribute in full. If the product in this report is used in any 

configuration other than that detailed in the report, the manufacturer must ensure the new system complies 

with all relevant standards. Any mention of LTA Co., Ltd. Or testing done by LTA Co.,Ltd. In connection with 

distribution or use of the product described in this report must be approved by LTA Co.,Ltd. In writing. 

 
 

 

Tested by  ;  :   Joon-Young Jeon              2016-07-20 
 
Approved by  :   Yong-Cheol Wang              2016-07-22 

 

http://www.ltalab.com/
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The purpose of this test programmed was to demonstrate compliance of YEONHWA M TECH 

CO.,LTD. Model: TPD-8424 against the current Stipulated Standards. device have demonstrated 

compliance with the C95.1, IEEE 1528, KDB447498, KDB865664, KDB643646, RSS-102 Issue 5, The 

test has demonstrated that this unit complies with stipulated standards. 

 

EUT information 

EUT 

Description 
Private Land Mobile Radio Service 

Model No. TPD-8424 

Serial No. Identical prototype 

Mode of 

Operations 
Analog (3 W), DMR (3 W) 

Body-Worn 

Accessory 
Belt Clip 

TX Frequency 

Range 

FCC 

410 MHz ~ 470 MHz (Analog 3 W) 

410 MHz ~ 470 MHz (DMR 3 W) 

 

IC 

410 MHz ~ 430 MHz and 450 MHz ~ 470 MHz (Analog 3 W) 

410 MHz ~ 430 MHz and 450 MHz ~ 470 MHz (DMR 3 W) 

Conducted Max 

Power 

Analog (3 W) : 34.75 dBm 

DMR (3 W) : 34.86 dBm 

Battery Type DC 3.7 V 

 

1. Executive Summary & EUT Information 
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Introduction 
The FCC and Industry Canada have adopted the guidelines for evaluating the environmental effects of radio 

frequency(RF) radiation in ET Docket 93-62 on Aug.6, 1996 and Health Canada Safety Code 6 to protect the 

public and workers from the potential hazards of RF emissions du to FCC-regulated portable device. 

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

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

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

Electromagnetic Fields, 3 kHz to 300 GHz and Health Canada RF Exposure Guidelines Safety Code 6. The 

measurement procedure described in IEEE/ANSI C95.3-2002 Recommended Practice for the Measurement 

for Potentially Hazardous Electromagnetic Fields – RF and Microwave is used for guidance in measuring the 

specific absorption rate (SAR) due to the RF radiation exposure from the EUT. 

These criteria for SAR evaluation are similar to those recommended by the international committee for Non-

lonizing Radiation Protetion (ICNIRP) in Biological Effects and 

Exposure Criteria for Radio frequency Electromagnetic Fields. Report No. Vol 74. SAR is a measure of the 

rate of enegy absorption due to exposure to an RF transmitting source. SAR values have been related to 

threshold levels forpotential biological hazards 

 

The SAR distribution in biological body is complicated and is usually carried out by experimental techniques 

or munerical modeling. The standard recommends limits for two tirers of groups. 

Occupational/controlled and reneral population/uncontrolled, base on a person’s awareness and ability to 

exercise control over his or her exposure. In general, occupational/controlled exposure limit are higher than 

the limit for general population/uncontrolled. 

 

 

 

SAR Definition 
Specific Absorption Rate is defined as the time derivative (rate) of the incremental energy (dW) absorbed by 

(dissipated in) an incremental mass (dm) contained in a volume element (dV) of a given density (ρ). 

 

 

 

 

 

 

 

 

SAR is expressed in units of watts per kilogram (W/kg).  SAR can be related to the electric field at a point by 

 

 

 

 

 

 

 

where:      

σ  = conductivity of the tissue (S/m) 

ρ = mass density of the tissue (kg/m3) 

E = rms electric field strength (V/m) 

2. Introduction 
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Dosimetric Assessment System 
These measurements were performed with the automated near-field scanning system OPENSAR from 

SATIMO. The system is based on a high precision robot (working range: 850 mm), which positions the 

probes with a positional repeatability of better than ± 0.02 mm. Special E- and H-field probes have been 

developed for measurements close to material discontinuity, the sensors of which are directly loaded with a 

Schottky diode and connected via highly resistive lines to the data acquisition unit. 

 

The SAR measurements were conducted with dosimetric probe (manufactured by SATIMO), designed in the 

classical triangular configuration and optimized for dosimetric evaluation. The probe has been calibrated 

according to the procedure described in SAR standard with accuracy of better than ±10%. The spherical 

isotropy was evaluated with the procedure described in SAR starndard and found to be better than ±0.25 dB. 

The phantom used was the SAM Phantom as described in FCC supplement C, IEEE P1528 and CENELEC 

EN62209-1. 

 

 

Measurement System Diagram 

 

The OPENSAR system for performing compliance tests consist of the following items: 

1. A standard high precision 6-axis robot (KUKA) with controller and software. 

2. KUKA Control Panel (KCP). 

3. A dosimetric probe, i.e., an isotropic E-field probe optimized and calibrated for usage in tissue simulating 

liquid. The probe is equipped with an optical surface detector system. 

4. The functions of the PC plug-in card are to perform the time critical task such as signal filtering, 

surveillance of the robot operation fast movement interrupts. 

