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7.3 BODY LIQUID MEASUREMENT
Fre:ﬂt;ncy Relative permittivity (g,’) Conductivity (o) S/m
: required measured re;uired measured
150 » 61.945% 0805% |
300 58245% | 0.925%
450 56.745% 0.94 5%
750 55.5 5 % 0.96 45 %
835 55.245% | 0.97 5% ]
900 55.0 45 % j 1.05 5%
915 55.045% | | 10645%
1450 54.0 +5 % | 13015 %
1610 53.8 45 % | 14045%
1800 53.3+5% PASS 1.52 5 % PASS
1900 53.345% 1.5245%
2000 53.345% 1.52 45 %
2100 53.2:5% R 1.62 5%
2450 52.75% 1.95 5 %
2600 52.545%  2.1645%
3000 52,045 % 2.7345% liil
3500 51.345%  331:5%
5200 | 49.0+10% 530410 % .
5300 48.9 10 % 5.42 10 %
5400 48.7 410 % | ss3t10%
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5500 48.6 +10 % 5.65 +10 %
5600 48.5 +10 % 5.77 +10 %
5800 48.2 10 % 6.00 +10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

[ Software OPENSAR V4 -
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
o e e = 1
Liquid Body Liquid Values: eps’ : 53.3 sigma : 1.51
Distance between dipole center and liquid 10.0 mm |
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution i dx=8mm/dy=8m/dz=5mm
Frequency 1800 MHz
Input power - o 20 dBm - -
Liquid Temperature 21 %C
Lab Temperature - 21 °C - -
Lab Humidity 45 %
( _———— .
F
‘ 'es":fz“c" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
i measured measured
I 1800 40.07 (4.01) 21.27 (2.13)
- - y
J
|
o |
800N ‘
\\ ‘
: Ar(]‘;. N
3 400 P ‘
. i | ‘3 3.00-
: 200-—4—
=ty I
=) 065, F1 ! i R e i
B ot ™ Yoout 0 2 4 6 8 1012 1;4\"‘!"6; 18 20 22 2426 28 30
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No. Current Next Calibration
Description Model Calibration Date Date
SAM Phantom Satimo SN-20/09-SAM71 m[‘]"?‘égd Rioal :’efl':j’:;zd No: ‘e
COMOSAR Test Bench Version 3 NA I\,;aq“g?;f’é‘ No cal :/e ac:ﬁféié' No cal
Network Analyzer | hode g‘vi"“wa'z SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 12/2013 12/2016
Reference Probe Satimo EPG122 SN 18/11 10/2013 10/2014
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016
mpifer | potharconm | swoss | Characerzad pr o Cracerzed prior
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
Directional Coupler | Narda 4216-20 01386 g;f’ a&eggfﬁ’e:ﬂﬁgs g;f'a&egf:’egﬂﬁgé?
Li”;‘i’:i@“éfnasg? Control Company 11-661-9 8/2012 8/2015

Page: 11/11
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I INTRODUCTION

This document contuins a summary ol the requirements sel furth hy the TEEE 1528, OET 65 Bulletin
( and CENIEC 62209 standards for reference dipoles used for SAR measurement syster validations
and the measurements that were performed to wverify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 1900 MHz REFERENCE DIPOLE |
Manufacturar Satimo

Madel SIDOM

Serial Number [ SN 0913 DIP1G900-218

Product Condition (new ¢/ used) Used ]

A yearly calibration interval is recommended.

3 PRODLCT DESCRIPTION

31 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are buill in uceordance (o the TEEE 1528, OET 65 Bulletin
C and CELIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only,

'I “- o . L {ji ; .g V4 = L1 u A 8
o 8 : % 0 ¥ L
RE-EEREEFE &

Figure 1 - Saitmo COMOSAR Validation r)fpt)i(’-

Page: 4771
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Buleun € und CLIIEC 62200 sturdards provide requirements tor
reference dipoles used for system validation measurements,  The [Cllowing measurements were
performed to verify that the product complies with the fore menrioned standards.

4.1 RETURN LOSS REQUIRCMENTS

The dipole used for SAR svstem validatior measurenents and checks must have o return loss of -20
dB ar hetter. The retum loss measurement sha'l be pecformed against a liquid filled fat plantom,
with the phantom constucted s vutlined in the fore mentioned stardards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Swd, 1328 and CELIEC 62209 standards specily the mechanical components and
dimensions of the velidation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipeles sod for use with tie COMOSAR tesr beneh comply with the requiraments set forth for a 2

tun phantom shell tiickness.

S MEASUREMENT LNCERTAINTY

All uncertainics listed below represent gn expandad uncemainty expressed ar approxiniately the 95%
confidence level using a covernge [aclor of k 2. traceable w the [ntemationally Accepted Guides to
Measuremant Uncertainry.

