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1 GENERAL INFORMATION

1.1 Introduction

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDB 865664
D01 for reference dipoles used for SAR measurement system validations. Instead of the typical annual
calibration recommended by measurement standards, the reference dipoles were demonstrated that the
SAR target, impedance and return loss have remain stable, so the longer calibration interval is

acceptable.

1.2 General Description for Equipment under Test (EUT)

Product Last Cal. Last Meas.
Model Frequency Serial Number Condition(New/ Date Date
Used)
Dipole
SN 11/17
DIP 0G750 750 MHz Used 2019/03/20 2020/03/18
DIP 0G750-446
DIP 0G835 835 MHz SN 1717 Used 2019/03/20 2020/03/18
DIP 0G835-447
DIP 0G900 900 MHz SN 1717 Used 2019/03/20 2020/03/18
DIP 0G900-448
DIP 1G800 1800 MHz SN 1717 Used 2019/03/20 2020/03/19
DIP 1G900-449
DIP 1G900 1900 MHz SN 1717 Used 2019/03/20 2020/03/19
DIP 1G900-450
DIP 2G000 2000 MHz SN 117 Used 2019/03/20 2020/03/19
DIP 2G000-451
DIP 2G450 2450 MHz SN 1717 Used 2019/03/20 2020/03/19
DIP 2G450-452
SN 11/17
DIP 2G600 2600 MHz Used 2019/03/20 2020/03/19
DIP 2G600-453
Waveguide
SN 49/16
SWG5500 5GHz-6GHz Used 2019/03/20 2020/03/20
WGA42
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1.3 Test Equipment List

Description Manufacturer Model Serial No. Cal. Date Cal. Due
PC Dell N/A N/A N/A N/A
E-Field Probe MVG SSE2 SN 34/15 SSE2 EPGO265 2019/05/16 2020/05/15
Phantom1 SATIMO SAM SN 30/13 SAM103 N/A N/A
Phantom2 SATIMO SAM SN 30/13 SAM104 N/A N/A
MultiMeter Keithley Mu:(i)l\(/)l(e)ter 4024022 2019/06/17 2020/06/16
Signal Generator R&S SMBV100A 260592 2019/06/13 | 2020/06/12
Power Meter R&S NRVD-B2 7250BJ-0112/2011 2019/10/30 | 2020/10/29
Power Sensor R&S NRV-z4 100381 2019/10/30 | 2020/10/29
Power Sensor R&S NRV-Z2 100211 2019/10/30 | 2020/10/29
Signal Generator R&S SMBV100A 260592 2019/06/13 | 2020/06/12
Thermometer Elitech RC-4HC N/A 2019/11/02 2020/11/01
Power Amplifier SATIMO 6552B 22374 N/A N/A
Dielectric Probe Kit SATIMO SCLMP SN 25/13 OCPG56 N/A N/A
Attenuator COM-MW ZA-S1-31 1305003187 N/A N/A
Directional coupler AA-MCS AAMCS-UDC 000272 N/A N/A

3/25




* Ty

1.4 EUT Photos

4/25



5/25



6/25



* Ty

2 DIPOLE IMPEDANCE AND RETURN LOSS

The dipoles are designed to have low return loss when presented against a flat phantom at the specified
distance. A Vector Network Analyzer was used to perform a return loss measurement on the specific dipole
when in the measurement location against the phantom and the distance was specified by the manufacturer
with a special, low loss and low relative permittivity spacer.

The impedance was measured at the SMA-connector with the network analyzer.

The measurement of verification with return loss should not deviate by more than 20% and minimum of 20 dB of
the return loss, and the impedance (real or imaginary parts) should not deviate by more than 5 Ohms from the

previous measurement using network analyzer.

