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used in DASYS software to improve probe accuracy close to the boundary. The sensitivily in TSL corresponds
to NORMx. .z * ConvF whereby the uncerainty comespands to thal given for ConvF. A frequency dependent
ComvE is used in DASY version 4.4 and higher which allows extending the validity from % 50 MHz to £ 100
MHz.

«  Spharical isotropy (30 deviation from isolropy): in a field of low gradients realized wzing a flat phantom
exposed by a patch antenna.

s Sensor Offssl The sensor offsat corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). Mo iolerance required.

s Connector Angle: The angie is assessed using the information gained by determining the NORMx (no
uncariainty required).

Cortificate No: EX3-3832_Mar20 Page 2 ol 22

EMC-003 (Rev.2)
ONETECH Corp.: 43-14, Jinsaegol-gil, Chowol-eup, Gwangju-si, Gyeonggi-do, 12735, Korea (TEL: 82-31-799-9500, FAX: 82-31-799-9599)




Page 34 of 86

Report No. OT-204-RWD-058

EX3DV4 — SN:3832

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3832

Basic Calibration Parameters

March 27, 2020

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(Vim)*)® 0.44 0.44 0.57 +10.1 %
DCP (mV)” 103.2 100.4 103.2
Calibration Results for Modulation Response
[uin [ Communication Svstem Name | A | B | ©€ | b | VR | Max | Max
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Sensor Model Parameters
c1 (% a T1 T2 T3 T4 T5 T6
fF fF v ms.\V™7? ms.V™' ms v v
X 45.8 337.48 34.80 15.74 0.67 5.07 1.10 0.38 1.01
Y 42.0 320.90 36.92 12.27 0.79 5.08 0.00 0.58 1.01
z 444 323.11 34.06 17:13 0.27 5.10 1.45 0.26 1.01
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3832

Calibration Parameter Determined in Head Tissue Simulating Media

March 27, 2020

Relative Conductivity " Depth © Unc
f(MH2)© | Permittivity (sim)* ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3832

Calibration Parameter Determined in Body Tissue Simulating Media

March 27, 2020

f (MHz) ©

Relative
Permittivity "

Conductivity
(sim)”

ConvF X

ConvF Y

ConvF Z

Alpha®

Depth®
(mm)

Unec
(k=2)
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Appendix: Modulation Calibration Parameters
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uiD Rev | Communication System Name Group PAR Unc®
(dB) (k=2)
1] cw cwW 0.00 +4.7 %
10010 CAA | SAR Validation (Square, 100ms, 10ms) Test 1000 | +968%
10011 | CAB | UMTS-FDD (WCDMA) WCDMA 291 | +968%
10012 | CAB | IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 Mbps) WLAN 187 | £9.6%
10013 | CAB | IEEE 802.11g WIFI 2.4 GHz (DSSS-OFDM, 6 Mbps) WLAN 946 | t96%
10021 | DAC | GSM-FDD (TDMA, GMSK) GSM 939 | +96%
10023 DAC | GPRS-FDD (TDMA, GMSK, TN 0) GSM 9.57 +9.6 %
10024 | DAC | GPRS-FDD (TDMA. GMSK. TN 0-1) GSM 656 | £96%

EMC-003 (Rev.2)

ONETECH Corp.: 43-14, Jinsaegol-gil, Chowol-eup, Gwangju-si, Gyeonggi-do, 12735, Korea (TEL: 82-31-799-9500, FAX: 82-31-799-9599)