5.1 RLTURN LOSS

[ullowing uneerluinties apply e the return loss measurement:
The ollowing uncerluinties apply te the return loss measurement

Frequency band Expuanded Uncertainty on Return Loss
400-6000MEH. I 0.1 diy

52 DIMENSION MCASURCMENT

The following uncerlainties apply to the dimension measurements:

| Length (mm) Expanded Uncertainty on Length

| 1-300 .05 mm

521 VALIDATION MEASUREMENT
The guidelines outlined in the IECE 1528, OET 65 Bulletin C. CENELEC ENSG361 and CELTEC

6220 standards were followed wo gencrate the measurement  uncertainty  for  validation
teasurenents,

Scan Yolume Expanded Uncertainty
g n3 9%
Ing 26.1%
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN [ICAD LIQUID

e

&0 12e0 G 1880 10 20 S0 1960 150 ?n‘,."

i '
0 |
-30- — ___1
' Fregquency (Mllz) Return Loss {dB) Requirement (dB) | Impedance
1900 -23.44 20 | s5.20 s2i0
.2 RETURN T OSS AND IMPEDANCLE [N BODY LIQULL

e

Frequancy, M2
B0 M0 M0 WEE 1880 WD 1520 10 WD 1980 2000
O A ) L
) ; :

Frequency (Mllz) Return Loss (dB) | Requircment (dB) Impedance
1901 -27.36 =20 SILTG 4450
3 MECHANICAL DIMENSIONS

Frequency Mz Lmm hmm dmm
required measared requirad Measurad required measured
300 Qd0d 1 %, 250041 ¥ D501l %
451 2500 :1% 200721 %, LELRIR
4 160 1%, 000=1 ¥ Go511 %
335 | 1eLuzls e K1 35=1 %,

Wity e

ar g
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300 l WaE | B33 4% 364+ %,
1450 23141 5%, NIvs 0L %
1L00 BS54l %. sri.r.- 11%. 36=1 ‘< ]
1EA0 0% 45.71% | d0z1'%
; Q2215 1s6=1%
AL7=1% 1521% i
395=1%. Pass 35N FAL:
155 ;1 5 3.L11%
e WA 3641%
35711 % _‘2.& %, |
REL% 3Ll
ENE 3 I6+ K.
MELl % =" 1621%
3000 HENE. | 0= 16-1%
3500 CEAVES &% E4:1% I6=1%
3700 : wam1% | 16:1% ]

7 VALIDATION MEASUREMENT

e ILEL Std, 1528, OF1 65 Bulletin € and CEFIEC 62200 stundards state that the system
yalidation measurements must be performed using a reference dipole meeting the fore menticned
rerurn loss and mechanica’ dimension requiremments, The va idation measurement must be performed
against a liquid filled flat phantorn, with the phantem constructed as cutlined in the fore mentioned
standards. Per the standacds, the dipole shall be positivned below the bottom of the phantum, with
the dipole lenath centercd and parallel to the Jongest dimension of the [Tat phantom, with the top
surface of the dipele at the describad distance from the bottom surface of the phantem.

L1 HEAD LIQUIN MEASUREMENT

"t:::‘w oelative permittivity (s,') Conductivity (o} S/m
) requirad measured recuired meagJred
30 B 087 45 5%
450 23L1v%% b—i(l.H? 1%
V-‘fuli a1.9 25;‘ JuS 1 %
05 ALEi5R J90££ X
| HO 155 % LErS's i
-‘Db;: ® 10-5%
04 =5% 123285
anz-=Lx 131 °'-A"- | =
401150 % 1’3;' 1%
40045 % k LAD*5 %
o wetsn | s | panisw PASS
1450 R 14025 %
2000 AI‘_'.UL‘;;— LIC RS
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2100 i'l? 5% I 14% 45 %
2300 18515 % l LET5 %
450 3.2 ‘R; =if | 1.80==2%
24l S0 % | 18=%
309¢ IB5 46 % 705K, |
3506 EYA-3 LRt 2851=%

12

SAR MEASUREMENT RESULT WITILHEAD LIQUID

e TEEE Sul. 1528 and CLREIEC 62209 standards state that the system validation measvrements
should produce the SAR walues shown helow (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation. Al SAR values are nomalized o | W forward power, b
brackel. the measured SAR is given with the used input power.

Sarllwane OPFNSAR Vi

Plusitor SN 209 SAMT1

Prabe SN 181 EPGIZZ

Liquid [lead Liquid Values: ens’ : 41,1 sigma: | .42
| st betwesa dipole ceater and Tigquid 110 mm

Arcg scan (esaLution
Zoon Scan Reselution
Frague

de-Emrvdy=§nm

dy-Emrvdy=Rontce~5-nr

1404 M2

Input power 213
Liquid Temperoave 21 (.
Lob Temperarure 21 €
I nh Humi: 15 %
F":;:f:"“ 125AR [W/kg/W) { 10 g SAR (W kW)
required megsared ‘ required measured
360 285 | |
450 4.58 T 3.6 '
745l HA8 200
835 a5¢ 527
L0 pHA) 0.95
145¢ 28 16
= 15CC 305 le.2
1640 342 13.4
1750 3u4 I 14.2
18CC 364 20,
) 1o M 2037 14048 PR 20E2 (2.06)
1550 aUL 2.9
2000 41,1 220
210 436 _;._T
210 48.! 231

