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Background

o TCB must receive the following training to
certify devices with certain RF exposure

concerns
Supplement C/handset training (allows TCB

certification of Pt 22/24 handsets only)

General RF exposure training (for all other
devices under July 2002 exclusion list)

o All other TCBs must use 2000 exclusion list

October 2005
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Supplement C - 01-01 %F@

o Title: “Evaluating Compliance with FCC Guidelines
for Human Exposure to Radiofrequency
Electromagnetic Fields”

o General in nature regarding mobile and portable
devices

o Emphasis for Pt 22/24 handsets based on IEEE
STD 1528 standard

o Apply to other devices carefully

o TCBs will apply as standard for SAR reviews of Pt
22/24 devices

4 FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C - 01-01 %F@

o Outline

Introduction
Section 1 “FCC rules for RF compliance of mobile
and portable devices

Section 2 Guidelines for evaluating mobile and
portable devices discusses both SAR measurement
and computation methods

Section 3 RF exposure compliance for spread
spectrum transmitters (not relevant for this training)

5 FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C - 01-01 %F@
o Outline

Appendix A: FCC exposure criteria

Appendix B: Information for documenting
SAR compliance

Appendix C: Tissue dielectric parameters
Appendix D: SAR measurement procedures

6 FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C - 01-01 S g

UsA

o released on 06/29/01 to replace version 97-01
Issued on 12/30/97

considered applicable SAR measurement
procedures in SCC-34/SC-2 IEEE STD 1528
DRAFT

updated recommendations for documenting
compliance (Appendix B)

incorporated IEEE STD 1528 head tissue
dielectric parameters and updated body tissue
dielectric parameters according to the rationale for
using homogeneous phantoms (Appendix C)

7 FCC - TCB Training on SAR Review-- Handsets October 2005
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o related documents - ntip:/iwww fec.govioet/dockets/et93-62/
Report and Order

original - ET Docket 93-62, FCC 96-326, 11 FCC Rcd.
15123 (1996)

1tMO&O - ET Docket 93-62, FCC 96-489, 11 FCC Rcd.
17512 (1997)

2nd MO&O and NPRM - ET Docket 93-62, FCC 97-303,
12 FCC Rcd. 13494 (1997)

8 FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C - 01-01 \

o related documents - ntip:/iwww fec.govioet/dockets/et93-62/

OET Bulletins -

http://www.fcc.gov/oet/info/documents/bulletins/

Bulletin 65, Edition 97-01, released August 25,

1997

* Supplement A & B (broadcast and amateur radio)
* Overview of RF exposure and MPE evaluation

* Related update Public Notice DA 02-1438

Bulletin 56, Fourth Edition, released August 1999

* Q & A on RF exposure - consumer info
October 2005
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Supplement C - 01-01 %F@
provided SAR measurement
recommendations for handsets (Appendix
D), including head and body-worn

10

conditions, allowing TCB to approve cellular
and PCS handsets that involve SAR
evaluation

TC

B must use Supplement C procedures

Supplement C is based on but in some
cases varies slightly from IEEE STD 1528.

slid

es here relevant only to IEEE STD 1528

are place In “reference” section

FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds



|[EEE STD 1528 and Supplement s,
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o IEEE STD 1528 updates (not all relevant to Supplement

11

C)

frequency exclusions/provisions FCC21

power exclusions/provisions™
. . . . FCC18
flat phantom: major axis > 0.6 A, minor axis > 0.5 A * not

relevant to Supplement C
improved measurement uncertainty procedures™ FCC19

clarified tissue dielectric property measurement

recommendations® FCC20

some changes in SAR system validation procedures

FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds



Slide 11

FCC18

FCC19

FCC20

SCC-34/SC-2 Revised Proposal (as of 03/29/02) -

The issue under consideration relates to cellular handset with multi-mode capability. In particular, those handsets that feature different
modes of operation within one or several frequency bands, where these modes are set to different nominal power.

The earlier proposal (not approved during the January meeting) was discussed. An alternative proposal, also based on SAR
measurements, was formulated. The proposal is explained below.

Suppose the handset can operate in two modes (A and B) with nominal power PA and PB where PA > PB+2dB, within the same
frequency band. The testing procedure is as follows:

1. Test the handset in mode A, according to the procedure already established in P1528;

2. Test mode B in each configuration listed below, provided that it produced a peak SAR larger than one half of the compliance limit in
mode A, with the additional provision that at least the configuration that produced the highest peak SAR in mode A be tested:

Left Ear, Touch position (antenna position and channel that produced highest peak SAR in mode A);
Left Ear, Tilt position (antenna position and channel that produced highest peak SAR in mode A);
Right Ear, Touch position (antenna position and channel that produced highest peak SAR in mode A);
Right Ear, Tilt position (antenna position and channel that produced highest peak SAR in mode A);

aoop

3. If the peak SAR measured in mode B is lower than 85% of that measured in mode A for each one of the above configurations, then
no further testing of the handset in mode B is required. The 15% margin specified herein is equal to the acceptable measured
uncertainty in P1528;

4. If at least one of the measured peak SAR in mode B is equal or larger than 85% of the corresponding one in mode A, then a
complete test of the handset in mode B should be performed according to the procedure established in P1528.

