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12. Appendix B. System Check Plots
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Report No.: NTEK-2016NT03084611HF

System Performance Check - SID835 - Head

Date of measurement:

Apr. 21, 2016

Signal:

Communication System: CW; Frequency: 835.00MHz; Duty

Cycle: 1:1.00

ConvF:

1.89

Liquid Parameters:

Relative permittivity (real part): 41.76; Conductivity (S/m): 0.90;

Device Position: Dipole
Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
o —
‘ : Woper' ok
|
n | cuca
Maximum location: X=3.00, Y=3.00
SAR Peak: 1.37 W/kg
SAR 1g (W/Kg) 0.946
SAR 10g (W/Kg) 0.609
Power Drift (+5%): -0.37
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 13725 | 09843 | 06567 | 04548 | 0.3191 02274 | 01626
(W/Kg)
1.4-
1.2_\
N
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< nE-
=
= 0.6- \\
0.4d- -
. v
""-..____h!.
0. 1_| 1 1
0.02.5507.5 125 17.5 225 275 325 40.0

Z f(mm)
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System Performance Check - SID835 - Body

Date of measurement: Apr. 21, 2016
: _ Communication System: CW; Frequency: 835.00MHz; Duty
Signal: .
Cycle: 1:1.00
ConvF: 1.94
Liquid Parameters: Relative permittivity (real part): 55.08; Conductivity (S/m): 1.00;
Device Position: Dipole
Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
MoHHd _
‘ : Uppor ot
|
wn | ot
Maximum location: X=2.00, Y=3.00
SAR Peak: 1.40 W/kg
SAR 1g (W/Kg) 0.965
SAR 10g (W/Kg) 0.617
Power Drift (5%): 0.26
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 1.3940 1.0023 0.6678 0.4589 0.3178 0.2238 0.1573
(W/Kg)
1.4-
1.2_\,
_ l.o- \\
o
- 0.8-
=
= 0.6- \ ~
0.4- \%\
e
0. 1_| [ 1
0.02.5507.5 125 175 225 275 325 40.0

Z f(mm)
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System Performance Check - SID1750 - Head

Date of measurement: Apr. 23, 2016
: _ Communication System: CW; Frequency: 1750.00MHz; Duty
Signal: .
Cycle: 1:1.00
ConvF: 2.01

Liquid Parameters:

Relative permittivity (real part):40.60; Conductivity (S/m): 1.34;

Device Position:

Dipole

Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
A -
|
wn | e |
Maximum location: X=-1.00, Y=1.00
SAR Peak: 7.96 W/kg
SAR 1g (W/Kg) 3.962
SAR 10g (W/Kg) 1.850
Power Drift (5%): 0.05
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 79434 | 42514 | 17426 | 07597 | 03443 | 01589 | 0.0893
(W/Kg)
T.94-
T.I:II:I—\
£.00- \\.
;..f 5.00- \
= 4.00-
M o3.00-
o N,
2.00 ~
1.00-
.
0.03-, ,
0.02.55.07.5 125 I7.5 225 275 32.5 40.0

Z (mm)
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System Performance Check - SID1750 - Body

Date of measurement: Apr. 23, 2016
: _ Communication System: CW; Frequency: 1750.00MHz; Duty
Signal: .
Cycle: 1:1.00
ConvF: 2.05

Liquid Parameters:

Relative permittivity (real part):52.11; Conductivity (S/m): 1.55;

Device Position:

Dipole

Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
i
Maximum location: X=3.00, Y=3.00
SAR Peak: 8.11 W/kg
SAR 1g (W/Kg) 3.986
SAR 10g (W/Kg) 1.926
Power Drift (5%): 0.42
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 8.041 42160 | 17435 | 07565 | 0.3411 01549 | 0.0726
(W/Kg)
3.04_\
T.00-
B.00- \
E" 5.00- b\
= 4.00- \
= o3.00- N
3 \\
2.00- N
1.00-
H
0.03-, ,
0.02.55.07.5 125 I7.5 225 275 32.5 40.0

Z (mm)
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Report No.: NTEK-2016NT03084611HF

System Performance Check - SID1900 - Head

Date of measurement:

Apr. 22, 2016

Signal:

Communication System: CW; Frequency: 1900.00MHz; Duty

Cycle: 1:1.00

ConvF:

2.16

Liquid Parameters:

Relative permittivity (real part): 39.12; Conductivity (S/m): 1.43;

Device Position: Dipole
Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
L -
|
n | cuca
Maximum location: X=0.00, Y=1.00
SAR Peak: 7.67 W/kg
SAR 1g (W/Kg) 4.060
SAR 10g (W/Kg) 1.897
Power Drift (+5%): -0.09
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 76916 | 42066 | 17845 | 07726 | 03403 | 0.1494 | 0.0663
(W/Kg)
T.B9—
1'.|:u:|_'il
a.nu-%
_ A
B 5.00 \
= 4.00- s
& 3.00- \.\
“ o - \\.
_ M,
1.00 ]
0.03-, ,
0.02.55.07.5 125 17.5 225 ©27.5 32.§5 40.0

Z (mm)
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Report No.: NTEK-2016NT03084611HF

System Performance Check - SID1900 - Body

Date of measurement: Apr. 22, 2016
: _ Communication System: CW; Frequency: 1900.00MHz; Duty
Signal: D q.
Cycle: 1:1.00
ConvF: 2.24

Liquid Parameters:

Relative permittivity (real part): 53.04; Conductivity (S/m): 1.52;

Device Position:

Dipole

Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
S
E
Maximum location: X=5.00, Y=3.00
SAR Peak: 7.25 W/kg
SAR 1g (W/KQg) 4.012
SAR 10g (W/Kg) 1.902
Power Drift (5%): 0.23
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 6.9385 3.7957 1.6100 0.7051 0.3079 0.1363 0.0601
(W/Kg)
94—
.IZIIII—\
.oa-
& 4.00-
= N
00— b,
2 N
.o0-
N
.o0-
H
.I:I3—I 1
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Z (mm)
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System Performance Check - SID2450 - Head

Date of measurement: Apr. 24, 2016
S; _ Communication System: CW; Frequency: 2450.00MHz; Duty
ignal: C .
ycle: 1:1.00
ConvF: 2.1
Liquid Parameters: Relative permittivity (real part): 40.39; Conductivity (S/m): 1.79;
Device Position: Dipole
Area Scan: dx=12mm dy=12mm, h=5.00mm
Zoom Scan: 7X7x7, dx=5mm dy=5mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
" =
Maximum location: X=5.00, Y=1.00
SAR Peak: 11.87 W/kg
SAR 1g (W/Kg) 5.584
SAR 10g (W/Kg) 2.349
Power Drift (+5%): -0.07
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 12.7538 5.8026 1.5337 0.6490 0.1890 0.0747 0.0220
(W/Kg)
12.75-¢

10, 00 - \

d. DD—‘\\
&. 00 -

N

SAR M kg)

4.00-

Z.00-

0.01-

]

[

0.0z2.55.07.5 125 17.5 225 27.5 325 40.0

Z (mm)
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System Performance Check - SID2450 - Body

Date of measurement: Apr. 24, 2016
: _ Communication System: CW; Frequency: 2450.00MHz; Duty
Signal: D q.
Cycle: 1:1.00
ConvF: 217
Liquid Parameters: Relative permittivity (real part): 51.91; Conductivity (S/m): 1.90;
Device Position: Dipole
Area Scan: dx=12mm dy=12mm, h=5.00mm
Zoom Scan: 7X7x7, dx=5mm dy=5mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
Maximum location: X=5.00, Y=1.00
SAR Peak: 12.07 W/kg
SAR 1g (W/KQg) 5.379
SAR 10g (W/Kg) 2.286
Power Drift (+5%): -0.10
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR | 129808 | 59028 | 15576 | 06595 | 01922 | 00761 | 0.0224
(W/Kqg)
12.98-¢
10. 00 - \,\
Wo.00-
= go- \
5 N
vio4 00-
\'\
Z.00- \~uy
0,01 - ™ ,
0.02.55.07.5 125 17.5 225 2T.5 325 40.0
Z (mm)
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Report No.: NTEK-2016NT03084611HF

System Performance Check - SID2600 - Head

Date of measurement: Apr. 23, 2016
. ) Communication System: CW; Frequency: 2600.00MHz; Duty
Signal: D q.
Cycle: 1:1.00
ConvF: 2.16

Liquid Parameters:

Relative permittivity (real part): 39.29; Conductivity (S/m): 1.93;

Device Position: Dipole
Area Scan: dx=12mm dy=12mm, h=5.00mm
Zoom Scan: 7X7x7, dx=5mm dy=5mm dz=5mm, h=5.00mm

3D screen shot

‘s

Volume SAR

Maximum location: X=0.00, Y=2.00
SAR Peak: 10.23 W/kg

SAR 1g (W/KQg)

5.524

SAR 10g (W/Kg)

2.527

Power Drift (£5%):

1.07

Z (mm)

0.00

4.00

9.00

14.00

19.00

24.00

29.00

SAR
(W/Kg)

10.2403

5.9847

2.8832

1.4227

0.7057

0.3562

0.1546

SAR M kg)

10. 24 -

d. 00 -

&. 00— \\

4.00-

Z.00-

N

0,08 -

0.02.55.07.5

12.5

h‘h-_

17.5 2.5
Z (mm)

27T.5

32.5

40.0
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Report No.: NTEK-2016NT03084611HF

System Performance Check - SID2600 - Body

Date of measurement: Apr. 23, 2016
: _ Communication System: CW; Frequency: 2600.00MHz; Duty
Signal: D q.
Cycle: 1:1.00
ConvF: 2.21

Liquid Parameters:

Relative permittivity (real part): 52.08; Conductivity (S/m): 2.22,;

Device Position:

Dipole

Area Scan:

dx=12mm dy=12mm, h=5.00mm

Zoom Scan:

7X7x7, dx=5mm dy=5mm dz=5mm, h=5.00mm

3D screen shot

‘s

Volume SAR

Z (mm)

Maximum location: X=-2.00, Y=0.00
SAR Peak: 9.55 W/kg
SAR 1g (W/Kg) 5.324
SAR 10g (W/Kg) 2.406
Power Drift (5%): 0.57
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 94227 | 55806 | 27357 13510 | 06726 | 03327 | 0.1706
(W/Kg)
9. 42—
B.DD—\\
Em B. 00— \
= N,
4,00 -
4 ‘\
2.00- L
\""""--..
0.08-, ]
0.02.55.0T.5 125 i7T.5 225 27.5 325 40.0
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Report No.: NTEK-2016NT03084611HF

13. Appendix C. SAR Measurement Plots

Table of contents

GSM 850 Head

GSM 850 Body

GSM 1900 Head

GSM 1900 Body

UMTS Band V Head

UMTS Band V Body

UMTS Band Il Head

UMTS Band Il Body

LTE Band IV Head

LTE Band IV Body

LTE Band VII Head

LTE Band VIl Body

WiFi 2.4G Head

WiFi 2.4G Body
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Report No.: NTEK-2016NT03084611HF

GSM850_GPRS(GMSK 4TS)_Ch128_Left Cheek

Date of measurement:

Apr. 21, 2016

Signal:

Communication System: GPRS(GMSK 4TS); Frequency:
824.20MHz; Duty Cycle: 1:2.08

ConvF:

1.89

Liquid Parameters:

Relative permittivity (real part): 42.12; Conductivity (S/m): 0.87;

Device Position:

Cheek

Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
':
~ 4
\ %g W
-
|
wn | e |
Maximum location: X=-51.00, Y=-54.00
SAR Peak: 0.32 W/kg
SAR 1g (W/Kg) 0.241
SAR 10g (W/Kg) 0.179
Power Drift (5%): 0.81
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 03086 | 02393 | 01878 | 01631 | 01354 | 04117 | 0.0876
(W/Kg)
0.31 -5
\\
0.5
o N
i
T 0.20- =
[
E 0.15- e
q"‘"---.._
0.10- H""'ﬁ..._‘_-
0.07-, . .
0.02.55.07.5 125 I7.5 225 275 32.5 40.0

Z (mm)
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Report No.: NTEK-2016NT03084611HF

GSM850_GPRS(GMSK 4TS)_Ch128_Back Side_Omm

Date of measurement:

Apr. 21, 2016

Signal:

Communication System: GPRS(GMSK 4TS); Frequency:

824.20MHz; Duty Cycle: 1:2.08

ConvF:

1.94

Liquid Parameters:

Relative permittivity (real part): 55.33; Conductivity (S/m): 0.97,

Device Position: Body
Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
il
-
|
wn | e |
Maximum location: X=5.00, Y=-6.00
SAR Peak: 1.68 W/kg
SAR 1g (W/Kg) 1.020
SAR 10g (W/Kg) 0.719
Power Drift (5%): 1.91
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 16638 | 12226 | 08320 | 05706 | 03954 | 02700 | 0.1995
(W/Kg)
1.7T-5
_le- N
%ﬂ 1.0- ™ N
=
0.8-
= ™
Woga- -
0.4- H""-:..
"""‘"'--......
0. 1_| 1 M 1
0.02.5507.5 125 17.5 225 275 325 40.0
Z (mm)
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GSM1900_GPRS(GMSK 4TS)_Ch810_Right Cheek

Date of measurement:

Apr. 22, 2016

Signal:

Communication System: GPRS(GMSK 4TS); Frequency:
1909.80MHz; Duty Cycle: 1:2.08

ConvF:

2.16

Liquid Parameters:

Relative permittivity (real part): 39.05; Conductivity (S/m):1.44;

Device Position:

Cheek

Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
|
'.?; lf
Wl o
|
Maximum location: X=-50.00, Y=-64.00
SAR Peak: 0.15 W/kg
SAR 1g (W/Kg) 0.110
SAR 10g (W/Kg) 0.070
Power Drift (5%): 0.10
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 02072 | 01125 | 00514 | 0.0361 0.0255 | 00253 | 0.0110
(W/Kg)
0.207 -5
0. 175_\
0. 150-4
& 0.1e5- .
= 0 100- \\
&
% 0.075- N
0. 050-
[P
0.011-| , = ,
0.02.55.07.5 12.5 17.5 225 27.5 32.5 40.0

Z (mm)
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GSM1900_GPRS(GMSK 4TS) Ch810_Back Side_Omm

Date of measurement: Apr. 22, 2016
Signal: Communication System: GPRS(GMSK 4TS); Frequency:
) 1909.80MHz; Duty Cycle: 1:2.08
ConvF: 2.24
Liquid Parameters: Relative permittivity (real part): 53.03; Conductivity (S/m): 1.53;
Device Position: Body
Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
o -
Maximum location: X=6.00, Y=-41.00
SAR Peak: 2.15 W/kg
SAR 1g (W/Kg) 0.869
SAR 10g (W/Kg) 0.450
Power Drift (+5%): -2.52
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 25315 | 1.0503 | 05267 | 02883 | 0.4729 | 0.0878 | 0.0247
(W/Kg)
2.5-g
2. n_\
E" 1.5- \
=
& 1.0- \
- e,
0.5 .q____‘---
0.0 ]
0.02.55.07.5 125 17T.5 225 275 325 40.0
Z (mm)
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Report No.: NTEK-2016NT03084611HF

UMTS Band V_RMC 12.2Kbps_Ch4182_Left Cheek

Date of measurement:

Apr. 21, 2016

Signal:

Communication System: UMTS-FDD(WCDMA); Frequency:
836.40MHz; Duty Cycle: 1:1.00

ConvF:

1.89

Liquid Parameters:

Relative permittivity (real part): 41.97; Conductivity (S/m): 0.88;

Device Position:

Cheek

Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
-
|
wn | e |
Maximum location: X=-51.00, Y=-56.00
SAR Peak: 0.18 W/kg
SAR 1g (W/Kg) 0.147
SAR 10g (W/Kg) 0.112
Power Drift (£5%): 1.29
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 0.1751 0.1511 01242 | 01026 | 00834 | 0.0681 0.0558
(W/Kg)
0.18-
0. 16 -
n 0.14- N
& 0.12-
=
E 0.10- e
0.08-
0.06 - ™~
0.04-| - |
0.02.55.07.5 125 I7.5 225 275 32.5 40.0
T (mm)
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Report No.: NTEK-2016NT03084611HF

UMTS Band V_RMC 12.2Kbps_Ch4182_ Back Side_0Omm

Date of measurement:

Apr. 21, 201

6

Signal:

836.40MHz;

Duty Cycle: 1:1.00

Communication System: UMTS-FDD(WCDMA); Frequency:

ConvF:

1.94

Liquid Parameters:

Relative permittivity (real part):55.25; Conductivity (S/m): 0.99;

Device Position: Body
Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
-
|
wn | e |
Maximum location: X=5.00, Y=-53.00
SAR Peak: 1.75 W/kg
SAR 1g (W/Kg) 0.961
SAR 10g (W/Kg) 0.724
Power Drift (+5%): -0.07
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 16644 | 11808 | 0.7701 05172 | 03505 | 02404 | 0.1675
(W/Kg)
1.7T-5
1.4- \
1.2- \
T Y
& 10- \\
Z’ 0.8 \\
W06 \.\
0.4-
]
0. 1—I 1
0.02.5507.5 125 17.5 225 275 325 40.0

Z f(mm)
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UMTS Band II_RMC 12.2Kbps_Ch9400_Right Cheek

Date of measurement:

Apr. 22, 2016

Signal:

Communication System: UMTS-FDD(WCDMA); Frequency:
1880.00MHz; Duty Cycle: 1:1.00

ConvF:

2.16

Liquid Parameters:

Relative permittivity (real part): 39.18; Conductivity (S/m): 1.42;

Device Position:

Cheek

Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
|
\ 2-Cots Contrs 1
|
Maximum location: X=-53.00, Y=-63.00
SAR Peak: 0.29 W/kg
SAR 1g (W/Kg) 0.195
SAR 10g (W/Kg) 0.122
Power Drift (+5%): -0.40
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 02848 | 02032 | 0.1351 00972 | 00685 | 00498 | 0.0368
(W/Kg)
028
n.25_\\|
o 0.20- \‘
i
£ p.15- \\
= Y
0.10- P
H“‘--..
0.05- e S
0.03-| [ .
0.02.55.07.5 125 I7.5 225 275 32.5 40.0

Z (mm)
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Report No.: NTEK-2016NT03084611HF

UMTS Band II_RMC 12.2Kbps_Ch9400_Back Side_Omm

Date of measurement:

Apr. 22, 2016

Signal:

1880.00MHz; Duty Cycle: 1:1.00

Communication System: UMTS-FDD(WCDMA); Frequency:

ConvF:

2.24

Liquid Parameters:

Relative permittivity (real part): 53.11; Conductivity (S/m):1.51;

Device Position: Body
Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
E
mn |
Maximum location: X=7.00, Y=-46.00
SAR Peak: 1.82 W/kg
SAR 1g (W/Kg) 0.905
SAR 10g (W/Kg) 0.370
Power Drift (+5%): -4.53
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 18267 | 1.0059 | 04423 | 02170 | 0.1131 0.0612 | 00333
(W/Kg)
1.83 -5
1.50-\\
. 1.85-
<1 on- \
= '
o 0.75- \\
“ 050 N
a
0.25- e
0.0z ,
0.02.55.07.5 125 I7.5 225 275 32.5 40.0

Z (mm)
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LTE Band IV_20M QPSK(1,0)_Ch20300_Right Cheek

Date of measurement:

Apr. 23, 2016

Signal:

Communication System: LTE-FDD(SC-FDMA QPSK/16-QAM);
Frequency: 1745.00MHz; Duty Cycle: 1:1.00

ConvF:

2.01

Liquid Parameters:

Relative permittivity (real part):40.63; Conductivity (S/m): 1.33;

Device Position:

Cheek

Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
|
! N .1 :.'q::.. }-
W’
A
3
Maximum location: X=-52.00, Y=-62.00
SAR Peak: 0.16 W/kg
SAR 1g (W/KQg) 0.109
SAR 10g (W/Kg) 0.066
Power Drift (+5%): -0.17
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 0.1598 0.1138 0.0748 0.0504 0.0347 0.0237 0.0166
(W/Kg)
0. 16—
0. 14_\
'
0.12 - \\
;'f 0.10- N
= oa- \\
2 0 0e- e,
e
0. 04 -
H
0.01- T .
0.02.55.07.5 125 17.5 225 27.5 32.5 40.0
T (mm)
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LTE Band IV_20M QPSK(1,0)_Ch20300_Back Side_Omm

Date of measurement: Apr. 23, 2016

Communication System: LTE-FDD(SC-FDMA QPSK/16-QAM);

Signal: Frequency: 1745.00MHz; Duty Cycle: 1:1.00
ConvF: 2.05
Liquid Parameters: Relative permittivity (real part): 52.13; Conductivity (S/m): 1.55;
Device Position: Body
Area Scan: dx=15mm dy=15mm, h=5.00mm
Zoom Scan: 5x5x7, dx=8mm dy=8mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
=
E-
Maximum location: X=5.00, Y=-27.00
SAR Peak: 1.65 W/kg
SAR 1g (W/Kg) 0.855
SAR 10g (W/Kg) 0.349
Power Drift (+5%): -0.20
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 16651 | 09292 | 04192 | 02075 | 01104 | 00603 | 0.0334
(W/Kg)
1.7-§
1.4- \
1.2~
oo
=AY
= 06- AN
0.4- \ o~
0.2- P
0. I:I—I 1
0.02.5507.5 125 I17.5 ©&2.5 &S7.5 325 40.0

Z f(mm)
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LTE Band VII_20M QPSK(1,49) Ch20850_Left Cheek

Date of measurement:

Apr. 23, 2016

Communication System: LTE-FDD(SC-FDMA QPSK/16-QAM);

Signal: Frequency: 2510.00MHz; Duty Cycle: 1:1.00

ConvF: 2.16

Liquid Parameters: Relative permittivity (real part): 39.74; Conductivity (S/m): 1.84;
Device Position: Cheek

Area Scan: dx=12mm dy=12mm, h=5.00mm
Zoom Scan: 7X7x7, dx=5mm dy=5mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
Maximum location: X=-52.00, Y=-47.00
SAR Peak: 0.27 W/kg
SAR 1g (W/Kg) 0.211
SAR 10g (W/Kg) 0.152
Power Drift (+5%): 0.33
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 0.2681 0.1431 0.0965 0.0663 0.0536 0.0442 0.0394
(W/Kg)
0.27_\
0. 18-
0. 16 - \"\
0. 14-
h
g 0.12 - \\
& 0.10- - -
v e,
0.08 - e
0. 06 -
\‘-
0.04-" — i
0.02.55.07.5 125 17.5 225 27.5 32.5 40.0
Z (mm)
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LTE Band VII_20M QPSK(1,49)_Ch20850_Back Side_Omm

Date of measurement:

Apr. 23, 2016

Signal:

Communication System: LTE-FDD(SC-FDMA QPSK/16-QAM);
Frequency: 2510.00MHz; Duty Cycle: 1:1.00

ConvF:

2.21

Liquid Parameters:

Relative permittivity (real part): 52.54; Conductivity (S/m): 2.12;