A AU el o B Mg wrian anpeaen af S AT

oy AT,

o nd 15 i 1)

R et
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250 524 k2|
1900 533 221
1000 638 257
0 .e;a.lru 651 75

73 BODY LIQUID MEASUREMENT

Fre:::;ncy Relative permittivity (r,°) Conductivity {a) S/m
required [ measured required measurad

150 51.5 25 % OHD L5 %
’ 300 SRI4EH 007 +5%

450 50415 % 0.4 15 %

750 5545 % 0.96 45 %

835 52459 097455

Q00 350125% 10515 %

915 106 +5 %

1450 13015 %

L61D 14045 %

1800

19200 PASS

2000 B

2100 16225 %

2450 055 %

2600

SU0U

3300 LLILE% 231-5%

3200 £I0+0% 520:10%
7;‘.3-}0 L85 10% 542 +10%

5400 440 120% 452 110%,
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S300 aA=10%
S6N0 BLl S 3 H0%
3800 ARZ LR RID LD

74 SAR MEASLREMEUNT RESULT WITH BODY LIQUIL
[ OPENSAR VA

Sntbware

Prranton SN 208 SAMT
Irabe : SN & EIR

|igquid _
1 istance besween dinele water and liquid

Anc sea resalusion

Zooa Scan Reselution |
Lrequency 1910 MH 2
Jngut povwer 20 LHin ]
T&imi Temaeral are ' a
" Lab Temperuun
Lab Humidio ==

i o 1 £ SAR (W/ig/w) 108 SAR (W/A/W)
V7
measured measured

1500 4081 |4 08)

P22

A ee v A,

o debi Liwa

r:
z . | .
0
k.
*m
b |
" T
L ‘ L I A L) iz X x
T Rl b o
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8 LIST OF EQUIPMENT

S&M Phantom

Equipment Summary Sheet

SN-2010E-SAMT

Vaidated. No cal
requirad.

\faidated. Nocal

Validated.
equired

‘alidated,

No

COCMOSAR Test Bench Versior 3 N& ; .
required required.
Network Analyzer | "100° 2 SENWar SN100132 9202013 0212016
Calipers Camara CALIPER-01 1272013 1272016
Refersnce Probe Satimo FPG12Z SN 1811 12012 12014
Multmeter Keithley 2000 1188€56 122013 12/2016
Signal GGeneraor Agllent E44380 MY LE07054 122013 12/2016
. ) n Characlenzed orior to Characterized pricr to
Amnl < 3
Ampiifier Asthercomm SN 048 test Nocalrecu: red. 1est. No cal required
Pover Mater HP Ed4418A US2az51498 1202013 12/2016
Powe’ Sensor HP ECP-F28A US37151460 12:2013 12/2016
o p A13BR Characterized peiar to Cnaracts-nzec‘pnnr 1o
Directional Coupler Narda 4216-20 01386 188l No cal requirest. |fos!. Mo cal required
Termperaturs and \ PR S 3 oN1E
Humidity Sensor Contral Company 11 661 & RIC2 82015
{l"t:'-.':' LN}

Dhes weavimeny

Cemven o SV ar o

Jam el ea e b wralen WA e

i) i
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Ly . SAR Reference Dipole Calibration Report

Ref: ACR.240.6.14.SATUL.A

Lo DB T T e e

% 5 £ ] -8
ﬁm: s SR oR e mgd

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO,, LTD

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 2450 MUZ
SERIAL NO.: SN 09/13 DIP2G450-220

|

Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144

Summenry;

Phis docament presents e method and results from: an acerediled SAR referznce dipole calibration
s performed in SATIMO USA vsing the COMOSAR test beneh. All calibration resules are traccable

1 nanonal metrology mstitations
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| INTRODUCTION
This document contains a summary of the requirements set forth by the IEEE 1328, OET 65 Bulletin
C and CELIEC 62209 standards for reference dipoles used for SAR measurcment system validations

and the measurements that were perlformed o venly that the product complies with the fore

menlioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 2450 M1l REFERENCE DIPOLT
Manufacturer | Satimo
Model S1D2450)
Serial Numher | SN 09/13 DIP2G£50-220

Product Condition (new / used) | Used

A yearly calibration interval is recommended,

3 PRODUCT DESCRIPTION

3. GENCRATL INFTORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OE'T" 65 Bulletin
C and CEVIEC 62209 standards. The produet is designed for use with the COMOSAR test bench
only,

PR R R
Figare | - Sarimo COMOSAR Validation Dipole

Peagaes 3434

Tz clovwemens shalf mur Gy repvonliomnd eacvpt i bl or i e o e eniien apneomel o VA0
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4 MEASURFEMENT METHOD

The IEEE 1528, OET 63 Bulletin € and CELTEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measuremenls were
performed to verify that the product complies with the [ire mentioned standards.

