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7.6 Switch in SAR exposure test results 

This test was conducted with callbox requesting maximum power, and with the EUT in LTE Band 2 + 
Sub6 NR Band n66 call. Following procedure detailed in Section 4.3.7 and Appendix F.2, and using the 
measurement setup shown in Figure 6-1(c) since LTE and Sub6 NR are using different antenna ports, the 
SAR exposure switch measurement is performed with the EUT in various SAR exposure scenarios, i.e., in 
SARsub6NR only scenario (t =0s ~120s), SARsu6NR + SARLTE scenario (t =120s ~ 240s) and SARLTE only 
scenario (t > 240s). 

Plot 1: Measured Tx power (dBm) versus time shows that the transmitting power changed in various SAR 
exposure scenarios, SARsub6NR only (0s ~120s), SARsu6NR + SARLTE (120s ~ 240s) and SARLTE only 
scenario (> 240s): 
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Plot 2: All the conducted Tx power measurement results were converted into time-averaged normalized 
SAR values using Equation (7a), (7b) and (7c), and plotted below to demonstrate that the time-averaged 
normalized SAR versus time does not exceed the FCC limit of 1 unit. Equation (7a) is used to convert the 
LTE Tx power of device to obtain 100s-averaged normalized SAR in LTE B2 as shown in black curve. 
Similarly, equation (7b) is used to obtain 100s-averaged normalized SAR in Sub6 NR n66 as shown in 
orange curve. Equation (7c) is used to obtain total time-averaged normalized SAR as shown in green 
curve (i.e., sum of black and orange curves). 

 

 

 

 

 

Plot Notes: Device starts predominantly in Sub6 NR SAR exposure scenario between 0s and 120s, and in 
LTE SAR + Sub6 NR SAR exposure scenario between 120s and 240s, and in predominantly in LTE SAR 
exposure scenario after t=240s. Here, Smart Transmit allocates a maximum of 75% of exposure margin 
(based on 3dB reserve margin setting) for Sub6 NR. This corresponds to a normalized 1gSAR exposure 
value = 75% * 0.607 W/kg measured SAR at Sub6 NR Plimit / 1.6W/kg limit = 0.285 ± 1dB device related 
uncertainty (see orange curve between 0s~120s). For predominantly LTE SAR exposure scenario, 
maximum normalized 1gSAR exposure should correspond to 100% exposure margin = 0.938 W/kg 
measured SAR at LTE Plimit / 1.6W/kg limit = 0.586 ± 1dB device related uncertainty (see black curve after 
t = 240s). Additionally, in SAR exposure switch test, at all times the total time-averaged normalized RF 
exposure (green curve) should not exceed normalized SAR_design_target + 1dB device uncertainty. In 
this test, with a maximum normalized SAR of 0.552 being ≤ 0.79 (= 1.01/1.6 + 1dB device uncertainty), 
the above test result validated the continuity of power limiting in SAR exposure switch scenario.  

 

 (W/kg) 

FCC normalized total exposure limit 1.0 

Max time averaged normalized SAR (green curve) 0.552 

Validated 
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8 S Y S T E M  V E R I F I C A T I O N  ( F R E Q  <  6  G H Z )  

8.1 Tissue Verification 

Table 8-1  
Measured Tissue Properties 

 
 

 
The above measured tissue parameters were used in the DASY software. The DASY software was used to 
perform interpolation to determine the dielectric parameters at the SAR test device frequencies (per KDB 
Publication 865664 D01v01r04 and IEEE 1526-2013 6.6.1.2). The tissue parameters listed in the SAR test plots 
may slightly differ from the table above due to significant digit rounding in the software. 

Calibrated for 
Tests 

Performed on:
Tissue Type

Tissue Temp 
During 

Calibration  (˚C)

Measured 
Frequency 

(MHz)

Measured 
Conductivity, 

σ (S/m)

Measured 
Dielectric 

Constant, ε

TARGET 
Conductivity, 

σ  (S/m)

TARGET 
Dielectric 

Constant, ε
% dev σ % dev ε

1710 1.443 54.064 1.463 53.537 -1.37% 0.98%

1720 1.451 54.061 1.469 53.511 -1.23% 1.03%

1745 1.470 54.052 1.485 53.445 -1.01% 1.14%

1750 1.475 54.050 1.488 53.432 -0.87% 1.16%

1770 1.490 54.031 1.501 53.379 -0.73% 1.22%

1790 1.505 53.994 1.514 53.326 -0.59% 1.25%

1710 1.413 52.819 1.463 53.537 -3.42% -1.34%

1720 1.420 52.819 1.469 53.511 -3.34% -1.29%

1745 1.438 52.819 1.485 53.445 -3.16% -1.17%

1750 1.442 52.817 1.488 53.432 -3.09% -1.15%

1770 1.456 52.802 1.501 53.379 -3.00% -1.08%

1790 1.470 52.775 1.514 53.326 -2.91% -1.03%

1850 1.550 53.849 1.520 53.300 1.97% 1.03%

1860 1.557 53.840 1.520 53.300 2.43% 1.01%

1880 1.571 53.830 1.520 53.300 3.36% 0.99%

1900 1.584 53.808 1.520 53.300 4.21% 0.95%

1905 1.588 53.801 1.520 53.300 4.47% 0.94%

1910 1.592 53.792 1.520 53.300 4.74% 0.92%

1850 1.548 53.011 1.520 53.300 1.84% -0.54%

1860 1.555 53.002 1.520 53.300 2.30% -0.56%

1880 1.569 52.984 1.520 53.300 3.22% -0.59%

1900 1.582 52.964 1.520 53.300 4.08% -0.63%

1905 1.586 52.959 1.520 53.300 4.34% -0.64%

1910 1.589 52.953 1.520 53.300 4.54% -0.65%

1850 1.514 52.673 1.520 53.300 -0.39% -1.18%

1860 1.522 52.662 1.520 53.300 0.13% -1.20%

1880 1.536 52.640 1.520 53.300 1.05% -1.24%

1900 1.549 52.605 1.520 53.300 1.91% -1.30%

1905 1.552 52.594 1.520 53.300 2.11% -1.32%

1910 1.556 52.584 1.520 53.300 2.37% -1.34%

3500 3.151 49.331 3.314 51.321 -4.92% -3.88%

3550 3.209 49.234 3.372 51.254 -4.83% -3.94%

3560 3.221 49.220 3.384 51.240 -4.82% -3.94%

3600 3.269 49.156 3.431 51.186 -4.72% -3.97%

3650 3.327 49.045 3.489 51.118 -4.64% -4.06%

3690 3.376 48.981 3.536 51.063 -4.52% -4.08%

3700 3.387 48.966 3.548 51.050 -4.54% -4.08%

1900 Body

3700 Body

08/10/2020

08/25/2020

08/10/2020

08/24/2020

08/25/2020

08/27/2020

21.61750 Body

1750 Body

1900 Body

1900 Body

19.5

21.8

21.3

21.6

21.8
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8.2 Test System Verification 

Prior to SAR assessment, the system is verified to ±10% of the SAR measurement on the reference dipole at the 
time of calibration by the calibration facility. Full system validation status and result summary can be found in 
Appendix C.  
 