Device Position: Body
Area Scan: dx=12mm dy=12mm, h=5.00mm
Zoom Scan: 7X7x7, dx=5mm dy=5mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
Maximum location: X=6.00, Y=-59.00
SAR Peak: 1.65 W/kg
SAR 1g (W/KQg) 1.068
SAR 10g (W/Kg) 0.477
Power Drift (+5%): -1.27
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 1.6135 1.0374 0.5832 0.3306 0.1960 0.1208 0.0816
(W/Kg)
1.6-
1.4_\
1.2- N
Won- \,
g 0.8- \\
E 0.6- '\\
0.4-
[
0.2- -_.r
o 1_| == 1
0.02.55.07.5 125 17.5 225 27.5 32.5 40.0

Z f(mm)
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WiFi 2.4G_802.11b_Ch6_Right Cheek

Date of measurement:

Apr. 24, 2016

Communication System: WiFi 802.11a/b/g/n/ac; Frequency:

Signal: 2437.00MHz; Duty Cycle: 1:1.00

ConvF: 2.1

Liquid Parameters: Relative permittivity (real part): 40.42; Conductivity (S/m): 1.78;
Device Position: Cheek

Area Scan: dx=12mm dy=12mm, h=5.00mm
Zoom Scan: 7X7x7, dx=5mm dy=5mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
|
-
|
wn | e |
Maximum location: X=-23.00, Y=12.00
SAR Peak: 0.38 W/kg
SAR 1g (W/Kg) 0.209
SAR 10g (W/Kg) 0.097
Power Drift (+5%): -0.08
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 04235 | 02271 | 00955 | 00575 | 00291 | 00142 | 00077
(W/Kg)
0.42 -
0.35- \
_ b.an-
%" 0.25-
=
= 015- .
0.10- \"""'--.
0.05-
oy
0.00- ,
0.02.55.07.5 125 I7.5 225 275 32.5 40.0

Z (mm)




Page 92 of 177 Report No.: NTEK-2016NT03084611HF

WiFi 2.4G_802.11b_Ch6_Back Side_Omm

Date of measurement

Apr. 24, 2016

Communication System: WiFi 802.11a/b/g/n/ac; Frequency:

Signal: 2437 00MHz: Duty Cycle: 1:1.00
ConvF: 217
Liquid Parameters: Relative permittivity (real part): 51.91; Conductivity (S/m): 1.92;
Device Position: Body
Area Scan: dx=12mm dy=12mm, h=5.00mm
Zoom Scan: 7X7x7, dx=5mm dy=5mm dz=5mm, h=5.00mm
3D screen shot Volume SAR
Maximum location: X=18.00, Y=57.00
SAR Peak: 0.87 W/kg
SAR 1g (W/Kg) 0.329
SAR 10g (W/Kg) 0.180
Power Drift (+5%): -0.18
Z (mm) 0.00 4.00 9.00 14.00 19.00 24.00 29.00
SAR 10122 | 04640 | 01270 | 0.0879 | 00301 | 00168 | 0.0065
(W/Kg)
1.0
n.a_\
B \
4 0.E- \
S
e 0.4~
0.2- \
~
0.0 ,
0.02.5507.5 125 17.5 225 275 32.5 40.0

Z f(mm)
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14. Appendix D. Calibration Certificate

Table of contents

E Field Probe - SN 34/15 EPGO267

E Field Probe - SN 27/15 EPGO262

835 MHz Dipole - SN 03/15 DIP 0G835-347

1750 MHz Dipole - SN 03/15 DIP 1G750-357

1900 MHz Dipole - SN 03/15 DIP 1G900-350

2450 MHz Dipole - SN 03/15 DIP 2G450-352

2600 MHz Dipole - SN 03/15 DIP 2G600-356

Extended Calibration Certificate




COMOSAR E-Field Probe Calibration Report
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NTEK TESTING TECHNOLOGY CO., LTD.

BUILDING E, FENDA SCIENCE PARK, SANWEI
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BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA

MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 34/15 EPGO267

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

ACCREDITED)

A
LT

Calibration Date: 08/24/2015

."f-ﬂ'ii'!i'l]':”_'!'.'

This document presents the method and results from an accredited COMOSAR Dosimerric E-Field
Probe calibration performed in MVG USA using the CALISAR / CALIBAIR rest bench, for use
with a COMOSAR svstem only.  All calibration results are maceable 10 national metrology

HIsTiions
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACRLISLLISSATUA

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 34/15 EPGO267
I:-f"'-_:-_nduut"(;f ondition (new | used) ?_\ij@ -
Frequency Rhnge of Probe 0.45 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.234 MO
Dipole 2: R2=0.236 MO
Dipole 3: R3=0.233 MQ

A vearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

MVG's COMOSAR FE field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin € and
CEVIEC 62209 standards,

Figure 1 — MVG COMOSAR Dosimetric E field Dipole

Probe Length . ) | 330 mm
Length of Individual Dipoles 2 mm
Maximum extermal diameter & mm
Probe Tip External Diameter 2.5 mm
Distance between dipoles | probe extremity | | mm

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CEIIEC 62209 standards prewvide
recommended practices for the probe calibranons. including the performance charactenstics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

3.1 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01Wike o 100W ke
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Page 98 of 177 Report No.: NTEK-2016NT03084611HF

3.2 SENSITIVITY

The sensitivity factors of the three dipoles were deternmuned using a two step calibration method (ar
and tissue simulating liquid) using waveguides as outlined n the standards.

3.3 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the linearity
measurement. The required lower detection limut 1s 10 mWikg.

34 ISOTROPY

The axial 1sotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with tissue-equivalent hquid, with the plastic box illununated with the fields from a half wave dipole.
The dipole 1s rotated about 1ts axis (0°-180%) in 15" mcrements. At each step the probe is rotated
about 1ts axis (0°—3607).

3.5 BOUNDARY FFFECT

The boundary effect 15 defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is onented normal to the interface. To evaluate this
etfect. the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR 1s measured and
compared to the analytical value at the surface

4 MEASUREMENT UNCERTAINTY

The guidelines cutlined in the [EEE 1528, OET 65 Bulleun C. CENELEC EN50361 and CELIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. 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 Intemationally Accepted Guides to Measurement Uncertainty.

Uncerfainty analysis of the probe calibration in waveguide

Uncertainty Probability T Standard
ERROR SOURCES value (%) Distribution Hivies 9 Uncertainty (%)
Incident or forward power 3.00% Rectangular .ﬁ 1 1.732%
Reflected power 3.00% Recrangular ] \l{':'r__ 1 1.732%
Liguid conductiviry 5.00% Rectangular ﬁ 1 TEET
Liguid permittiviry 4.00% Rectangular -.,.'E 1 2.50%
Field homogeneity 3.00% Rectangular J:: 1 1.732%:
Field probe positioning 5.00% Rectangular 1 2B

&
1
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Reft ACR261.1.15.5ATULA

Figld probe lineariry 3.00%% Rectangula ﬁ | | 1.732%
Combined standard uncertainty _—— | | 5.831%
Expanded uncertainty | | 12 0%

95 % confidence level k= 2 =

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters ‘

’ Liquid Temperature | 21 °C
Lab Temperature ] 21°C
Lab Hunudity |45 %

5.1 SENSITIVITY IN AIR

"Nomix dipole | Normy dipole [ Normz dipole '_
L (VAVmE) | 2 (VO my) |3 (ViIVim)Y) |
(.80 084 031

DCP dipole 1 | DCP dipole 2 | DCP dipole 3 |
(mV) | (V) | (mV)
91 | 93 | 90

Calibraton curves ei=f{V) (i=1.2.3) allow to obtain H-field value using the formula;
E \'{E:: + E:_I a5 *F'-.i:

Calibration curves

m_ -
800 —
]
=] —1
£ 600 =1 =
- ==l Do 1
-
T 40 et Dipcls 2
i o
a -
- _,_A’F
. L
000 002 004 006 008 010 012 014 076 018 020

Vollage (V]
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mvG COMDSAR E-FIELD PROBE CALIBRATION REPORT Ref ACRI6LLISSATUA
5.2 LINEARITY
Linearity
1.00~
075
g 050~
B 025
il AT T I R FoeTl FTUTA PTHT
2 (101 et it
R
5 050~
075
.00~ |
0 50 100 150 200 250 M0 IO 400 450 497
E-Field V]

Linearity +41.31% (+/-0.06dE)

3.3 SENSITIVITY IN LIQUID

I'_:ivgu'ic'l T 'Fl'edtéhh- Penuinivity | E'Lréﬁiuli fs.ﬁh i ConvE
{MHz +-
HLA450 450 43.68 | 0.87 1.87
BL45D 450 58.34 | 0.99 1.92
HL750 750 41.82 0,50 1.69
BL750 150 56.28 | 0.985 175
HL850_ 855 25 | 050 189 |
BLESD §35 53.19 | 097 1.94
HL900 | 900 205 | oss | 114 |
“BL900 900 5641 | 1.08 161 |
HL 1800 1800 4182 | 1.38 191 |
BLISOO | 1500 s300 | 152 [ 1es ]
HL1900 1900 40.3 141 216
BL1500 1900 5303 | 1.55 2.24
HL2000_ 2000 4002 [ 143 200 |
BL2000 2000 53.65 154 209
HL2450 2450 3834 | 1.80 211
BLI450 2450 52,70 1.94 217
HL 2600 _‘ﬁ:m 38.16 | 1.93 116
BI_"&D[I 51.55 | :f:I 231
3644 | 479 197
; ; 070 |50 203 |
HL‘i-mth_ 3599 | 401 220
BL3400 5001 . 5.64 229
HL5600 3522 | 518 324
BLA600 4934 | 585 229
HLSE00 34.95 542 202
BLSS00 4554 l 822 ] 2.09

LOWER DETECTION LIMIT: 9mW kg
FPoage: 710
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54 ISOTROPY

HL900 MHz
- Axial isotropy: 0.04 dB
- Hemispherical isotropy 0.05 dB

lisiropy ouvos
= i '\-».. I: oK
& - - 1
I 0 ) i
\
PR T Bl e I A B 1 e =1
L g
+OIN B4
2s ! T -"!_‘f
HIL. 1800 MHz
- Axial isotropy: 0.06 dB
- Hemisphenical isotropy 0.07 dB
sl oy oavos
P =S
=l "’__ | | ‘_‘L‘f._ Lt .3
o \
= .'
5 |
‘\‘ | —p :
28 -I‘\- | £
-] HH\-"_‘I" ""'f
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACR261.1LISSATUA
HIL5600 MHz
- Axial 1sotropy: 0.06 dB
- Hemuspheneal isotropy: 0.08 dB

II'| lln'
\ I If
o 1 1
N 71
S = o —
. | 1 r
Y -1 1 |-
BN #% 81 &3 G Beon 1
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COMOSAR E-FIELD PROBE CALIBRATION REPORT

Ref ACRLISLLISSATUA

i

LIST OF EQUIPMENT

Equipment Summary Sheet

el e PO
Flat Phantom MVG SN-20/09-SAMT1 :";’t;'rﬂf'e“;d N e .
|coMOSAR TestBench|  Version 3 NA :“'j{:ﬂf';ﬁd oo Eﬁﬂg“ Lol
Network Analyzer | RNO0€ 3 BOMWIZ | gn1o0132 o201 0212016
Reference Probe MVG EP 94 SN 37/08 10/2014 1012015
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator | Agilent E4438C |  MY49070581 1212013 12/2016
e | e | ows |G e s o
Power Meter HP E4418A US38261498 1212013 12/2016
Power Sensor HP ECP-E26A US37181460 1212013 12/2016
Directional Coupler | Marda 4216-20 01386 fe';:mﬁfggf‘r’egmgﬂ E’;‘:‘fﬂr‘:‘ﬂ:ﬁ:‘egﬂﬁx
Waveguide Mega Industries | 069Y7-158-13-712 fﬂi:ﬂfﬂtﬁd No cel :;ﬂﬁf;ﬁd' No cal
.Waveguide Transition | Mega Industries .ﬁsg*r'r-ma-ua-?m :'23;';?;3‘_1' Nﬂ cal. Eﬁ?\;ﬁd' .N.” cal
\Waveguide Termination| Mega Industries | 089Y7-158-13-701 :“:::EEET' No-cal Eﬂﬂ? No cal
Tmmm&:ﬁ;:"“”"”“‘f Control Company 11-661-9 812012 8/2015
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COMOSAR E-Field Probe Calibration Report

Ref: ACR.191.2.15.SATU.A

NTEK TESTING TECHNOLOGY CO., LTD.