4.1  RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of <20
dB or better. ‘The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constucted as outlined in the fore mentivned standunds,

4.2 MECHANICAL REQUIREMENTS

The IEEL Sl 1328 and CEFIEC 62209 standards specify the mechanical components and
dimensions ol the validation dipoeles, wita the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test hench comply with the requirements set lorth fora 2
mm phantom shell thickness.

3 MEASUREMENT UNCERTAINTY

Al uncertaintics listed below represent an expanded unceraingy expressed at approximately the 95%
confidence level using a coverage factor o'k 2. traceable 1o the Internationally Accepted Guides (o
Measuremen! Uncerainty,

S RITURN LOSS

The following uncertainties apply w the return loss measurement:

Frequeney band Fxpanded Uncertainty on Return Loss

400-6000M 11 L1 dn

5.2 DIMENSION MEASUREMENT

The folloviog uncertainties apply wthe dimension nessaements.

Length (mm) Expanded Uncertainty on Length
00 £.05 mm

3=

s

53 VALIDANTION MEASUREMENT

‘The guidelines outlined in the [EEE 1528, OET 65 Rullelin €, CENELEC EN3D361 and CELTEC
62209 standards were followed 10 generate  the messurement  uncertainty  lor  validation

measurements,
] Scan Volnme Expanded Uncertainty
f Ta 303 %
g 20.1 %

Fage: 5711
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6 CALIBRATION MEASUREMENT RESULTS

f.1  RETHRN LOSS AND IMPEDANCE INTTEAD LIQTUID

Frecuency Mz

W N0 2420 2440 50

2480 2500 2520 2’550]

e 2> !

) |
BT s P i

49 !

b ]

- < Lamrraa=ye R R e
Frequeney (MHz)  Rcturn Loss (dB) Requirement (dB) Impedance
2450 -27.50 20 5170+ 380

62 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frecuancy, MHz J
2350 2380 740 M0 240 2d4ED  MAD 2500 EOD Pt

Frequency (MHz) Return Loss (dB) Requirement (dB) | Impedance
2480 -27.56 -20 843Q+409iQ

6.3 MLECHANICATL DIMENSIONS

Frequency MHz Lmm hmm dmm I
required measured required measured required measurad
300 420.0z1%. 250021 %. 02511 %
450 290.0z1%. 166 7 =1 %. £3511%
750 176.0=z1%. 100C =1 %. 63511 %
815 161021 %, 43.311% 36T K,

Vage: 6
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Rell AU 24U 614 54T0 &

SATIMO
ara 140021 %, 83.3 =1%. 3641 %
1450 85.1=1%. 517:1%, 3641%
1500 8U5=1%, LS00 +#1%. 36+ %
1610 O1% 440 41%, 36 41 %
1750 a1, 42911 % 1611 % ]
1800 [ haawm 47 1% 1611%
1900 | 6ad 1%, ELRES B ERTE R S
1950 663 1%, 305 11 %, 3611% I
2000 651 375:1 %, 36H1% |
00 610 1%, 357 £1 %, 16Kk |
2300 S 1%, 32511 %. WG1% | N
250 [ srmam. pasS 304 1%, PASS 60% | PASS
208 TR 2081 % WGk |
3000 410 1% [ 2sari% 1611 %
3500 1701 %, 26.4 £1%. 3611 %
3;’[‘3" 38701 %, 6.4 11 %, EATRR S

7 YALIDATION MEASUREMENT

The ICEE Sk, 1528, OET 65 Bulletin € and CEFIEC 62209 standards stule that the system
validation measurements must be pertormed using # reference dipole meeting the fore mentioned
zeturn loss and mechanical dimension requirements, The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned
standards.  Per the standards, the dipale shall be positiongd beloaw the bottom of the phantom, with
the dipole length centered and parallel w the longest dimension ol the lat phantom, with the wp
surlace ol the dipole at the described distance from the bottom swrface of the phantom.

7.1 HEAD LIQUID MEASUREMEN|

m:;::" Relative permittivity {5} Conductivity (o) S/m
required measured required measured
LU 49,41 5 U815 R
450 43515 % D875 %
250 41615 % 0.8915 %
HaL 4155 % LIRS
Jor 41545 % Q497 W%
1450 A05 45 ¥ 1.2045 %
T ]';Il‘l qIé1h % 1.2315%
T 402 15 % 1.3115%
1750 40115 % 13745%
1820 40.015% 14015 %
1900 40.015% 14015 %
1950 40.015% 14045 %
2000 40015 % 14015 %

Vs e nmend &

Paype: 7
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Rel” AUR 740 € 14 S4TULA

79

2100 3LE=SEH 14945

230 ELTRT 167459

2447 160 -6 % PASS 18045% PASS

2603 350=5% 19625'%

3007 L5 240459 ‘
3507 10 9-6% 291 45 % l

SAR MEASUREMENT RESULT WITH HEAD LIQUID

The [EEF Sud. 15328 and CELTEC 62209 siandards state that the system validation measurements

should produce the SAR values shown bekwy (lor phantom thickness of 2

2 mm), within the

uncerlainly for the system validatior.  All SAR values are normalized w 1 W lorward power. Tn
hracker. the measured SAR is given with the used input power.

