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Combined standard uncertainty

5.831%

Expanded uncertainty
95 % confidence level k =2

12.0%

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %

5.1 SENSITIVITY IN ATR

Normx dipole | Normy dipole | Normz dipole
1 (uVAV/m)’) |2 VAV /m)) |3 (uV/(Vim)’)
8.57 4.83 7.15

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
{mV) (mV) {mV)
92 90 95

Calibration curves e1=f{V) (1=1,2,3) all ow to obtain H-field value using the formula:

E=\E*+E*+E}

Calibration curves

1025- —
800- -
3 -
:L B00- o : D ipl:||E‘ 1
= -~
D ] Dipole 2
L 400- —
w -~
200- / =
1-1 1

0.0 0.1 02 03 0.4 08 e 07
Yaoltage [V)

FPage afd
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5.2 LINEARITY

Linearity

1.00-
0.75
0.50
0.25
1111~ [$ ot ool e =—e{ ===t 4

0.25

-0.50

0.75

-1.00-,
D 50 100 150 200 250 300 350 400 453

E-Field [t//m)

Linearity Error [dB)

Linearty0+/-1 55% (+/-0 07dB)

33 SENSITIVITY IN LIQUID

Ligquid Frequency Permittivity Epsilon (S/m) ConvF

MHz +i-

1000 Hz)
HLE&S0 B35 42.80 0.&9 569
BLESOD B35 5344 0.9a 482
HLA00 oo 4247 0.9a 534
BLIOD a0 S6.68 1.08 555
HL1&00 1&00 41.30 135 475
BL1&00 1500 5327 1.51 498
HL1200 1500 41.09 142 5.25
BL1900 1900 54 20 1.54 543
HLZ000 2000 3972 1.43 481
BLZ00O0 2000 5390 1.53 495
HL2450 2450 39.05 1.77 493
BLZ450 2450 5298 1.93 509
HLZa00 2600 3834 1.92 508
BLZa0O0 2600 51,82 2.19 522

LOWER DETECTION LIMIT: 7TmW/kg
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34 ISOTROPY

HL900 MHz
- Axial isotropy: 0.04 dB
- Hemispherical isotropy: 0.07 dB
ISQIOpY cunves
10- gt
' | ] -:I.: n;SO
4
12 \
a0 lll'
. H
.
16 ~ - L
o T
10 48 06 04 02 00 02 D4 06 03 0
HL1800 MHz
- Axial isotropw: 0.05dB
- Hemispherical isotropy: 0.07 dB
15GITOPY Gunves
10 ey
1 ~T - T
. \\ Dipaka 1 30
v v
12 .'I |,
404 :
{?i
14 i
6
N ‘“'h___ e

10+ = |
0 0F 06 04 02 00 02 04 OF 03 0
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Current

Next Calibr ation

Directional Caupler

E quipment Manufacturer / . q
Tdentification No.
Description Model cntiiication X0 calibration Date Date
Flat Phantarn S atirna SN-20/08-SaM71 | Aldated. Noeal o alidated. Mo cal
equired. required.
COMOSAR Test Bench|  Version 3 NA alidated. No cal alidated.  Nao - cal
equired. required.
Network Analyzer Rhodez&vi':hwa” SN100132 02/2013 022016
Reference Prohe Satimao EP 494 3K 37/08 1042014 10/2015
W ultirmeter Keithley 2000 1188656 1242013 1272018
Signal Generatar Agilent E4438C MY 49070581 12/2013 1272018
Amplifier Aethercomm SN 046 Characterized prprto Characterized prior ta
test. Mo cal required. [test. Mo cal required.
Fower Meter HF E44184 538261498 12/2013 12720186
Power Sensor HPF ECP-E26A Us37181460 1242013 12/2018
Narda 471690 01286 Characterized prior to |Characterized prior to

test. Mo cal required.

test. Mo calrequired.