Table 8-2  
System Verification Results – 1g 

 

 
 

Table 8-3  
System Verification Results – 10g 

 
 
 
 
 

 
Figure 8-1  

System Verification Setup Diagram 
 

 
Figure 8-2 

System Verification Setup Photo 
 

 
 

M 1750 BODY 08/10/2020 23.1 21.6 0.100 1150 7526 3.890 36.600 38.900 6.28%

N 1750 BODY 08/25/2020 22.7 21.8 0.100 1150 7526 3.670 36.600 36.700 0.27%

M 1900 BODY 08/10/2020 23.1 21.6 0.100 5d148 7526 4.170 39.100 41.700 6.65%

N 1900 BODY 08/25/2020 22.7 21.8 0.100 5d148 7526 3.800 39.100 38.000 -2.81%

M 3700 BODY 08/27/2020 22.0 19.5 0.100 1067 7526 6.590 65.200 65.900 1.07%

System Verification

TARGET & MEASURED 

SAR 
System 

#

Tissue 
Frequency 

(MHz)

Tissue 
Type

Date
Amb. 
Temp 
(°C)

Liquid 
Temp 
(°C)

Input 
Power 

(W)

Source 
SN

Probe  
SN

Measured 
SAR1g 

(W/kg)

1 W Target 
SAR1g 

(W/kg)

1 W 
Normalized 

SAR1g (W/kg)

Deviation1g 

(%)

M 1900 BODY 08/24/2020 22.2 21.3 0.100 5d148 7526 2.150 20.500 21.500 4.88%

System Verification

TARGET & MEASURED 

SAR 
System 

#

Tissue 
Frequency 

(MHz)

Tissue 
Type

Date
Amb. 
Temp 
(°C)

Liquid 
Temp 
(°C)

Input 
Power 

(W)

Source 
SN

Probe  
SN

Measured 
SAR10 g 

(W/kg)

1 W Target 
SAR10 g 

(W/kg)

1 W 
Normalized 

SAR10 g (W/kg)

Deviation1g 

(%)
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9 S A R  T E S T  R E S U L T S  ( F R E Q  <  6  G H Z )  

9.1 Time-varying Tx Power Case 

Following Section 4.4 procedure, time-averaged SAR measurements are conducted using a 
SAR probe at peak location of area scan over 500 seconds. cDASY6 system verification for 
SAR measurement is provided in Section 10, and the associated SPEAG certificates are 
attached in Appendix G. 

SAR probe integration times depend on the communication signal being tested as defined in the 
probe calibration parameters.  

Since the sampling rate used by cDASY6 for pointSAR measurements is not in user control, the 
number of points in 100s interval is determined from the scan duration setting in cDASY6 time-
average pointSAR measurement by (100s cDASY6_scan_duration * total number of pointSAR 
values recorded). Running average is performed over these number of points in excel 
spreadsheet to obtain 100s averaged point SAR. 

Following Section 4.4, for each of selected technology/band (listed in Table 6-2): 

8. With Reserve_power_margin set to 0 dB, area scan is performed at Plimit, and time-averaged 
pointSAR measurements are conducted to determine the pointSAR at Plimit at peak location, 
denoted as pointSARPlimit. 

9. With Reserve_power_margin set to actual (intended) value, two more time-averaged 
pointSAR measurements are performed at the same peak location for test sequences 1 and 
2. 

To demonstrate compliance, all the pointSAR measurement results were converted into 1gSAR 
or 10gSAR values by using Equation (3a), rewritten below: 

1𝑔_𝑜𝑟_10𝑔𝑆𝐴𝑅ሺ𝑡ሻ ൌ  
௣௢௜௡௧ௌ஺ோሺ௧ሻ

௣௢௜௡௧ௌ஺ோ_௉೗೔೘೔೟
∗ 1𝑔_𝑜𝑟_10𝑔𝑆𝐴𝑅_𝑃௟௜௠௜௧          (3a) 

where, 𝑝𝑜𝑖𝑛𝑡𝑆𝐴𝑅ሺ𝑡ሻ, 𝑝𝑜𝑖𝑛𝑡𝑆𝐴𝑅_𝑃௟௜௠௜௧, and 1𝑔_𝑜𝑟_10𝑔𝑆𝐴𝑅_𝑃௟௜௠௜௧ correspond to the measured 
instantaneous point SAR, measured point SAR at Plimit from above step 1 and 2, and measured 
1gSAR or 10gSAR values at Plimit obtained from Part 1 report and listed in Table 6-2 of this 
report. 

 



 
 

FCC ID: ZNFF100TM 
 

PART 2 RF EXPOSURE EVALUATION 
REPORT  

Approved by: 

Quality Manager 

Document S/N: Test Dates: DUT Type: 
Page 56 of 67 

1M2006150095-21-R1.ZNF 08/08/20 - 08/27/20 Portable Handset 
© 2020 PCTEST REV 1.0 
 04/06/2020 
©  2020  PCTEST All rights reserved. Unless otherwise specified, no part of this report may be reproduced or utilized in any part, form or by any means, electronic or mechanical, including photocopying and 
microfilm, without permission in writing from PCTEST. If you have any questions about this international copyright or have an enquiry about obtaining additional rights to this report or assembly of contents 
thereof, please contact INFO@PCTEST.COM. 