Soflwire
Phantom
Prohe
Liguié:

Distance between dipole center and liguid
Area sean resolution
Zoon Sean Resolution

Frequency
Inpar power

Lab Temperature
Lak Humidity

i Termperature

OPENSAR V4

SN 20:09 SAMTI

SN IR/ EPGI22

Head Liquid Values: eps’
10,0 2
dx=Rmm:dy=Rmm
dy=Rmmedy=Rmidz=Smm
| 2450 Mz

| 20 CBm

3900 sigrrac: 1LY

I
21°C
15 %,
"’237? “ 1 g SAR (W/kg/W) 10 g SAR (W/kg/W]
required | measured required measured
300 235 1.94
450 4.58 106
750 2.49 - e
LED 9.56 [ am
500 10.9 I i 5.99 ‘
1450 2 | 2% i
1500 105 168
1640 342 184
1750 36.4 19.3
1800 384 201
1200 397 205
1950 205 =
2000 41.1 2.1
2100 23.6 2.9
2300 i AB.7 213

agel &N

A1 e N Whevet TR e aenvioear of SA YU
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licl ACR24U6. 14 5ATU A

23.7712.38|

2450 524 e
2620 553 246
3000 538 25.7
3520 §7.1 4;.5
&

-
1.2

Ee LN
140
WEE 1%, FAAE
BODY LIQUID MEASUREMENT
m"::z"c" Ralative permittivity {5’} Canductivity (o) S/m
required measured required mea;rtr
50 BLY15 % 08015 %
3 G8.215% 0.9215% ]
450 56.745% 0.94 15 %
750 55.5 15 % 0.9615 %
R3S 652 15% 0.97 15% |
900 55.015% 1.0515%
vls 55.015% 1LOGAS%
1454 54.015% 1.3015%
1610 53E45% L4045%
18K} 53315% 1.5245%
1 KK} 53315% 1.5215%
200K 53345% 1.5245%
2100 53.245% 16245% |
2450 52745% |  PASS 1,95 25 % PASS
2000 52545% 21645% |
30040 52.045% 27385% |
3500 51315% 33c45% |
52060 430:10% 530:10% |
5300 183=10 % 5.42 =10 %
S0 wI:10% | 553:10%

v

N2 povumeni 2yl oun e repvandeond dacvp

n 011
Puge: W9

AR L Ao I i n apseeanl ol SATTMO)
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3300 436 £10% 5.65£10%
5600 135 £10 577 +10%
3800 432 £10 % 6.00 £10 %

74 SARMEASUREMENL RESULT WITH BODY LIQUID

Freguency

Inpul power

Liguid “ermperature

Lab Tempertiure

hh Handity

OMENSAR V4
SN 20109 SAMTI
SN 181 EPGIE22

10.0 mm
dx=8mmidy=8mm
dx=8mmidy=8m:dz=Smm

2450 Mz
20 dBm

21°C

Body Liquid Values: eps’ : 53.0 sigma @ 1.93

Frc?;:em 1 g SAR (W/kg/w| 10 g SAR {W/kg/ W)
AHz
measured measured
2450 52,65 (5.27| 23 73(2.37)

-
N
el L
J BN \
.
o
) 2 t

A

Thu dnmament S0l sov o ceprsoacesd, vacaey w A oy w e wancug (e westiee opprony of SATIEO,
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8 LISTOF EQUIPMENT
* ) — o -
% uipment M!nufkgr!ri I &nnﬁ&tﬁ N il 8 lg,&gﬂ i ‘kxit Gal\bratvn
eription ¥ | 7 ; ‘Calibiration Date Date o
- R : Validated. No cal Valldated No cal
SAM Phantom Saimo SN-20/09-SAMT1 n;_g}.trcd required.
, Malidated. No cal Malidated. No cal
COMOSAR Test Bench Varsion 3 . N& required required
Network Analyzer 008 2 SEPVRIE T gN100132 02/2013 02/2016
Calipers Carrera CALIPER-O1 122013 1212018
Refererce Probe Satimo EPG122 SN 1811 1012013 1002014
Mult meter Keithley 2000 1188656 1212013 1212018
Signal Generator Agilert E4430C MY49070581 1212013 1212018
: S o |Cnaractenzed prior to |Characterized prior to
Ampiider Asthercomm SN 046 !test. No cal required. [test No cal required
Power Metar HP E4418A US382614E8 1212013 12/2016
Power Sensor HP ECF-E26A US3T1687460 1212013 1242016
TCwarac:cr c or to
. N 94 . terized prior to|Characterizad prior to
Directiona mup aor Narda 4216-20 01386 est. No cal required, |test No cal required
Temperatura and S 4 ) ,
Humidity Sensor | Control Company 11-661-9 812012 82015
Page: 1151970
VIus Aasumen shal an e r.lvri'hnl' e o ol o oy, s i Wi o .Aw uf Yi"'
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SID2600 Dipole Calibration Certificate