OBSY7-188-13-712

alidated. Mo cal

alidated. Mo cal

Wiaveguide Mega Industries eruired. required.
Waveguide Transition | Mega Industries | 0BGY7-158-13-701 [/ alidated. No cal alidated. No cal
equired. required .
aveguide Termination| Mega Industries | 0B9Y7-158-13-701 alidated. No cal alidated. No cal
equired. required.
Temperture HUMEY)  Conral Campany 11-661-3 82013 82018
Page. 99
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SATIMO
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SAR Reference Dipole Calibration Report

Ref: ACR.240.1.14 SATUA

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTIN(. (SHENZHEN) CO., LTD

TOW l\
SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 09/13 DIPOGS35-217

Calibrated at SATIMO US
2105 Barrctt Park Dr. - Kennesaw, GA 30144
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Summary:

This decument preserts the method and results from an aceredited SAR reference dinole calibrasion
pecformed in SATIMO USA wsing the COMOSAR wst bench,  All calibrution results are raccable

1o mhivnal metlogy instilutions,
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SARREFERENCE DIPOLE CALIBRATION REPORT

SATIMO

Ret NCR 23 LIS SATL &

1 INTRODUCTION

mentioned standards.

2 DEVICE UNDER TEST

This documen: conrains a summary of the requirements set forzh by the IEEE 1528, OET 63 Bulletin
Cand CELIEC 62204 standards for reference dipoles usad for SAR mensurement system validations

and the messurements that were performed 0 verify that the product complies with the fore

Device Under Test

Device Type

COMOSAR 8§33 Milz REFERENCE DIPOLE |

Manufacturer Sulima
Mudel SID83S
Serial Number SN (4713 DIPOGR33-217

Produel Condilion {(new ¢ used) used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

R GENERAL INFORMATION

only.

|—_ el ‘l'" ,-"M" = w % R
e N B
| ‘ . g I g # : it ; |
e

= ] 1] Riv]

g. =
"
E B

B

-

la

&

He.

W - § MR

B | NS U 2
1

Page: 411

Figure 1 - Satimo COMOSAR Validation Dipole

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OET 65 Bulletin
C and CENTEC 62209 standards, The precluct is designed for use with the COMOSAR test bench

VO N UM ST G e e Aoy Snndnf e v b pvast wieiaad the ek o gl op NA SIS
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4 MFEASUREMENT METHOD

The IEEE 1528, OET &5 Bulletin € and CELTRC 62200 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 stancards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have & return loss of <20
dB or setter. 'The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom coaswcted as oullined in the fore mentioned standurds.

4.2 MECHANICAL RECQUIREMENTS

The TEEE Sid. 1528 and CEFIEC 62209 sandards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent.  The COMOSAR test bench employs & 7 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the reguirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All unceraintics listed below represent an expanded uncertainty expressed at approximately the 93%
confidence level using a coverage factor al'k 2, traceable to the Internatianally Accepted Guides 1o
Measurement Unuerlainty.

5.1 RETURN LOSS
The ollowing uncertainties apply to the return 1oss measurement:
Frequency band Expanded Uncertainty on Return Loss

A0-6(HHNMH 2 0.1dB

52  DIMENSION MEASUREMENT

The following uncertainties apply (@ the dimension measurenients.

Length (mm) Expanded Uncertainty on Length

3300 0.05 mm

33 VALIDATION MEASUREMEN I

The guidelines outlined in the [EEE 1528, OET 635 Bulletin €, CENFLEC ENS(3a1 and CELTEC
62209 standards were followed {0 generate  the measarement uncerlainly  for validation

measurements, . S
Scan Yolume Expanded Lncertainty
lg 20.3%
[0y ‘ 20.1 %

Page: 3:11
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SATIMO

Rell ACR.240.1.14.SATL. A

i CALIBRATION MEASUREMENT RESIILTS

6.1 RETURN LOSS AND IMPEDANCE [N HEAD LIQUIL

Faquency. MH2

o0
Freyueney (MIlz) Return Loss (AB) Requirement (dB)

833 -23.17 =20

Impedance
574 Q-0.2i0

6.2 RETLURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, M-z
735 €0 7O B0 BX 5 860 20 =0 90
|

Page: 611

(s chonainwsd AW ! v ovpirseunwcs vene gl e Rl v peard withewn (e wedlivs eppvinsy

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -24.50 =20 350010 39)Q
6.3  MECITANICAL DIMENSIONS
Frequency k2 L mm hmm drmm
required measured required measured required measwred
300 42001 % 250012 %, 6.35=1%.
450 230041 % 156722 % G.35 21 %,
750 17601 % 130022 %, 6.35z1%.
835 | 161031% PASS £9.821 % PASS 1611 %. PASS

CCIC-SET/T-I (00)
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am 149041 % 823 1%. 1611 %.
1350 831 -=19%. 517 :1%. 34611%.
7800 AD6 1%, 50.0=1 %, 1.6 £1%.
1640 10N, 45721 %, 361 %,
1750 2a1%, 423:1%, 16£1% |
1800 | m021m 427=1%, 3551 %.
14900 680=1%, T 36£1%. o

n 1950 G6321%. 38521 %, 3551 %.
2000 | sasatm. 37.521%. 35£1%.
2100 | 6ozt EI=H | ssaw
2300 | sssatm 32621 %, 36£1%.
2450 | stsatm. 30.4=1%. 35£1%.