5. A computer operating Windows XP.  

6. OPENSAR software. 

7. Remote control with teaches pendant and additional circuitry for robot safety such as warning lamps, etc.  

8. The SAM phantom enabling testing left-hand right-hand and body usage.  

9. The Position device for handheld EUT. 

10. Tissue simulating liquid mixed according to the given recipes (see Application Note).   

11. System validation dipoles to validate the proper functioning of the system.  

3. SAR Measurement Setup 
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Construction Symmetrical design with triangular Core. Built-in shielding against static charges Calibration in 

air from 100 MHz to 2.5 GHz. In brain and muscle simulating tissue at frequencies from 800 to 6000 MHz 

(accuracy of 8%) .  

 

Frequency 100 MHz to 6 GHz;   

Linearity ; 0.25 dB (100 MHz to 6 GHz) ,   

Directivity : 0.25 dB in brain tissue (rotation around probe axis) 0.5 dB in brain tissue (rotation normal probe 

axis)   

Dynamic : 0.001W/kg to > 100W/kg;   

Range Linearity: 0.25 dB   

Surface : 0.2 mm repeatability in air and liquids   

Dimensions Overall length: 330 mm   

Tip length: 16 mm   

Body diameter: 8 mm   

Tip diameter: 2.6 mm   

Distance from probe tip to dipole centers: <1.5 mm   

Application General dosimetric up to 6 GHz   

Compliance tests of mobile phones   

Fast automatic scanning in arbitrary phantoms    

 

The SAR measurements were conducted with the dosimetric probe designed in the classical triangular 

configuration and optimized for dosimetric evaluation. The probe is constructed using the thick film technique, 

with printed resistive lines on ceramic substrates. 

It is connected to the KRC box on the robot arm and provides an automatic detection of the phantom surface. 

The 3D file of the phantom is include in OpenSAR software. The Video Positioning System allow the system 

to take the automatic reference and to move the probe safely and accurately on the phantom. 

EPG227 Probe 
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E-Field Probe Calibration Process   
Each probe is calibrated according to a dosimetric assessment procedure described in SAR standard with 

accuracy better than +/- 10%. The spherical isotropy was evaluated with the procedure described in SAR 

standard 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 are tested.  The free 

space E-field from probe outputs is determined in a test chamber. This is performed in a TEM cell for 

frequencies bellow 0.8 GHz, and in a waveguide above 0.8 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. E-field correlation calibration is performed in a flat phantom filled with the appropriate simulated brain 

tissue. 

 

 

 

 

 

The ELLI Phantom ELLI25 is constructed of a fiberglass shell 

integrated in a wooden table. The shape of the shell is in compliance 

with the specification set in IEEE P1528 and CENELEC EN62209-2.  

The phantom 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. 

Shell Thickness: 2˜˜ 0.2 mm 

Filling Volume: Approx. 25 liters 

Dimensions (H x L x W): 600 x 400 x 200 mm 

Liquid is filled to at least 15mm from the bottom of Phantom. 

 

 

 

 

 

 

In combination with the Generic Twin Phantom V3.0, the 

Mounting Device 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 repeatedly 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. 

 

 

SAM Phantom 

Device Holder 



 Ref. No.: LR500111607C 

Copyright ○c  2016, LTA Co., Ltd.                          Page 8 of 63 

 

 

 

 

The OPENSAR software automatically executes the following procedure to calculate the field units from the 

microvolt readings at the probe connector. The parameters used in the valuation are stored in the 

configuration modules of the software: 

 

Probe Parameters - Sensitivity Normi 

- Conversion factor ConvFi 

- Diode compression point Dcpi  

Device Parameters - Frequency f 

- Crest factor cf 

Media Parameters 
 

- Conductivity σ 

- Density ρ 

 

These parameters must be set correctly in the software. They can either be found in the component 

documents or be imported into the software from the configuration files issued for the OPENSAR 

components. 

 

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 

 

 

 

 

 

 

 

 

 

 

 

From the compensated input signals the primary field data for each channel can be evaluated: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Data Evaluation 
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The procedure for assessing the peak spatial-average SAR value consists of the following steps 

 

• Power Reference Measurement 
The reference and drift jobs are useful jobs for monitoring the power drift of the device under test in the 

batch process. Both jobs measure the field at a specified reference position, at a selectable distance from 

the phantom surface. The reference position can be either the selected section's grid reference point or a 

user point in this section. The reference job projects the selected point onto the phantom surface, orients 

the probe perpendicularly to the surface, and approaches the surface using the selected detection 

method. 

• Area Scan 

The area scan is used as a fast scan in two dimensions to find the area of high field values, before doing 

a finer measurement around the hot spot. The sophisticated interpolation routines implemented in  

OPENSAR software can find the maximum locations even in relatively coarse grids. The scan area is 

defined by an editable grid. This grid is anchored at the grid reference point of the selected section in the 

phantom. When the area scan's property sheet is brought-up, grid was at to 15 mm by 15 mm and can be 

edited by a user. 

• Zoom Scan 
Zoom scans are used to assess the peak spatial SAR values within a cubic averaging volume containing 

1 g and 10 g of simulated tissue. The default zoom scan measures 5 x 5 x 7 points within a cube whose 

base faces are centered around the maximum found in a preceding area scan job within the same 

procedure. If the preceding Area Scan job indicates more then one maximum, the number of Zoom 

Scans has to be enlarged accordingly (The default number inserted is 1). 

• Power Drift measurement 
The drift job measures the field at the same location as the most recent reference job within the same 

procedure, and with the same settings. The drift measurement gives the field difference in dB from the 

reading conducted within the last reference measurement. Several drift measurements are possible for 

one reference measurement. This allows a user to monitor the power drift of the device under test within 

a batch process. In the properties of the Drift job, the user can specify a limit for the drift and have 

OPENSAR software stop the measurements if this limit is exceeded. 

 

 

 

 

The procedure for spatial peak SAR evaluation has been implemented according to the IEEE1529 standard. 