Page 43 of 86

Report No. OT-204-RWD-058

EX30V4- SN:3832 March 27, 2020
10109 CAG | LTE-FDD (SC-FDMA, 100% RB, 10 MHz, 16-QAM) LTE-FDD 6.43 +9.6%
10110 CAG | LTE-FDD (SC-FDOMA, 100% RB, 5 MHz, QPSK) LTE-FDD 5.75 +96%
10111 CAG | LTE-FDD (SC-FDMA, 100% RB, 5 MHz, 16-QAM) LTE-FDD 6.44 +9.6%
10112 CAG | LTE-FDD (SC-FDMA, 100% RB, 10 MHz, 64-QAM) LTE-FDD 6,59 +9.6%
10113 CAG | LTE-FDD (SC-FDMA, 100% RB, 5 MHz, 64-QAM) LTE-FDD 6.62 +9.6%
10114 CAC |EEE 802.11n (HT Greenfield, 13.5 Mbps, BPSK) WLAN 8.10 +96 %
10115 CAC |EEE 802.11n (HT Greenfield, 81 Mbps, 16-QAM) WLAN 8.46 +9.6 %
10116 CAC |EEE 802.11n (HT G field, 135 Mhp_s_,ﬁlﬂ--QAM} WLAN 8.15 +9.6 %
10117 CAC |EEE 802.11n (HT Mixed, 13.5 Mbps, BPSK) WLAN 8.07 +9.6 %
10118 CAC | IEEE 802.11n (HT Mixed, 81 Mbps, 16-QAM) WLAN 8.59 +9.6 %
10119 CAC | IEEE 802.11n (HT Mixed, 135 Mbps, 64-QAM) WLAN 8.13 +96% |
FETrTS ~nE | i TELEMM (SC.ENMA 10N% RB 15 MHz. 16-QAM) LTE-FDD 6.49 +9.6%
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10220 CAC | IEEE 802.11n (HT Mixed, 43.3 Mbps, 16-QAM) WLAN 8.13 +9.6 %
10221 CAC | IEEE 802.11n (HT Mixed, 72.2 Mbps, 64-QAM) WLAN 8.27 +96%
10222 CAC | IEEE 802.11n (HT Mixed, 15 Mbps, BPSK) WLAN 8.06 +9.6 %
10223 CAC | IEEE 802.11n (HT Mixed, 80 Mbps, 16-QAM) WLAN 8.48 +96%
10224 CAC | IEEE 802.11n (HT Mixed, 150 Mbps, 64-QAM) WLAN 8.08 +9.6 %
10225 CAB | UMTS-FDD (HSPA+) WCDMA 5.97 +986%
10226 CAB | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, 16-QAM) LTE-TDD 9.49 +9.6%
10227 CAB | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, 64-QAM) LTE-TDD 1026 | +96%
10228 CAB | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, QPSK) LTE-TDD 9.22 +9.6%
10229 CAD | LTE-TDD (SC-FDMA, 1 RB, 3 MHz, 16-QAM) LTE-TDD 9.48 +9.6 %
10230 CAD | LTE-TDD (SC-FDMA, 1 RB, 3 MHz, §4-QAM) LTE-TDD 1025 | +96%
10231 CAD | LTE-TDD (SC-FDMA, 1 RB, 3 MHz, QPSK) LTE-TDD 9.19 +9.6%
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10300 AAD | LTE-FDD (SC-FDMA, 50% RB, 3 MHz, 64-QAM) LTE-FDD 6.60 +9.6%
10301 AAA | IEEE 802.16e WIMAX (29:18, 5ms, 10MHz, QPSK, PUSC) WiMAX 12.03 | +96%
10302 AAA | IEEE B02.16e WiMAX (29:18, 5ms, 10MHz, QPSK, PUSC, 3CTRL) | WiMAX 1257 | +96%
10303 AAA |EEE 802.16e WIMAX (31:15, 5ms, 10MHz, 640AM, PUSC) WiMAX 12.52 +96%
10304 AAA |EEE B02.16e WiMAX (29:18, 5ms, 10MHz, 64QAM, PUSC) WiIMAX 11.86 +96%
10305 AAA | |EEE B0Z.16e WiMAX (31:15, 10ms, 10MHz, 64QAM, PUSC) WIMAX 15.24 | +96%
10306 AAA | IEEE 802.16e WIMAX (29:18, 10ms, 10MHz, 64QAM, PUSC) WIMAX 1467 | +96%
10307 AAA |EEE 802.16e WIMAX (29:18, 10ms, 10MHz, QPSK, PUSC) WIMAX 14.49 +9.6 %
10308 AAA | IEEE 802.16e WIMAX (29:18, 10ms, 10MHz, 16QAM, PUSC) WIMAX 1446 | +96%
10309 AAA |EEE 802.168e WiMAX (29:18, 10ms, 10MHz, 16QAM AMC 2x3) WiMAX 14.58 +96%