T | agsaim, 26821 %, 35:1%.

! 3000 AL521%, 220=1%, 3551 %.
3500 | s 26.421%. 35£1%.

i 37100 34721 %. | 264=1% 3651 %.

7 VALIDATION MEASUREMENT

The 1EEL Std. 1328, OET 65 Bulletin C and CELIEC 02209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
return loss and mechamcal dimension requirements, The validation measurement must be performed
against a hgquid Rlled Nat phantom, with the phantom constructed as outlined in the lore mentioned
standards.  Per the standands, the dipole shall be positioned below the bottom of the phantom. with
the dipele length centered and parallel to the lengest 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

Ffe?;:_e:n‘v Relative permittivity (") Conductivity (¢] $/m
required measured required measured
300 453:=5% 087:5%
450 435:5% 087 5%
750 419:=5% DBI=5% |
8315 415=5% PASS 092:=5% PASS
0 415:5% 097 5%
1450 A05:5% 123=5%
1500 WA= 123:=5%
1640 -;:72 =5% 131:=5%
1750 d1=5% 137=5%
130 WC=5% 143=5%
190 A0C=5% 140 =5%
1950 WO=5% 142=5%
2000 40C=5% 142=5%

Page. =T
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100 39.815% 14945 %
2300 . 395 ;5"’; 7 ] ”1 67 15X
2450 30215% 13015 %
2800 39015% 13615 %
3000 3BE25H 24025 %
3500 37945 % 29145 %
7.2 SARMEASUREMENT RESULT WIIH HEAD LIQLID
The IEEE Std. 1328 and CELIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantem thickness of 2 mm), within the
uncertainty for the svstem validation. ATl SAR values are normaelized w | W forward power. In
hracket, the mensured SAR i< given with the nsed input power.
[ Sofiwure o= CPENSAR V4 |
| Phuntom o SN 28 SAMT
Proze SN IR EPGI22
Liguid Hed Liguid Vialoes: eps” : 42,3 sigma - (.92
Distunce between dipole venter and liguid 1510 mm
Aren sean resolution dx=8mm/dy-Smrm
Zoen Scan Resvlation dx-Smmidy-8mide-Smm
Freyuenvy 835 MHz
Input power 20 dB3m
Liguid Temperature 21°C
Lab Temperalare 21 °C
| Lab Hum:dity a5 %,
F":;:Z"“ 1 g SAR (W/kg/W| 10 g SAR {W /g /W)
required measured required measured
20 185 s
450 .53 .6
750 BA3 5.53
835 HL5 9,72 {D.53) £22 630263
9 0.9 6.99
1450 2% 16
1504 .5 a8
1640 1.2 184 N
1750 5.4 193
1800 8.4 201
1900 39.7 205
1950 40.5 209
2000 41.1 211
2100 43.6 219
? 2300 43.7 233
Poger 8
T ek sl o S repiescionsd, vxood am it o o gare itk e Wtz o avl of SATINO
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2450 524 24
2620 553 L6
3020 B3R 5.3
;5:0 57.1 25

1

eI
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Kef: ACR.220.L12SATL A

-

(Ve

BODY LIQUID MEASUREMENT

Frequency

MH?