9.1.1 LTE Band 25  

SAR test results for test sequence 1: 

 

 

 

 

SAR test results for test sequence 2:  

 

 

 
 
 

 (W/kg) 

FCC 10gSAR limit 4.0 

Max 100s-time averaged point 10gSAR (green curve) 2.961 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 

 (W/kg) 

FCC 10gSAR limit 4.0 

Max 100s-time averaged 10gSAR (green curve) 2.998 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 
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9.1.2 LTE Band 48 

SAR test results for test sequence 1: 

 

 

 

 

SAR test results for test sequence 2:  

 

 

 
 
  

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 60s-time averaged point 1gSAR (green curve) 0.365 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 60s-time averaged 1gSAR (green curve) 0.353 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 
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9.1.3 UMTS B4 

SAR test results for test sequence 1: 

 

 

 

 

SAR test results for test sequence 2:  

 

 

 
 
 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged point 1gSAR (green curve) 0.994 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged 1gSAR (green curve) 0.988 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 
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9.1.4 UMTS B2 

SAR test results for test sequence 1: 

 

 

 

 

SAR test results for test sequence 2:  

 

 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged point 1gSAR (green curve) 1.128 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged 1gSAR (green curve) 1.135 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 



 
 

FCC ID: ZNFF100TM 
 

PART 2 RF EXPOSURE EVALUATION 
REPORT  

Approved by: 

Quality Manager 

Document S/N: Test Dates: DUT Type: 
Page 60 of 67 

1M2006150095-21-R1.ZNF 08/08/20 - 08/27/20 Portable Handset 
© 2020 PCTEST REV 1.0 
 04/06/2020 
©  2020  PCTEST All rights reserved. Unless otherwise specified, no part of this report may be reproduced or utilized in any part, form or by any means, electronic or mechanical, including photocopying and 
microfilm, without permission in writing from PCTEST. If you have any questions about this international copyright or have an enquiry about obtaining additional rights to this report or assembly of contents 
thereof, please contact INFO@PCTEST.COM. 

9.1.5 CDMA/EVDO BC1 

SAR test results for test sequence 1: 

 

 

 

 

SAR test results for test sequence 2:  

 

 

 
 
 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged point 1gSAR (green curve) 0.858 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged 1gSAR (green curve) 0.863 

Validated: Max time averaged SAR (green curve) is within 1 dB device uncertainty of measured 
SAR at Plimit (last column in Table 6-2). 
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9.1.6 NR n66 

SAR test results for test sequence 1: 

 

 

 

 

SAR test results for test sequence 2:  

 

 

 
 
 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged point 1gSAR (green curve) 0.481 

Validated: Max time averaged SAR (green curve) is within 1dB device uncertainty of 75% (with 
3dB Reserve_power_margin setting) of the measured SAR at Plimit (last column in Table 6-2). 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged 1gSAR (green curve) 0.476 

Validated: Max time averaged SAR (green curve) is within 1dB device uncertainty of 75% (with 
3dB Reserve_power_margin setting) of the measured SAR at Plimit (last column in Table 6-2). 
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9.1.7 NR n2 

SAR test results for test sequence 1: 

 

 

 

 

SAR test results for test sequence 2:  

 

 

 
 
 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged point 1gSAR (green curve) 0.464 

Validated: Max time averaged SAR (green curve) is within 1dB device uncertainty of 75% (with 
3dB Reserve_power_margin setting) of the measured SAR at Plimit (last column in Table 6-2). 

 (W/kg) 

FCC 1gSAR limit 1.6 

Max 100s-time averaged 1gSAR (green curve) 0.460 

Validated: Max time averaged SAR (green curve) is within 1dB device uncertainty of 75% (with 
3dB Reserve_power_margin setting) of the measured SAR at Plimit (last column in Table 6-2). 
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10 E Q U I P M E N T  L I S T  

 
Notes: 

1. CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler, or filter were 
connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.  The power meter offset 
was then adjusted to compensate for the measurement system losses. This level offset is stored within the power meter before 
measurements are made.  This calibration verification procedure applies to the system verification and output power measurements. 
The calibrated reading is then taken directly from the power meter after compensation of the losses for all final power measurements. 

2. Each equipment item is used solely within its respective calibration period. 
3. Due to the worldwide pandemic caused by the novel SAR-CoV-2 virus (COVID-19), special calibration extensions have been permitted 

by A2LA. Some equipment had its calibration period extended accordingly and will be calibrated when possible. 

Manufacturer Model Description Cal Date Cal Interval Cal Due Serial Number 
Agilent  8594A  (9kHz‐2.9GHz) Spectrum Analyzer  N/A  N/A N/A  3051A00187 

Agilent  E4438C  ESG Vector Signal Generator  3/8/2019 Biennial  3/8/2021 MY42082385 

Agilent  N9020A  MXA Signal Analyzer  12/19/2019 Annual  12/19/2020 MY48010233

Agilent  N5182A  MXG Vector Signal Generator  2/19/2020 Annual  2/19/2021 MY47420651 

Agilent  8753ES  S‐Parameter Network Analyzer  12/31/2019 Annual  12/31/2020 US39170122 

Agilent  N5182A  MXG Vector Signal Generator  5/13/2020 Annual  5/13/2021 MY47420603 

Agilent  E4438C  ESG Vector Signal Generator  3/8/2019 Biennial  3/8/2021 MY42082385 

Agilent  E4438C  ESG Vector Signal Generator  3/11/2019 Biennial  3/11/2021 MY45090700 

Agilent  8753ES  S‐Parameter Network Analyzer  1/16/2020 Annual  1/16/2021 US39170118 

Agilent  8753ES  S‐Parameter Vector Network Analyzer  9/19/2019 Annual  9/19/2020 MY40003841 

Amplifier Research  15S1G6  Amplifier  CBT N/A  CBT 433972

Amplifier Research  15S1G6  Amplifier  CBT N/A  CBT 433974

Anritsu  ML2495A  Power Meter  12/17/2019 Annual  12/17/2020 941001

Anritsu  MA24106A  USB Power Sensor  2/27/2020 Annual  2/27/2021 1520501

Anritsu  MA24106A  USB Power Sensor  2/27/2020 Annual  2/27/2021 1520503

Anritsu  ML2496A  Power Meter  12/17/2019 Annual  12/17/2020 1138001

Anritsu  MA2411B  Pulse Power Sensor  12/4/2019 Annual  12/4/2020 0846215

Anritsu  MA2411B  Pulse Power Sensor  12/4/2019 Annual  12/4/2020 1126066

COMTECH  AR85729‐5/5759B  Solid State Amplifier  CBT N/A  CBT M3W1A00‐1002 

COMTech  AR85729‐5  Solid State Amplifier  CBT N/A  CBT M1S5A00‐009 

Control Company  4352 Ultra Long Stem Thermometer  11/29/2018 Biennial  11/29/2020 181766801