BUILDING E, FENDA SCIENCE PARK, SANWEI
COMMUNITY, XIXIANG STREET,

BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA
MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 27/15 EPGO262

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

-"I" jis
\H\__//

= .-""'_-o—-..\_\ =
/"/-r oA ACCHEDITED
f T

T A

Calibration Dnh:' [I?.-’I]Qf"-'lllﬂ

[ Summary:

This document presents the method and results from an accredited COMOSAR Dosimemic E-Field
Probe calibration performed in MVG USA using the CALISAR [ CALIBAIR test bench. for use
with a COMOSAR system only. All calibranion results are fraceable to nanonal metrology
insfifinons
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Befl ACR19L.21SSATUS

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model 'SSE2
Serial Number SN 27/15 EPGO262
P‘mduu {'nndllmn tnm‘.  used) \L‘“
I'requencx Rmme of Probe 0.7 GHz-6GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.222 MQ
Dipole 2: R2=0.200 MO
Dipole 3: R3=0.200 MQ

A vearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

MVG's COMOSAR F field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin € and
CEVIEC 62209 standards,

Figure 1 - MVG COMOSAR Dosimerric E field Dipole

Probe Length 330 mm
Length of Individual Dlpoles 2 mm
Maximum external diameter 8 mm
Probe Tip External Dhameter 2.5 mm
Distance between dipoles prube extrenuty | 1 mm

3 MEASUREMENT METHOD

The IEEE 15328, OET 65 Bulletin C, CENELEC EN30361 and CEVIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance charactenistics of
interest and methods by which to assess their affect. All calibrations / measurements performed meet
the fore mentioned standards.

3.1 LINEARITY
The evaluation of the linearity was done in free space using the wavegwide, performing a power
sweep to cover the SAR range 0.01W/ke to 100W ke,
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3.2 SENSITIVITY

The sensitivity factors of the three dipoles were deternuned using a two step calibration method (ar
and tssue simulating liquid) using waveguides as outlined in the standards.

3.3 LOWER DETECTION LIMIT

The lower detection limit was assessed using the same measurement set up as used for the linearity
measurement. The required lower detection limut 1s 10 mWikg.

34 ISOTROPY

The axial 1sotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with tssue-equivalent hiquid, with the plastic box illununated with the fields from a half wave dipole.
The dipole 1s rotated about 1ts axis (0°-180%) in 15" mcrements. At each step the probe is rotated
about 1ts axis (0°—3607).

3.5 BOUNDARY FFFECT

The boundary effect 15 defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is onented normal to the interface. To evaluate this
etfect. the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR 1s measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines cutlined in the [EEE 1528, OET 65 Bulleun C. CENELEC EN50361 and CELIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. 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 Intemationally Accepted Guides to Measurement Uncertainty.

Uncerfainty analysis of the probe calibration in waveguide
Uncertainty Probability T Standard
ERROR SOURCES value (%) Distribution Hivies 9 Uncertainty (%)

Incident or forward power 3.00% Rectangular .ﬁ 1 1.732%
Reflected power 3.00% Rectangular ] \u'r_‘:— 1 1.732%
Liguid conductiviry 5.00% Rectangular : q& ; 1 TEET
Liguid permittiviry 4.00% Rectangular -.,.'E 1 2.50%
Field homogeneity 3.00% Rectangular " 1 1.732%:
Field probe positioning 5.00% Rectangular 1",_ | 1 2B
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Field probe lineariry 3.00% Recrangular -\."_E | 1 1.732%

Combined standarvd nncertainty ] 5.831%
Expanded uncertalnty 12.00

95 % confidence level k=2 gk

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

_I_.iquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humadity 45 05

5.1 SENSITIVITY IN ATR

Nomx dipole | Normy dipole | Normz dipole
L1 (uVAVm)*) | 2 (uVIVm)) | 3 (uVIVm))
0.78 0.70 0.72
| DCP dipole | | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
92 90 90

Calibration curves ei=fiV) (1=1.2.3) allow to obtain H-field value using the formula:
- T 2 2
E = EI T .E: T .E;

Calibration curves

& -
800 — =
,:f;:f"ﬂ
R =
> = Dipole 1
T 4m = Dipole 2
i =
- =1
200 /-"
1=1
00 002 004 006 D08 010 012 014 016 018013
Voltage V]
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52 LINEARITY

Linearity
fi D0
ars-
g o
B0
B
B Ox
5am

ars-

1

0 W M e A0 M0 W0 WO A0 450 am
-k il

LirsearityBe&1 T8% {+£0 03dE)

5.3 SENSITIVITY IN LIOUID

Ligquid | Frequency | Peomimivity | Epsilon (S'm) T ConvF
[ i

HL430 | 450 | 43.68 1.92
BL450 | 450 | 5834 1.98
HL750 | 750 | 4182 1.68
BL7S0 | 750 | 5628 174
HL8S0 | 835 | 4259 190
BLsso | 835 | Sil9 1.97
HLSM | 00 | 42.05 1.75
BLooo | 90 | s6dl 181
HLITSC | 1750 | 4182 1201
BLITSO | 1750 T s300 2,05
HLI900 | 1504} | 4038 2.26
BLIgoo | 150 | 53.93 232
HL2000 | 2060 | 40.12 216
BL2000 | 2000 | 5365
HL2450 | 2450 | 3834 29
BL2450 | 2450 | 229
_HL2600 2600 228
HL5200 | 5200 | 364 1.96
B0 | S0 | S0 201
HL3400 | 5400 | 3599 211
BLS400 | 5400 | 5001 222
HL56M0 | 5600 | 3522 2.15
BLS60O | S600 49.34 221
HLss00 | SR | 3495 213
BLsg0O | 5800 ] 48.54 28

LOWER DETECTION LIMIT: 8mW kg
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54 ISOTROPY

HL900 MHz
- Axial 1sotropy: 0.04 dB
- Hemispherical 1sotropy 0.05 dB

Ity cuEves
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HL.1750 MHz
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- Hemispherical isotropy: 0.07 dB
Isssiragy mEvea
r: A= ;EHK =
. F ": N Lopatd
i il b i
i ! 4 L |
i |
¥ IE /
Yot 7
% \'
=8 B

Page: 810

This docuwent shall nod be reprodicced, avcepr i fill or im parr. withonr the weirson approvael of MG,
The information confatmed hevefn i1 6o be e only for the purpoce for whick i o subaeitted wnd i ol i
by pefeased i whale or part withow! wiirfen approvnl of MVG




Page 112 of 177 Report No.: NTEK-2016NT03084611HF

COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref: ACRLI91L215.5ATUS
HIL5600 MHz
- Axial 1sotropy: 0.06 dB
- Hemusphencal isotropy: 0.10dB
Esodrogy curves
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

el M e e
Flat Phantom MVG SN-20/09-SAMT E‘L‘il‘i'e'ﬁ” Nacal :“'E:"L‘jf‘:sd No cal
COMOSAR TestBench|  Version 3 NA ?Li[ﬁf?éﬁ” Nocsl ’r“:]'ﬁf‘;ﬁd No cal
Network Analyzer | Rode 3 Schwvarz  SN100132 022013 o201
Reference Probe MVG EP 94 SN 37/08 10/2014 1012015
Multimeter Keithley 2000 1188656 12/2013 1212016
Signal Generator Agilent E4438C MY 49070581 f 122013 1212016
o | pavmcaom | noie | Chiegein o iz
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 1212016
Directional Coupler | Marda 4216-20 01386 E’;?““;‘;‘::fggﬂﬁx fg_m,f::ffegﬂﬁ;;‘
Waveguide Mega Industries | 069Y7-158-13-712 :;ﬂﬂf;ﬁ” No cal :“'gq':jféﬁd No-esl
Waveguide Transition | Mega Industries | 065Y7-158-13-T01 :‘;i:ﬁ?;gf" "rim CEL. : :':;E;’;‘;d' No cal
\Waveguide Termination| Mega Industries | 069Y7-158-13-701 :ﬂﬁfﬁé' No'cal :ﬂﬁrﬂéﬁ'_:" No cal
T“"PE"E"ST:LZ;?” AT Control Company 11-661-9 8/2012 8/2015
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SAR Reference Dipole Calibration Report

Ref: ACR.139.4.15.SATUA

NTEK TESTING TECHNOLOGY CO., LTD.

BUILDING E, FENDA SCIENCE PARK, SANWEI
COMMUNITY, XIXTANG STREET,

BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 03/15 DIP 0G835-347

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

it W} IH".
S \}_{/ ”,
, /’”‘\ [ACCREDITED]
.l'..l..'L\ o= on CERT 224803
04/06/2015

Summary:

Thiz decument prezents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench. All calibration results are traceable to
national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328 FCC EDBs 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.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR. 835 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SIDR3S
Serial Number SN 03/15 DIP 0G835-347
Product Condition (new / used) New

A yearly calibration mterval 1s recommended.

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CELIEC 62209 standards. The product 1s designed for use with the COMOSAR test bench only.

Figure 1 — MVG COMOSAR Validation Dipale
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4 MEASUREMENT METHOD
The IEEE 1528, FCC KDBs and CELIEC 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 liquad filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAT REQUIREMENTS

The IEEE 5td. 1528 and CELITEC 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 fora 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 Intemationally Accepted Guides to
Measurement Uncertainty.

5.1 RETUENLOSS

The following uncertainties apply to the return loss measurement:

Freguency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.03 mm

53 VAIIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CELIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty
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le 203 %
10g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETUERN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequancy, MHz
20 40 860 aen ann i LI & 5]
5
A0
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -30.94 =20 53260+110
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Freguency, MHz
B4
Freguency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 2576 -20 4770 +46:0
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm h mm d mm
required measured required measured required measured
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300 4200 +1 %2 250.0 #1 % 5.35+1 %
450 290.0 £1 %%, 166.7 £1 %. 5351 %,
750 176.0 1 %, 100.0 #1 %. 5.35 1%,
835 161.0 1 %. PASS B9.8+1%. PASS 36+ % PASS
00 149.0 £1 %% 83.3 1 %. 3.6+l %
1450 891 +1 % 517 #1 %, 36+]1 %
1500 305 £1 3. S50.0£1 %. 3.6+l %
1640 TO.0+] %% 457 1 % 36+]1 %
1750 75.2 21 % 4291 %, 3.6+l %
1200 T2.0£1 % 41.7 £1%. 3.6+l %
1900 638.0 £1 3. 3951 %, 3.6+l %
1950 66.3 £1 3% 385+1%. 3.6+l %
2000 64.5 +1 3% 375+1%. 36+l %
2100 6L.0x1 3. 35.7 1 %. 3.6+l %
2300 55541 % 326+1%. 36+l %
2450 515 +] % 304 +1 % 36+]1 %
2600 435 1 3% 288 1%, 3.6+l %
3000 415 #1 % 2501 % 36+ %
3500 37.0&1 % 264 £1 %, EX-Fa8 Y
3700 34.7=1 % 264 +1%. 36+l %

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 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 i 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 HEADIIQUID MEASUREMENT

Fre:-u_iezncy Relative permittivity (&) Conductivity (o) §/m
required measured required measured
300 453 +5% 0.87 25 %
450 4355 % 0.87 5%
750 419+5% 0.85 25 %
835 415+5% PASS 0.90 25 % PASS
Q00 4155 % 0.97 25 %
1450 40.5+5% 1.2025%
1500 404 5% 123£5%
1640 40.2+5% 1.31:25%
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1750 4015% 13725%
1800 400 +5 % 1.40 £5 %
1900 400+5% 140:5%
1950 400+5% 140:5%
2000 4005 % 140£5%
2100 3985 % 149:25%
2300 395+5% 16725%
2450 39.2:5% 18025%
2600 3905 % 1586:5%
3000 3855 % 24025 %
3500 37.095% 2.91:5%

72 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertamty for the system validation. All SAR wvalues are normalized to 1 W forward power. In
bracket, the measured SAR 1s given with the used input power.

Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liguid Head Ligquid Values: eps” : 42.3 sigma : 0.92
Distance between dipole center and liguid 15.0 mm
Area scan resclution dx=8mm/'dy=8mm
Zoon Scan Fesclution dx=8mm/dy=8mm/dz=3mm
Frequency 835 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
F'Erg,”f,”“' 12 SAR (W/kg/W) 10 g SAR [W/kg/ W)
reguired measured required measured
300 2.BS 154
450 458 3.08
730 B.43 5.55
835 9.56 9.60 {0.96) 6.22 6.24 [0.62)
900 109 6.599
1450 29 16
1500 30.5 16.8
1640 342 184
1750 36.4 15.3
Page: §/12
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1800 38.4 201
1900 39.7 20.5
1950 40,5 209
2000 411 211
2100 436 219
2300 487 233
2450 52.4 24

2600 553.3 24.6
3000 B3.8 257
3500 67.1 5

]
i

12
S ol
EU: \"‘1.
i TS
R R S e et e g g
Ziom|
73 BODY LIQUID MEASUREMENT
FFE;];:EZH(}I' Relative permittivity (£') Conductivity {o) 5/m
required measured required measured

150 65195% 0.80£5%
300 58.2 £5 % 0.9225%
450 557 5% 0.04+5 %
750 55557 0.965%

835 55.25% PASS 0.97 5% PASS
900 55045 % 1.05 5 %
913 55045 % 1.06+5%
1450 54.045% 1.30:5%
1610 53.815% 14045%
1800 533:5% 152:5%
1900 533+5% 15225%
2000 53.315% 152:5%
2100 53.25% 162:5%
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2450 527 +5% 1.95+5 %
2600 52.5%5% 2.16£5%
3000 52.05% 2735%
3500 51.3+5% 3.3145%
5200 49.0£10 % 5.30:10%
5300 48.9 10 % 5.42£10 %
5400 48.7 £10% 5.53210%
3500 486210% 5.65 210 %
3600 485210% 5.77210%
5800 482 £10% 6.00£10 %

74 SARMEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liguid Body Liguid Values: eps” : 53.3 sigma : 0.97
Distance between dipole center and liguid 15.0 mm
Area scan resolution dx=Bmm/dv=8mm
Zoon Scan Resclution de=Emnm/dyv=8mm/dz=53mm
Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Humidity 45 %
F'E:,”f,"w 1 g SAR [W/kg/W) 10 g SAR [W/ke/W)
measured measured
835 948 (0.95) 6.29 (0.63)
FPage: 1012
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / . . Current Next Calibration
Description Model Ieahificatian No. ooy s v Date
SAM Phantom e SN-20/09-SAM71 |/3ldated. No cal /alidated. No cal
required. required.
COMOSAR TestBench|  Version 3 NA el I
required. requirad.
Network fnalyzar: | ode Z&Vi‘:hwm SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 1212013 12/2018
Referenca Probe MVG EPG122 SN 18/11 1072014 10/2015
Multimeter Keithley 2000 1188656 1212013 12/2018
Signal Generator Agilent E4438C MY49070581 1212013 12/2018
Amplifier foP Top e SN 046 Charactenzed prior ta Characterized prior to
test. No cal required. [test. No cal required.
Power Meter HP E4418A US38261498 1212013 12/2018
Power Sensor HP ECP-E26A US37181460 1212013 12/2016
Directional Coupler Narda 4216-20 01386 Charactenzed prior ta Characterized prior to
test. No cal required. |test. No cal required.
Temperature and ] ; .
Humidity Sensor Control Company 11-661-9 82012 82015
Paga: 12/12
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NTEK TESTING TECHNOLOGY CO., LTD.
BUILDING E, FENDA SCIENCE PARK, SANWEI
COMMUNITY, XIXIANG STREET,

BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 1750 MHZ
SERIAL NO.: SN 03/15 DIP 1G750-357

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

ACCREDITED

07/09/2015

Sim””ﬂl‘:‘l'.'

This document presents the method and results from an accredited SAR reference dipole calibration
performed 1n MVG USA using the COMOSAR test bench.  All calibration results are traceable to
national metrology nstitutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEIIEC 62209 standards for reference dipoles used for SAR measurement system vahdations and

the measurements that were performed to verify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1750 MHz REFERENCE DIPOLE
Manufacturer IMVG
Model SID1750
| Senial Number | SN 03/15 DIP 1G750-357
Product Condition (new / used) New

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG's COMOSAR Vahidatuon Dipoles are bunlt in accordance to the [EEE 1528, FCC KDBs and
CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench only.

Figure 1 - MT'G COMOSAR Validarion Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CELIEC 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 mentoned standards

+.1 RETURN LOSS REQUIREMENTS

The dipole used tor SAR system validation measurements and checks must have a return loss of -20
dB or better. The retum loss measurement shall be performed aganst a hqud hilled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CELTEC 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 emplovs 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 Intemationally 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 0.1dB '

52 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 gmdelines outlined in the TEEE 15328 FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
| Scan Volume Expanded Uncertainty |

20.3 %

l

ng
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10¢g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Frequency., Mz
1650 1670 1680 1710 1730 1760 1770 1780 1810 130 1EGD
&
40=
Frequency (MHz) Return Loss (dI) Requirement (dB) Impedance
1750 -26.03 -20 4580+ 1.6j0
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Fragusncy, MHz
(650 1670 1880 1710 1730 I7H0 U770 4T@0 Q810 830 1860
0.0- ; '

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1750 -24.33 -20 451 0-33i0
6.3 MECHANICAL DIMENSIONS
Frequancy MHz | Lmm h i d mm
required | measured required | measured required | measured
300 400 £1 % | 250.0 +1 % i 63541 % |
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450 . 290.0 £1 % 166.7 £1 %. 6.35 1 %
750 176.0 +1 %. 100.0 41 %. 6.35 +1 %.
B35 161041 % | 89.8 1%, 1.6:1%
900 149.0+1% | £33 £1%. 3621%
1450 T geana% | T sizax 1641 %. '
1500 80541%. | 50,0 +1%. 1641%
1640 9081% | 45,7 1%, 1641 %
1750 75,2 1%, | PASS 429 41 %, PASS 1641 % PASS
1800 T209% | - a17 1% o T — |
1900 G8.0 :ti ﬂ- i i 39.5 11-7-6. I 3.6+1 % |
1950 66311% | 385 41% 1641%
2000 Msa% | 1 wsax 36 % '
2100 GL.O £1 %. I5.7 +1%. 3651 %
2300 55541% | 12.641%. 1641 %
2450 SLS41% | I 1641%.
2600 8541%, | 2BE41%. 3641%
3000 I 415 #1 % I 250 +1 %, I I 1641 % l
3500 0% | | 4% 1641%
1700 3741 % 1 26.8 +1%. 3641 %

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FOC KDBs and CELVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum loss
and mechanical dimension requirements. The validation measurement must be performed aganst a
liquid filled flat phantom, with the phantom constructed as outlned 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
dipale at the described distance from the bottom surface of the phantom,

7.1 HEAD LIQUID MEASUREMENT

I F'“:ﬂ'::""" Relative permittivity (2] Conductivity [0} 5/m

i. =— | uqu.lre;:!" = rnﬂsurtd- mquimd ‘l ﬁ.“ue;' |

| 300 | 45345% DE715% |

i' '4_511 _' i;_-.*s-i:'r.% I]E.-E_?:E_‘l& ] '

I 750 19:5% 08915% | '

! 835 A1515% 090:5% | :

I 900 | a1s55% 09745% |

| a0 | 40ss5% 12045% |

i 1500 40.4 45 % 12345% | |

! 1640 | 402:5% 13145% |
1750 | 40145% PASS 13745% | PASS
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1800 4000 £5 % 140 45 %
1900 40,0 25 % 1.40 £5 %
1950 400 £5 % 140 £5 %
2000 4000 5 % 1.40 5 %
ZIIDD. . 108 tE-'H. I 1.49 45 %
2300 19545 % 1.67 +5%
2450 . 39.2 5% . f 1.80 45 %
I 2600 . 39,0 5 % . 196 15 % 1
3000 B85 5% 240 5%
3500 . 37915 % | 2.9145%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validauon. All SAR values are normahized to | W forward power. In
bracket. the measured SAR 15 given with the used mput power.

| Software | OPENSAR V4 |
| Phautom | SN 20/09 SAMTI .
Probe [SNISILEPGI2E |
| Liguid Head Liquid Values: eps™ : 408 sigma : 1.38 |
Dristance berween dipole center and ligud 10,0 pum
| Area scan resolurion | dx=8mm/dv=3mm |
| Zoon Scan-Fesuhibon ) sttty iy doJien .
| Frequency | 1750 MHz .
| Input power | 20 dBm
| v T & 1
| Liquid Temperature :I 1.:: {
| Lab Eemﬁem“m‘ paree |
| Lab Humidity | 45 % ]
e
m:,.,u ,m" 1 g SAR (W/ke/W) 10 g SAR (W/kg/W)
required maasured required measured

300 285 194

450 4.58 1.06

750 849 5.55

B35 9.56 6.22

SO0 109 6.99

1450 29 16

1500 30,5 16.8

1640 34.2 18.4

1750 36.4 36.53 (3.65) 19.3 19.26 (1.93)

1800 384 20.1
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1900 [ 9.7 [ 05
1950 405 209
2000 41.1 | 11
2100 436 219
2300 [ 487 [ 233
F450 524 | 24
2600 [ 55.3 [ 2.6
3000 [ 638 [ .7
1500 [ | | | 25

f

N | |
i .
- L N |
| 3 S
g P, 1 ||
u - % 300 .,
= N NI
| . e = 00 1
. it 1 ]
o w2 [ 45 W12 W TE AT MR R K
7.3 BODY LIQUID MEASUREMENT
— .
rt:‘iznq Relative parmittivity [c,) Conductivity [0} 5fm
required measured reguired measured
150 61945% 0.80 +5 %
300 58215% | 092 5%
450 S6.7 5% 0.94 £5 %
T30 55,545 % 0.96 45 %
835 552 45% 0.97 5%
O 55.0 45 % 1.05 45 %
gls 55,0 45% 1.06 45 %
1450 540 45% 1.30 &5 %
1610 538 45% 1.40 15 %
1750 53.445% PASS 1.49 45 % PASS
1900 53345% 152 45%
2000 53315% | 1.5235%
2100 53.245% 162 #5%
2450 S2745% 195 45%
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2600 [ szsisx | 21645 %
3000 52,035 % 17345%
3500 S1.345% | 33145%
A200 49.0 +10 % 530 410 %
5300 | asoci0% | 542 410%
3400 487 £10% | 553 410 %
5500 | asest0% | 5.65 +10 %
5600 | agss0% | 5.77 £10%
SR00 482 +10% | 6.00 +10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR VY
Phantom SN 20009 SAMTI]
Probe SN 18/11 EPGL22
Liguiid Body Liquid Values: eps’ : 53.1 sipma : 1.49
Distapce berween dipole center and liguad 0.0 1
Arvea scan nesolution dy=8nun/dy=8nun
Zoon Scan Resolution dy=8mm/dy=81un/dz=Smm
Fraquency 1750 MHz
Input power 20 dBm
Liquid Temperanire 21 °C
Lab Temperahire 21 *C
Laby Humidiry 45 %
ey 15 SR (W/kg/W) 10 g SAR (W/kg/W)
measurad measured
1750 36.91 (3.69) 20.18 (2.02)