10310 ABA |EEE 802, 16e WiMAX (29:18, 10ms, 10MHz, QPSK, AMC 2x3 WiINMAX 14.57 +9.6 %
ELETE] AAN | 1 TF-FNN (SC-FOMA. 100% RB. 15 MHz. QPSK) LTE-FDD 6.06 +9.6%
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10463 AAB | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, 84-QAM, UL Sub) LTE-TDD 8.56 +96%
10464 AAC | LTE-TDD (SC-FDMA, 1 RB, 3 MHz, QPSK, UL Sub) LTE-TDD 7.82 9.6 %
10465 AAC | LTE-TDD (SC-FDMA, 1 RB, 3 MHz, 16-QAM, UL Sub) LTE-TDD 8.32 +9.6 %
10466 AAC | LTE-TDD (SC-FDMA, 1 RBE, 3 MHz, 64-QAM, UL Sub) LTE-TDD 8.57 +98%
10467 AAF LTE-TDD (SC-FDMA, 1 RB, 5 MHz, QPSK, UL Sub) LTE-TOD 7.82 +9.6 %
10468 AAF LTE-TDD (SC-FDMA, 1 RB, 5 MHz, 16-QAM, UL Sub) LTE-TDD 8.32 +9.6 %
10469 AAF LTE-TDD (SC-FDMA, 1 RB, 5 MHz, 64-0AM, UL Sub) LTE-TDD 8.56 +96%
10470 AAF LTE-TDD (SC-FDMA, 1 RB, 10 MHz, QPSK, UL Sub) LTE-TDD 7.82 +96%
10471 AAF LTE-TDD (SC-FDMA, 1 RB, 10 MHz, 16-QAM, UL Sub) LTE-TDD 8.32 +96%
10472 AAF LTE-TDD (SC-FDMA, 1 RB, 10 MHz, 64-QAM, UL Sub) LTE-TDD 8.57 +9.6 %
10473 AAE | LTE-TDD (SC-FDMA, 1 RB, 15 MHz, QPSK, UL Sub) LTE-TDD 7.82 +96 %
10474 AAE | LTE-TDD (SC-FDMA, 1 RB, 15 MHz, 16-QAM, UL Sub) LTE-TDD 8.32 +9.6 %
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10528 AAB | IEEE 802.11ac WiFi (20MHz, MC83, 89pc dc) WLAN B.36 9.6 %
10529 AAB |EEE B02.11ac WiFi (20MHz, MCS4, 99pc dc) WLAN 8.36 +9.6%
10531 AAB | IEEE 802.11ac WIiFi (20MHz, MCS6, 89pc dc) WLAN 43 +9.6%
10532 AAB | IEEE 802.11ac WiFi (20MHz, MCS7, 99pc dc) WLAN .29 +9.6%
10533 AAB |EEE B02.11ac WIFi (20MHz, MCS8, 99pc dc) WLAN 8.38 +96 %
10534 AAB | IEEE 802.11ac WIFi (40MHz, MCS0, 99pc dc) WLAN 8.45 +9.6%
10535 AAB | IEEE 802.11ac WIiFi (40MHz, MCS1, 99pc dc) WLAN 8.45 +96%
10536 AAB | IEEE B02.11ac WiFi (40MHz, MCS2, 99pc dc) WLAN 8.32 +9.6%
10537 AAB | IEEE 802.11ac WIFi (40MHz, MCS3, 59pc dc) WLAN B.44 +9.6%
| 10538 AAB | IEEE 802.11ac WiFi (40MHz, MCS4, 89pc dc) WLAN 8.54 +96%
10540 AAB | IEEE 802.11ac WIFi (40MHz, MCS6, 99pc dc) WLAN 8.39 +96%
1N541 AAB | IEEE 802.11ac WIiFi (40MHz, MCS87, 99pc dc) WLAN 8.46 +9.6%
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10596 AAB | IEEE 802.11n (HT Mixed, 20MHz, MCS5, 90pc dc) WLAN 8.71 +9.6 %
10597 AAB |EEE 802.11n (HT Mixed, 20MHz, MCS6, 90pc dc) WLAN 8.72 +96%
10598 ARB | IEEE 802.11n (HT Mixed, 20MHz, MCS7, 80pc dc) WLAN 8.50 +96%
10599 AAB | IEEE 802.11n (HT Mixed, 40MHz, MCS0, S0pc dc) WLAN 8.7% +9.6 %
10600 AAB |EEE 802.11n (HT Mixed, 40MHz, MCS1, 90pe dc) WLAN 8.88 +96%
10601 AAB |EEE 802.11n (HT Mixed, 40MHz, MCS2, 90pc dc) WLAN 8.82 +96%
10602 AAE | IEEE 802.11n (HT Mixed, 40MHz, MCS3, 90pc dc) WLAN 8.94 +9.6 %
10603 AAB |EEE 802.11n (HT Mixed, 40MHz, MCS4, 90pc dc) WLAN 9.0: +9.6%