Control Company  4040 Therm./ Clock/ Humidity Monitor  10/9/2018 Biennial  10/9/2020 181647811

Control Company  4352 Long Stem Thermometer  6/26/2019 Biennial  6/26/2021 192282753

K & L  11SH10‐1300/U4000 High Pass Filter N/A  N/A  N/A  11SH10‐1300/U4000 ‐ 2

Keysight Technologies  772D  Dual Directional Coupler  CBT N/A  CBT MY52180215 

Keysight Technologies  E7515B UXM 5G Wireless Test Platform 6/11/2019 Annual  12/11/2020 MY59150289

Keysight Technologies  M1740A mmWave Transceiver 5/7/2019 Annual  11/7/2020 MY58481076

Keysight Technologies  M1740A mmWave Transceiver 5/7/2019 Annual  11/7/2020 MY58481133

Keysight Technologies  E7770A Common Interface Unit 4/29/2019 Annual  10/29/2020 MY58290483

Krytar 110067006 Directional Coupler, 10 ‐ 67 GHz  N/A  N/A N/A  200391

MCL  BW‐N6W5+  6dB Attenuator  CBT N/A  CBT 1139

Mini Circuits  ZA2PD2‐63‐S+ Power Splitter CBT N/A  CBT SUU64901930

Mini Circuits  ZAPD‐2‐272‐S+ Power Splitter CBT N/A  CBT SF702001405

MIniCircuits NLP‐1200+ Low Pass Filter N/A  N/A  N/A  VUU78201318

MiniCircuits  SLP‐2400+  Low Pass Filter  CBT N/A  CBT R8979500903 

MiniCircuits  VLF‐6000+  Low Pass Filter  CBT N/A  CBT N/A 

Mini‐Circuits  BW‐N20W5+  DC to 18 GHz Precision Fixed 20 dB Attenuator  CBT N/A  CBT N/A 

Mini‐Circuits  NLP‐2950+  Low Pass Filter DC to 2700 MHz  CBT N/A  CBT N/A 

Mini‐Circuits  NLP‐1200+  Low Pass Filter DC to 1000 MHz  CBT N/A  CBT N/A 

Mini‐Circuits  BW‐N20W5  Power Attenuator  CBT N/A  CBT 1226

Narda 4216‐10 Directional Coupler, 0.5 to 8.0 GHz, 10 dB 5/16/2019 Annual  11/16/2020 01492

Narda 4216‐10 Directional Coupler, 0.5 to 8.0 GHz, 10 dB 5/16/2019 Annual  11/16/2020 01493

Narda  4772‐3  Attenuator  CBT N/A  CBT 9406

Narda  BW‐S3W2  Attenuator  CBT N/A  CBT 120

Narda  BW‐S10W2+ Attenuator  CBT N/A  CBT 831

Narda  4014C‐6  4 ‐ 8 GHz SMA 6 dB Directional Coupler    CBT N/A  CBT N/A 

Newmark System NSC‐G2 Motion Controller CBT N/A  CBT 1007‐D

Pasternack  PE2208‐6  Bidirectional Coupler  CBT N/A  CBT N/A 

Pasternack  PE2209‐10  Bidirectional Coupler  CBT N/A  CBT N/A 

Ramsey Electronics, LLC STE6300 Shielded Test Enclosure N/A  N/A N/A  1310

Rohde & Schwarz  CMW500  Radio Communication Tester  3/27/2020 Annual  3/27/2021 128633

Rohde & Schwarz  NRP8S  3‐Path Dipole Power Sensor 6/1/2019 Annual  12/1/2020 108168

Rohde & Schwarz  NRP8S  3‐Path Dipole Power Sensor 6/1/2019 Annual  12/1/2020 108523

Rohde & Schwarz  NRP8S  3‐Path Dipole Power Sensor 6/10/2020 Annual  6/10/2021 109322

Rohde & Schwarz  NRP50S 3‐Path Dipole Power Sensor 6/1/2019 Annual  12/1/2020 101164

SPEAG  DAK‐3.5  Dielectric Assessment Kit  10/22/2019 Annual  10/22/2020 1091

SPEAG  D1750V2  1750 MHz SAR Dipole  10/22/2018 Biennial  10/22/2020 1150

SPEAG  D1900V2  1900 MHz SAR Dipole  2/21/2019 Biennial  2/21/2021 5d148 

SPEAG  D3700V2  3700 MHz SAR Dipole  1/21/2020 Annual  1/21/2021 1067

SPEAG  DAE4  Dasy Data Acquisition Electronics  4/15/2020 Annual  4/15/2021 1582

SPEAG  DAE4  Dasy Data Acquisition Electronics  12/18/2019 Annual  12/18/2020 859

SPEAG  EX3DV4  SAR Probe  3/18/2020 Annual  3/18/2021 7526



 
 

FCC ID: ZNFF100TM 
 

PART 2 RF EXPOSURE EVALUATION 
REPORT  

Approved by: 

Quality Manager 

Document S/N: Test Dates: DUT Type: 
Page 64 of 67 

1M2006150095-21-R1.ZNF 08/08/20 - 08/27/20 Portable Handset 
© 2020 PCTEST REV 1.0 
 04/06/2020 
©  2020  PCTEST All rights reserved. Unless otherwise specified, no part of this report may be reproduced or utilized in any part, form or by any means, electronic or mechanical, including photocopying and 
microfilm, without permission in writing from PCTEST. If you have any questions about this international copyright or have an enquiry about obtaining additional rights to this report or assembly of contents 
thereof, please contact INFO@PCTEST.COM. 