130
300
430
730

1430

Relative permittivity (&)

required maasured

El9:3%

£5.085%

Canductivity |a) S/m

requived
080 £5%
09215%
D.5& £5 %

D36 £3%

4013550

1610

S3845%

TADEE

1800

53345 %

1900
2000

LE RS

L3345 5

15285 %

15265

TE243 %

2100

1hZESN

2430

1G5

2600

FRLELE

3000

S20:5%

27383%

300

El3s5%

331555

a200

19010 %

530 410%

300

139 £10%

542 £10%

3400

137 +10%

553 £10%

Page: 9T
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SS00) 40,510 %
S600) 405 £10 %

SRO0) 48.2:10% |

74  SAR MEASUREMENT RESULT WIITH BODY LIQLITD
| Sofiwere | OPENSAR V4

| Phanzom SN 20/09 SAM7
Prooe | SN 1 EPGI22 _
_Liquid ] Rody Liguid Values: eps’ : 541 sigma : 0.97
Diszance between dipole center ane: ligrid 3.0 mm
Arca scan Teso lution ) i de=Rmmidy=8mm
Zoon Scan Resolution dx=Bmm'dy=8m/dz=3mm ==
_ Frequency 813 Mz
Input poveer 20 dBm
_Liquid Temperature 21 °C
Lab Temperature 21 °C

Lab Humidity - 4505

F ] ~
R 1.2 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured ! messured
835 10.3111.03) 8,74 {0.67)

| -l
g
e
B
aha
el
Lo
et
it
| iy
Vi
S [
LB 1%
HE \\
Y
e By \
3
s - P 04
o> ™
L ' o .
i K
s b b5 1110 o
o ui= '
2 d s R ERAZESISAE D
T
Pz | e
Sing docsmons aral! s de recreakical, encye vt o i B e M cnidn il af AT

CCIC-SET/T-I (00) Page 94 of 123




)

Report No. SET2015-14025

SAR REFERENCE DIPOLE CALIBRATION REPORT Het) AUR 2401 14544

SATIMO
8 LIST OF EQUIPMENT
Equipment Summary Sheet
I Equi T Manufadurd /|
Bokghg el s SOl o
SAM Phantem Salirg SN-20/09-SAMT1 \r::‘lﬁ?;zd No cal mt’"‘:‘;d No cal
<—:OMOSAR Tas: Banch Version 3 NA :‘:::'Lﬁf;zd Nocal ‘:eaqlgfetgd No- cal
Network Analyzer 1008 & SCWaZ - gyyg0137 0212013 022016
Calipers Carrera CALIPER-O1 1212013 122018
Reference Prcbe Saz;mc EPG122 SN 1811 | 1012013 ;).v‘2014
7Mu5h' meter Keithley 2000 1188656 1202013 12/2016
»Signal Generater Agilent E4£58C MY4507056° 12:2013 122016
Ampiifier Aethercomm SN 046 ;:?{al\i:gzp:egzire? ;hs?ra&t ;;zf(éz;fl?;o
Fawer Meter HP E44184 US35261458 1202013 1272016
Pawer Sansar HP ECP-E26A US37181450 1202013 1212016
Eracuonal Ceupler | Narda 4215 2C 01383 gg%?:;f;gxrer f;;i"sﬁoezlefes:ﬁ;;?
Limm?:i‘glgfnigf Cortrol Company 11-661-8 82012 12015
Pewer (511
' Wy deesmend shall non e reeroniced exe :,-_". " .:.'.-,"' '_I'.:l. L, nn'r'.-:J\'.'.' '0\ .r*n.'.'- o u;|.;.r-:w,:i o "' 4 c"n'"..."J
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SAR Reference Dipole Calibration Report

ef : ACR.240.4. 14.SATU.A

TESTING (SHENZHEN) CO., LTD
ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN
SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 1900 MHZ
SERIAL NO.: SN 09/13 DIPIGY00-218

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

‘\\“."l“f'v/,

SN 7, :
T T ey 1
YNy |ACCREBITED]

2
6-.‘,,],,\.! MBI T mradeds

08/28/14

Swnmary;

This ducuiner| peesents the mzthod and results from an zeeredited SAR eeference dipote calibeaton
performed in SATIMO USA using the COMOSAR test bench. All calibration resuits are traccable
I pationa | melrolomy mstituioes
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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,
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Figure 1 - Saitmo COMOSAR Validation r)fpt)i(’-
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SATIMO

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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el ACR2H0 S 1953 ]L.4

2100 39.845% I 1A% 45 %
2300 18515 % l LET=5 %
2450 3.2 ‘R';‘." 5 | 1.80==2%
24l 901 % | 18=%
300¢ IBEALK JAD=E K |
3500 EY A3 LY 2851=%

7.2 SAR MEASURLEMENT RESULT WITILHEAD LIQUID

The IEEE Sul. 1528 and CLEIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown helow (for phantom thickness of 2 mm), within the
uncertainty for the svstem validation. ALl SAR values are nomalized o | W forvard power, In
bruckel. the measured SAR is given with the used input power.