10604 AAB |EEE 802.11n (HT Mixed, 40MHz, MCS5, 90pc dc) WLAN B.7€E +9.6 %
10605 AAB | |EEE 802.11n {HT Mixed, 40MHz, MCSE, 90pc dc) WLAN 8.97 +9.6 %
10606 AAB |EEE 802.11n (HT Mixed, 40MHz, MCS7, 90pc dc) WLAN B8.82 +9.6 %
10607 AAE | |EEE B0Z.11ac WIFi (20MHz, MCSO0, 90pc dc) WLAN 8.64 +9.6 %
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10672 AAA IEEE 802.11ax (20MHz, MCS1, 90pc dc) WLAN 8.57 +96 %
10673 AAA | |EEE B02.11ax (20MHz, MCS2, 90pc dc) WLAN 8.78 +9.6 %
10674 AAA |EEE 802.11ax (20MHz, MCS3, S0pc dc) WLAN B8.74 +96%
10675 AAA | |EEE 802.11ax (20MHz, MCS4, 90pc dc) WLAN 8.90 +96%
10676 AAA | |IEEE 802.11ax (20MHz, MCS5, S0pc dc) WLAN B.77 +9.6 %
10677 ABA |IEEE 802.11ax (20MHz, MCS6, 90pc dc) WLAN B.73 +96 %
10678 ALA IEEE 802.11ax (20MHz, MCS7, 90pc dc) WLAN 8.78 +96 %
10679 AAA |EEE 802.11ax (20MHz, MCS8, 90pc dc) WLAN 8.89 +96 %
10680 AAA IEEE 802.11ax (20MHz, MCS9, 90pc dc) WLAN 8.80 +9.6 %
10681 AAA |EEE 802.11ax (20MHz, MCS10, 90pc dc) WLAN 8.62 +9.6 %
10682 AAR |EEE 802_11ax (20MHz, MCS11, 90pc dc) WLAN 8.83 +9.6 %
10683 AAA |EEE 802.11ax (20MHz, MCSO0, 88pc dc) WLAN 8.42 +9.6%
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10736 | AAA | IEEE 802.11ax (BOMHz, MCS5, 99pc dc) WLAN 827 | t96%
10737 | AAA | IEEE 802 11ax (80MHz, MCS6, 99pc dc) WLAN 836 | +96%
10738 | AAA | IEEE 802.11ax (B0MHz, MCS7, 99pc dc) WLAN 842 | t96%
10739 | AAA | IEEE 802.11ax (B0MHz, MCSB, 99pc dc) WLAN 829 | +9.6%
10740 | AAA | IEEE 802.11ax (80MHz, MCS9. 83pc dc) WLAN 848 | +96%
10741 AAA | IEEE 802.11ax (B0MHz, MCS10, 99pc dc WLAN 840 | 196%
10742 | AAA | IEEE 802 11ax (B0MHz, MCS11, 89pc dc WLAN B43 | +96%
10743 | AAA | IEEE 802.11ax (160MHz, MCSO0, 80pc dc WLAN 894 | 196%
10744 | AAA | IEEE B02.11ax (160MHz, MCS1, 90pc dc) WLAN 916 | *96%
10745 | AAA | IEEE 802 11ax (160MHz, MCS2, 90pc dc) WLAN 893 | +968%
10746 | AAA | IEEE B02.11ax (160MHz, MCS3, 90pc dc) WLAN 911 +9.6 %
10747 | AAA | IEEE B02.11ax (160MHz. MCS4, 90nc dc) WLAN 9.04 | £96%
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10801 AAC | 5G NR (CP-OFDM, 1 RB, 80 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 7.89 +96%
10802 AAC | 5G NR (CP-OFDM, 1 RB, 80 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 7.87 +9.6 %
10803 AAC | 5G NR (CP-OFCM, 1 RB, 100 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 7.93 +96%
10805 AAC | 5G NR (CP-OFDM, 50% RB, 10 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 8.34 +9.6 %
10806 AAC | 5G NR (CP-OFDM, 50% RB, 15 MHz, QPSK, 30 kHz) 5G NR FR1TDD 8.37 +96%
10809 AAC | 5G NR (CP-OFDM, 50% RB, 30 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 8.34 196 %
10810 AAC | 5G NR [CP-OFDM, 50% RB, 40 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 8.34 +9.6 %