It can be conducted for 1 g and 10 g. The OPENSAR system allows evaluations that combine measured 

data and robot positions, such as: 

• maximum search 

• extrapolation 

• boundary correction 

• peak search for averaged SAR 

During a maximum search, global and local maximum searches are automatically performed in 2-D after 

each Area Scan measurement with at least 6 measurement points. It is based on the evaluation of the local 

SAR gradient calculated by the Quadratic Shepard's method. The algorithm will find the global maximum and 

all local maxima within -2 dB of the global maxima for all SAR distributions. 

 

Extrapolation 
Extrapolation routines are used to obtain SAR values between the lowest measurement points and the inner 

phantom surface. The extrapolation distance is determined by the surface detection distance and the probe 

sensor offset. Several measurements at different distances are necessary for the extrapolation. 

They are used in the Cube Scan to obtain SAR values between the lowest measurement points and the 

inner phantom surface. The routine uses the fourth order least square polynomial method for extrapolation. 

For a grid using 5x5x7 measurement points with 5mm resolution amounting to 343 measurement points, the 

uncertainty of the extrapolation routines is less than 1% for 1 g and 10 g cubes. 

SAR Evaluation – Peak Spatial - Average 

SAR Evaluation – Peak SAR 
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Definition of Reference Points 
 
Ear Reference Point 
Figure 6.2 shows the front, back and side views of the SAM Phantom. The point “M” is the reference point for 

the center of the mouth, “LE” is the left ear reference point (ERP), and “RE” is the right ERP. The ERPs are 

15mm posterior to the entrance to the ear canal (EEC) along the B-M line (Back-Mouth), as shown in Figure 

6.1. The plane passing through the two ear canals and M is defined as the Reference Plane. The line N-F 

(Neck-Front) is perpendicular to the reference plane and passing through the RE (or LE) is called the 

Reference Pivoting Line (see Figure 6.1). Line B-M is perpendicular to the N-F line. Both N-F and B-M lines 

are marked on the external phantom shell to facilitate handset positioning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two imaginary lines on the device need to be established: the vertical centerline and the horizontal line. The 

test device is placed in a normal operating position with the “test device reference point” located along the 

“vertical centerline” on the front of the device 

aligned to the “ear reference point” (See Fig. 6.3). The “test device reference point” is than located at the 

same level as the center of the ear reference point. The test device is positioned so that the “vertical 

centerline” is bisecting the front surface of the device at it’s top and bottom edges, positioning the “ear 

reference point” on the outer surface of both the left and right head phantoms on the ear reference point. 

 

 

 

 

 

 

 

 

 

 

Device Reference Points 
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1. Position the device close to the surface of the phantom such that point A is on the (virtual) extension of the 

line passing through points RE and LE on the phantom (see Figure below), such that the plane defined by 

the vertical center line and the horizontal line of the device is approximately parallel to the sagittal plane of 

the phantom 

 

 

 

 

 

 

 

 

 

 

 

 

2.Translate the device towards the phantom along the line passing through RE and LE until the device 

touches the ear. 

3. While maintaining the device in this plane, rotate it around the LE-RE line until the vertical centerline is in 

the plane normal to MB-NF including the line MB (called the reference plane). 

4. Rotate the device around the vertical centerline until the device (horizontal line) is symmetrical with 

respect to the line NF. 

5. While maintaining the vertical centerline in the reference plane, keeping point A on the line passing 

through RE and LE and maintaining the device contact with the ear, rotate the device about the line NF 

until any point on the device is in contact with a phantom point below the ear (cheek). See Figure below. 

 

 

 

 

 

 

 

 

 

 

 

Test Configuration – Positioning for Cheek / Touch 
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With the test device aligned in the Cheek/Touch Position”: 

1. While maintaining the orientation of the device, retracted the device parallel to the reference plane far 

enough to enable a rotation of the device by 15 degrees. 

2. Rotate the device around the horizontal line by 15 degrees. 

3. While maintaining the orientation of the device, move the device parallel to the reference plane until any 

part of the device touches the head. (In this position, point A is located on the line RE-LE). The tilted 

position is obtained when the contact is on the pinna. If the contact is at any location other than the pinna, 

the angle of the device shall be reduced. The tilted position is obtained when any part of the device is in 

contact with the ear as well as a second part of the device is in contact with the head (see Figure below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Body-worn operating configurations are tested with the accessories attached to the device and positioned 

against a flat phantom in a normal use configuration. A device with a headset output is tested with a headset 

connected to the device. Body dielectric parameters are used. 

Accessories for Body-worn operation configurations are divided into two categories: those that do not contain 

metallic components and those that do contain metallic components. When multiple accessories that do not 

contain metallic components are supplied with the device, the device is tested with only the accessory that 

dictates the closest spacing to the body. Then, when multiple accessories that contain metallic components 

are supplied with the device, the device is tested with each accessory that contains a unique metallic 

component. If multiple accessories share an identical metallic component (i.e. the same metallic belt-clip 

used with different holsters with no other metallic components) only the accessory that dictates the closest 

spacing to the body is tested. 

Body-worn accessories may not always be supplied or available as options for some devices intended to be 

authorized for body worn use. In this case, a test configuration where a separation distance between the 

back of the device and the flat phantom is used. All test position spacings are documented. 

Transmitters that are designed to operate in front of a person’s face, as in push-to-talk configurations, are 

tested for SAR compliance with the front of the device positioned to face the flat phantom. For devices that 

are carried next to the body such as a shoulder, waist or chest-worn transmitters, SAR compliance is tested 

with the accessory(ies), including headsets and microphones, attached to the device and positioned against 

a flat phantom in a normal use configuration. 