Sallwans
Pluctor
Prabe

Liquid

SN 18

OPFNSAR Vi
SN 2009 SANTT
PG122

[lead 1igquid Values: ens” : 41,1 signa: 1,42

Dlstans betwera dipole ceater ond Tiquid

Ares stan (s ution
Zoon Scan Resalution
Freauercy

Input poswer

12,0 mm

dx=Emrdy

~§mnm

dy-mrvdy-Rontce=Snr

1400 NI -

20 di3m

Ligquid Temperoare 21 °(;
Lob Temperarire 21-C
I nh Humi: 15 %
b e 12 $AR [W/kgAY) 10 ¢ SAR (W/ig/W)
required [ megsared | required measured
360 285 [ s |
| s 450 ‘ 3.6 '
5l H48 R
815 56 527
9L0 1. .95
145¢ 28 16
K 15CC 30.5 1e.2
1640 342 134
1750 b4 18.2
18CC 364 20,
I 1o M 2047 1£.04) {8 20E2 (2.06)
1550 a0 2.9
2000 a1 220
210 43 _:._T
20 ad.! 231

R )

wad s a1
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e BT

1510 A

250 524 k2|
1900 533 221
1000 638 25,7
KE] 651 75

73 BODY LIQUID MEASUREMENT

Fre:::;ncy Relative permittivity (5, Conductivity {a) S/m
required [ measured required measurad
150 51.5 25 % OHD L5 %
‘ 300 SRS X 007 +6
450 50,445 % 089315 %
a0 55545 % 0.96 15 %
83s :5245% 007455
Q00 350125% L 15 %
915 55.045% 1,06 +5 %
1450 54025% 13215 %
61D LES RS 4 14045 %
1800 533250% 15215% |
19200 533=3% PASS 13225%
20600 5335% 13245%
2100 5325%
24510 SL7IS%
2600 5L55%
SU0U 520-5%
3300 LLILE% 231-5%
3200 £I0+0% 520:10%
fﬁ,‘u)[l 295 110% 5472 +10%
5400 4010 552110%
Puge. 9441

CCIC-SET/T-I (00)

Page 104 of 123




Report No. SET2015-14025

SAR RCFERENCE DIPOLE CALIBRATION REPORT Hed ACR GG T4RATULN

SATIMOD

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
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’l_;ﬁ.:’ul "m \B
o B SATIMO
aﬁ:ﬂg . 'aw «Au The reirowane Asion comgeny

SAR Reference Dipole Calibration Report

Ref: ACR.240.6.14.SATU.A

I“ TESTING (SHENZHEN) CO., LTD
I § § | ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
;ﬂs?;’.ﬁ TOWN
KR SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 2450 MUIIZ
SERIAL NO.: SN 09/13 DIP2G450-220

-
(2

Calibrated at SATIMO LS
2105 Barrctt Park Dr. - Kennesaw, GA 30144

,m
|
|

W

e

A1 %4
A
0
0

e
Ll

N ‘.‘.‘& I 8_:‘ ‘S'lm!n,{‘!:},l.
& ”‘ a ] Phis docament presents tre method and results from an aceredited SAR reference dipole calibrition
. vi 5 ',S performed in SATIMO USA uvsing the COMOSAR rest beneh.  All calibration results are waceable
4 B ‘,ﬁ L’sﬂ > 1 nahomal metrol ey shitulions
e
bt § A
S i

CCIC-SET/T-I (00) Page 107 of 123




)

Report No. SET2015-14025

o)
— A

SATIMO

SAR REFERENCE DIPOLE CALIBRATION REPORT

e ACR 7408 T3 5AT LA

Name

Prepared by Jérome LUC

Approved by

Jéréme LUIC

Checked by

Function

Praduct Manuger

Date
&29:2014

Sivmature

Product Muanager

8292014

Kim RUTKOWSK

Distribution

Iasue Date

Quabitv Manager

Customer Name
CCIC SOUTHERN
ELECTRONIC
PRODUCT
TESTING
(SIHENZIIEN) Co.,
Ltd

Modifications

8292014

A 8:29:2014

Initial release
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| INTRODUCTION
This document contains a summary of the requirements set forth by the [EEE 1328, OE T 65 Bulletin
C and CEFIEC 6220% standards for reference dipoles used for SAR measurement system validations

and the measurements that were performed w vesily that the product complies with the fore

menlioned standards.