11 M E A S U R E M E N T  U N C E R T A I N T I E S  

For SAR Measurements 

 
  

a c d e= f g h = i = k

f(d,k)  c x f/e c x g/e

Tol . Prob. c i c i 1gm 10gms

(± %) Dist . Div . 1gm 10 gms ui ui v i 

(± %) (± %)

Probe Calibration 6.55 N 1 1.0 1.0 6.6 6.6 ∞

Axial Isotropy 0.25 N 1 0.7 0.7 0.2 0.2 ∞

Hemishperical Isotropy 1.3 N 1 0.7 0.7 0.9 0.9 ∞

Boundary Effect 2.0 R 1.73 1.0 1.0 1.2 1.2 ∞

Linearity 0.3 N 1 1.0 1.0 0.3 0.3 ∞

System Detection Limits 0.25 R 1.73 1.0 1.0 0.1 0.1 ∞

Readout Electronics 0.3 N 1 1.0 1.0 0.3 0.3 ∞

Response Time 0.8 R 1.73 1.0 1.0 0.5 0.5 ∞

Integration Time 2.6 R 1.73 1.0 1.0 1.5 1.5 ∞

RF Ambient Conditions - Noise 3.0 R 1.73 1.0 1.0 1.7 1.7 ∞

RF Ambient Conditions - Reflections 3.0 R 1.73 1.0 1.0 1.7 1.7 ∞

Probe Positioner Mechanical Tolerance 0.4 R 1.73 1.0 1.0 0.2 0.2 ∞

Probe Positioning w/ respect to Phantom 6.7 R 1.73 1.0 1.0 3.9 3.9 ∞

Extrapolation, Interpolation & Integration algorithms for 

Max. SAR Evaluation
4.0 R 1.73 1.0 1.0 2.3 2.3 ∞

Test Sample Related

Test Sample Positioning 2.7 N 1 1.0 1.0 2.7 2.7 35

Device Holder Uncertainty 1.67 N 1 1.0 1.0 1.7 1.7 5

Output Power Variation - SAR drift measurement 5.0 R 1.73 1.0 1.0 2.9 2.9 ∞
SAR Scaling 0.0 R 1.73 1.0 1.0 0.0 0.0 ∞

Phantom & Tissue Parameters

Phantom Uncertainty (Shape & Thickness tolerances) 7.6 R 1.73 1.0 1.0 4.4 4.4 ∞

Liquid Conductivity - measurement uncertainty 4.2 N 1 0.78 0.71 3.3 3.0 10

Liquid Permittivity - measurement uncertainty 4.1 N 1 0.23 0.26 1.0 1.1 10

Liquid Conductivity - Temperature Uncertainty 3.4 R 1.73 0.78 0.71 1.5 1.4 ∞

Liquid Permittivity - Temperature Unceritainty 0.6 R 1.73 0.23 0.26 0.1 0.1 ∞

Liquid Conductivity - deviation from target values 5.0 R 1.73 0.64 0.43 1.8 1.2 ∞

Liquid Permittivity - deviation from target values 5.0 R 1.73 0.60 0.49 1.7 1.4 ∞

Combined Standard Uncertainty (k=1) RSS 11.5 11.3 60

Expanded Uncertainty k=2 23.0 22.6

(95% CONFIDENCE LEVEL)

Uncerta inty  Component

Measurement System
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12 C O N C L U S I O N  

M M   
Measurement Conclusion 
 
The SAR evaluation indicates that the DUT complies with the RF radiation exposure limits of the FCC and 
Innovation, Science, and Economic Development Canada, with respect to all parameters subject to this test. 
These measurements were taken to simulate the RF effects of RF exposure under worst-case conditions. Precise 
laboratory measures were taken to assure repeatability of the tests.  The results and statements relate only to the 
item(s) tested.   
 
Please note that the absorption and distribution of electromagnetic energy in the body are very complex 
phenomena that depend on the mass, shape, and size of the body, the orientation of the body with respect to the 
field vectors, and the electrical properties of both the body and the environment.  Other variables that may play a 
substantial role in possible biological effects are those that characterize the environment (e.g. ambient 
temperature, air velocity, relative humidity, and body insulation) and those that characterize the individual (e.g. 
age, gender, activity level, debilitation, or disease).  Because various factors may interact with one another to vary 
the specific biological outcome of an exposure to electromagnetic fields, any protection guide should consider 
maximal amplification of biological effects as a result of field-body interactions, environmental conditions, and 
physiological variables. [3] 
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A1 
 

PCTEST 

Date: 08-10-2020 

1750MHz Body Verification 

Medium 

Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

1750.0 1750 Body 1.48 54.0 23.1 21.6 

Exposure Conditions 

Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 

Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 (Right) - 1981 D1750V2 - SN1150 EX3DV4 - SN7526, 2020-03-18 7.62 DAE4 Sn859, 2019-12-18 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 60.0 x 90.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 15.0 x 15.0 6.0 x 6.0 x 5.0 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No No 

Grading Ratio n/a n/a 

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 3.89 

psSAR10g [W/Kg] 2.07 

Dev. 1g [%] 6.28 

 

 



A2 
 

PCTEST 

Date: 08-25-2020 

1750MHz Body Verification 

Medium 

Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

1750.0 1750 Body 1.44 52.8 22.7 21.8 

Exposure Conditions 

Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 

Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 - 1978 D1750V2 - SN1150 EX3DV4 - SN7526, 2020-03-18 7.62 DAE4 Sn1582, 2020-04-15 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 60.0 x 90.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 15.0 x 15.0 6.0 x 6.0 x 5.0 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No No 

Grading Ratio n/a n/a 

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 3.67 

psSAR10g [W/Kg] 1.96 

Dev. 1g [%] 0.27 

 

 



A3 
 

PCTEST 

Date: 08-10-2020 

1900MHz Body Verification  

Medium 

Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

1900.0 1900 Body 1.58 53.8 23.1 21.6 

Exposure Conditions 

Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 

Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 (Right) - 1981 D1900V2 - SN5d148 EX3DV4 - SN7526, 2020-03-18 7.33 DAE4 Sn859, 2019-12-18 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 60.0 x 90.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 15.0 x 15.0 6.0 x 6.0 x 5.0 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No No 

Grading Ratio n/a n/a 

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 4.17 

psSAR10g [W/Kg] 2.15 

Dev. 1g [%] 6.65 

 

 



A4 
 

PCTEST 

Date: 08-24-2020 

1900MHz Body Verification 

Medium 

Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

1900.0 1900 Body 1.58 53.0 22.2 21.3 

Exposure Conditions 

Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 

Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 (Right) - 1981 D1900V2 - SN5d148 EX3DV4 - SN7526, 2020-03-18 7.33 DAE4 Sn859, 2019-12-18 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 60.0 x 90.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 15.0 x 15.0 6.0 x 6.0 x 5.0 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No No 

Grading Ratio n/a n/a 

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 4.16 

psSAR10g [W/Kg] 2.15 

Dev. 10g [%] 4.88 

 

 