In all cases SAR measurements are performed to investigate the worst-case positioning. Worst-case 

positioning is then documented and used to perform Body SAR testing. 

Test Configuration – Positioning for Ear / 15o Tilt 

Test position – Body Worn Configurations 
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A typical example of a body-worn device is a mobile phone, wireless enabled PDA or other battery operated 

wireless device with the ability to transmit while mounted on a person’s body using a carry accessory 

approved by the wireless device manufacture. 

If the user instructions provided by the manufacturer specify intended use with a carry accessory (belt-clip, 

holster, carry-case or similar), the device shall be placed as intended in that carry accessory and the carry 

accessory shall be placed in the intended orientation against the flat phantom. 

 

For carry accessories constructed from non conductive materials that are capable of holding the DUT at 

varying minimum distances to the phantom, the carry accessory providing the closest separation distance is 

expected to produce the highest SAR; therefore, testing of the carry accessories providing larger separation 

distances is not necessary. For carry accessories that do not contain conductive materials (e.g. metal), it is 

acceptable to substitute the carry accessory with an air-gap or a spacer that keeps the DUT at a distance 

from the phantom surface no greater than the distance provided by the carry accessory. The spacer shall be 

made of a low loss and low permittivity material with a loss tangent ≤ 0,005 and relative permittivity ≤ 1,1. 

Accessories that do not contain RF transmitters and have been proven to increase the peak SAR by less 

than 5 %,  such as hands-free kits, do not need SAR tests separate from the SAR tests attached to a main 

DUT configuration.  Annex G provides other information and rationale about hands-free kit testing. 

 

If the user instructions provided by the manufacturer specify an intended use with an appropriate accessory 

at a certain separation distance to the body, the device shall be positioned as intended at the distance to the 

outer surface of the phantom that corresponds to the specified distance (Figure 5). When evaluating device 

SAR without a specific carry accessory, the separation distance shall not exceed 25 mm. The surface of the 

device pointing towards the flat phantom should be parallel to the surface of the phantom. However, all 

devices do not have a flat surface. Therefore the details of the device position, e.g. the definition of the 

distance and the physical relationship between the device and the phantom (see  6.1.4.1), shall be 

documented in the measurement report according to the manufacturer instructions. 

 

If the intended use is not specified in the user instructions, the device shall be tested with all its surfaces 

directly against the flat phantom. The details of the device position, especially contact points to the surface of 

the phantom, shall be documented in the measurement report. If testing for one or more surfaces is omitted, 

this shall be documented with an associated rationale in the measurement report. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test position – Body-worn device 
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A typical example of a front-of-face device is a two-yaw radio that is held at a distance from the face of the 

user when transmitting. In these cases the device under test shall be positioned at the distance to the 

phantom surface that corresponds to the intended use as specified by the manufacturer in the user 

instructions (Figure 9a). If the intended use is not specified, a separation distance of 25 mm between the 

phantom surface and the device shall be used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Other devices that fall into this category include wireless-enabled still cameras and video cameras that can 

send data to a network of other device (Figure 9b). In the case of a device whose intended use requires a 

separation distance from the user (e.g., device with a viewing screen), this shall be positioned at the distance 

to the phantom surface that corresponds to the intended use as specified by the manufacturer in the user 

instructions (Figure 9b, left side). If the intended use is not specified, a separation distance of 25 mm 

between the phantom surface and the device shall be used. 

 

For a device whose intended use requires the user’s face to be in contact with the device (e.g., device with 

an optical viewfinder), this shall be placed directly against the phantom (Figure 9b, right side) 

Test position – Font-of-face device 



 Ref. No.: LR500111607C 

Copyright ○c  2016, LTA Co., Ltd.                          Page 16 of 63 

 

 

 

 

 

In order for users to be aware of the body-worn operating requirements for meeting RF exposure compliance, 

operating instructions and cautions statements are included in the user’s manual. 

 

Uncontrolled Environment 
Uncontrolled Environments are defined as locations where there is the exposure of individuals who have no 

knowledge or control of their exposure. The general population/uncontrolled exposure limits are applicable to 

situations in which the general public may be exposed or in which persons who are exposed as a 

consequence of their employment may not be made fully aware of the potential for exposure or cannot 

exercise control over their exposure. Members of the general public would come under this category when 

exposure is not employment-related; for example, in the case of a wireless transmitter that exposes persons 

in its vicinity. 

 

Controlled Environment 
Controlled Environments are defined as locations where there is exposure that may be incurred by persons 

who are aware of the potential for exposure, (i.e. as a result of employment or occupation). In general, 

occupational/controlled exposure limits are applicable to situations in which persons are exposed as a 

consequence of their employment, who have been made fully aware of the potential for exposure and can 

exercise control over their exposure. This exposure category is also applicable when the exposure is of a 

transient nature due to incidental passage through a location where the exposure levels may be higher than 

the general population/uncontrolled limits, but the exposed person is fully aware of the potential for exposure 

and can exercise control over his or her exposure by leaving the area or by some other appropriate means. 

4. ANSI/IEEE C95.1 – 2005 RF Exposure Limit 
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System Validation 
 

The system performance check verifies that the system operates within its specifications. System and 

operator errors can be detected and corrected. It is recommended that the system performance check be 

performed prior to any usage of the system in order to guarantee reproducible results. The system 

performance check uses normal SAR measurements in a simplified setup with a well characterized source. 

This setup was selected to give a high sensitivity to all parameters that might fail or vary over time. The 

system check does not intend to replace the calibration of the components, but indicates situations where 

the system uncertainty is exceeded due to drift or failure. 