SAIIVIO

SAR Reference Dipole Calibration Report

Ref: ACR.224.1.14.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD
ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN
SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 32/14 DIP2G600-338

Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144
W,

NS
SN2

g =

’/@?‘} (ACCREDITED)

08/12/14

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench. All calibration results are traceable
to national metrology institutions.
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Prepared by . ‘ Jérome LUC Product Manager 8/12/2014 \ ot —
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Checked by Jérome LUC Product Manager 8/12/2014 =
Approved by : Kim RUTKOWSKI Quality Manager 8/12/2014
‘ Customer Name
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)" - 4 . A SO
Distribution : TESTING
(SHENZHEN) Co.,
Ltd
Issue ‘ Date Modifications
A 8/12/2014 Initial release

2
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

~

DEVICE UNDER TEST

o o !

Device Under Test

Device Type COMOSAR 2600 MHz REFERENCE DIPOLE |
Manufacturer Satimo )
Model [ S1D2600 ]
Serial Number | SN 32/14 DIP2G600-338 8
| Product Condition (new / used) New e

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OET 65 Bulletin
C and CEI/IEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

Figure 1 — Satimo COMOSAR Validation Dipole

Page: 4/11
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEIIEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measurements were
performed to verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a return loss of -20
dB or better. The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom constructed as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1 dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length

3-300 0.05 mm

53 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements.

Scan Volume Expanded Uncertainty
lg 20.3 %
10 g - 20.1%
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency. MHz |
2500 2520 2540 2560 2580 2600 2620 2640 2660 2680 2700 |
| ) f ) |

=)

S11,d

45
50 -S— .

;irl"rcqucnc_\ (MHz) | ReturnLoss (dB) | Requirement(dB) |  Impedance
2600 -31.53 -20 51.3Q-23jQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz
2500 2520 2540 2560 2580 2600 2620 2640 2660 2680 2700
0 '

A
AR ———
7
25-
___40-
{ Frequency (MHz) Return Loss (dB) |  Requirement (dB) | Impedance
| 2600 2453 -20 | 45.0Q+32jQ

6.3 MECHANICAL DIMENSIONS

Frequency MHz } Lmm hmm dmm
required measured required measured required ‘ measured
[ e
300 420.0+1% 250.0 £1 %. 6.35+1% [
450 290.0 +1 % 166.7 +1 % 6.35+1% [
750 176.0 £1 % 100.0 £1 % 6.35+1%
‘[ 835 161.0+1% 89.8+1% ‘ 3.6+1%

Page: 6/11
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900 149.0 +1 %. oo 833 ;;677 — 737.6 ;i%
1450 89.1 +1 %. 51.7 +1 %. 3.6 +1%.
1500 80.5 +1 %. 50.0 +1 %. 3.641%.
1640 79.0 £1 %. 45.7 £1 %. 3.6 £1 %.
1750 75.2 1 %. 42.9 +1 %. 3.6 1 %.
1800 72.0 +1%. 41.7 £1 %. 3.6 1 %.
1900 68.0 +1 %. 39.5 +1 %, 3.641%.
1950 66.3 £1%. 38.5 +1 %. 3.641%.
2000 64.5 1 %. 37.5 1 %. 3.6 41 %.
2100 61.0 +1 %. 35.7 1 %. 3.6 1 %.
2300  55.541%, 32.6 41 %. 3.641%.
2450 51.5 1 %. 30.4 £1 %. 3.6 +1 %.
2600 | 485:1% PASS 28.8 +1%. PASS 3.6 +1 %. PASS
3000 41.5 +1 %. 25.0 +1%. 3.6 1 %.
3500 37.0+1 %. 26.4 £1 %. 3.611%.
I 3700 34.741 %. 26.4 £1 %. 3.6+1%.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEVIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
return loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned
standards. Per the standards, the dipole shall be positioned below the bottom of the phantom, with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

F'e:ﬂ‘:fl“w Relative permittivity (g,") Conductivity (o) S/m
required measured required measured
300 453 45% 0.87+5%
450 43545% 0.87 +5%
750 41945% 0.89 5%
835 41545% 0.90 +5 %
900 41515% 0.97 £5%
1450 40.5 5% 1205 %
1500 404 5% 1.23+5%
1640 40.2 +5 % 13115% ]
1750 40.1+£5% 137£5%
1800 40.0 £5 % 14015%
1900 40.0 £5% 1.40 £5 %
1950 40.015% 14045%
2000 40.0£5% 1.4045%
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2100 39.845% 14915%

2300 39.545% 1.67 5%

2450 39.245% - 1.80 £5 9;. i

2600 39.045% 7F;A§S il lBé :5; PASS i

3000 38545% = 2.40 15 %V- T

350(; - 37945% 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the

uncertainty for the system validation.

bracket, the measured SAR is given with the used input power.