10812 AAC | 5G NR (CP-OFDM, 50% RB, 60 MHz, QPSK, 30 kHz) 5G NR FR1TDD 8.35 +9.6 %
10817 AAC | 5G NR (CP-OFDM, 100% RB, 5 MHz, QPSK, 30 kHz) 5G NR FR1TDD 8.35 +9.6 %
10818 AAC | 5G NR (CP-OFDM. 100% RB, 10 MHz, QPSK, 30 kHz) 5G NR FR1TDD 8.34 +96 %
10819 AAC | 5G NR (CP-OFDM, 100% RB, 15 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 8.33 +96 %
10820 AAC | 5G NR (CP-OFDM, 100% RB, 20 MHz, QPSK, 30 kHz) 5G NR FR1TDD 8.30 +96%
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10888 AAD | 5G NR (DFT-3-OFDM, 100% RB, 50 MHz, 64QAM, 120 kHz) 5G NR FR2 TDD 6.65 £ 8.6 %
10887 AAD | 5G NR (CP-OFDM, 1 RB, 50 MHz, QPSK, 120 kHz) 5G NR FR2 TDD 7.78 + 9.6 %
10888 AAD | 5G NR (CP-OFDM, 100% RB, 50 MHz, QPSK, 120 kHz) 5G NR FR2 TDD 8.35 + 9.6 %
| 10889 AAD | 5G NR (CP-OFDM, 1 RB, 50 MHz, 16QAM, 120 kHz) 5G NR FR2 TDD 8.02 £ 0.6 %
10830 AAD | 5G NR (CP-OFDM, 100% RB, 50 MHz, 16QAM, 120 kHz) 5G NR FR2 TDD 40 +9.6 %
10891 AAD | 5G NR (CP-OFDM, 1 RB, 50 MHz, 64QAM, 120 kHz) 5G NR FR2 TDD Ak +9.6%
10892 AAD | 5G NR (CP-OFDM, 100% RB, 50 MHz, 64QAM, 120 kHz) 5G NR FR2 TDD 4 £9.6 %
10897 AAA | 5G NR [DFT-s-OFDM. 1 RB, 5 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 5.6€ +9.6%
10898 AAA | 5G NR (DFT-s-OFDM, 1 RB, 10 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 5.67 +9.6 %
10899 AAA | 5G NR (DFT-s-OFDM, 1 RB, 15 MHz, QPSK, 30 kHz) 5G NR FR1TDD 5.67 +9.6 %
10900 AAA | 5G NR (DFT-s-OFDM, 1 RB, 20 MHz, QPSK, 30 kHz) 5G NR FR1 TDD 5.68 +9.6 %
10801 AAA | 5G NR (DFT-s-OFDM, 1 RB, 25 MHz, QPSK, 30 kHz) 5G NR FR1TDD 5.68 +9.6 %
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10954 AAA | 5G NR DL (CP-OFDM, TM 3.1, 15 MHz, 64-QAM, 15 kHz) SGNRFR1FDD | 823 +9.6 %
10855 AAA | 5G NR DL (CP-OFDM, TM 3.1, 20 MHz, 64-QAM, 15 kHz) 5G NR FR1 FDD 8.42 +9.6 %
10956 AAA | 5G NR DL (CP-OFDM, TM 3.1, 5 MHz, 64-QAM, 30 kHz) 5G NR FR1 FDD 8.14 +9.6%
10957 AAA | 5G NR DL (CP-OFDM, TM 3.1, 10 MHz, 84-QAM, 30 kHz) 5G NR FR1 FDD 8.31 +9.6 %
10958 AAA | 5G NR DL (CP-OFDM, TM 3.1, 15 MHz, 64-QAM, 30 kHz) 5G NR FR1FDD 8.61 +9.6 %
10958 AAA | 5G NR DL (CP-OFDM, TM 3.1, 20 MHz, 64-QAM, 30 kHz) 5G NR FR1 FDD 8.33 +96%
10960 AAA | 5G NR DL (CP-OFDM, TM 3.1, 5 MHz, 64-QAM, 15 kHz) 5G NR FR1TDD 9.32 +9.6%
10961 AAA | 5G NR DL (CP-OFDM, TM 3.1, 10 MHz, 64-QAM, 15 kHz) 5G NR FR1TDD 9.36 +9.6 %
10962 AAA | 5G NR DL (CP-OFDM, TM 3.1, 15 MHz, 64-QAM, 15 kHz) 5G NR FR1 TDD 9.40 +96%
10963 AAA | 5G NR DL (CP-OFDM, TM 3.1, 20 MHz, 64-QAM, 15 kHz) 5G NRFR1TDD 9.55 +9.6%
10964 AAA | 5G NR DL (CP-OFDM, TM 3.1, 5 MHz, 84-QAM, 30 kHz) 5G NR FR1TDD 9.29 +9.6 %
10865 AAA | 5G NR DL (CP-OFDM, TM 3.1, 10 MHz, 64-QAM, 30 kHz) 5G NR FR1TDD 9.37 +8.6%
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connector,

= SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 85%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.10.3
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5 mm
Frequency 2450 MHz + 1 MHz
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.9Q+26j0
Return Loss -26.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.20+42jQ
I I 1

Additional EUT Data

Manufactured by SPEAG
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APPENDIX D: SAR TISSUE SPECIFICATIONS

Measurement Procedure for Tissue verification:

1)
2)

3)
4)

The network analyzer and probe system were configured and calibrated.

The probe was immersed in the tissue. The tissue was placed in a nonmetallic container.

The complex admittance with respect to the probe aperture was measured.

Table D-1 Composition of the Tissue Equivalent Matter

Frequency (MHz) 2 450
Tissue Head
Ingredients (% by weight)
Bactericide -
DGBE -
HEC -
NaCl 0.1
Sucrose -
Tween 20 45.0
Water 54.9

Table D-2 Recommended Tissue Dielectric Parameters (IEC 62209-1)

Fﬂmll-ﬂt:f Ralative parmitivity Conduttivity (o)
MHE P Sim
300 1 45,3 D.8T
450 418 087
750 41,0 .09
835 [T 0,80
w0 415 097
1450 405 1.20
T 500 400 4 {4 |
f 640 4.7 tat
L1 40 F rar
1 B0 400 140
1800 40,0 140

2 000 40,0 1,40
2 180 3.8 I 48
4 Joo s .87
2 450 0.2 1.80
2 fo Ja.8 red
3 000 05 740
3 500 EIX) 281
4 pOp 7.4 1,43
4 500 36,4 184
5 000 6.2 4,45
5 MO0 wa 4 88
& 400 358 £ 88
A 400 Jas 80F
3 B0D 153 537
# 0of a5 1 548

Trapped air bubbles beneath the flange were minimized by placing the probe at a slight angle.