 

In the simplified setup for system evaluation, the DUT is replaced by a calibrated dipole and the power 

source is replaced by a continuous wave that comes from a signal generator. The calibrated dipole must be 

placed beneath the flat phantom section of the SAM twin phantom with the correct distance holder. The 

distance holder should touch the phantom surface with a light pressure at the reference marking and be 

oriented parallel to the long side of the phantom. The equipment setup is shown below: 

 

1. Signal Generator 

2. Amplifier 

3. Directional Coupler 

4. Power Meter 

5. Calibrated Dipole 

 

The output power on dipole port must be calibrated to 30 dBm (1000 mW) before dipole is connected. 

 

5. System and Liquid Validation 
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Numerical reference SAR values (W/kg) for reference dipole and flat phantom 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Target and measurement SAR after Normalized 

 
 

 

Frequency

(MHz)
1g SAR 10g SAR

Local SAR at

surface (above

feed-point)

Local SAR at

surface (y=2cm

offset from

feed-point)

300 3.0 2.0 4.4 2.1

450 4.9 3.3 7.2 3.2

835 9.5 6.2 4.1 4.9

900 10.8 6.9 16.4 5.4

1450 29.0 16.0 50.2 6.5

1800 38.1 19.8 69.5 6.8

1900 39.7 20.5 72.1 6.6

2000 41.1 21.1 74.6 6.5

2450 52.4 24.0 104.2 7.7

3000 63.8 25.7 140.2 9.5

Measurement

Date

Frequency

(MHz)
Phantom

Target SAR

1g (W/Kg)

Measured SAR

1g (W/Kg)

Deviation

(%)
ConvF

July, 19, 2016 450 Head 4.58 4.30 -6.11 19.47

July, 19, 2016 450 Body 4.98 5.05 1.41 20.22
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Liquid Validation 
The dielectric parameters were checked prior to assessment using the HP85070C dielectric probe kit. The 

dielectric parameters measured are reported in each correspondent section. 

 

 

Recommended Tissue Dielectric Parameters 
The head tissue dielectric parameters recommended by KDB865664 have been incorporated in the following 

table. 

 

Target Frequency

MHz εr σ (S/m) εr σ (S/m)

150 52.3 0.76 61.9 0.80

300 45.3 0.87 58.2 0.92

450 43.5 0.87 56.7 0.94

835 41.5 0.90 55.2 0.97

900 41.5 0.97 55.0 1.05

915 41.5 0.98 55.0 1.06

1450 40.5 1.20 54.0 1.30

1610 40.3 1.29 53.8 1.40

1800 ~ 2000 40.0 1.40 53.3 1.52

2450 39.2 1.80 52.7 1.95

3000 38.5 2.40 52.0 2.73

5800 35.3 5.27 48.2 6.00

Head Body

 
 

Note:ε r = relative permittivity,σ = conductivity andρ = 1000 kg/m3 

 

Liquid Confirmation Result :  

Target Measured Deviation (%) Limit (%)

Permitivity 43.5 43.087 -0.951 ±5

Conductivity 0.87 0.889 2.184 ±5

Temperature : 22.3℃ Relative humidity : 55.2%

450 MHz

Head

 
 

Target Measured Deviation (%) Limit (%)

Permitivity 56.7 58.516 3.203 ±5

Conductivity 0.94 0.958 1.915 ±5

Temperature : 22.3℃ Relative humidity : 55.2%

450 MHz

Body
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System Validation Plots 
 

Test Mode : 450 MHz

Product Description : Validation Head

Model : N/A

Test date : July, 19, 2016  
 

Frequency (MHz) 450.000 

Relative Permittivity (real part) 43.087 

Relative Permittivity (imaginary part) 35.568 

Conductivity (S/m) 0.889 

Variation 1.540 

SAR 1g (W/Kg) 0.430 

SAR 10g (W/Kg) 0.286 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 450 MHz

Product Description : Validation Body

Model : N/A

Test date : July, 19, 2016  
 

Frequency (MHz) 450.00 

Relative Permittivity (real part) 58.516 

Relative Permittivity (imaginary part) 38.329 

Conductivity (S/m) 0.958 

Variation 1.830 

SAR 1g (W/Kg) 0.505 

SAR 10g (W/Kg) 0.340 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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The component of uncertainly may generally be categorized according to the methods used to evaluate them. 

The evaluation of uncertainly by the statistical analysis of a series of observations is termed a Type An 

evaluation of uncertainty. The evaluation of uncertainty by means other than the statistical analysis of a 

series of observation is termed a Type B evaluation of uncertainty. Each component of uncertainty, however 

evaluated, is represented by an estimated standard deviation, termed standard uncertainty, which is 

determined by the positive square root of the estimated variance. 

 

A Type A evaluation of standard uncertainty may be based on any valid statistical method for treating data. 

This includes calculating the standard deviation of the mean of a series of independent observations; using 

the method of least squares to fit a curve to the data in order to estimate the parameter of the curve and their 

standard deviations; or carrying out an analysis of variance in order to identify and quantify random effects in 

certain kinds of measurement.  

 

A type B evaluation of standard uncertainty is typically based on scientific judgment using all of the relevant 

information available. These may include previous measurement data, experience and specification, data 

provided in calibration reports and uncertainties assigned to reference data taken from handbooks. Broadly 

speaking, the uncertainty is either obtained from an outdoor source or obtained from an assumed distribution, 

such as the normal distribution, rectangular or triangular distributions indicated in Table . 