Note:
The “Previous Meas.” in the following table refer to dipoles or other equivalent RF sources calibration reports.
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2.1 DIP 0G750
RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -26.12 -32.48 1.1%
. . 0.8Q
Impedance 53.2Q+2.7jQ 51.6 Q+1.7jQ .
(Imaginary part)

Return Loss

e

Trc! EEEl dB8 Mag 10dB/ Ref0dB  Cal

S11 1 750.0p000 MHz
0

-26.0117 dB

]
~-10

I -20 \_, /

- -30

- 40

- -50

I 50

-7

- -&0

Ch1 Start 650 MHz Pwr -10 dBm

Stop 850 MHz

Impedance

Tret Smith Ref1U Cal

T TTT750.00000 MHz
0.5 2
L J L
“-\-\_\_‘_\_\_\_\;'_'_'_'/
Ch1 Stari 650 MHz Pwr -10 dBm

1

53.160 Q
2744 Q
58220 pH

Stop 850 MHz

8/25




* Ty

RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -26.69 -23.50 3.8%
1.0Q
Impedance 50.1Q+54jQ 48.8 Q +6.6 jQ
(Real part)
Return Loss
Trm EXEl dB Mag 10dB/ Ref0OdB  Cal 1
*1 75000000 MHz -26.685 dB
- s
\/
— -50
- -70
- -80
Ch1 Start 650 MHz Pwr -10 dBm Stop 850 MHz
Impedance

65

Ch1

Start 650 MHz

Tret Smith Ref1U Cal

T STTAJ50.00000 MHz - 50086 Q

Pwr -10 dBm

1

F.A77 Q
1.268 nH

Stop 850 MHz
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2.2 DIP 0G835
RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Meas. Results Current Meas.

Previous Meas.

Max. Deviation

Return Loss(dB) -31.42

-34.07

3.1%

Impedance 55.6 Q-3.4jQ

49.3Q +1.8jQ

23Q
(Imaginary part)

Return Loss

65

Trc! EEE] dB Mag 10dB/ Ref0dB  Cal

1

o1 83500000 MHz -314#22 dB

e |

ST M— "1

,—//f

~-20

\U

— -50 \r

[~ -ou T

- -70

- -80

Ch1 Start 735 MHz Pwr -10 dBm Stop 935 MHz
Impedance

Tret Smith Ref1U Cal

T STTg35.00000 M
0.5 2
\ ) /
“-\-\_\_‘_\_\_\_\;'_'_'_'/
Ch1 Stari 735 MHz Pwr -10 dBm

1

55.603 Q
3404 Q
55675 pF

Hz

Stop 935 MHz
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RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -24.02 -22.96 4.0%
. . 090Q
Impedance 47.3Q+5.0 jQ 45.3Q+5.3 jQ
(Real part)
Return Loss
Trm dBMag 10dB/) Ref0dB Cal 1
.1 83500000 MHiz -24.019 dB
I P— S
- ‘\_\_\_\h‘"“x L]
- -20 /
- -40
~ -50
- -70
- -80
Ch1 Start 735 MHz Pwr -10dBm Stop 935 MHz
Impedance

¢ Es'.

Tret Smith Ref1U Cal

Ch1  Start 735 MHz Pwr -10 dBm

1

/—m\s\as_ooooo MHz 47328 O

5.020 Q
956.79 pH

Stop 935 MHz
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2.3 DIP 0G900
RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -30.91 -30.38 2.0%
. . 1.4 Q
Impedance 50.390-24jQ 51.80-24jQ
(Real part)
Return Loss
Trc! EEE] dB Mag 10dB/ Ref0dB  Cal 1
.1 900.0p000 MHz -30.906 dB
I e N i S
/
=20
I -40 \v
~ -50
- -70
— -B0
Ch1  Start 800 MHz Pwr -10dBm Stop 1 GHz
Impedance
Tret Smith Ref1U Cal 1
11 //,,/”ﬂ’diq_h?T‘“ 900.00000 MHz 50.390 Q
Sl o> 404 Q
5 80.354 pF
Ch1 Start 800 MHz Pwr -10 dBm Stop 1 GHz
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RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -28.58 -27.29 3.5%
: . 03Q
Impedance 54.4Q+2.1jQ 53.4Q+2.6jQ
(Real part)
Return Loss
Trm dBMag 10dB/) Ref0dB Cal 1
*1 90000000 MHz -28579 dB
I —— [ By
T — /
- -20 /
V/
— -50
- -70
- -80
Ch1 Start 800 MHz Pwr -10 dBm Stop 1 GHz
Impedance