The complex relative permittivity € can be calculated from the below equation (Pournaropoulos and Misra):
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Figure D-1 Liquid Height for Head & Body Position (SAM Twin Phantom)

Figure D-2 Liquid Height for Body Position (ELI Phantom)
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Appendix D.1 DAK3.5 Dielectric Probe Calibration
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LSS LI = (E L)

The OCP (open ended coaxial) is a cut off section of 50 Ohm transmission ling, similar to the system
described in [1, 2, 3, 5], used for contact measurement The material is measured either by touching the
probe to the surface of a solidfgelly or by immersing it into a liquid media. The electromagnetic fields at the
probe end fringe into the material to be measured, and its parameters are determined from the change of
the 5,, parameters, With larger diameter of the dielectrics, the probe can be used down 1o lower
frequencies.

The flange surrounding the active area shapes the near field similar to a semi-infinite geometry and is
inseried fully inlo the measured lossy liquid.
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The probe is connected with a phase and amplitude stable cable to a VNA which is then calibrated with
Open, Short and a Liquid with well-known parameters.

All parts in the setup influencing the amplitude and phase of the signal are important and shall remain
stable.

Handling of the item

Before usage, the active probe area has to be cleaned from any material residuals potentially
contaminating the reference standards. The metal and dielectric surface must be protected to keep the
precision of the critical mechanical dimensions. The connector and cable quality are critical; any
movements between calibration and measurement shall be avoided.

The temperature must be stable and must not differ from the material temperature.

Methods Applied and Interpretation of Parameters

The calibration of the dielectric probe system is done in the steps described below for the desired
frequency range and calibration package (SAR/MRI liquids, Semi-solid/solid material). Because the
standard calibration in step 3 is critical for the results in steps 4 to 8, the sequence 3 to 8 is repeated 3
times. As a result, the result from these 3 sets is represented.
1. Configuration and mechanical / optical status.
2. Measurement resolution is 5 MHz from 10 to 300 MHz, 50 MHz from 300 to 6000 MHz and 250 MHz
from 6 to 20 GHz.
3. Standard calibration uses Air / Short / Liquid. 1 liter liquid quantity is used to reduce the influence the
reflections. The liquid type is selected depending on the lowest frequency and probe diameter:
DAK-1.2, DAK-3.5, Agilent OCP: de-ionized water (approx. 22 °C)
DAK-12: saline solution with static conductivity 1 S/m (approx. 22 °C)
NPL OCP: pure ethanol (approx. 22 °C)
4. The cable used in the setup stays in a fixed position, i.e. the probe is fixed and measuring from the
top in an angle of typ. 20° from the vertical axis. For DAK and Agilent probes, the refresh function
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The measurement on semi-solid / solid materials is sensitive to the quality and planarity of the probe
contact area, such as air gaps due to imperfect probes (resulting lower permittivity values).

9. Table for the probe uncertainty: The uncertainty of the probe depending on probe type, size, material
parameter range and frequency is given in a table. It represents the best measurement capability of
the specific probe but does not include the material (deviation from the target values).

10. Appendix with detailed results of all measurements with the uncertainties for the specific
measurement. In addition to the probe uncertainty (see above), it includes the uncertainty of the
reference material used for the measurement. A set of results from independent calibrations
represents the capability of the setup and the lossy materials used, including the precision of the
measured material and the influence of temperature deviations. Temperature and operator influence
was minimized and gives a good indication of the achievable repeatability of a measurement.

11. Summary assessment of the measured deviations and detailed comments if not typical for the probe
type.

Dielectric probe identification and configuration data
ltem description

Probe type OCP Open-ended coaxial probe

Probe name SPEAG Dielectric A nent Kit DAK-3.5
Type No SM DAK 040 CA

Serial No 1140

Description Open-ended coaxial probe with flange

Flange diameter: 19.0 mm

Dielectric diameter: 3.5 mm

Material: stainless steel

Connector 1 PC 3.5 pos.