It is understood that if the above proposal is accepted and incorporated in P1528, it should not be perceived as a binding provision for
the regulatory agencies, but rather as an interpretative recommendation. It is further recommended that handset manufacturers
provide independent test labs with relevant information regarding the operation and technology of multi mode devices, compatibly with
intellectual property rights on said technology.

NOTE: the above procedures do not apply when PA <= PB+2dB

Focus User, 3/31/2002

Annex E and Annex X of latest SCC-34/SC-2 revisions for P1528
Focus User, 3/31/2002

Annex B of latest revised SCC-34/SC-2 P1528



Slide 11 (Continued)

Focus User, 3/31/2002

FCC21 SCC-34/SC-2: Considering the reasonable performance expectations of cellular phone antennas in terms of VSWR over the operating

bandwidth, the unanimous consensus was to endors the FCC suggestion to modify the exclusion threshold from 2 dB to 3 dB
Focus User, 3/31/2002



I[EEE STD 1528 and Supplement P
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o Supplement C updates: for TCB approval purposes
Phantom transition ended see PN 02-1438

use following criteria to reduce the number of tests
according to , see PN 02-1438

frequency provisions/criteria

power provisions/criteria
measurement uncertainty: use latest IEEE STD 1528 draft
E-field probe calibration issues: see February 2002 TCB .,
training slides*
SAR system verification 1ssues: see February 2002 TCB
training slides™ FCC23

12 FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds



Slide 12

FCC22 field probe calibration requirements can be probe design dependent; test labs should verify the capability of a field probe, including the

applicability of probe calibration data, for testing an individual device
Focus User, 3/31/2002

FCC23 when dipoles are not available for verifying SAR system performance at certaing test frequencies, test labs are expected to build their

own dipoles according to P1528 specifications
Focus User, 3/31/2002
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FCC MPE Exposure Limits g
2 C:
&
(A) Limits for Occupational/Controlled Exposure Section 1.1310 %@ é?
<3
Frequency Electric Field Magnetic Field  Power Density  Averaging Time Ush
Range Strength (E) Strength (H) (S) |E|2, |H|2 orS
(MHz) (V/m) (A/m) (mW/cmz) (minutes) 1 1 310 App“ es
0.3-3.0 614 1.63 (100)* 6 to fixed and
3.0-30 1842/f 4.89/f (9OO/f2)* 6 : :
30-300 61.4 0.163 1.0 6 mOblle deVICeS’
300-1500 - - £/300 6 and portable
1500-100,000 -- -- 5 6

above 6 GHz

(B) Limits for General Population/Uncontrolled Exposure

Frequency Electric Field =~ Magnetic Field  Power Density ~ Averaging Time Note 2 Averag | ng time
Range Strength (E) Strength (H) (S) IEP, Hf or S )
(MHz) (V/m) (A/m) (mW/cm?) (minutes) techniques
typically for
0.3-1.34 614 1.63 (100)* 30 yP y .
1.34-30 824/f 2.19/f (180/£%)* 30 Occupational.
30-300 27.5 0.073 0.2 30 Limited
300-1500 -- -- /1500 30 ] .
1500-100,000 - - 1.0 30 application for
. . . G.P.
f = frequency in MHz *Plane-wave equivalent power density
NOTE 1: See Section 1 for discussion of exposure categories.
NOTE 2: The averaging time for General Population/Uncontrolled exposure to fixed transmitters is not applicable for mobile
and portable transmitters. See 47 CFR 8§2.1091 and 2.1093 on source-based time-averaging requirements for
mobile and portable transmitters.
13 FCC - TCB Training on SAR Review-- Handsets October 2005
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FCC Portable Limits (SAR) §
FC:

&, 73

(A) Limits for Occupational/Controlled Exposure (W/kQ) ‘%9 ep@

<5
TUSAT
Whole-Body Partial-Body Hands, Wrists, Feet and Ankles
0.4 8.0 20.0

(B) Limits for General Population/Uncontrolled Exposure (W/kg)

Whole-Body Partial-Body Hands, Wrists, Feet and Ankles Note 4:
0.08 1.6 4.0 “Source
based
averaging

NOTE 1: See Section 1 for discussion of exposure categories.

