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Laird Technologies Test Services in Review

The Laird Technologies, Inc. laboratory located at W66 N220 Commerce Court Cedarburg, Wisconsin,
53012 USA is recognized through the following organizations:

(I

lACCREDITEDI

TESTING CERT #1255.01

A2LA - American Association for Laboratory Accreditation
Accreditation based on ISO/IEC 17025: 2017 with Electrical (EMC) Scope
A2LA Certificate Number: 1255.01
Scope of accreditation includes all test methods listed herein, unless otherwise noted.

C

Federal Communications Commission (FCC) — USA
Accredited recognition of two 3 meter Semi-Anechoic Chambers

Accredited Test Firm Registration Number: 953492

I * Government
of Canada
Innovation, Science and Economic Development Canada
ISED Site listing of two 3 meter Semi-Anechoic Chambers based on RSS-GEN — Issue 4

File Number: IC 3088A-2
File Number: IC 3088A-3
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1 TEST REPORT SUMMARY

During 1/17/19-3/18/19 the Equipment Under Test (EUT), Human Headphones (Left & Right), as
provided by Human Inc. was tested to the following requirements:

Federal Communications Commission Title 47

Radiated Emissions -
15.209 (a) Fundamental 30 uw/m @ 30m ANSI C63.10 Yes
15.209 (c) aralleiestt) SlEOs = oo e mndertel ANEEEELE Yes
Spurious
15.207 (a) Conducted AC Emissions See Section 5.2 ANSI C63.10 Yes
2.1049 Occupied Bandwidth Reported ANSI C63.10 Reported
Notice:

The results relate only to the item tested and described in this report. Any modifications made to the
equipment under test after the specified test date(s) may invalidate the data herein.

If the resulting measurement margin is seen to be within the uncertainty value, as listed in this report,
the possibility exists that this unit may not meet the required limit specification if subsequently tested.

Company: Human Inc. Name: Human Headphones (Left & Right)
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2 CLIENT INFORMATION
Company Name Human Inc.
Contact Person Jingping Ma
3100 Airport Way 25-512
Address
Seattle, WA 98134
2.1 Equipment Under Test (EUT) Information

The following information has been supplied by the client

Product Name Human Headphones
Model Number Left 1701
FCC ID Left 2ARJG-1701

Model Number Right 1702

FCC ID Right 2ARJG-1702
Serial Numbers 7406, 7354
2.2 Product Description

Left (model 1701) and right (model 1702) ear headphone units. The unit has two modes of
operation; amplify mode when both ears are together and headphone mode when the units are
on the user’s head. The units use 10.5 MHz NFMI when in headphone mode to communicate with
each other and 14.8 MHz NFMI while in amplify mode. The right ear unit receives audio via
Bluetooth classic and input commands via BLE. The left ear unit receives OTA updates via BLE/BT.

The units are powered via 3.7 VDC Li-ion batteries. They are charged via a 5-pin charging port
connected to a wall wart capable of an input voltage of 100-240 VAC, 50-60 Hz. The antenna for
BLE/BT is a custom monopole antenna with a peak gain of 2.5 dBi. The manufacturer declared
tune up tolerance is £1 dB.

2.3 Modifications Incorporated for Compliance
None noted at time of test
2.4 Deviations and Exclusions from Test Specifications
None noted at time of test
Company: Human Inc. Name: Human Headphones (Left & Right)
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2.5 Programming Information

Two software applications were used to program the radios. Airoha AB152C Lab Test Tool,
v2.1.1.15730 and Docklight v2.2.8.

Company: Human Inc. Name: Human Headphones (Left & Right)
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3 REFERENCES

ANSI C63.10 - 2013

CFR Title 47 - 2018
Company: Human Inc. Name: Human Headphones (Left & Right)
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4 UNCERTAINTY SUMMARY

Using the guidance of the following publications the calculated measurement uncertainty represents an expanded
uncertainty expressed at approximately the 95 % confidence level, using a coverage factor of k = 2.