A5 
 

PCTEST 

Date: 08-25-2020 

1900MHz Body Verification 

Medium 

Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

1900.0 1900 Body 1.55 52.6 22.7 21.8 

Exposure Conditions 

Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 

Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 - 1978 D1900V2 - SN5d148 EX3DV4 - SN7526, 2020-03-18 7.33 DAE4 Sn1582, 2020-04-15 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 60.0 x 90.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 15.0 x 15.0 6.0 x 6.0 x 5.0 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No No 

Grading Ratio n/a n/a 

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 3.80 

psSAR10g [W/Kg] 2.00 

Dev. 1g [%] -2.81 

 

 



A6 
 

PCTEST 

Date: 08-27-2020 

3700MHz Body Verification 

Medium 

Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

3700.0 3700 Body 3.39 49.0 22.0 19.5 

Exposure Conditions 

Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 

Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 (Right) - 1981 D3700V2 - SN1067 EX3DV4 - SN7526, 2020-03-18 5.8 DAE4 Sn859, 2019-12-18 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 40.0 x 80.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 10.0 x 10.0 4.0 x 4.0 x 1.4 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No Yes 

Grading Ratio n/a 1.4 

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 6.59 

psSAR10g [W/Kg] 2.42 

Dev. 1g [%] 1.07 
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  Measurement Procedure for Tissue verification: 

1) The network analyzer and probe system were configured and calibrated. 
2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container. 

Trapped air bubbles beneath the flange were minimized by placing the probe at a slight angle. 
3) The complex admittance with respect to the probe aperture was measured 
4) The complex relative permittivity ε’

 can be calculated from the below equation (Pournaropoulos 
and Misra): 

 

where Y is the admittance of the probe in contact with the sample, the primed and unprimed coordinates refer to 

source and observation points, respectively, ,  is the angular frequency, and . 

 
 

 
 

 
Figure B -13-1 

Note: Liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual liquids utilized, 
the manufacturer tissue-equivalent liquid data sheets are provided below. 
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Figure B-13-2 

600 – 5800 MHz Body Tissue Equivalent Matter
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A P P E N D I X  C :  S A R  S Y S T E M  V A L I D A T I O N  

 
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 D01v01r04 and IEEE 1526-2013. 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 C-1 
SAR System Validation Summary – 1g 

 
 

Table C-2 
SAR System Validation Summary – 10g 

 
 
NOTE: While 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.

SENSITIVITY
PROBE

LINEARITY

PROBE 

ISOTROPY

MOD.

TYPE

DUTY

FACTOR
PAR

M 1750 5/19/2020 7526 1750 Body 1.507 51.979 PASS PASS PASS N/A N/A N/A

N 1750 5/14/2020 7526 1750 Body 1.463 52.562 PASS PASS PASS N/A N/A N/A

N 1900 5/14/2020 7526 1900 Body 1.562 52.331 PASS PASS PASS GMSK PASS N/A

M 1900 5/19/2020 7526 1900 Body 1.585 53.549 PASS PASS PASS GMSK PASS N/A

M 3700 5/21/2020 7526 3700 Body 3.394 51.953 PASS PASS PASS TDD PASS N/A

SAR 

System

Freq.

(MHz)
Date

Probe 

SN
Probe Cal Point

Cond.

(σ)

Perm.

(εr)

CW VALIDATION MOD. VALIDATION

SENSITIVITY
PROBE

LINEARITY

PROBE 

ISOTROPY

MOD.

TYPE

DUTY

FACTOR
PAR

M 1900 5/19/2020 7526 1900 Body 1.585 53.549 PASS PASS PASS GMSK PASS N/A

SAR 

System

Freq.

(MHz)
Date

Probe 

SN
Probe Cal Point

Cond.

(σ)

Perm.

(εr)

CW VALIDATION MOD. VALIDATION
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A P P E N D I X  E :  T E S T  S E Q U E N C E S  

1. Test sequence is generated based on below parameters of the DUT: 

a. Measured maximum power (Pmax) 

b. Measured Tx_power_at_SAR_design_target (Plimit) 

c. Reserve_power_margin (dB) 

● Preserve (dBm) = measured Plimit (dBm) – Reserve_power_margin (dB) 

d. SAR_time_window (100s for FCC) 

2. Test Sequence 1 Waveform: 

Based on the parameters above, the Test Sequence 1 is generated with one transition 

between high and low Tx powers. Here, high power = Pmax; low power = Pmax/2, and the 

transition occurs after 80 seconds at high power Pmax. As long as the power enforcement 

is taking into effective during one 100s/60s time window, the validation test with this 

defined test sequence 1 is valid, otherwise, select other radio configuration (band/DSI 

within the same technology group) having lower Plimit for this test. The Test sequence 1 

waveform is shown below:   

 

 

Figure E-1 
Test sequence 1 waveform 
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3. Test Sequence 2 Waveform: 

Based on the parameters described above, the Test Sequence 2 is generated as described in 
Table 8-1, which contains two 170 second-long sequences (yellow and green highlighted rows) 
that are mirrored around the center row of 20s, resulting in a total duration of 360 seconds: 

Table E-1  
Test Sequence 2 

Time duration 
(seconds) 

dB relative to Plimit or Preserve 

15 Preserve – 2 

20 Plimit 

20 (Plimit + Pmax)/2 averaged in mW and rounded to nearest 
0.1 dB step 

10 Preserve – 6 

20 Pmax 

15 Plimit 

15 Preserve – 5 

20 Pmax 

10 Preserve – 3 

15 Plimit 

10 Preserve – 4 

20 (Plimit + Pmax)/2 averaged in mW and rounded to nearest 
0.1 dB step 

10 Preserve – 4 

15 Plimit 

10 Preserve – 3 

20 Pmax 

15 Preserve – 5 

15 Plimit 

20 Pmax 

10 Preserve – 6 

20 (Plimit + Pmax)/2 averaged in mW and rounded to nearest 
0.1 dB step 

20 Plimit 

15 Preserve – 2 
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The Test Sequence 2 waveform is shown in Figure E-2. 

 

Figure E-2 
Test sequence 2 waveform
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A P P E N D I X F : T E S T P R O C E D U R E S F O R S U B 6 N R + N R R A D I O

Appendix F provides the test procedures for validating Qualcomm Smart Transmit feature for
LTE + Sub6 NR non-standalone (NSA) mode transmission scenario, where sub-6GHz LTE link 
acts as an anchor. 