17
NOTE 2: Whole-Body SAR is averaged over the entire body, partial-body SAR is averaged over allowed

any 1 gram of tissue defined as a tissue volume in the shape of a cube. SAR for hands,
wrists, feet and ankles is averaged over any 10 grams of tissue defined as a tissue volumu 50% usage

in the shape of a cube.
DF for Gen.

NOTE 3: At frequencies above 6.0 GHz, SAR limits are not applicable and MPE limits for power
density should be applied at 5 cm or more from the transmitting device. POD'PTT

devices
Note 4: The time averaging criteria for field strength and power density do not apply to general
population SAR limit of 47 CFR §2.1093. allowed
14 FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C: RF exposure Evalua
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o This class covers Pt 22/24 handsets only

o Supplement C can apply to other device types to
the extent possible

o MPE and SAR evaluation of other devices
evaluation not covered In this course. Please
refer to OET Bulletin 65 and follow-on TCB
classes

15 FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds
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Supplement C: SAR Evaluation %F@

UsA

o evaluating SAR compliance with
measurements

SAR measurement system

test device
test environment
estimating measurement uncertainty

reporting

16 FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds



SAR Measurement F@
Overview R
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1) computer for data recording 5) ambient field

2) data acquisition unit 6) phantom shell with tissue
simulating liquid

3) dosimetric E-field probe 7) device under test

4) probe positioner 8) device positioner

OO

O O

17 FCC - TCB Training on SAR Review-- Handsets October 2005
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Area and Zoom Scans

October 2005

ning on SAR Review-- Handsets
and Hand-helds
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TCB Training

Evaluating compliance/SAR Review of Part
22 Subpart H and Part 24 Wireless
Handsets for Equipment Approval

Supplement C - 01-01: Phantom

12-13 May, 2003



Supplement C: Phantom g .
Recommendations %F@

o Supplement C recommends SCC-34/SC-2 SAM head
phantom, see Public Notice 02-1438

o Supplement C specifies flat phantom for body-
worn tests and system verification

20 FCC - TCB Training on SAR Review-- Handsets October 2005

and Hand-helds



|[EEE STD 1528 Draft: g
Phantom %F@
o head phantom goal ¥ e S

21

to provide conservative and repeatable SAR
measurements using

a homogeneous phantom with specific shape and
dimension

specific tissue dielectric properties
specific handset test positions
specific test protocols

to evaluate near-field exposure conditions of
handsets

to ensure proper energy coupling in the cheek
region

FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds



IEEE STD 1528 Draft: F@
Phantom %
o head phantom goal

to provide suitable ear simulation for

handset positioning

energy coupling in the head
to support measurement without a hand

mode
to avoid excessive overestimate of SAR

October 2005

22 FCC - TCB Training on SAR Review-- Handsets
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Supplement C: Phantom 5
Recommendations %F@

o SCC-34/SC-2 SAM phantom shell specification
dielectric constant (g,) < 5.0
loss tangent < 0.05
SAM shape is defined based on Army
statistical measurements

thickness
2.0 £ 0.2 mm in measurement regions
2.0 £ 0.5 mm elsewhere
Ear spacer specified (6 mm thick)

FCC - TCB Training on SAR Review-- Handsets October 2005

23
and Hand-helds



Supplement C: Reference Plane F@
%

Reference Plane contains points RE, LE and M

October 2005
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Supplement C: Ear Reference ; .
. o 4
Point E F@m
— ke
" USA "
F
 Reference lines
* M-B in reference plane
* N-F 1 to M-B
 N-F and M-B intersect at ERP
e ERPi1s 1.5 cm above EEP )
* Ear spacer
* 6.0 cm along N-F M
¢ 6.0 + 0.2 mm thick at ERP
e tapered and truncated below N-F
ar Reference Point
#\trance to Ear Canal
October 2005

FCC - TCB Training on SAR Review-- Handsets
and Hand-helds
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Supplement C: Phantom g .
Recommendations %F@

o use flat phantom to test for certain other
configurations

body-worn and other body operating

conditions
In front of a person’s face, such as In

PTT mode (not eye/nose exposure)

26 FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds



Supplement C: Phantom S ong

Recommendations %F@

o flat phantom specifications

27

flat phantom > 2 times test device & antenna
dimension

e, < 5.0; loss tangent < 0.05

2.0 £ 0.2 mm thick in measurement regions
tissue depth filled to 15.0 £ 0.5 cm
verification phantom specs. are different

FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds
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SAR Testing %F@

o Supplement C
recommends that
phantom should be
twice the size in critical
dimensions of the
DUT.