Software version DAK Measurement Solver 2.6.0.5

Calibration Type: Air / short / water (set to measured water temp.)
Probe type: "DAK3.5” (software setting)

Further settings VNA bandwidth setting: 50 Hz
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Probe Uncertainty

The following tables provide material and frequency specific uncertainties (k=2) for the dielectric probe. The
values in the tables represent the measurement capability for the probe when measuring a material in the
indicated parameter range. They include all uncertainties of

e probe system

e possible systematic errors due to the design

* calibration

e temperature differences during the calibration and measurements, as described,

* VNA noise
Apart from the material used for the calibration (de-ionized water), material uncertainties of the reference
materials used during the measurement in Appendix A are not included in these tables.
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Calibration Results

Uncertainty limits (k=2) for the material measurements in the figures of Appendix A are represented with
red dashed lines. These uncertainties contain - in addition to probe uncertainty - the uncertainty of the
material target parameter determination.

The measurements show the results obtained from independent calibrations for the same material. The
differences between the individual measurement curves give therefore an indication for the obtainable
repeatability and shall lie within the uncertainties stated in the tables.

Materials for DAK-3.5 calibration:
Appendix A with curves for Methanol, HBBL, and 0.05 mol/L. NaC/ solution (200 MHz - 6 GHz, optional 20
GHz), HS gel and low loss solid substrate are optional.
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Appendix A:  Detailed Results

A1 Probe appearance and calibration sequence
A.1.1 Appearance

The OCP appearance is fully according to the expectations:

= the flange surface is intact

A.1.2 Calibration sequence
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| 0% l
Fraguancy [GHz)
Fig. 4.2 HBBL conductivity deviation from target, 200 MHz - 20 GHz
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Fig. 5.2 0.05 mol/l ;l:liﬂ;ml‘!ducﬁ\lﬂf deviation from target, 200 MHz - 20 GHz o
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APPENDIX E: SAR SYSTEM VALIDATION

Per FCC KDB Publication 865664 D02v01r02, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software versions)
used for this device were validated against its performance specifications prior to the SAR measurements.
Reference dipoles were used with the required tissue-equivalent media for system validation, according to the
procedures outlined in FCC KDB Publication 865664 DO01v01r04 and IEEE 1528-2013. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the valid
frequency range of the probe calibration point, using the system that normally operates with the probe for routine
SAR measurements and according to the required tissue-equivalent media.

A tabulated summary of the system validation status including the validation date(s), measurement frequencies,
SAR probes and tissue dielectric parameters has been included.

Table E-1 SAR System Validation Summary — 1g

CW VALIDATION MOD. VALIDATION
SAR Freq. S Probe Probe Cal Cond. Perm. PROBE PROBE MOD. DUTY
System | (MHz) SN Point (@) (er) SENSITIVITY FACTO | PAR
LINEARITY ISOTROPY TYPE -
4 750 2020.04.01 3832 750 Head 0.895 41.746 Pass Pass Pass N/A N/A N/A
4 900 2020.04.02 3832 900 Head 0.973 42.096 Pass Pass Pass GMSK PASS N/A
4 1750 2020.04.03 3832 1750 Head 1.338 39.317 Pass Pass Pass N/A N/A N/A
4 1950 2020.04.07 3832 1950 Head 1.428 40.014 Pass Pass Pass GMSK Pass N/A
4 2450 2020.04.08 3832 2450 Head 1.819 38.985 Pass Pass Pass OFDM/TDD Pass N/A

Note: Wile the probes have been calibrated for both CW and modulated signals, all measurements were performed
using communication systems calibrated for CW signals only. Modulations in the table above represent test
configurations for which the measurement system has been validated per FCC KDB Publication 865664
D01v01r04 for scenarios when CW probe calibrations are used with other signal types. SAR systems were
validated for modulated signals with a periodic duty cycle, such as GMSK, or with a high peak to average ratio (> 5
dB), such as OFDM according to FCC KDB Publication 865664 D01v01r04.
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