2 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR 2450 MI12 REFFRENCE DIPOLT

Manutacturer | Satimo
Model ‘ SI1D2450)
Serial Numbher [ SN 0913 DIP2G230-220

Product Condition (new / used) | Used -

A yearly calibration interval is recommendad.

3 PRODUCT DESCRIPTION

31 GENCRATL INFORMATION

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,

| i
a g ﬁ i i '— “

i a | B [~ a
Figare | - Satimo COMOSAR Validation Dipnle

i

Peagra: 47404
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4 MEASURFEMENT METHOD

The IEEE 1528, QET 63 Bulletin C and CEITEC 62209 slandards provide requirements for
reference dipoles used for system validation measurements.  The following measuremenls were
performed to verify that the product complies with the [ore 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 fAlled flat phantom,
with the phantom constucted vs outlined in the fore mentivned standunds.,

4.2 MECHANICAL REQUIREMENTS

The IEEE Sul 1328 and CELIEC 62209 standards specify the mechanical components and
dimensions ol the validation dipoles, wita the dimensions frequency and phantom shacll thickness
dependent. The COMOSAR test beneh employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test hench comply with the requirements set lorth for a 2
mm phantom shell thickness.

3 MEASUREMENT UNCERTAINTY

Al uncertainties listed below represent an expanded unceraingy expressed at approximately the 95%
confidence level using a coverage factor ol'k 2. traceable 1o the Internationally Accepted Guides 1o
Mensuremen! Uncertainty,

S.1 RETURN LOSS

The following uncertainties apply o the return loss measurement:

Frequeney band Fxpanded Uncertainty on Return Loss

400-6000M 117 L1 dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply w e dimension messwements.

| Length (mm) Expanded Uncertainty on Length

3-300 (.05 mm

53 VALIDATION MEASUREMENT

‘The guidelines outlined in the IEEE 1528, OET 65 Bulletin €, CENELEC EN3N361 and CELTEC
62209 standards were  followed 1o generate the messurement  uncertainty  lor  validation

measurements,
] Scan Volnme Expanded Uncertainty
? Ta 303 %
10g 201 %

Page: 5:1
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6 CALIBRATION MEASUREMENT RESULTS

SAR REFERENCE DIFOLE CALIBRATION REPOKRT

f.1  RETURN LOSS AN IMPEDANCE IN ITTEAD LIQTUID

Frecuency Mz
2440 2460

vy
e

2330 %W N0 M40 24

qP

i

2500 .':IZD

Rel: ACR 2406 LA SATILA

Impedance

3_,- S I TSN TSR TR,
4
[iT Frequency (.\ﬂ!z.j A_- R‘L:turp:l_.-r(rvjs_(»dB_}A_ | il quui;cmcr—lt(dm
245 <27.530 -2

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frecuancy, Mz
2380 2180 40 M0 240 2GED 24BD 2500

750

5170380

6.3 MLCCHANICAL DIMENSIONS

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -27.56 -20 S43Q+090

Cape: 6711

Frequency MHz Lmm h mm
required measured required
300 420.0z1%. 2500 21 %.
450 190.0z1%. 1667 =1%
750 176.0=1%. 1000 =1 %.
835 161011 %, f9.311%

dmm ’

measured

required
CA511%
£3511 %

A5 11 5%

measured

3.6 17 %,

Tiine el wmend eheetf nof be rvpvoxkaowd excyt o S or o o, walliese! the wnilen apeeeand of SATINGD
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ara 180021 %, 83.3 =1 %. 3641%
1450 85.1=1%. 517 1%, 361%
1500 3U5=1%, LDA+#1 %, EX R RS
1640 5O=1% ant 1%, 3641 %
1750 a1, 42411 %, 1611 % ]
1800 72.0-1%, 4711 %, 1611%
290 6.0 1%, 395 11 %. 316 H %
19 663 1%, 305 11 %, 3611% I
2000 64.5 -1 %, 375:1%. 3641% |
200 6140 1%, 35741 %, 16Kk |
2300 TR 32511 %, G1% | N
2450 51521 %, pAsS 304:1%. i35 6% | PASS
2500 4501, 708 £ %. 3611 %
3000 414 1% | 2sar1%. 1611 %
3500 12041 %, 26.4£1%. 3641%
00 18,001 %, 26.4 11 %. 3611 %
7 YALIDATION MEASUREMENT