& For laptops the DUT is generally considered
the transmitting module and/or antenna.

28 FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds



IEEE STD 1528 Dratft: $ .

Phantom %FC
%'usn'e'o

o |IEEE STD 1528 reference materials follows

29 FCC - TCB Training on SAR Review-- Handsets
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IEEE STD 1528 Dratft: §@k%
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Phantom
o phantom - Section 4, Annex B, C, D

head phantom requirements in general (4.1, D4)
simulated tissue dielectric properties (4.2, B, C)
recommended head tissue dielectric parameters (4.5.1)

tissue dielectric measurement techniques (B1)
reference liguids for tissue dielectric measurements (B2)

tissue recipes (C2)

SCC-34/SC-2 recommended head model - SAM

(4.5.2)
SAM derived from selected U.S Army head data (D2)

SAM cross-sections (D3)

phantom uncertainty (4.4)
flat phantom requirements (4.5.3, D1)

October 2005

FCC - TCB Training on SAR Review-- Handsets
and Hand-helds
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IEEE STD 1528 Draft: Phantom f"F@%
W&

SCC-34/SC-2 head model - SAM usA
F
LE ERP
B
<X '
EEP
far reference point
- entrance to ear canal
(Source: IEEE SCC-34/SC-2, IEEE STD 1528 Draft)
October 2005

FCC - TCB Training on SAR Review-- Handsets
and Hand-helds
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IEEE STD 1528 Draft: Phantom OF@%
SCC-34/SC-2 head model - SAM V- usa- i

e shell thickness
— ear spacer region: 6.0 + 0.2 mm max.
— other measurement regions: 2.0 £ 0.2 mm
— non critical regions: 2.0 £ 0.5 mm

 liquid depth: 15.0 + 0.5 cm from ERP
* shell material: €. < 5.0 and loss tangent < 0.05

80-100 mm

(Source: IEEE SCC-34/SC-2, IEEE STD 1528 Draft)

32 FCC - TCB Training on SAR Review-- Handsets October 2005
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IEEE STD 1528 Draft: Phantom
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SCC-34/SC-2 head model - derived parameters. -*
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and Hand-helds

Ref. |Anatomy Gordon report SAM |Deviation
(mm) (mm) (%)
Mean Std 90"
value | deviation |Percentile
15 Bitragion Chin Arc 325.8 13.4 343.1 329.3 -4.0
16 Bitragion Coronal Arc 353.3 12.9 369.7 367.3 -0.6
18 Bitragion Frontal Arc 304.3 10.6 318.2 314.1 -1.3
19 Bitragion Submandibular Arc 304.2 14.5 323.2 333.5 3.2
20 Bitragion Subnasale Arc 292 11.1 306.3 305.3 -0.3
60 Head Breadth 151.7 54 158.6 158.4 -0.1
61 Head Circumference 567.7 15.4 587.3 594.8 1.3
62 Head Length 197.1 7.1 206 206.0 0.0
77 Menton-Sellion Length 121.9 6.5 130.4 125.0 -4.1
80 Neck Circumference 379.6 19.7 405.3 395.4 -2.5
81 Neck Circumference Base 408.4 20.5 434.9 455.7 4.8
(Source: IEEE SCC-34/SC-2, IEEE STD 1528 Draft)
FCC - TCB Training on SAR Review-- Handsets October 2005



IEEE STD 1528 Draft: Phantom f"F@%

. 9 §
SCC-34/SC-2 head model - derived parameters.-©

(Source: IEEE SCC-34/SC-2, IEEE STD 1528 Draft)
October 2005

FCC - TCB Training on SAR Review-- Handsets
and Hand-helds
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TCB Training

Evaluating compliance/SAR Review of Part
22 Subpart H and Part 24 Wireless
Handsets for Equipment Approval

Supplement C - 01-01: Tissue Parameters

12-13 May, 2003



IEEE STD 1528 Draft: Tissue Sgman
liguid %&F@

o simulated head tissue dielectric properties

36

the choice of tissue parameters in a homogeneous
phantom determines the amount of SAR
overestimation

need standardized tissue dielectric parameters to
reduce measurement variations

standardized liquid values

provide tissue dielectric parameter measurement
procedures

provide recommendations on tissue recipes

FCC - TCB Training on SAR Review-- Handsets October 2005
and Hand-helds



IEEE STD 1528 Draft: Tissue o
N n -d =
Liqul | 5 C
Tissue dielectric property measurement - ye\-*
Smiffer Slot Fill Hole Temp.
Input Conn. SHFEEESOLY VNA meter
C{ I Coaxial Sl ]d i WO }:]
oaxial Slotted Transmission Line Q .
_— /