F.1 Time-varying Tx power test for sub6 NR in NSA mode

Follows Section 4.2.1 to select test configurations for time-varying test. This test is performed 
with two pre-defined test sequences (described in Section 4.1) applied to Sub6 NR (with LTE on 
all-down bits or low power for the entire test after establishing the LTE+Sub6 NR call with the 
callbox). Follow the test procedures described in Section 4.3.1 to demonstrate the effectiveness 
of power limiting enforcement and that the time averaged Tx power of Sub6 NR when converted 
into 1gSAR values does not exceed the regulatory limit at all times (see Eq. (1a) and (1b)). 
Sub6 NR response to test sequence1 and test sequence2 will be similar to other technologies 
(say, LTE), and are shown in Sections 9.1.6 and 9.1.7. 

F.2 Switch in SAR exposure between LTE vs. Sub6 NR during transmission

This test is to demonstrate that Smart Transmit feature accurately accounts for switching in 
exposures among SAR for LTE radio only, SAR from both LTE radio and sub6 NR, and SAR 
from sub6 NR only scenarios, and ensures total time-averaged RF exposure compliance with 
FCC limit. 

Test procedure: 

4. Measure conducted Tx power corresponding to Plimit for LTE and sub6 NR in selected band.
Test condition to measure conducted Plimit is:

□ Establish device in call with the callbox for LTE in desired band. Measure conducted Tx
power corresponding to LTE Plimit with Smart Transmit enabled and
Reserve_power_margin set to 0 dB, callbox set to request maximum power.

□ Repeat above step to measure conducted Tx power corresponding to Sub6 NR Plimit. If
testing LTE+Sub6 NR in non-standalone mode, then establish LTE+Sub6 NR call with
callbox and request all down bits for radio1 LTE. In this scenario, with callbox requesting
maximum power from Sub6 NR, measured conducted Tx power corresponds to radio2
Plimit (as radio1 LTE is at all-down bits)

5. Set Reserve_power_margin to actual (intended) value with EUT setup for LTE + Sub6 NR
call. First, establish LTE connection in all-up bits with the callbox, and then Sub6 NR
connection is added with callbox requesting UE to transmit at maximum power in Sub6 NR.
As soon as the Sub6 NR connection is established, request all-down bits on LTE link
(otherwise, Sub6 NR will not have sufficient RF exposure margin to sustain the call with LTE
in all-up bits). Continue LTE (all-down bits) + Sub6 NR transmission for more than one time-
window duration to test predominantly Sub6 NR SAR exposure scenario (as SAR exposure
is negligible from all-down bits in LTE). After at least one time-window, request LTE to go all-
up bits to test LTE SAR and Sub6 NR SAR exposure scenario. After at least one more time-
window, drop (or request all-down bits) Sub6 NR transmission to test predominantly LTE
SAR exposure scenario. Continue the test for at least one more time-window. Record the
conducted Tx powers for both LTE and Sub6 NR for the entire duration of this test.
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6. Once the measurement is done, extract instantaneous Tx power versus time for both LTE
and Sub6 NR links. Similar to technology/band switch test in Section 4.3.3, convert the
conducted Tx power for both these radios into 1gSAR value (see Eq. (6a) and (6b)) using
corresponding technology/band Plimit measured in Step 1, and then perform 100s running
average to determine time-averaged 1gSAR versus time as illustrated in Figure 4-1. Note
that here it is assumed both radios have Tx frequencies < 3GHz, otherwise, 60s running
average should be performed for radios having Tx frequency between 3GHz and 6GHz.

7. Make one plot containing: (a) instantaneous Tx power versus time measured in Step 2.

8. Make another plot containing: (a)  instantaneous 1gSAR versus time determined in Step 3,
(b) computed time-averaged 1gSAR versus time determined in Step 3, and (c)
corresponding regulatory 1gSARlimit of 1.6W/kg.

The validation criteria is, at all times, the time-averaged 1gSAR versus time shall not exceed the 
regulatory 1gSARlimit of 1.6W/kg. 

file://///armory/voodoo/Lin/5G/RT_RF_2018/FCC_Cert/On_Target/QRD_MTP/QC_KDB_and_QRD_FCC_RF_exposure_report/Updated_reports/Updated_Part_2_Add_time_window_transition/RevF/80-W2112-5_F_RF_EXP_Com_Test_Rpt_FCC_Eqpt_Auth_QRD_CV2_Part_2_Dyn_Tran_Cond_FINAL.docm%23step55
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Certification of Calibration 
 

Object         D1750V2 – SN:1150 
 
Calibration procedure(s)  Procedure for Calibration Extension for SAR Dipoles. 
 
Extended Calibration date:  October 18, 2019  
 
Description:    SAR Validation Dipole at 1750 MHz. 
 
 
Calibration Equipment used: 

 
Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or 
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path. 

 

Measurement Uncertainty = ±23% (k=2) 

 Name  Function  Signature  

Calibrated By:  Brodie Halbfoster Team Lead Engineer 
 

Approved By: Kaitlin O’Keefe Senior Technical 
Manager  

 

 

Manufacturer Model Description Cal Date Cal Interval Cal Due Serial Number 

Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 15S1G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406

Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181 
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307

Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A 
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 MY47420837 

Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A 
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A 
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A 

SPEAG EX3DV4 SAR Probe 8/16/2019 Annual 8/16/2020 7308
SPEAG EX3DV4 SAR Probe 4/24/2019 Annual 4/24/2020 7357
SPEAG DAE4 Dasy Data Acquisition Electronics 4/18/2019 Annual 4/18/2020 1407
SPEAG DAE4 Dasy Data Acquisition Electronics 8/14/2019 Annual 8/14/2020 1450
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DIPOLE CALIBRATION EXTENSION 
Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles 
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained 
stable according to the following requirements: 

1. The measured SAR does not deviate more than 10% from the target on the calibration 
certificate. 

2. The return-loss does not deviate more than 20% from the previous measurement and meets the 
required 20dB minimum return-loss requirement. 