The ITEE Sl 1528, OET 65 Bulletin € and CEFIEC 62209 standards stule that the system
validation measurements must be pertormed using z reference dipole meeting the fore mentioned
zeturn loss and mechanical dimension requirements, The validation measurement must be performed
against a liquid filled fla: phantom, with the phantom constructed as outlined in the fore mentioned
standards.  Per the standards, the dipole shall be positioned beloaw the botom of the phantom, with
the dipole length centered and parallel w the longest dimension ol the llat phantom, with the wp
surlace ol the dipole at the described distance Trom the bottom swrface of the phantom.

7.1 HEAD LIQUID MEASUREMENT
Fm:;:znw Relative permittvity (s} Conductivity (0) S/m
required measured required measured
UL A4 14 % SETRDS
350 43515 % 08715 %
250 41915 % 0.89 15 %
Y34 A5G SETNDE
Jou 41545% DA7 5%
1430 0.5 45 ¥ 1.20 45 %
T RS 12315 %
a0 40215 % 13115%
1750 40.115% 13715%
1810 40,015 % L4015 %
1900 40.015% 14015 %
1850 40.015% 14015 %
2000 40.0 15 % LA01S X

Vs cexnmend shon aud be mpvanan sl eroeps v N ol ovet Wil

Puger 7

e s geevosal ! S T0
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Rel” AUR 7406 14 SATULA

2103 ILE=5H 14945%

2307 ELEPE 167459

2447 16 -6 % PASS 18045 % PASS
2600 -5 % 19645 %

3007 ET TR 24045, ‘
350 19-6% 291 45 % j

79

SAR MEASUREMENT RESULT WITH HEAD LIQUID

The TEEF Sid. 1528 and CELTEC 62209 siandards state that the system validation measurements

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

2 mm), within the

uncertainty for the system validation. Al SAR values are normalized o 1 W lorward power. In
bracker. the measured SAR is given with the used input power.

Soflwire

Phantom

Prohe

Liguié:

Distance between dipole center and liquid
Area scan resolution

Zoon Sean Resalution

Frequency

Inpar power

OPENSAR V4

SN 20:09 SAMTI

SN IR EPGI22

Head Liquid Values: eps'
10.0 2
dx=Rmmdy=Rmm
dyu=Rmmedy=8m/dz=5inm
| 2450 Mz

| 20 <Bm

3900 sigrra

Liguid Temperature | 21°C
Lab Temperature 219G
Lalk umidity 159,
m’:":f:"" 1.5 SAR [W/kg/W) 10 g SAR (W/kg/W]
required [ measured required measured
300 235 194
450 4.58 106
tal 049 7 7 ()
83% 49.56 . 8.22
500 10,9 ; 599
1450 23 16 '
1520 05 168
1640 34.2 184
1750 36.4 193
1800 3z 201
1900 39.7 205
1950 105 20.9
2000 411 221
2100 136 2.9
2300 i 8.7 21.]
Page: 8711
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licl ACR24U5.1454TU. A

rz] 23.7712.38|

2450 524 £3.60(5.35)

2620 553 246
3000 638 25.7
3500 §7.1 iS

BODY LIQUID MEASUREMENT

v

Freguency

MKz

50

Relative permittwvity {&,’}

required measured
51915 %
G8.215%

715%

v
=)

55515%
95,2 15%
S55.015%
S55.015%

S4.015%

13015%

Conductivity (o) S/m

required measured
QA015 %
0.9215%
Q8415 %
G801 %
a7 15%
1.0515%

1065 %

14D15%
15215%

15215%

200K 53345% 15245%
2100 53.235% 16225 %

2450 52.735% PASS 19525% | PASS
20060 52545% 2.1615%

R 52.045 % 27345%

3500 513115% 3.3045%

520K} 430=10% 53010 %

53K 183=10% 542 =10 %

540 187 =z10% 5.53=10%

A2 e 2yl o G repvenhcoad dace it

n 011
Mg W9

W LT RO I e el

£ ¥ATIM
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S65£10%

Rel’ ACR240.6.14.SATL A

STTLI0%

600 £10 %

74 SARMEASUREMENT RESLILT WITH BODY LIQUID

’—l;l:';—!gslnm
Probe

[ Tlgod

Distance between dipole center and liquid
A n resnlplion

Zoon Scan Resolution
Freguency

_Inpuf power

Liguid “emperature

Lab Tempertiure

Lab Hunidity

Frequency
MHz

OMENSAR V4
SN 20:00 SAMT|
SN 1811 EPGI22

10,0 mm
dx=8mm/dy=8mm
dx=8mm/dy=8m/dz=Smm
2450 MHz

201 dBm

21°C
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Report No. SET2015-14025