T‘I‘
[l
I
L -
5
- 1]
| - \\,
a8 - - 0
— . N
1 S
bt | o | B ! =
= = T ‘- W12 W R AR NSRS
] Ty Zimmi
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

el R e P

SAM Phantom MVG SN-20/09-SAMT1 ;"’E"':::Efég{_" Mo:cal :’Ei:ﬁff' No. can

COMOSAR Test Bench|  Version 3 NA :ﬂﬁ?ﬁ“ Na.cal :ﬂﬁfgj" hie: &4
Network Analyzer | Rhode & Schwarz SN100132 0212013 0212016
Calipers GH;EI‘ﬂ CALIPER-0O1 1212013 12/2016
Reference Probe MVG EPG122 SN 18/11 10/2014 1012015
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator | Agilent E4438C MY49070581 12/2013 12/2016

oot | pavmcam | e[ Shiogeisns o iz
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 1212016

T B e e ko o
Lm"gﬁ‘;fﬂig‘r’ Control Company 11-661-9 812012 8/2015

Page: 11711

Tus docamsenr shall mot bee roproduced, aveeps m il or i pavr, witheur the wrtimen appeeviel af MG
The imformaenioer corfafoed herein i fo e e m.lh',fpr lejn'armu'_l'iwhﬂnnl'l i s bt it 5 Bl fo
ber refeased o whole or part withou! wertfen approvel of MFG




Page 137 of 177 Report No.: NTEK-2016NT03084611HF

SAR Reference Dipole Calibration Report
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NTEK TESTING TECHNOLOGY CO., LTD.

BUILDING E, FENDA SCIENCE PARK, SANWEI
COMMUNITY, XIXTANG STREET,

BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE
FREQUENCY: 1900 MHZ
SERIAL NO.: SN 03/15 DIP 1G900-350

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

%7~ [ACCREDITED
el W Cafiboatian CERT #234502

04/06/2015

Stummary:

This decument prezents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench.  All calibration results are traceable to
astional metrolegy institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1328 FCC EDBs 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.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID1900
Serial Number SN 03/15 DIP 1G900-350
Product Condition (new / used) New

A yearly calibration mterval 1s recommended.

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CELIEC 62209 standards. The product 1s designed for use with the COMOSAR test bench only.

Figure 1 - MI'G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CELIIEC 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 RETURNLOSS 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 mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEITEC 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 COMOSAE. test bench comply with the requirements set forth fora 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 93%
confidence level using a coverage factor of k=2 traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

3.1 RETURNILOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

32 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.05 mm

533 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN30361 and CELVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.138 7.15.5ATUA

20.1 %

10g

CALIBRATION MEASUREMENT RESULTS
RETURN LOsSS AND IMPEDANCE IN HEAD LIQOUID

Frequancy, MHz

A0

1860

litaa] 1260

1300 1520 1560

1940

1360

annn

Fregquency (MHz)

Return Loss (dB)

Reguirement (dB)

Impedance

1900

-23.14

-20

5360+ 500

6.2

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Fraguency, MHz

1880 1500 1320 1980 2000

1340 1960

16840 1860

16820

1800
0.0+

Fregquency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1900

-22.68

-20

4930+73;0

6.3

MECHANICAT DIMENSIONS

Frequency WHz

L mm

hmm

dmm

required

measured

required

measured

required measured

300

420.0 #]1 ¥

250.0 #1 %.

6.35 1 %
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450 290.0 £1 %. 166.7 +1 %. 5.35£1 %
750 176.0 #1 ¥ 100.0 #1 %4 65.35+1 %
835 161.0 +1 %. 898 +1% 3541 %
900 149.0 +1 %. 833 +1% 36+ %
1450 89.1 £1%. 51.7 1%, 361 %
1500 805 £1%. 50.0 %1 %, 361 %
1640 79.0 +1 %, 457 +1 % 36+ %
1750 75.2 +1%,. 429+1 % 36+ %
1800 72.0 1%, 417 +1% 361 %
1900 68.0 £1%. PASS 39.5+1%. PASS 3.6+l %. PAS3
1950 663 +1 % 3B5+1 % 36+] %
2000 545 +1 %, 37.5+1 % 36+ %
2100 61.0 1%, 357 +1% 36+ %
2300 555 £1%, 326+1% 361 %
2450 515 +1 5% 304+1 % 36+] %
2600 485 +1%. 88+ % 361 %
3000 415 +1%, I5.0+1 % 3641 %
3500 37.0£1 % J64+1%. 36+ %
3700 34.7+1 % 26.4+1%. 3641 %

7  VALIDATION MEASUREMENT
The IEEE Std. 1328, FCC KDBs and CEIIEC 62209 standards state that the swstem wvalidation

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
liqud 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

Freg.u-iezncy Relative permittivity (£") Conductivity (o) S/m
reguired measured required measured
300 4535 % 0.87£5%
450 435+5% 0.87 =5 %
750 4159+5% 0.89 =5 %
835 4155 % 0.90 £5 %
00 4155 % 0.97 £5 %
1450 405 +5 % 1.20=5%
1500 40.4+5% 1235%
1540 40.2£5 % 131=5%
1750 4015 % 13725%
Page: 7711

This document shall not be reproduced, except in full or in pars, without the written approval gf MTG.
The Biformation contained herein iz to be used emly for the purpoze for which it is submitted and iz not to
be released in whole or part withour written approval of MVG.




Page 144 of 177 Report No.: NTEK-2016NT03084611HF

SAR REFERENCE DIPOLE CALIERATION REPORT Ref: ACK.138.7.15.5ATUA
1300 4005 % 1.4025%
1900 400+5% PASS 1.4025% PASS
1950 40.05% 1.40 25 %
2000 4005% 1.4025%
2100 398+5% 1.45257%
2300 395+5% 1.67 25 %
2450 39.2+5% 1.8025%
2600 3905 % 1.86 25 %
3000 385+5% 240 %5 %
3500 3789+5% 281 25%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The TEEE Std. 1528 and CELIIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertamnty for the system validation. All SAR wvalues are nommalized to 1 W forward power. In
bracket, the measured SAR 1s given with the used mput power.

Software OFPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Ligquid Head Liguid Values: eps” : 404 sigma : 1.41
Distance between dipele center and liguid 10.0 mm
Area zcan resolution dx=8mm/dv=8mm
Zoon Scan Besolution dx=8mm/dv=8mm/dz=3mm
Frequency 1900 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Humidity 45 %
F'EE,"_T,"“" 1 2 SAR [W/kg/W) 10 g SAR [W/kg/W)
required measured required measured
200 2.85 1.04
450 458 3.06
750 249 5.55
835 956 6.22
Q00 10.8 6.29
1450 29 16
1500 30.5 16.8
1640 342 184
1750 6.4 19.3
1300 384 20.1
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1900 39.7 38.32(3.93) 20.5 20.53 (2.05)

1950 405 209

2000 411 211

2100 436 219

2300 487 23.3

2450 52.4 24

2600 553 246

3000 63.8 25.7

3500 E7.1 25

lf”” l!'
i

BETE
E'.‘ﬂ-\\
a0 "\
-:‘:..u, ‘-\
o SR %.-_Hu \\
200- ~1"""--._“_“
w| s : 100- e
Jpd | oas- | | oo
- o2 ¢+ & 1012 14 18 73 20 32 24 &% 2 20
5 wimel § i Z vl
7.3 BODY LIQUID MEASUREMENT
F ; iz T
re&uincv Relative permittivity (g) Conductivity {g) 5/m
required measured required measured
150 61915% 0.80 +5 %
300 58.2+5% 0.82 +5 %
450 56.7 +5 % 0.54 +5 %
750 55.5 #5 % 0.96 +5 %
235 55.2+5% 0.57 +5 %
900 55.0+5 % 1.05 =5 %
915 55.0+5 % 1.06 +5 %
1450 S40+5% 1.30+5%
1610 53.8 +5 % 1.40 =5 %
1800 53.3+5% 152 +5%
1900 53.3+5% PAsS 152 +5% PASS
2000 53.3+5% 1.52+5%
2100 53.2+5% 1.62 +5 %
2450 527+5% 1.85 +5 %
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2600 525 45 % 21645%
3000 52.0%5% 2735 %
3500 51.3#5% 3.31:5%
5200 490 +10% 530410 %
5300 489 +10% 54210 %
5400 487 :10% 553:10%
5500 486 +10% 5.65210%
5600 485+10% 577:10%
5800 482 #10% 6.00 210 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAMTI
Probe SN 18/11 EPG122
Ligud Body Liguid Values: eps’ : 53.9 sigma : 1.53
Distance between dipole center and lignad 10.0 mm
Area scan resclution dz=Bmm/dv=8mm
Zoon Scan Resoluticn dz=8mm/dv=Emm/'dz=Smm
Frequency 1900 MHz
Input power 20 dBm
Liguid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 43 %
Fre{?‘,‘_‘i”“ 1 £ SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measured
1900 3843 (3.84) 20.34 (2.03)
i
o \\
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8 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / z : Current Next Calibration
Diecintion Mol (Mentfinaton Noo) (ool T Date
SAM Phantom MVG SN-2VO9:SAM7y (‘aldated. Nocal  Vaidaled.  No cal
required. required.
COMOSAR Test Bench|  Version 3 NA palidated. Nocal  Waidapd,,  HNo :eal
required. Frequired.
Network Analyzer | Bhode fﬁ“hw""z SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 12i2013 12/2016
Reference Probe MVG EPG122 SN 18/11 10/2014 10/2015
Multimeter Keithley 2000 1188656 1212013 1212018
Signal Generator Agilent E4438C MY49070581 1212013 1212016
. Characterized prior to (Characterized prior to
Amplitier Asthereomen SN PAG test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261458 1212013 1212016
Power Sensor HP ECP-E26A US37181460 1212013 1212016
Directional Coupler Narda 4216-20 01386 Charactenzed prior to [Charactenzed prior to
test. No cal required. |test. No cal required.
Temperature and ; ;
Humidity Sensor Control Company 11-661-9 812012 82015
FPage: 1111
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SAR Reference Dipole Calibration Report

Ref: ACR.139.9.15.SATU.A

NTEK TESTING TECHNOLOGY CO., LTD.
BUILDING E, FENDA SCIENCE PARK, SANWEI
COMMUNITY, XIXIANG STREET,

BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 03/15 DIP 2G450-352

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

ACCREDITED

04/06/2015

Sim””ﬂl‘:‘l'.'

This document presents the method and results from an accredited SAR reference dipole calibration
performed 1n MVG USA using the COMOSAR test bench.  All calibration results are traceable to
national metrology nstitutions.
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SAR REFERENCE DIPOLE CALTBRATION REPORT

Ref ACF.139.9.15.SATUA
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR 130.9.155ATU A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528. FCC KDBs and
CELIEC 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.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2450
Serial Number SN 03/15 DIP 2G450-352
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAT INFORMATION

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDBs and
CELTIEC 62209 standards. The produet is designed for use with the COMOSAR test bench only.