TEMHine rl;?EE;:;;;;_d//

%

Liquid

(Source: based on IEEE SCC-34/SC-2, IEEE STD 1528

Draft)
October 2005
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Supplement C: Tissue Parameters:;% C:
)
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USA
Target Freguency Head Body
(MHz) & o (S/m) & o (S/m)
* 150 52.3 0.76 61.9 0.80
300 453 0.87 58.2 0.92 All head
450 43.5 0.87 56.7 0.94 marked *
835 415 0.90 552 0.97 and body
are Non
900 41.5 0.97 55.0 1.05 IEEE
* 915 41.5 0.98 55.0 1.06 STD
1450 40.5 1.20 54.0 1.30 1528
values
% 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 353 5.27 48.2 6.00
(er = relative permittivity, ¢ = conductivity and p = 1000 kg/m3)
38 FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C: Tissue Recipes

Ingredients Frequency (MHZz)

(Vo by weight) 450 835 915 1900 2450
Tissue Type Head | Body | Head | Body | Head | Body | Head | Body | Head | Body
Water 38.56 | 51.16 | 4145 | 524 | 41.05 | 56.0 | 549 | 404 | 62.7 | 73.2
Salt (NaCl) 3.95 1.49 1.45 1.4 1.35 0.76 | 0.18 0.5 0.5 0.04
Sugar 56.32 | 46.78 | 56.0 | 45.0 56.5 | 41.76 | 0.0 58.0 0.0 0.0
HEC 0.98 0.52 1.0 1.0 1.0 1.21 0.0 1.0 0.0 0.0
Bactericide 0.19 | 0.05 0.1 0.1 0.1 0.27 0.0 0.1 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 36.8 0.0
DGBE 0.0 0.0 0.0 0.0 0.0 0.0 | 4492 | 0.0 0.0 26.7
Dielectric Constant | 43.42 | 58.0 | 42.54 | 56.1 42.0 | 56.8 39.9 540 | 39.8 52.5
Conductivity (S/m) | 0.85 0.83 0.91 0.95 1.0 1.07 1.42 1.45 1.88 1.78

Salt: 99'% Pure Sodium Chloride Sugar: 98 % Pure Sucrose

Water: De-ionized, 16 MQ)" resistivity HEC: Hydroxyethyl Cellulose

DGBE: 99'% Di(ethylene glycol) butyl ether, [2-(2-butoxyethoxy)ethanol]

Triton X-100 (ultra pure): Polyethylene glycol mono [4-(1,1, 3, 3-tetramethylbutyl)phenyl]ether

39 FCC - TCB Training on SAR Review-- Handsets
and Hand-helds
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Somewhat
old as of
April 2003,
See |latest
IEEE STD
1528, and
following
slides

October 2005
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Supplement C: Tissue F@
Parameters R ®

o 2450 MHz head liquid recipe per Kwok Chan
April 2003

H20 58.55%

DGBE 6.96%

Triton x-100 35.38%

NaCl 0.11% (use less to bring down conductivity)

o Measured 38-39 relative permittivity
o 1.85-1.9 conductivity

40 FCC - TCB Training on SAR Review-- Handsets October 2005
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Draft IEEE STD 1528: Tissue § o
Parameters A7

Draft CD 1.1 — December 29, 2002 96 IEEE Std 1528-200X

C.2 Tissue-simulating liquid formulas (permittivity/conductivity)

Table C.1 — Suggested recipes for achieving target dielectric parameters| BS|, [B132]

Frequency 300 450 835 D00 1450 1800 1900 1950 | 2000 2100 2450 3000
(MHz)
Recipe # 1 1 3 1 1 | 2 | 3 1 1 | 2 | 2 | 3 1 | 2 4 1 1 | 2 2 3 1
Ingredients (% by weight)
1,2- 64.81
Propanediol
Bactericide 0.19 019 | 0.5 0.1 0.1 0.5 0.5 05
Diacetin 18.0 49.2 19.43 1975
DGBE 15.41 7 13.84 | 44.92 14.92 | 13.84 15 50 50 7.99 799 7.99
HEC 098 | 098 1 1
Na(ll 595 3905 7 1.45 148 0.79 1.1 0.67 036 035 018 064 018 0.35 016 016 0.16
Sucrose 5532 | 56.32 57 56.5
Triton X-100 3045 1997 | 19.97 1997
Water 37.56 | 38.56 | 48.0 | 4045 | 4002 | 344 | 492 52.64 549 | 4943 [ 549 [ 5536 55 50 50 | 7188 | 7188 | 49.75 | 7188
par
& 16 134 | 443 ] 416 11.2 18 | 427 104 39.2 [ 399 H 101 37 | 368 | 411 10.3 392 379
o (S/m) 086 | 0.85 0.9 0.9 098 | 097 (099 | 121 1.39 1.38 1.4 1.4 1.42 1.38 | 1.41 1.4 1.51 1.55 1.88 1.82 246
Temp. (°C) 22 22 20 22 22 22 20 22 22 21 22 20 21 21 20 22 22 20 20 20 20
Target dielectric parameters (Table 5-1)
& 453 13.5 11.5 1.5 10.5 10 398 39.2 385
o (S/m) (87 .87 (IR 097 1.2 1.4 1.49 1.8 24