SAR REFERENCE DIPOLE CALIBRATION REPOR | Ref: ACR.24046 11.3ATLLA
SATIMO
8 LISTOFEQUIPMENT
* . — o <
& uipment’ '’ »_wr.mmﬁ.!rﬁ ; &mﬁ&m Noi| # Cirrerit _ § | Nest €alibration
Deseriprion | 7 {'ahir_g__giq[ c i B
. s 2 Validated. No cal Malidated No cal
SAM Phantom Saimo SN-20/09-SAMT1 .n';_g}.ire d: required.
. Malidated. No cal Malidated. No cal
COMOSAR Test Bench Varsion 3 | N& required required
Network Analyzer Flxds Z& v‘?\ch\-au SN100132 022013 02/2016
Calipers Carrera CALIPER-O1 1212013 12:20186
Refererce Probe Satimo EPG122 SN 18/11 ‘ 1012013 1072014
Mult meter Keithley 2000 1188656 1212013 1212018
Signal Generator Agitert E4438C MY490705861 122013 12/2018
- . o Cnaractenzed pnor to [Characterzed prior to
Ampiier Asthercomm SN 046 test. No cal required. |test No cal required
Pawer Metar HP E4418A US382614E8 1212013 122016
Power Sensor HP ECF-E26A US3T1687460 1212013 12/2016
: N AlD Cnaractenzed prior to [Characterized prior to
Diwbintab Saagier Narda 4216:20 01306 |test. No cal required, [test No cal required
Temperatura and X 1. ‘ ) .
Humidity Sensor | Control Company 11-661-9 82012 82015
j':}‘i: B
VIus Aasumens shal v o reprodiced, oy ¥ Sodl v oy, waasu e weiee q;l.‘.'.'u‘\'.:.’ -;-,";i‘ T,
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<Justification of the extended calibration>

Referring to KDB 450824, 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
Tret dBMag 10dB/ Ref0dB Cal 1 Trc1 Smith Ref1U Cal 1
s11 ' j ; 11
—1
-1
|
Sl SereoMiy B OB Stop 935MHZ | oy Stan 735 MHz Pwr 0 dBm 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
Trct dBMag 10dB/ Ref0dB Cal 1 Tre1 Smith Ref1U  Cal 1
S S11
1
-1
-7
Ch1  Start 735 MHz Pwr 0 dBm Stop 835 MHz
1/112003, 5:30 AM
Ch1  Start 735 MHz Pwr 0 dBm Stop 935 MHz
1/1/2003, 5:28 AM
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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 Data>

Head 1900MHz

Trel dBMag 10dB/ RefOdB Cal

i

—1

-7

Ch1  Start 1.8 GHz Pwr 0 dBm

Stop 2 GHz

S

Trc1 Smith Ref1U  Cal

Ch1  Start 1.8 GHz

Pwr 0dBm

Stop 2 GHz
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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 Data>

Body 1900MHz
Tre1 dBMag 10dB/ Ref0dB Cal 1 Trel Smith Ref1U  Cal 1
i S
=4
-1
-7
Ch1 Start 1.8 GHz Pwr 0 dBm Stop 2 GHz

1/1/2003, 1:53 AM
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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

Tre1 Smith Ref1U  Cal 1
Tre1 dBMag 10dB/ Ref0OdB Cal 1
T T T s

&ilil

—10

Ch1 Start 25 GHz Pwr 0dBm Stop 2.7 GHz
-70

Ch1  Start 2.35GHz Pwr 0dBm Stop 2.55 GHz
1/1/2003, 1:02 AM
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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

Trel dBMag 10dB/ Ref0dB Cal 1 Trc1 Smith Ref1U Cal 1

S S

—1

-1

-7

Chl slat2sycll Ry dBm Stop 255GHZ | cp1 Start 235GHz Pwr 0 dBm Stop 255 GHz
1/1/2003, 1:02 AM 1/1/2003, 1:03 AM

End of the Report
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