)

Trcd Smith Ref1U Cal 1
11 /_—1\1 00.00000 MHz 54.390 Q
— 2099 O

0.5 2\ 37116 pH
‘ \II
OO
& 2 S
‘ i (?‘?
S
s 2/
S -
w‘
Ch1 Start 800 MHz Pwr -10 dBm Stop 1 GHz
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2.4 DIP 1G800
RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -23.52 -25.49 3.1%
. . 3.20
Impedance 41.6Q + 3.3 jQ 454Q + 2.6 jQ
(Real part)
Return Loss
Trm EXEl dB Mag 10dB/ Ref0OdB  Cal 1
.1 1.80p000 GHiz -23523 dB
= =10 P—
x‘\\x /_/_,d_—'f!
- -20 //
I -40
~ -50
- -70
- -80
Ch1 Start 1.7 GHz Pwr -10dBm Stop 1.8 GHz
Impedance

Tret Smith Ref1U Cal

1

S11 m 1800000 GHz 41610 Q
Sl T~ 3325 O
0s 24708 pH
\ ) /
“-\-\_\_‘_\_\_\_\;_'_'_'/‘
Chi Start 1.7 GHz Pwr 10 dBm Stop 1.9 GHz
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RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -26.39 -26.35 3.7%
1.8Q
Impedance 46.0Q +3.4 jQ 4540 -1.5jQ
(Real part)

Return Loss

65

Trc! EEE] dB Mag 10dB/ Ref0dB  Cal 1

.1 1.80p000 GHiz -26.394 dB
=l ]

~-20

- -40

- -50

60

- -70

- -&0

Ch1 Start 1.7 GHz Pwr -10 dBm Stop 1.9 GHz

Impedance

65

Tret Smith Ref1U Cal 1

1 T~ 1800000 GHz 45997 Q
2

3.350 Q
259.77 pH

0.5

Ch1 Start 1.7 GHz Pwr -10 dBm Stop 1.9 GHz
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2.5 DIP 1G900
RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Meas. Results Current Meas.

Previous Meas.

Max. Deviation

Return Loss(dB) -27.40

-24.20

16.2 %

Impedance 52.40+6.6 jQ

51.20+6.0 jQ

1.4 Q
(Imaginary part)

Return Loss

55

Trc1 EXE] dBMag 10dB/ Ref0dB  Gal

1

-27401 dB

1| 1.90p000 Gz
I |
" [T /“f
—-20 /
\/
- -40
— -50
70
— -&0
Ch1 Start 1.8 GHz Pwr -10 dBm Stop 2 GHz
Impedance

Tret Smith Ref1U Cal

1

S11 m 1900000 GHz 52.370 Q
Sl T~ 6576 O
0s 55085 pH
\ ) /
“-\-\_\_‘_\_\_\_\;_'_'_'/‘
Chi Start 1.8 GHz Pwr 10 dBm Stop 2 GHz
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RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -25.02 -22.45 122 %
28Q
Impedance 50.4 Q +6.6 jQ 46.7 Q +6.7 jQ
(Real part)