NOTE: Multiple columns for any single frequency are optional recipes.

Recipe #, reference; 1[B3]. 2 [B132]. 3 [B109]. 4 |B44].

Copyright © 2002 by the Institute of Electrical and Electronics Engineers, Inc
I'hree park Avenue, New York, New York 10016-5997, USA — All Rights Reserved
This 15 an unapproved [EEE Standards Draft subject to change

41 FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C: Tissue g"Fccé
Parameters ol g

o transmission band overlaps with tissue target
frequency
tissue parameters at mid-band < + 5% of target

values
o otherwise, at other frequencies
linearly interpolate tissue parameters between

closest pair of target frequencies
tissue parameters at mid-band < + 5% of target

values
o up to 10% tolerance above 2 GHz (outdated) --

newer recipes should be within 5% up to 3 GHz.
Above 3 GHz greater tolerance may be needed.

October 2005
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Supplement C: Tissue s"F@%
Parameters ol g

o tissue medium temperature variation
< £ 2°C during SAR measurement
+ 2°C of tissue dielectric parameters

measurement conditions
o tissue parameter measurement

daily when used for measurements

more often - conditions of high evaporation

rate or low humidity

October 2005
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IEEE STD 1528 Draft: Tissue s )
liquid ‘%;ch

o Reference material follows

October 2005
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Supplement C: Tissue F AR
Parameters 5 C.
Old values (97-01 version) New values 01-01 Y. USA °

version. New values follow same trend and are
e5.00 - INOre conservative.

60.00 A
55.00 A
—e— New Head Epslon
—=— Old Head Epslon
€ 50.00 -
r New Body Epslon
Old Body Epslon
45.00 A
40.00 A
35.00
150 | 300 | 450 | 835 | 900 | 915 | 1450 | 1610 | 1800 | 1900 | 2000 | 2450 | 3000 | 5800
—e— New Head Epslon |52.50|45.30|43.50|41.5041.50 |41.50|40.50 | 40.30|40.00| 40.00|40.00|39.20|38.50 | 35.30
—=— Old Head Epslon |60.20|51.90|49.00 | 46.09|45.81 |45.75|44.22 | 43.89|43.55|43.37|43.22|42.54|41.79 | 38.31
New Body Epslon |61.90|58.20|56.70|55.20|55.00 | 55.00| 54.00|53.80|53.30 | 53.30|53.30 | 52.70| 52.00 | 48.20
Old Body Epslon |62.70|59.00|57.60|56.10|56.00 | 55.92|54.95 | 54.71|54.44|54.30|54.17 | 53.57 | 52.85 | 48.99

Frequency
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Supplement C: Tissue

Parameters

6.5 1
6.0 -
5.5
5.0

4.5

4.0
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3.0
2.5

(S/m)

e

—e— New Head Sigma
Old Head Sigma

—=— New Body Sigma
Old Body Sigma

2.0

1.5 A
1.0
0.5 A
0.0

150

300

450

835

900

915

1450

1610

1800

1900

2000

2450

3000

5800

—e— New Head Sigma
Old Head Sigma
—=— New Body Sigma

Old Body Sigma

0.76
0.48
0.80
0.75

0.87
0.55
0.92
0.79

0.87
0.61
0.94
0.83

0.90
0.74
0.97
0.95

0.97
0.77
1.05
0.97

0.98
0.77
1.06
0.97

1.20
0.99
1.30
1.20

1.29
1.06
1.40
1.28

1.40
1.15
1.52
1.39

1.40
1.20
1.52
1.45

1.40
1.26
1.52
1.51

1.80
1.51
1.95
1.81

2.40
1.86
2.73
2.24

5.27
4.24
6.00
5.20
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Supplement C — 01-01 Scan Procedures
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Supplement C: Scan Procedures ¢

o field scan considerations

homogeneous phantom
peak SAR near phantom surface

probe boundary effects error
probe tip > % probe diameter from phantom
surface unless compensated

evaluate near-field exposure conditions

area scan to search for peaks
zoom scan to determine 1-g SAR

October 2005
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Area and Zoom Scans