 

below : 

 

Uncertainty Distribution Normal Rectangle Triangluar U shape

Multi-plying Factor(a) 1/K(b) 1/√3 1/√6 1/√2

 

(a) standard uncertainty is determined as the product of the multiplying factor and the estimated range of variations in the 

measured 

quantity 

(b) κ is the coverage factor 

 

Standard Uncertainty for Assumed Distribution 

 

The combined standard uncertainty of the measurement result represents the estimated standard deviation 

of the result. It is obtained by combining the individual standard uncertainties of both Type A and Type -sum-

by taking the positive square root of the estimated variances. 

 

Expanded uncertainty is a measure of uncertainty that defines an interval about the measurement result 

within which the measured value is confidently believed to lie. It is obtained by multiplying the combined 

standard uncertainty by a coverage factor. Typically, the coverage factor ranges from 2 to 3. Using a 

coverage factor allows the true value of a measured quantity to be specified with a defined probability within 

the specified uncertainty range. For purpose of this document, a coverage factor two is used, which 

corresponds to confidence interval of about 95 %. 

 

The COMOSAR Uncertainty Budget is show in below table : 

 

6. TYPE A MEASUREMENT UNCERTAINTY 
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Uncertainty Budget of COMOSAR for frequency range 300 MHz to 6 GHz 
 

Uncertainty

Component

Tolerances

%

Probability

Distribution
Divisor

 Ci

(1g)

Ci

(10g)

Uncertainty

1g(%)

Uncertainty

(10g(%)

Probe Calibration 6 N 1 1 1 6 6

Axial Isotropy 3 R √3 √ (1-Cp) √ (1-Cp) 1.22474 1.22474

Hemispherical Isotropy 4 R √3 √ Cp √ Cp 1.63299 1.63299

Boundary Effect 1 R √3 1 1 0.57735 0.57735

Linearity 5 R √3 1 1 2.88675 2.88675

System Detection Limits 1 R √3 1 1 0.57735 0.57735

Readout Electronics 0.5 N 1 1 1 0.5 0.5

Response Time 0.2 R √3 1 1 0.11547 0.11547

Integration Time 2 R √3 1 1 1.1547 1.1547

RF Ambient Conditions 3 R √3 1 1 1.73205 1.73205

Probe Positioner Mechanical

Tolerances
2 R √3 1 1 1.1547 1.1547

Probe Positioning w ith

respect to Phantom Shell
1 R √3 1 1 0.57735 0.57735

Extrapolation, Interpolation

and integration Algorithms for

Max. SAR Evaluation

1.5 R √3 1 1 0.86603 0.86603

Test Sample Positioning 1.5 N 1 1 1 1.5 1.5

Device Holder Uncertainty 5 N 1 1 1 5 5

Output Pow er Variation –

SAR Drift measurement
3 R √3 1 1 1.73205 1.73205

Phantom Uncertainty (Shape

and thickness Tolerances)
4 R √3 1 1 2.3094 2.394

Liquid Conductivity –

deviation from target value
5 R √3 0.64 0.43 1.84752 1.2413

Liquid Conductivity –

Measurement Uncertainty
2.5 N 1 0.64 0.43 1.6 1.075

Liquid Permittivity – deviation

from target value
3 R √3 0.6 0.49 1.03923 0.8487

Liquid Permittivity –

Measurement Uncertainty
2.5 N 1 0.6 0.49 1.5 1.225

9.66051% 9.52428%

18.9346% 18.6676%

Combined Standard Uncertainty

Expanded Standard Uncertainty ( K=2 , confidence 95%)

Measurement System Related

Test Sample Related

Phantom and Tissue Parameters Related
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FM (Analog / DMR) 

Mode Mode Channel
Frequency

(MHz)

Conducted Power

(dBm)

1 410.0125 34.75

256 440.0125 34.43

512 469.7000 34.60

1 410.0125 34.86

256 440.0125 34.77

512 469.7000 34.83

3 W
FM -

Analog

FM -

DMR
3 W

 

 

 

7. OUTPUT POWER VERIFICATION 
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The EUT was tested in the face position with the front of the device 25 mm away from the flat phantom and 

the body position with the belt clip in contact with the flat phantom. For each of the tests conducted. The 

device was set to continuously transmit at a maximum output power on the channel specified in the test data. 

The SAR for analog mode was scaled to 50% duty cycle per KDB 643646 D01 v01r03. 

All test reductions were reduced based on the reductions in KDB 643646 D01 v01r03 

 

For digital mode testing,press the PTT button, engineering firmware installed on the EUT can provide 

continuous trantmitting RF signal(50 % duty) despite EUT use VOX capabilities. So duty factor was applied 

to this project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. TEST CONDITION 



 Ref. No.: LR500111607C 

Copyright ○c  2016, LTA Co., Ltd.                          Page 26 of 63 

 

 

 

 

 

 

 

Mode Channel
Temp

(℃)

Drift

(%)

1g SAR

(W/Kg)

10g SAR

(W/Kg)

1g SAR

(W/kg)

Duty 50%

ConvF

1 -1.63 3.223 2.332 1.612

256 2.35 1.887 1.363 0.944

512 3.42 2.005 1.437 1.003

1 1.74 1.331 0.907 0.666

256 -0.96 0.947 0.651 0.474

512 0.87 0.918 0.660 0.459

DMR 22.8

Analog 22.8

Front of Device 25 mm from Phantom

19.47

 

 

Mode Channel
Temp

(℃)

Drift

(%)

1g SAR

(W/Kg)

10g SAR

(W/Kg)

1g SAR

(W/Kg)

Duty 50%

ConvF

1 0.90 6.157 4.494 3.079

256 0.14 2.800 2.049 1.400

512 0.88 3.086 2.246 1.543

1 -1.86 3.457 2.403 1.729

256 -0.04 1.492 1.070 0.746

512 0.64 1.358 0.975 0.679

DMR 23.2

Analog 23.2

Body-Worn Back of Device 0 mm from Phantom

20.22

 

 

Note : 

Test separation distances 

KDB 643646 D01 v01r03. 