Figure 1 — MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528. FCC KDBs 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 RETURNLOSS 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 mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CELTEC 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

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528. FCC KDBs. CENELEC EN50361 and CEI'IEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.

Scan Volume Expanded Uncertainty

1 20.3 %

i [=}
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10¢ 20.1%

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURNLOSS AND IMPEDANCE IN HEAD LIQUID

Fiequency, MHz
2350 25530 2400 2420 2440 2460 2500 H20 i

511,48

.ED_
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -36.22 -20 4890 +1.1;0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Freguency, MHz
2?:80 400 2420 2440 2460 24?0 2500 A2 2550

511,48

4=

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -30.51 -20 5220+20j50

6.3 MECHANICAT DIMENSIONS

Frequency MHz L mm h mm d mm
required measured required measured required measured
300 420.0 £1 %. 250.0 £1 %. 6.3511%.
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450 290.0 +1 %. 166.7 £1 %. 6.35 11 9%,
750 176.0 11 %. 100.0 41 %. 6.35 11 9%,
835 161.0 11 %. 89.8 11 %. 3.6 +1%.
300 149.0+1 %, 83.3+1 %. 3.61%,
1450 89.1+1%. 51.7+1%. 3.6 +1%.
1500 80.5 11 %. 50.0 +1 %. 3.6 11 %.
1640 79.0 11 9%. 45.7 11 %. 3.6 +1 %.
1750 75.2+1%. 42.9+1 %, 3.6 +1%.
1800 72.0+1%. 41.7 +1%, 3.6 +1%.
1500 068.0 +1 %. 39.541 9%. 3.611%.
1850 66.3 1 %. 38.5 11 %. 3.6 11 %.
2000 64.5+1%, 37.5+1 %. 3641 %,
2100 61.0 +1%. 35.7 £1 %. 3.6 +1%.
2300 55.5+1%. 32.6+1 %. 3.6 +1%.
2450 51.5 +1 %, PASS 30.4 £1 %. PASS 3.641%. PASS
2600 48.5 11 %. 28.8 11 %. 3.6 11 %.
3000 41.5+1 %, 25.0 +1 %. 3.6 +1%.
3500 37.0+1%. 26.4+1 %. 3.6 +1%.
3700 34.711 9%. 26.4 1 %. 3.611%.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs 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

Fre:}uHezncy Relative permittivity (") Conductivity (o) 5/m
required measured required measured
300 45315% D.B715%
450 43.515% 0.8715%
750 41.9+5% 0.8915%
833 41555 % 09015 %
500 41515 % 09715 %
1450 40515 % 1.205%
1500 404 £5% 12345 %
1640 402153 % 1.3145%
1750 40.115% 13715%
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1800 40.0+5% 1.40 5%
1900 40.015% 1.4045%
1950 40.0+5% 1.40+5%
2000 ADDE5% 1A015%
2100 39.815% 14945%
2300 39545% 1.67 5%
2450 39.245% PASS 1.80+59% PASS
2600 39.0+5% 196+5%
3000 385+5% 240+5%
3500 37915% 2911i5%

7.2 SARMEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELTEC 62209 standards state that the system validation measurements
should produce the SAR walues shown below (for phantom thickness of 2 mm). within the
uncertainty for the system validation. All SAR wvalues are normalized to 1 W forward power. In
bracket. the measured SAR 1s given with the used input power.

Software OPENSAR V4
Phantom SN 20/09 SAM7T1
Probe SN 18/11 EPG122
Ligquid Head Liquid Values: eps’ - 38.3 sigma - 1.80
Distance between dipole center and hiquid 10.0 mm
Area scan resolution dx=8mm/dv=8mm
Zoon Scan Resolution de=5mm/dv=>5mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Ligqud Temperature v B
Lab Temperature 21°C
Lab Hunudity 45 %
F'EET“HEZ"C“ 1g SAR (W/kg/W) 10 g SAR [W/kg/W)
required measured required measured
300 2.85 1.54
450 4,58 3.06
730 8.49 2.55
835 9.56 6.22
200 109 6.99
1450 29 16
1500 30.5 16.8
1640 342 18.4
1750 36.4 19.3
1800 384 20.1
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1900 39.7 20.5
1950 40.5 20.9
2000 411 211
2100 43.6 219
2300 487 23.3
2450 52.4 52.28 (5.23) 24 23.80 (2.38)
2600 55.3 24.6
3000 63.8 25.7
3500 67.1 5
SN T {
o
Il
4E7-
o
- Zem \
b e é 4.00 \‘\
. b e \“h
= P i 0 2 4 B & 1072 141618 20022 24 26 22 30
2wl
7.3 BODY LIQUID MEASUREMENT
Fre&uHezncy Relative permittivity [e/') Conductivity (o] 5/m
required measured required measured
150 BLIE5% 0.80£5%
300 58.215% 0.9215%
450 56.7+5% 0.94 £5%
750 55.5%5% 0.96 £5%
835 55.2 5% 0.97 +5%
900 55.015% 1.055%
915 55.0 15 % 1.0615%
1450 54.05% 1.30 £5%
1610 53.8+5% 1L40+5%
1800 53.315% 1.52 5%
1900 53.315% 1.5245%
2000 53.3+5% 1.52+5%
2100 53.2+5% 1.62 £5%
2450 52.715% PASS 1.955% PASS
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2600 52545% 2.1645%
3000 52.0%5% 27345%
3500 51.3+5% 3.3145%
5200 49.0+10% 5.30 £10 %
5300 48.9110% 5.42 10 %
5400 48.7 +10% 5.53 £10 %
5500 48.6 +10 % 5.65 +10%
5600 48.5+10% 577 +10%
5800 48.2+10% 6.00+10%

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps’ : 52.7 sigma - 1.94
Distance between dipole center and hquid 10.0 mm
Area scan resolution dx=8mm/dv=8mm
Zoon Scan Resolution dx=5mm/dy=3mm/dz=5mm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Hunudity 45 %
Frea”HeZ"c? 1g SAR [W/kg/W) 10 g SAR [W/kg/W)
measured measured
2450 49.32 (4.93) 22,83 (2.29)
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LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantom MVG el e i i B i |
required. required.
COMOSAR TestBench|  Version 3 NA Nacawn. Nosal,  Validiked:  No ol
required. required.
Network Analyzer | rhode ;Vi"hwa = SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 122013 12/2016
Reference Probe MVG EPG122 SN 18/11 10/2014 10/2015
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016
<g= Characterized prior to | Charactenzed prior to
Ampiiier Athercomm SNTHE test. No cal required. [test. No cal required.
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HF ECP-E26A US37181460 12/2013 12/2016
Directional Coupler | Narda 4216-20 01386 Gharacienized prof [ Chanacienzed pher 1o
test. No cal required. |test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 8/2012 8/2015
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NTEK TESTING TECHNOLOGY CO.,, LTD.
BUILDING E, FENDA SCIENCE PARK, SANWEI
COMMUNITY, XIXIANG STREET,

BAO'AN DISTRICT, SHENZHEN GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: 5N 03/15 DIP 2G600-356

Calibrated at MVG US
2103 Barrett Park Dr. - Kennesaw, GA 30144

ACCREDITED)

04/06/2015

Sunsary:
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wational metralogy msntuions
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SAR REFERENCE DIPOLE CALTBRATION REPORT

Ref ACE 1391015 5ATUA

TABLE OF CONTENTS

T e e 2 s o B e e B e R Sl S S 4
LB r e Tl I T B I L NI A e st 4
e e N e L s R i b s 1
3.1 General Information 4
Messupement Methind . ity b iiari s at s AR S e 3
4.1 Remim Loss Requirements ]
4.2 Mechameal Requirements 5
Messurermnent ncertatnky. oo il Sl i lidaln ffveailiinla. i 3
al Renum Loss ]
52 Dimiension Measurement 5
53 Validation Measurement 5
Calibration Measurement Restlis ... iiviimiiin s misiersesssnsisss siessssisssresssnse O
6.1 Retum Loss and Impedance In Head Liguid i
6.2 Remm Loss and Impedance In Body Liqud 0
0.3 Mechanical Dimensions (¥
VA A O e O EOTE . i i i e e oe s e bbb Sanbusbasr ik 7
7.1 Head Liquid Measurement 7
7.2 5AR Measurement Result With Head Liquid 8
73  Body Liquid Measurement 9
74 SAR Measurement Result With Body Liqud 10
Edst o EOULPIIREL . civiacisniissoi covininss cosads st o PR e s oo e s VAR bevd SN Rs wsnaid 11

Page: 3711

This document shall wad b :q:.md.ur.ﬂ mn'pr.u.'ﬁ.:.'n'm'm;knf. withaud S wrifen .agg,wm-'r." rJ)".I.F.I"’v'I‘}.
Thee iformarton comtaied beredn i o be wed ondy for the grargose for which it G aubeiriod eod & wor to

b oz i whale or poert withow wifen ool of MFG




Page 162 of 177 Report No.: NTEK-2016NT03084611HF

5AR REFERENCE DIPOLE CALTERATION REPORT Ref. ACE.139.10.15.3ATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CELIEC 62209 standards for reference dipoles used for SAR measurement system vahidanions and

the measurements that were performed to verify that the product complies with the fore menhoned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model sp26o0
Serial Number SN 03/15 DIP 2G600-356
Product Condition {new | used) MNew

A vearly calibration mrerval is reconunended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

MVG's COMOSAR Validanon Dipoles are built in accordance to the IEEE 1528, FOC KDBEs and
CELIEC 62209 standards. The product 1s designed for use with the COMOSAR test bench only.

Figure 1 — MVG COMOSAR Validarion Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system vabidation measurements. The followimg measursments were perfonned to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validanion measurements and checks mmst have a retum loss of -20

dB or better. The retwn loss measurement shall be performed against a liquid Glled Qan phantom,
with the phantom consmicted as ontlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainry expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Giudes 1o
Measurement Uncertainty,

51 RETURN LOSS

The following uneertamties apply to the refum loss measurement:

Frequency band Expanded Uncertainty on Return Loss

A00-6000MHz 0.1dB

52 DIMENSION MEASUREMENT

The followmg uncertamties apply to the dunension measurements:

Length (mm) Expanded Uncertainty on Length

a0 0.05 mum

LF)
L

53 VALIDATION MEASUREMENT

The gwidelmes outlined mn the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertanty for vahidaton measurenents.
Scan Volume Expanded Uncertainty

| lg 20.3 % |
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10g 20.1 %%

6 CALIBRATION MEASUREMENT RESULTS

0.1 RETUEN LOSS AND IMPEDANCE IN HEAD LIOQUID

Fisguency, MHE
00 X X40  SE0 2580 00 X0 240 MWD BED 2700
-

11,48

Frequency (MHz) I Return Loss (dB) | Requirement (dB) Impedance
2600 i -21.61 =20 5040-103 0

6.2 RETURN LOSS AND IMPEDANCE IN BODY LICUTD

Fieguency, MHz
2500 IS IS0 BSe0 560 2600 26M0 M40 6B
= ! ! f f

s11.8

411 =
Frequency (MHz) | Return Loss (AB) Requirement (dB) Impedance
2600 | -20.9% -20 17.6 Q- 10.9 i

6.3 MECHANICAL DIMENSIONS

Frequency MH7 L mim h mim d mm

required measured required measured required measured

300 A20.0 £1 %, 250.0 £1 % | 6,35 11 %,
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACE139.10.15.8ATU A

450 290041%. | 166.7 £1 %. 6.35 £1%.