All SAR values are normalized to 1 W forward power. In

OPENSAR V4

Software

“Phantom o B SN 20/09 SAM71 -
Probe SN 18/11 EPG122 =
Liquid Head Liquid Values: eps’ : 39.0 sigma : 1.95

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dy=8m/dz=5mm

Frequency

2600 MHz

Input power

20 dBm

Liquid Temperature 21°C
Lab Temperature 2] °C
45 ”0

__Lab Humidity

F'e;“:l"‘y 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
750 B 84; I - 5.55
835 9.56 6.22
900 109 6.99
1450 29 16
1500 30.5 16.8
[ 1640 34.2 184
1750 364 193
1800 384 20.1
i 1900 39.7 20.5
1950 40.5 209 e
2000 41.1 211
2100 43.6 219
2300 48.7 233
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3500

wn
~
o

wn
wn
w

56.19 (5.62)

67.1

T

BODY LIQUID MEASUREME!

[
l
]\

Ref: ACR
24
24.6 24.07 (2.41) |
25.7
25
\ !

224.1.14.SATUA

Fre:quHezncy Relative permittivity (g,") Conductivity (o) S/m ‘

- re(;uired l measured required [ measured 1

150 61.945 % 0.80+5% | \
300 58245% | 0.92 5% |
450 56.7 5 % \ 0.94 £5 % ‘
750 55.5 5 % 0.96 +5 % |
835 55.2 45 % 0.9745% '
900 55.035 % [ ' | 1.05:5% i
915 55.0 5 % ‘ [ 1.06+5%
1450 54045% | 1.30 45 %
1610 53.8 45 % - 1.40 +5 %
1800 | s3315% 1.52 5%
1900 53.3 45 % 1.52 5% e i
2()()(_)¥ 53.345% 1.52 45 %
2100 53.245% | 16245% -
;’_45() 52.7+5% 1.95 5 %

e 2600 52.5 5% PASS 21645 % PASS
3000 5205% | 27345 %
3500 51.345% 33145% |
5200 49.0 10 % " [ s30:10% |
5300 489 +10% 542+10% |
5400 487+10% | 5.53 +10 % |
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\ 5500 48.6 +10 % 5.65 +10 % ‘
’ 5600 48.5+10% 5.77 +10 %
1 1
‘ 5800 48.2 +10% 6.00 +10 % }

\v Software
1 Phantom
[ Probe
Liquid
| Distance between dipole center and liquid
" Arca scan resolution
Zoon Scan Resolution
| Frequency
| Input power
| Liquid Temperature
[ Lab Temperature
Lab Humidity

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

OPENSAR V4
SN 20/09 SAM71
SN I8/11 EPG122

Body Liquid Values: eps’: 52.4 .\i;l]\d :2.22
10.0 mm

dx=8mm/dy=8mm

dx=8mm/dy=8m/dz=5mm
2600 MHz [
20 dBm

21 °C
21
45 %

Xt ¥ s

F“’Sﬂ‘:f"“" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2600 57.55 (5.76) 24.86 (2.49)
= | B
\ ¢ ‘
| " | '
|
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SATIMO

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR224.1I4.SATUA

8

LIST OF

EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantom satimo SN-20/09-SAM71 |/alidated. Nocal  Validated.  No cal
. [ required. required. L
| . Validated. Nocal  Malidated. No cal
COMOSAR Test BenchI Ver5|0f1 3 ) Né o  Fequired. ) irequired,
Network Analyzer | Rh°de§‘\/§°hwarz SN100132 02/2013 02/2016
\ i ;
Calipers ‘ Carrera CALIPER-01 12/2013 ‘ 12/2016
[ Characterized prior to |Characterized prior to
Reference Probe l Satimo EPG122 SN 18/11 test. No cal required. |test. No cal required.
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016
o s Characterized prior to |Characterized prior to
Ampiifier Awhmrcoinm S test. No cal required. test. 7N07carlwrequ1red.
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
. : Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 | 01386 test. N? Earlirequired. test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 8/2012 8/2015
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<Justification of the extended calibration>

Referring to KDB 865664 D01v01r04, if dipoles are verified in return loss(<-20dB, within 20% of
prior calibration),and in impedance (within 5 ohm of prior calibration), the annual calibration is not
necessary and the calibration interval can be extended.