3. The measurement of real or imaginary parts of impedance does not deviate more than 5Ω from 
the previous measurement. 

The following dipole was checked to pass the above 3 requirements to have 2-year calibration period 
from the calibration date: 

 

 

 

  

Calibration 
Date Extension Date

Certificate 
Electrical 

Delay (ns)

Certificate 
SAR Target 
Head (1g) 

W/kg @ 20.0 
dBm

Measured 
Head SAR (1g) 
W/kg @ 20.0 

dBm

Deviation 1g 
(%)

Certificate 
SAR Target 
Head (10g) 

W/kg @ 20.0 
dBm

Measured 
Head SAR 

(10g) W/kg @ 
20.0 dBm

Deviation 10g 
(%)

Certificate 
Impedance 
Head (Ohm) 

Real

Measured 
Impedance 
Head (Ohm) 

Real

Difference 
(Ohm) Real

Certificate 
Impedance 
Head (Ohm) 
Imaginary

Measured 
Impedance 
Head (Ohm) 
Imaginary

Difference 
(Ohm) 

Imaginary

Certificate 
Return Loss 
Head (dB)

Measured 
Return Loss 
Head (dB)

Deviation (%) PASS/FAIL

10/22/2018 10/18/2019 1.217 3.65 3.8 4.11% 1.92 2 4.17% 50.9 49.3 1.6 0.4 -0.7 1.1 -40.1 -40.2 -0.20% PASS

Calibration 
Date Extension Date

Certificate 
Electrical 

Delay (ns)

Certificate 
SAR Target 
Body (1g) 

W/kg @ 20.0 
dBm

Measured 
Body SAR (1g) 
W/kg @ 20.0 

dBm

Deviation 1g 
(%)

Certificate 
SAR Target 
Body (10g) 

W/kg @ 20.0 
dBm

Measured 
Body SAR 

(10g) W/kg @ 
20.0 dBm

Deviation 10g 
(%)

Certificate 
Impedance 
Body (Ohm) 

Real

Measured 
Impedance 
Body (Ohm) 

Real

Difference 
(Ohm) Real

Certificate 
Impedance 
Body (Ohm) 
Imaginary

Measured 
Impedance 
Body (Ohm) 
Imaginary

Difference 
(Ohm) 

Imaginary

Certificate 
Return Loss 
Body (dB)

Measured 
Return Loss 
Body (dB)

Deviation (%) PASS/FAIL

10/22/2018 10/18/2019 1.217 3.66 3.82 4.37% 1.94 2.02 4.12% 46.6 44.7 1.9 -0.1 -0.8 0.7 -29.2 -25 14.40% PASS
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Impedance & Return-Loss Measurement Plot for Head TSL  
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Impedance & Return-Loss Measurement Plot for Body TSL  
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Certification of Calibration 
 

Object         D1900V2 – SN: 5d148 
 
Calibration procedure(s)  Procedure for Calibration Extension for SAR Dipoles. 
 
Extension Calibration date:  2/21/2020  
 
Description:    SAR Validation Dipole at 1900 MHz. 
 
 
Calibration Equipment used: 

 

Measurement Uncertainty = ±23% (k=2) 

 Name  Function  Signature  

Calibrated By:  Brodie Halbfoster Test Engineer  
 

Approved By: Kaitlin O’Keefe Senior Technical 
Manager  

 

 

  

Manufacturer Model Description Cal Date Cal Interval Cal Due Serial Number 

Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 15S1G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406

Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181 
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307

Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A 
SPEAG DAKS-3.5 Portable DAK 9/10/2019 Annual 9/10/2020 1045
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 MY47420837 

Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A 
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A 

SPEAG EX3DV4 SAR Probe 9/19/2019 Annual 9/19/2020 7551
SPEAG EX3DV4 SAR Probe 7/16/2019 Annual 7/16/2020 7410
SPEAG DAE4 Dasy Data Acquisition Electronics 9/17/2019 Annual 9/17/2020 1333
SPEAG DAE4 Dasy Data Acquisition Electronics 7/11/2019 Annual 7/11/2020 1322
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DIPOLE CALIBRATION EXTENSION 
Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles 
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained 
stable according to the following requirements: 

1. The measured SAR does not deviate more than 10% from the target on the calibration 
certificate. 

2. The return-loss does not deviate more than 20% from the previous measurement and meets the 
required 20dB minimum return-loss requirement. 

3. The measurement of real or imaginary parts of impedance does not deviate more than 5Ω from 
the previous measurement. 

The following dipole was checked to pass the above 3 requirements to have 2-year calibration period 
from the calibration date: 

 

  

Calibration 
Date Extension Date

Certificate 
Electrical 

Delay (ns)

Certificate 
SAR Target 
Head (1g) 

W/kg @ 20.0 
dBm

Measured 
Head SAR (1g) 
W/kg @ 20.0 

dBm

Deviation 1g 
(%)

Certificate 
SAR Target 
Head (10g) 

W/kg @ 20.0 
dBm

Measured 
Head SAR 

(10g) W/kg @ 
20.0 dBm

Deviation 10g 
(%)

Certificate 
Impedance 
Head (Ohm) 

Real

Measured 
Impedance 
Head (Ohm) 

Real

Difference 
(Ohm) Real

Certificate 
Impedance 
Head (Ohm) 
Imaginary

Measured 
Impedance 
Head (Ohm) 
Imaginary

Difference 
(Ohm) 

Imaginary

Certificate 
Return Loss 
Head (dB)

Measured 
Return Loss 
Head (dB)

Deviation (%) PASS/FAIL

2/21/2019 2/21/2020 1.17 3.91 4.15 6.14% 2.04 2.13 4.41% 51.8 53.7 1.9 6.8 2.7 4.1 -23.2 -27.1 -16.70% PASS

Calibration 
Date Extension Date

Certificate 
Electrical 

Delay (ns)

Certificate 
SAR Target 
Body (1g) 

W/kg @ 20.0 
dBm

Measured 
Body SAR (1g) 
W/kg @ 20.0 

dBm

Deviation 1g 
(%)

Certificate 
SAR Target 
Body (10g) 

W/kg @ 20.0 
dBm

Measured 
Body SAR 

(10g) W/kg @ 
20.0 dBm

Deviation 10g 
(%)

Certificate 
Impedance 
Body (Ohm) 

Real

Measured 
Impedance 
Body (Ohm) 

Real

Difference 
(Ohm) Real

Certificate 
Impedance 
Body (Ohm) 
Imaginary

Measured 
Impedance 
Body (Ohm) 
Imaginary

Difference 
(Ohm) 

Imaginary

Certificate 
Return Loss 
Body (dB)

Measured 
Return Loss 
Body (dB)

Deviation (%) PASS/FAIL

2/21/2019 2/21/2020 1.17 3.91 4.06 3.84% 2.05 2.08 1.46% 48.4 50.9 2.5 7.8 5.4 2.4 -21.9 -25.3 -15.60% PASS
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Impedance & Return-Loss Measurement Plot for Head TSL  
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Impedance & Return-Loss Measurement Plot for Body TSL  

 

 

 




















