Head SAR Test consideration. 

Head SAR is measured with the front surface of the radio positioned at 2.5 cm parallel to a flat phantom 

 

Test Method List 

 

447498 D01 v06 General RF Exposure Guidance 

865664 D01 v01r04 SAR Measurement 100 MHz to 6GHz 

643646 D01 v01r03 SAR Test for PTT Radios  

 

9. SAR TEST RESULTS 
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SAR Measurement Plots 
 

Test Mode : 410.0125 MHz // Front of Device 25 mm // ch 1

Product Description : Push to Talk - Analog

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 410.0125 

Relative Permittivity (real part) 43.980 

Relative Permittivity (imaginary part) 39.439 

Conductivity (S/m) 0.898 

Variation -1.630 

SAR 1g (W/Kg) 3.223 

SAR 10g (W/Kg) 2.332 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 440.0125 MHz // Front of Device 25 mm // ch 256

Product Description : Push to Talk - Analog

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 440.0125 

Relative Permittivity (real part) 43.191 

Relative Permittivity (imaginary part) 36.079 

Conductivity (S/m) 0.882 

Variation 2.35 

SAR 1g (W/Kg) 1.887 

SAR 10g (W/Kg) 1.363 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 469.7000 MHz // Front of Device 25 mm // ch 512

Product Description : Push to Talk - Analog

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 469.7000 

Relative Permittivity (real part) 42.606 

Relative Permittivity (imaginary part) 34.703 

Conductivity (S/m) 0.906 

Variation 3.420 

SAR 1g (W/Kg) 2.005 

SAR 10g (W/Kg) 1.437 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 410.0125 MHz // Body-Worn Back of Device 0 mm // ch 1

Product Description : Push to Talk - Analog

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 410.0125 

Relative Permittivity (real part) 59.059 

Relative Permittivity (imaginary part) 40.799 

Conductivity (S/m) 0.929 

Variation 0.900 

SAR 1g (W/Kg) 6.157 

SAR 10g (W/Kg) 4.494 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 440.0125 MHz // Body-Worn Back of Device 0 mm // ch 256

Product Description : Push to Talk - Analog

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 440.0125 

Relative Permittivity (real part) 58.501 

Relative Permittivity (imaginary part) 38.094 

Conductivity (S/m) 0.931 

Variation 0.140 

SAR 1g (W/Kg) 2.800 

SAR 10g (W/Kg) 2.049 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 469.7000 MHz // Body-Worn Back of Device 0 mm // ch 512

Product Description : Push to Talk - Analog

Model : TPD-8424

Test date :  July, 19, 2016

 

Frequency (MHz) 469.7000 

Relative Permittivity (real part) 58.307 

Relative Permittivity (imaginary part) 37.374 

Conductivity (S/m) 0.975 

Variation 1.880 

SAR 1g (W/Kg) 3.086 

SAR 10g (W/Kg) 2.246 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 410.0125 MHz // Front of Device 25 mm // ch 1

Product Description : Push to Talk - DMR

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 410.0125 

Relative Permittivity (real part) 43.980 

Relative Permittivity (imaginary part) 39.439 

Conductivity (S/m) 0.898 

Variation 1.74 

SAR 1g (W/Kg) 1.331 

SAR 10g (W/Kg) 0.907 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 440.0125 MHz // Front of Device 25 mm // ch 256

Product Description : Push to Talk - DMR

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 440.0125 

Relative Permittivity (real part) 43.191 

Relative Permittivity (imaginary part) 36.079 

Conductivity (S/m) 0.882 

Variation -0.960 

SAR 1g (W/Kg) 0.947 

SAR 10g (W/Kg) 0.651 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 469.7000 MHz // Front of Device 25 mm // ch 512

Product Description : Push to Talk - DMR

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 469.7000 

Relative Permittivity (real part) 42.606 

Relative Permittivity (imaginary part) 34.703 

Conductivity (S/m) 0.906 

Variation 0.870 

SAR 1g (W/Kg) 0.918 

SAR 10g (W/Kg) 0.660 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 410.0125 MHz // Body-Worn Back of Device 0 mm // ch 1

Product Description : Push to Talk - DMR

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 410.0125 

Relative Permittivity (real part) 59.059 

Relative Permittivity (imaginary part) 40.799 

Conductivity (S/m) 0.929 

Variation -1.860 

SAR 1g (W/Kg) 3.457 

SAR 10g (W/Kg) 2.403 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 

 
 



 Ref. No.: LR500111607C 

Copyright ○c  2016, LTA Co., Ltd.                          Page 37 of 63 

 

 
 

Test Mode : 440.0125 MHz // Body-Worn Back of Device 0 mm // ch 256

Product Description : Push to Talk - DMR

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 440.0125 

Relative Permittivity (real part) 58.501 

Relative Permittivity (imaginary part) 39.093 

Conductivity (S/m) 0.931 

Variation -0.04 

SAR 1g (W/Kg) 1.492 

SAR 10g (W/Kg) 1.070 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Test Mode : 469.7000 MHz // Body-Worn Back of Device 0 mm // ch 512

Product Description : Push to Talk - DMR

Model : TPD-8424

Test date : July, 19, 2016

 

Frequency (MHz) 469.7000 

Relative Permittivity (real part) 58.307 

Relative Permittivity (imaginary part) 37.374 

Conductivity (S/m) 0.975 

Variation 0.640 

SAR 1g (W/Kg) 1.358 

SAR 10g (W/Kg) 0.975 

SURFACE SAR VOLUME SAR 

  