Return Loss

55

Trc1 E¥E] dBMag 10dB/ Ref0dB  Cal 1
.1 1.90p000 GHiz -25.024 dB
10 =

[
— -50
- -70
— -B0
Ch1 Start 1.8 GHz Pwr -10 dBm Stop 2 GHz
Impedance

65

Tret Smith Ref1U Cal 1

1 - 1900000 GHz 50352 Q
2

6.594 Q
552.32 pH

0.5

Ch1 Start 1.8 GHz Pwr -10 dBm Stop 2 GHz
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2.6 DIP 2G000
RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -24.19 -24.61 3.6%
1.9Q
Impedance 53.80-1.0jQ 54.30-4.0jQ
(Real part)
Return Loss
T;m dBMag 10dB/ Ref0dB Cal 1
-1 2.00p000 GHz -24.192 dB
- -10
s |
- -40
- -50
- -70
— -80
Ch1  Start 1.9 GHz Pwr -10 dBm Stop 2.1 GHz
Impedance

65

Ch1

Start 1.9 GHz

Tret Smith Ref1U Cal

1 TR 2000000 GHz 53779 Q

Pwr -10 dBm

1

i1.025 Q
54.936 pF

Stop 2.1 GHz
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RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -24.48 -24.74 3.3%
1.1Q
Impedance 55.90-0.3 jQ 55.80Q-0.3 jQ
(Real part)
Return Loss
Trm EXEl dB Mag 10dB/ Ref0OdB  Cal 1
o1 2.00p000 GHz -24482 dB
- -10 —
I -z ’”’rﬁf
\“x,\\ ]
I -40
~ -50
- -70
- -80
Ch1 Start 1.9 GHz Pwr -10dBm Stop 2.1 GHz
Impedance

65

Ch1

Start 1.9 GHz

Tret Smith Ref1U Cal

1 TT-.2000000 GHz 55915 O

Pwr -10 dBm

1

31953 mQ
249.05 pF

Stop 2.1 GHz
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2.7 DIP 2G450

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -24.10 -24.82 3.8 %
1.1Q
Impedance 432 Q +11jQ | 443 Q +0.2jQ
(Real part)

Return Loss

5]

Trc! EEEl dB8 Mag 10dB/ Ref0dB  Cal 1

S11 1| 245p000 GHz -24D98 dB
— 0
~-10 ———
o~ ff
e P ¥
- -30
- -40
- -50
- 60
- -70
-8l
Ch1 Start 2.35 GHz Pwr -10dBm Stop 2.55 GHz
Impedance

Tret Smith Ref1U Cal 1

m\z_450000 GHz 43208 Q

511
i1.075 0
05 52 605 pH
e 1 e
‘\-\-._\_‘_\_\_\_\;'_'_'_'/
Ch1 Start 2.35 GHz Pwr -10 dBm Stop 2.55 GHz
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RETURN LOSS AND IMPEDANCE IN BODY LIQUID

- -30

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -30.26 -31.92 2.5%
210
Impedance 50.8 Q -1.9jQ 475 Q -04ijQ
P : : (Real part)
Return Loss
Trm dBMag 10dB/) Ref0dB Cal 1
S11 .1 2450000 GHz -30.258 dB
— 0
~-10 =
[
-_211_____“_‘_‘w Snl
T

I -20 \/

- -50

I 50

-7

- -&0

Ch1 Start 2.35 GHz Pwr -10 dBm

Stop 2.55 GHz

Impedance

5]

Trct Smith Ref1U Cal

Ch1 Start 2.35 GHz Pwr -10 dBm

1

S11 1 TR 2450000 GHz 50832 O

1.880 0
90.803 pF

Stop 2.55 GHz
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2.8 DIP 2G600
RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Meas. Results Current Meas. Previous Meas. Max. Deviation
Return Loss(dB) -21.23 -21.53 4.8%
. . 0.8Q
Impedance 46.2 Q +7.0 jQ 46.1 Q +7.4 jQ .
(Imaginary part)

Return Loss

65

Trc! EEE] dB Mag 10dB/ Ref0dB  Cal

.1 2.60p000 GHz -21.p32 dB
=10
‘_'_'___,-w—""_'_'_'_'_'_’_'_'_'__'_u_'_
—-20
\\ |
— -50
-7l
— -B0
Ch1 Start 2.5 GHz Pwr -10 dBm Stop 2.7 GHz
Impedance
Trei Smith Ref1U Cal 1
=T T TT2000000 GHz 46211 Q
Sl s i7.044 O
05 27407 pH
e y! -
‘h\.\_\_‘_\_\_\_\;'_'_'_'/
Ch1 Start 2.5 GHz Pwr -10 dBm Stop 2.7 GHz
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RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Meas. Results

Current Meas.