October 2005

ning on SAR Review-- Handsets
and Hand-helds
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Supplement C: Scan Procedure

o Area Scan

cover an area of the phantom larger than

that projected by the device and its antenna
at a fixed distance from the inside surface of
.5 probe diameter < distance< 8.0 £ 1.0 mm

measurement resolution
« sufficient to allow interpolation algorithms to identify

SAR peaks to £ 5.0 mm
« 1 -2 cm spatial resolution is typically sufficient (1 cm is

typically used)

50 FCC - TCB Training on SAR Review-- Handsets October 2005
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o Area Scan

peak locations

identify on SAR plots with respect to device outline and
phantom reference grid

perform zoom scan on all peaks within 2.0 dB of the
highest peak

repeat area scan with expanded boundaries if peaks are
closer than 5.0 mm (10.8 mm for 10-gram SAR) from scan
boundary

consider probe boundary effects and isotropy errors when
scan near phantom side-wall - tilt probe or phantom as
necessary

51 FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C: Scan Procedure
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52

centered at peak locations interpolated from
area scan measurements

scan extends 1.5 times the linear dimension
of 1 or 10 gram cube in all directions from
each area scan peak (including extrapolation
to surface) (extends 3 times linear
dimension from surface)

FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C: Scan Procedure

O Z00m ScCan

&

points near the phantom surface

Measured in the z direction
e first 2 points - within 1.0 cm from surface
* last point - SAR value < 25% of first point
« adjacent points - < 5.0 mm separation

points at surface are extrapolated from measured

points in z direction
« 4t order polynomial least square fit typically used for

extrapolation
* new extrapolation coefficients for each z axis scan

October 2005
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O Z00m ScCan

measurement resolution
sufficient to allow the interpolation algorithms to compute
SAR values on a 2.0 mm grid with < 5% error
5 - 8 mm spatial resolution is typically sufficient (depends
on gradient of SAR contour)
7X7x6 points typical for 5mm spacing (7th point in z
extrapolated)

determine the highest 1-g SAR
typically by trapezoidal integration
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22 Subpart H and Part 24 Wireless
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Supplement C — 01-01 Test Device
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Supplement C: Test Device §F©§
%
o test sample requirement

§2.908 - test sample identical to production units

82.909 - grantee responsibility
need performance and production tolerances to

establish test conditions (primarily power)

o device conditions

FCC - TCB Training on SAR Review-- Handsets October 2005

56
and Hand-helds



Bevice Class %F@

o Handheld and lap held devices are PCB or TNB

o Devices with body worn accessories are PCT or
TNT

o Devices held at the ear are PCE/TNE

o Use the more “distinctive” class If a device has
multiple use positions*

57 FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C: Test Device 4 *"

o output power

test at maximum output (within 5% of maximum)
may scale SAR by up to max. to compensate* mi
verify output stability according to device

specifications
conducted output measurement before & after SAR
or measure SAR drift before and after SAR if applicable
device cannot maintain a constant average output
evaluate SAR based on highest expected exposure
according to battery capacity
assure conservative SAR
device Is operating within designed range

October 2005
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Slide 58
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Q&A . Need further explanation on how the 5% scaling of output power is applied in the SAR checklist.

Supplement C states: “Transmitters should be tested at the maximum output level for normal operation within the intended wireless
networks, to avoid undesirable performance issues that could lead to SAR changes. The measured SAR values may be scaled to cover
certain output tolerances expected among production units during normal use provided the scaled values are within 5% of the
measured values.” If scaling is needed to an output power beyond 5% of as tested, SAR test should be repeated with power adjusted
to the scaled target level. In general the grant should reflect whatever power level was tested.

Additional background info for 5% scaling guideline is given in following excerpts from Interpretations Database.

http://hraunfoss.fcc.gov/eas_public/SilverStream/Pages/pg_html_fts_res.html?letter=1202

25 Sep. 2001

Request for clarifications on Supplement C — 0101

Received from a specific group on July 16, 2001

“Question 12. Page 49-50, the issue of TDMA scaling was not answered to clarify how to perform this test on devices not intended to
be operated continuously in transmit mode for 20 -30 minutes at the highest TDMA duty factor.

FCC Answer 12. Handsets are generally designed to operate continuously until the battery runs out. The generic procedures
developed for testing most handsets may not apply to non-standard devices and operating configurations. Commission staff has
already discussed the issues relating to a specific product from this manufacturer.