Z Axis Scan (X=0, Y=0) 
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Annex A. Test Instrument 

 

 

 

 

 

Name of Equipment Model Serial Number Manufacturer Last Cal. Date

ROBOT KR6-R900 KUKA KR 6 R900 sixx 500106 KUKA N/A

KUKA ROBOT CONTROLLER KCP 7611 KUKA N/A

KUKA ROBOT CONTROL BOX KRC4 212851 KUKA N/A

KUKA ROBOT VPS VPS SN 12/13 VPS 37 KUKA N/A

COMOSAR PROBE FOR VPS PROBE FOR VPS SN 04/13 RT34 SATIMO N/A

PROBE HOLDER SECURITY PROBE HOLDER SECURITY SN 12/13 SUPR56 KUKA N/A

USB GPIB 10833C HB5748863 SATIMO N/A

USB GPIB GPIB-USB-HS 181941D NI N/A

PCI FIREWIRE CARD AA25280 IE-V13-2121-00-00012 ST Lab N/A

HASP USB KEY HASP USB KEY 1660881042 KUKA N/A

COMOSAR IEEE SAM PHANTOM SAM PHANTOM SN 12/13 SAM98 SATIMO N/A

COMOSAR ELLIPTIC PHANTOM ELLIPTIC PHANTOM SN 12/13 ELLI25 SATIMO N/A

MOBILE PHONE POSITIONING SYSTEM HANDSET POSITIONING SN 12/13 MSH81 SATIMO N/A

LAPTOP POSITIONING SYSTEM DEVICE POSITIONING SN 25/12 LSH18 SATIMO N/A

COMOSAR DOSIMETRIC E FIELD PROBE SSE2 SN 27/14 EPG227 SATIMO 2015-08-17

COMOSAR DUMMY PROBE DUMMY PROBE SN 11/13 DP48 SATIMO N/A

LIMESAR DIELECTRIC PROBE SCLMP SN 12/13 OCPG52 SATIMO 2016-03-02

COMMUNICATION ANTENNA COMMUNICATION ANTENNA SN 26/12 ANTA41 SATIMO N/A

COMOSAR 300 MHz REFERENCE DIPOLE SID300 SN 12/13 DIP0G300-221 SATIMO 2016-03-02

COMOSAR 450 MHz REFERENCE DIPOLE SID450 SN 12/13 DIP0G450-222 SATIMO 2016-03-02

COMOSAR 835 MHz REFERENCE DIPOLE SID835 SN 12/13 DIP0G835-223 SATIMO 2016-03-02

COMOSAR 1800 MHz REFERENCE DIPOLE SID1800 SN 12/13 DIP1G800-225 SATIMO 2016-03-02

COMOSAR 2000 MHz REFERENCE DIPOLE SID2000 SN 12/13 DIP2G000-227 SATIMO 2016-03-02

COMOSAR 2450 MHz REFERENCE DIPOLE SID2450 SN 12/13 DIP2G450-228 SATIMO 2016-03-02

COMOSAR 5000-6000 MHz REFERENCE WAVEGUIDE SWG5500 SN 41/12 WGA20 SATIMO 2016-03-02

Attenuator (6dB) 8491A-6 34082 HP 2016-03-21

Attenuator (10dB) 8491A-10 58121 HP 2016-03-21

Attenuator (30dB) 8491B 04306 HP 2016-03-21

Dual Directional Coupler 772D 2839A01038 HP 2016-03-21

Dual Directional Coupler 778D 13020 HP 2016-03-21

Directional Coupler 779D 13021 HP 2016-03-22

MULTIMETER KEITHLEY 2000 4014116 KEITHLEY 2016-02-17

SCAN CARD SCAN CARD KIETHLEY 4014091 KEITHLEY N/A

ELECTRIC BALANCE SW-30H CKG2735 CAS 2016-03-23

ELECTRIC BALANCE KB-500 KB031417 SHENZHEN ACCT 2016-03-23

Digital Thermometer CS-I02 1211 ACUBA 2016-07-11

Temp. Humidity Data Logger TES-1367 50504189 TES 2016-07-12

DC Power Suply E3632A KR75305998 HP N/A

Power Meter EPM-441A GB32481702 HP 2016-03-22

Power Meter E4419B MY41291999 AGILENT 2016-07-08

Power Sensor 8481A 3318A94972 HP 2016-01-05

Power Sensor E9301A MY41497729 AGILENT 2016-07-08

Power Sensor E9301A MY41497869 AGILENT 2016-07-08

3~6G Power Amp. SMA027 1 KTM 2015-08-25

Radio Communication Tester CMU200 106243 ROHDE&SCHWARZ 2016-03-21

VECTOR SIGNAL GENERATOR SMBV100A 255081 ROHDE&SCHWARZ 2016-03-21

Wideband Radio Communication Tester CMW 500 122216 ROHDE&SCHWARZ 2016-03-22

NETWORK ANALYZER 8753E US38433174 AGILENT 2016-02-17

Type N Calibration Kit 85032 B KTM 85032B-070212 AGILENT N/A  
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Annex B. EUT and Test Setup Photographs 

 

 

 

 

 

EUT Front view

EUT Back view
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EUT Bottom view

EUT Side view
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Front of Device 25 mm from Phantom Top view

Front of Device 25 mm from Phantom Side view
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Body-Worn Back of Device 0 mm from Phantom Top view

Body-Worn Back of Device 0 mm from Phantom Side view
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Annex C. Calibration Reports 
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