Previous Meas.

Max. Deviation

Return Loss(dB) -23.27 -21.76 4.0 %
) ) 27Q
Impedance 48.8Q +5.0 jQ 4420 +5.7 jQ
(Real part)
Return Loss
Trm EXEl dB Mag 10dB/ Ref0OdB  Cal 1
1| 260p000 GHz -23P65 dB
- -10
:_-ZT\_H //)LF_,___ |
I -40
— -50
- -70
- -80
Ch1 Start 2.5 GHz Pwr -10 dBm Stop 2.7 GHz
Impedance

65

Ch1 Start 2.5 GHz

Tret Smith Ref1U Cal

"1 TET~_2600000 GHz 48833 Q

Pwr -10 dBm

1

5.045 Q
308.82 pH

Stop 2.7 GHz
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3 WAVEGUIDE IMPEDANCE AND RETURN LOSS

The waveguide are designed to have low return loss when presented against a flat phantom at the specified
distance. A Vector Network Analyzer was used to perform a return loss measurement on the specific waveguide
when in the measurement location against the phantom and the distance was specified by the manufacturer

with a special, low loss and low relative permittivity spacer.
The impedance was measured at the SMA-connector with the network analyzer.

3.1 SWG5500

RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency (MHz) | Return Loss(dB) | Requirement (dB) Impedance
5200 -8.6 -8.0 30.6Q+13.1jQ
5400 -13.3 -8.0 73.00-6.3jQ
5600 -14.7 -8.0 36.80-1.1jQ
5800 -13.0 -8.0 65.20+7.8jQ

Return Loss
ﬁm EXHl dB Mag 10dB/ Ref0dB  Cal 1
S rR| 520pooo Gz 803 dB
_ 1] 5400000 GHiz -13328 dB
R 2| &560pooo oz -14865 dB
IS S— ] -3 | , 5.800000 GHiz -13.009 dB
I X ]
—-20
- 40
I -50
-0
20
Chi Start 51 GHz Pwr -10 dBm Stop 5.9 GHz
Impedance
ﬁm BEHl Smith Ref1U Cal 1
m 5200000 GHz 30571 Q
iy 13431 Q
05 67128 pH
72955 0
$.343 0
1.245 pF
36.754 0
1078
36.940 pF
85199 O
7766 O
540.59 pH
\ R /
—_—
Ch1 Start 51 GHz Pwr 10 dBm Stop 5.9 GHz
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RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency (MHz) | Return Loss(dB) | Requirement (dB) Impedance
5200 -10.5 -8.0 32.10Q+14.5|Q
5400 -12.5 -8.0 78.80-9.9iQ
5600 -154 -8.0 37.9Q-3.0jQ
5800 -15.5 -8.0 63.40+13.8jQ

Return Loss

7y
Trel EEE] dBMag 10dB/ Ref0dB  Cal 1

R 5200000 GHz -10479 dB
F 1 5400000 GHz -12491 dB
2 5600000 GHz -15p95 dB
e TE— 3 5800000 GHz -15.463 dB
- |
. oo ] |
70
I--80
Ch1  Start 5.1 GHz Pwr -10dBm Stop 5.9 GH

Impedance

2y

Trel BEE] Smith Ref1U  Cal 1

/—W\QQUDDDU GHz 32138 Q

14502 Q
05 24379 pH
40080 78.821 0

9869 O
2986 pF

37892 O
3049 0
10.024 pF
63397 Q
{13810 Q
978.95 pH

Cht  Start 5.1 GHz Pwr -10 dBm Stop 5.9 GH

--END OF REPORT--
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