Question 18. A maximum limit of 5% scaling to max power will require that the transmit power be artificially adjusted to the upper
limit of the production transmit power specification window. This may not be possible for some products wherein the normal
distribution is significantly below the upper limit which is based on a worst case unit. Other designs do not have factory adjustable
power and instead rely on the design and component tolerances to provide a high yield to the transmit power specification window.
How should these products be handled?

FCC Answer 18. The handsets manufactured today typically require rather tight tolerance to meet network and design requirements.
We anticipate a very small number of products to be in this category. When the SAR is close to the limit and the output variations
among production units are high, testing at output levels significantly below the upper limit may not demonstrate compliance. The
described situations are more likely to appear in unlicensed transmitters.”

mperrine, 5/2/2003



Supplement C: Test Device 4 *"

o battery options

test with fully charged batteries
Impact of battery configurations on SAR
battery cell configurations and construction

physical dimensions
for physically similar batteries changes in radiated

power may indicate need for SAR testing

October 2005
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o signaling modes

test with built-in test modes
AMPS - unmodulated carrier
TDMA - test signal with time-division duty factor
CDMA - full vocoder rate and maximum occupied

bandwidth
test modes not available or inappropriate
activate test device through base-station

simulator
downlink signal at test device should be 20-30

dB < uplink signal
Look for CDMA watch for VOX like modes

FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C: Test Device 4 *"

o signaling modes

multiple modes operating in same frequency band
test all modes with maximum source-based time-averaged

output within 1.0 dB of the mode with highest output see
PN 02-1438

TCBs with CDMA 2000 or UMTS devices should
seek FCC advise prior to granting

modes with substantially low duty factor
» evaluate SAR at highest expected duty factor
« device may not be able to maintain constant peak output due

to hardware or battery limitations at artificially higher DFs

* can SAR system measure correctly
co-located transmitters e.g. Blue Tooth

October 2005
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Supplement C: Test Device ‘@F@;

o time averaging

satisfy source-based time averaging

requirement
Inherent to device hardware or transmission

protocol

operational duty factors do not qualify (PTT
device exception, 50% allowed for gen. pop.,
other percentage for occupational, if justified)

FCC - TCB Training on SAR Review-- Handsets October 2005
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Supplement C: Test Device %Fci

o time averaging

63

test with source-based time averaging duty factor
not with constant transmission /CW

time averaging requirements for general
population/uncontrolled and
occupational/controlled exposure are different
(source based only and 50% DF for PTT special
case)
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o Test with maximum average power for both body-worn
and head positions.*
Typically use only GSM (1 time slot) mode when testing
at ear unless
If GPRS Class A capable (allows simultaneous voice and
data)—use GPRS
o GPRS capabilities of the device should be clearly stated
In the filing. Please include the two GPRS classes (e.g.
class 10 and class A).
o Apply this concept when evaluating non GSM devices
with duty factors.
o Duty factor need not be included on the grant comment
when clear or standard protocol is used.*
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Supplement C: Test Device 4 *"
pp %F@

o operating capabilities

test channels
high, middle and low frequency channels per
band
middle channel only if transmission band < 10
MHz or SAR < 3 dB below limit see PN 02-1438

FCC - TCB Training on SAR Review-- Handsets October 2005
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Freguency Criteria Update % &%

o currently indicated in Appendix D of Supplement C 01-
01, last paragraph of section “Device Operating Next to a

Person’s Ear,”

“If the SAR measured at the middle channel for each test
configuration (left, right, Cheek/Touch, Tilt/Ear, extended
and retracted) 1s at least 2.0 dB lower than the SAR limit,
testing at the high and low channels 1s optional for such test
configuration(s).”

SCC-34/SC-2 has revised i1ts recommended SAR
measurement procedures from 2.0 dB to 3.0 dB

66 FCC - TCB Training on SAR Review-- Handsets October 2005
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Power Criteria Update o"FC%
C:

o SCC-34/SC-2 revised procedures for testing wireless
handsets

o with multiple operating modes 1n the same frequency
band*

o Current procedures in Appendix D of Supplement C 01-
01 require all modes with a maximum source-based time-
averaged output within 1.0 dB of the mode with the
highest output to be tested to demonstrate compliance,
which should be replaced with the following procedures
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Power Criteria Update

O procedure 3 e

68

when multiple operating modes exist within the same "

frequency band and the lower output mode 1s 2 dB or less
from that in the highest output mode, test the device in the
that lower output mode according to the normal
Supplement C requirements; otherwise, continue with the
following procedures

when multiple operating modes exist within the same
frequency band and the lower output mode 1s lower than
that 1n the highest output mode by more than 2 dB, test the
device in the highest output mode according to the normal
Supplement C requirements and apply the following
procedures

test each lower output modes 1n the configuration 