Head 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -23.17 - 57.40 -
2015.08.26 -22.96 4.95 57.88 0.48

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 835MHz

Trel dBMag 10dB/ Ref0dE Cal

Ch1 Start 735 MHz Pwr 0dBm Stop 935 MHz

Ch1 Start 735MHz Pwr 0dBm Stop 935 MHz
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Body 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -24.50 - 55.00 -
2015.08.26 -24.60 -2.28 55.06 0.06

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 835MHz
B
Tre1 dBMag 10dB/ Ref0dB8 Cal ‘] Trc1 Smith Ref1U Cal 1
s11 s11 1
5 —
-1 “05 \
10 - ,‘“J
"/ ",' "v
.20 —— ‘ '\ {
(o 02 |o { I
[ T T 1
L \ n ., \
\ \
40
I -60 ,fj
~
.70 —-— 1 —
Ch1 Start 735MHz Pwr 0dBm Stop 935 MHz
1/12003, 5:30 AM
Ch1 Start 735 MHz Pwr 0dBm Stop 935 MHz
112003, 5:28 AM
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Head 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -25.01 - 46.70 -
2015.08.26 -25.36 -1.74 47.72 1.02

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 1800MHz

Trc dEMag 10dB/ Ref0dB

Cal

51

Ch1 Start 1.7

Pwr 0dBm

Stop 19GHz

GHz Pwr 0dBm
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Body 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -26.43 - 45.80 -
2015.08.26 -26.50 -1.60 45.60 -0.2

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 1800MHz
&
& s
i i R Trct Smith Ref1U Cal 1
Tret dBMag 10dB/ RefOdB Cal 1 e
s11 !
s § i e
=
10 7
l" %
0
f ]
t-20 { | / f
|0 [0 |0 [1
[ [ [ 1
P | \ \
\ \
-40
-0 4
\'\f‘
[~ -60 05
~ fc o g
T
-70 . 2
Ch1 Start 1.7 GHz Pwr 0 dBr t 9 GH
= = = = o 1/12003, 1:45 AM
Ch1 Stant 1.7 GHz Pwr 0dBm Stop 1.9GHz
1112003, 1:45 AW
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Head 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -23.44 - 55.40 -
2015.08.26 -23.79 -1.74 55.33 -0.07

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification

Head 1900MHz

Data>

3
Tret dBMag 10dB/ Ref0dB Cal 1
SN
10
— 0
10
= -40-
50
-60:
Ch1 Stan 18GHz Pwr 0dBm top 2 GHz

8
Trct Smith Ref1U  Cal 1
i
s S \
A
05 \
\
/ /
[ /
/ /
J ‘1‘
|| 0 lo2 [ 05
ﬁ ’\
\ \
| \
\ \
\ \
\ \
\ \
\
Sl -
Ml | i
S o
Ch1 Start 18GHz Pwr 0dBm Stop 2GHz
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Body 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.36 - 51.70 -
2015.08.26 -26.94 10.15 51.18 -0.52

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification

Body 1900MHz

Data>

Trel dBMag 10dB/ Ref0dB

Cal

Ch1 Stant 18GHz
1172003, 1:53 AM

Pwr 0dBm Stop 2 GHz

Trc1

s1n

Smith Ref1U

Cal 1
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Head 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.50 - 51.70 -
2015.08.26 -27.09 9.90 50.99 -0.71

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 2450MHz

£ 9
XV Tred Smith ReftlU Ca 1
Trel dBMag 10dB/ RefOdE Cal 1 e T R
' ' v s11 \
S1 2 W e
£
.4"‘ \““
-10 { {
! “
}“ ) g 02 |
[ ' |
\ “
.30 ‘\
40
- 05
60 S
1 Stant H = Stop H;
--70
Ch1 Start 235GHz Pwr 0 dBm Stop 255GHz
1/12003, 1:02 Al
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Body 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -27.56 - 54.30 -
2015.08.26 -27.30 6.17 55.11 0.81

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2450MHz

Tret dBMag 10dB/ RefOdB Cal
St

10

Ch1 Start 2.35GHz Pwr 0dBm Stop 255 GHz

112003, 1:02 AM

Trct Smith Ref1U  Cal 1
s ¥ /"’J-»

/05

Ch1 Stert 2.35GHz Pwr 0dBm Stop 255 GHz
1112003, 1:03 AM
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Head 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -31.53 - 51.30 -
2015.08.26 -31.75 -4.94 50.99 -0.31

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 2600MHz

® &
Trct Smith Ref1U  Cal 1
Tret dBMag 10dB/ Ref0dB Cal 1 s11 ol B
\
, 1 —
> sk e
St ‘ e AN
=10 i \
— 0— —
/ 2\
[ / 4
/ /
|" ,“ /
L. - —— Il I" {
} 0 { 02 }' 05
| R
l‘ " "l
\ \ \
b .a0 \ \ \
| \ \
L \
{60
0% /
- .‘\‘\\ ]‘ -~
e - A1 -
Ch1 Start 25 GHz Pwr 0dBm Stop 27 GHz Ch1 Start 25GHz Pwr 0 dBm Stop 2.7 GHz

1172003, 1:08 AM

1/12003, 1:09 AM
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Body 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2014.08.28 -24.53 - 45.00 -
2015.08.26 -24.76 -5.16 46.23 1.23

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2600MHz

V Tret Smith Ref1U Cal
Tret dBMag 10dB/ Ref0dB Ca 1 e e

SM1 1

SN

10 - d /05

Ch1 Start 25GHz Pwr 0 dBm Stop 2.7 GHz
Cht Start 25GHz Pwr 0dBm Stop 27 GHz 112003, 1:10 AM
112003, 1:13 AM

End of the Report
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