750 176,01 %, | 1000£1%, 6.35 1%, |
L 161.0 £1 %. |  smsan% 3641 %.

ann 149,00 #1 %. B33 41 %, 30641 %

1450 89,1 1%, | s17a% 3621%

1500 80,5 41%. | soos%. 3.6 41%. 1
1640 79.0 41 %, | 45741% 3641%

1750 752 1% | aran1w 3641%

1800 72.041%. | arnw 3641%

1500 £8.0 +1 %, | 3/5+1% 3641 %

1550 66.3 11 %. 38.511%. 30641 %,

2000 B4.5 11 %, 31511 %. 3611 %

2100 61041 %. 35.7 11 %. 3641 %.

2300 555 +1 % 316 +1%. 3841 %

2450 51.541%, 30,4 £1%, 3621 %.

2600 485 #1%. PJIISI'_‘. 8.8 41%. PASS 31641% PASS
3000 AL5 +1 %, | 2m041% 3621%

3500 37.041%. | 26a11% 3.641%. |
3700 34,741 %. | 4t1% 3641 % i

7 VALIDATION MEASUREMENT

The IEEE Std 1328 FCC KDBs and CEVIEC 62209 standards state that the svstem validation
measurements must be performed using a reference dipole meeting the fore mentioned renum loss
and mechanical dimension requirements. The validation measurement must be performed against a
ligquid filled flar phantom. with the phautom constructed as outlined i 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 1o the longest dimension of the flat phamtom. with the top siuwface of the
dipole at the described distance from the bottom surface of the phantom.

7.1 HEAD ILIQUID MEASTTREMENT

F":ﬂ':"w Relative permittivity [£'] Conductluity [0} 5/m
required measured required measured
300 A45.3 15 % 087 5%
450 435 5% 0BT #5 %
50 41.9 45 % 0.8 £5 %
B35 415 5% 0,90 45 %
900 415 45 % 0,97 £5 %
.I-"F.‘.ll.:' [ 40.5:*.'; % 1.2'.'.1‘ I:‘..l %
1500 40,4 £5 % 1.2.5- 15 %
1640 A2 5% 1.31 5%
1750 40,1 45 % L3TE5%
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| 1800 40.0 45 % 1.40 5 %

' 1900 40,0 45 % 1,40 45 %

| 1950 40.0 £5 % 1.40 £5 %

i 2000 40,0 &5 % . 1.80 &% %

! 2100 39.8 45% 1.4 £5 %

| 2300 35,5 45 % | 16745%

i 2450 38,2 45% 1.80£5 %

i 200 39.0 5 % PASS 1.96+5 % Fass
| 3000 05 45% 2.40 45 %

i 3500 17.945% 2.9145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIOUID

The IEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mum). within the
uncertanty for the system validanon,  All SAR values are normalized to | W forward power. In
bracket. the measured SAR 15 given with the used wput power.

Software "OPENSAR V4
Phantom SN 204109 SAMT
Probe SN 1811 EPGI2Y
Laguid ] Head Liquid Values: eps’ : 38.2 sigma © 1.93
Distance between dipole center and lguid 10.0 mm _
Area scan resolution db=8mm/dy=5mm
Foon Scim Resolunon dy=Smm/dy=Snmy'dr=5nmm
Frequency 2a00 MHz
Lot power 20 dBm
Ligquid Temperanre . B o
Lab Temperamire M *C
Lab Hupnudir 45 %
| F":;I'I'l""" 12 SAR (W/kg/W) 10 g SAR (W/kg/W)
| recquined measured required | measured
| 300 2.85 1.94
| 450 458 3.06
| 750 £49 5.55
| B35 956 b.12
| a1 104 .54
| 1450 L] 16
1500 30,5 16.8
1640 4.2 184 |
| 1750 6.4 19.3
| 1200 18.4 0.1
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SAR REFERENCE DIPOLE CALIBRATION REPORT Raf: ACR.130.10.15.5ATUA
1906 9.7 HMLS
1950 0.5 209
H006 411 21.1
2100 436 214
4300 a8, 7 3.3
2450 52.4 L
H600 55.3 54.38 (5.44) M6 24.10{2.41)
3000 63.8 357
1500 Br.1 5
\e
[
T :
EA I
Y | 2 : I
SO Z an \'\"\1 I
200 \-"'h. !
) = 1 ‘\._______':-__
5 sl Sh I L 197 '-_in 1 aF I 2w &om
7.3 BODY LIOUID MEASUREMENT
F";”:F"”" Relative permittivity (s} Conductivity (o) $/m
required measured required measured
150 G1945% 0,80 45 %
300 58,7 45 % 0,97 +5 %
430 G6.7 45 % 0.5 45 5%
T50 55,5 445 9% 0.96 45 %
535 55,2 45 % 0,97 £5%
CHOMD 55.0 15 % 105 45 %
015 550 45 % 106 5%
1450 54,015 % 1.30 45 %
1610 53845 % 140 45 %
1800 53.345% 1.57 45 %
1900 53.3 45 % 15215%
2000 53.315% 152 45%
2100 3 2 459 162 45%
2450 6.7 450 1.95 469

Page! 211

Thre documer shall ner be reproducad, ecepr m fill ar m pare, widronr e wernen approvel of MG,
The infarmarion conaimed herei i fo b used only for tie purpoase for wiich 1 is subarined and i3 rot o
b rleazed i whale or parr withawr wrirten approval of MG




Page 168 of 177

SAR REFERENCE DIFOLE CALIBRATION REFORT

Rel ACR 13210 15 8ATIF A

2600 L AT PAsST 216 65 % PASE _
R1LH] 52,0 45 % 2.7345% | |
3500 51,3 5% 3.31+5%
5200 459.0 410 % 5.30 410 %
3000 459410 % 5.47 +10 %
5400 AB.7 110 % 5.53 110%
5500 A8.6 110 % 5.65 110 %
S600 AR5 4109 577 410 %
SR00 48,2 410% 6.00 +10 %

74

SAR MEASUREMENT RESULT WITH BODY LIOUID

Software

OPENSAR V4

Phamom SN 20000 SAMT]
Probe SN 1811 EPGI22
Ligquid Body Liquid Values: eps’ : 51.6 sigmia - 2.2

Distance between dipole center and liquid
Area scan resolution
Loon Scan Resolubion

100
d=8mm'dy==3mm
dx=Fmmy'dy=5nun'ds=5num

Frequency 2600 MH2
Luput power 20 dBm
Liqued Temperanie 21-°C
Lab Temperature 21°C
Lab Hunudity 459
Fre::lllu!n:'l' 1 SAR (W/ikg/w) 10 g 5aR (Wikg/w]
measured meaiured
2600 52.95 (5.30) 73,64 [2.36)

'\ w ‘

]

288 g
=

L]

= ] el

0%
]

e documenr shall not be reprodiced, eveapr o
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mvG

SAR REFERENCE DIPOLE CALIDRATION REPORT

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Current Next Calibration
Description Modet  [Wentification No.| ooy tion Date Date
Walidated. Mo cal Walidated. Mo cal
SAM Phantom MVG SMN-20r09-5AMT1 required, r&quire:_:l.
COMOSAR Test Bench Version 3 A I'.-"alir:!atnm:'l. Mo cal ‘u"aliu:l_ated. Mo cal
required. required.
Network Analyzer | 09e 2 Sehvarz SN100132 0212013 0212016
Calipers Carrera CALIPER-01 12/2013 122018
Reference Probe MVG EPG122 SN 1811 1072014 10/2015
Multimeter Keithley 2000 1188656 1272013 122016
Signal Generator Agilent E4438C MY42070581 1272013 122016
P Charactenized prior to |Characterized prior to
Amplier Asthercomm =N 046 test. Mo cal required. |test. Mo cal required.
Power Meter HF Ed418A US38261458 1272013 12/2016
Power Sensor HP ECP-E26A US3T181460 12/2013 12/2016
oo Charactenized prior to | Characterized prior to
Directional Coupler MNarda 4216-20 01386 test. No cal required. |test. No cal required,
Temperature and
Humidity Sensar Control Company 11-661-9 Br2012 82015
Page: 11711
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<Justification of the extended calibration>

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>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-30.94 - 52.6 - Apr. 06, 2015
-30.947 0.023 52.615 0.015 Apr. 05, 2016

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

| _I_t | _|

sToF 900.888 BER WRm

START 720.008 898 mes

STaAT

j* SE.B1D =& -5.5308 & EE.334 pF

T, B3S, 100 BOE WHz
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<Body 835MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-25.76 - 47.7 - Apr. 06, 2015
-25.789 0.113 47.734 0.034 Apr. 05, 2016

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

ML Byy  leg WAG 5 o8+ ACF -E0 b ji-59.708 a8 po PN e S.FTE e AR PR
e 1 1 1 —~ 93, 48 oge mHa| T T T 833,188 B8 Wz

Phn | I -l—i—l—L —‘—:—_'_i_' ‘i

e - < L
STAAT 709.000 808 WHE aToF 930.800 BOR WHa

| I —
sToF §IE.000 e8n mHE

START THB.000 0N MM
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<Head 1900MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-23.14 - 53.6 - Apr. 06, 2015
-23.144 0.017 53.604 0.004 Apr. 05, 2016

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

BTAET i §00.000 000 WMHx

ETOF B DO0.808 BEE WHED

L Lurs
A

iy 33,684 = 1L.7344 o 145. P8 pH

T 1 S00.080 OO Wiz

el -
ETEAT & DE0.008 B8 WMz

ETCF B 008.008 0880 WHE
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<Body 1900MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-22.68 - 49.3 - Apr. 06, 2015
-22.679 0.004 49.311 0.011 Apr. 05, 2016

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

ETART | ood. 008 BEE Mz

Lo-2R.678 o

a8+ REF -9 28

STOF B 000.000 BBR MHE

v 49.311 = =1.3030 & SE.@10 pF
e

= 1 S80.000 BEE WMz

oWl Bygg P wFe
- = .

_

—
ol
ATOF B 800,008 0BE MR

ATART | 0E0.080 8O0 Mis
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<Head 2450MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-36.22 - 48.9 - Apr. 06, 2015
-36.296 0.21 48.99 0.09 Apr. 05, 2016

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

START ¢ 350.m08 see HHE

ATOF & 500.000 0ER MHE

cHl By i U FE

STRAT ® 290.000 880 Wia

i
ﬁ‘whh_ —

BTOF § 598.008 DR MHz
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<Body 2450MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-30.51 - 52.2 - Apr. 06, 2015
-30.498 0.039 52.16 0.04 Apr. 05, 2016

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

L]

(-1 B REF =ED &8 Li=30.4%0 o8

I

STRAT B 230.000 800 MMz aTOF B SOA.

foo o

STRAT B O50.000 080 WHm

-E.078L & DL.EE prF
T B 458,000 800 MMz

ETOF E 954.000 888 WMz
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<Head 2600MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-21.61 - 51.4 - Apr. 06, 2015
-21.627 0.079 51.412 0.012 Apr. 05, 2016

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

START & S00.000 BEE Wz

REF =-E0 o8
| 2] aen.don ode mhix
|

ETOF R 700.000 DDO W=

Li=EL.GET OB

v BL.41ER & -4, 780 @& AR.900 pF
1
—

T B 5N 000 80D NHa

|
BTRAT & B00.000 BOE WMz BTOF E TEA.000 000 W
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<Body 2600MHz>

Return Loss (dB) Delta (%) Impedance Delta(ohm) Date of Measurement
-20.98 - 47.6 - Apr. 06, 2015
-20.966 0.067 47.629 0.029 Apr. 05, 2016

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

¢ MEF -20 @B L -E0. 966 a8

2] oun.don ode wnz)

T aTor B TeO.008 BRE MM

L 47.5E9 6. 9660 o B.7BED pF

— : T B 390000 BBE MMz

END