CISPR 16-4-1 Ed. 2 (2009-02)
CISPR 16-4-2 Ed. 2 (2011-06)
CISPR 32 Ed. 1(2012-01)
ANSI C63.23 2012
A2LAP103 February 4, 2016
A2LA P103c August 10, 2015
ETSI TR 100-028 V1.3.1(2001-03)

Radiated Emissions Biconical Antenna 5.0dB
Radiated Emissions Log Periodic Antenna 5.3dB
Radiated Emissions Horn Antenna 4.7 dB

AC Line Conducted Emissions Artificial Mains Network 3.4dB
Telecom Conducted Emissions Asymmetric Artificial Network 4.9dB
Disturbance Power Emissions Absorbing Clamp 4.1dB
Radiated Immunity 3 Volts/meter 2.2dB
Conducted Immunity CDN/EM/BCI 2.4/3.5/3.4dB
EFT Burst/Surge Peak pulse voltage 164 volts
ESD Immunity 15 kV level 1377 Volts

Radio Frequency, from FO 1x107 0.55x107
Occupied Channel Bandwidth 5% 2%
RF conducted Power (Power 1.5 dB 1.2 dB
Meter)

RF conducted emissions

(Spectrum Analyzer) el L7 el

All emissions, radiated 6.0dB 5.3dB
Temperature 1°C 0.65°C

Humidity 5% 29%

Supply voltages 3% 1%

Company: Human Inc. Name: Human Headphones (Left & Right)
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5 TEST DATA

5.1 Radiated Emissions

Description of
Measurement

The frequency spectrum is investigated for intentional and / or unintentional signals
emanating from the EUT by use of a standardized test site and measurement
antenna.

The antenna, cable, pre-amp, and other necessary measurement system correction
factors are loaded onto the EMI receiver / spectrum analyzer when the
measurements are performed allowing the data to be gathered and reported as
corrected values.

The maximum emissions from the EUT are determined by turn-table azimuth
rotation (360°) and scanning of the measurement antenna. Maximized levels are
noted at degree values of azimuth, measurement antenna height, and measurement
antenna polarity.

Example
Calculations

Measurement (dBuV) + Cable factor (dB) + Other (dB) + Antenna Factor (dB/m) =
Corrected Reading (dBuV/m)

Margin (dB) = Limit (dBuV/m) - Corrected Reading (dBuV/m)

Example at 4000 MHz:

Reading = 40 dBuV + 3.4 dB + 0.9 dB + 6.5 dB/m = 50.8 dBuV/m
Average Limit = 20 log (500) = 54 dBuV/m

Margin = 54 dBuV/m - 50.8 dBuV/m = 3.2 dB

Block Diagram

EMI
Receiver
/ Antenna \ EUT
Spectrum
Analyzer
Company: Human Inc. Name: Human Headphones (Left & Right)
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5.1.1 Radiated Fundamental Emissions (Headset Mode 10.5 MHz NFMI)

Laird

Operator Anthony Smith

QA Zach Wilson

Test Date 1/17/2019, 1/21/2019
Location Chamber 3

Temp. / R.H. 78.3°F/31.5%, 77°F/19.6%
Requirement FCC 15.209

Method ANSI C63.10

Limits: 29.5 dBuV/m @ 30m

Test Parameters

Frequency 10.5 MHz

Distance 3m

RBW 9 kHz

VBW 90 kHz

EUT Mode Headset mode with NFMI Transmit at 10.5 MHz
EUT

Orientations

Flat, Side, Vertical

Notes Measurement extrapolated to limit distance. See Table

4.5 30
Example 16.2 dBuV /m = 39.8 dBuV /m — 40 log <?) - 2010g(E
Calculation Limit for a frequency of 10.5 MHz

From ANSI C63.10 Section 6.4.4.2 (equation 2)

Company: Human Inc.

Name: Human Headphones (Left & Right)
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Instrumentation

Laird >,

Date: 1l-Jan-2013

PE: Zach Wilzon

Test: NFMITx

Laird

Customer: Human Inc.

Quote: 317408

Job: C-2851

|N0.| Bzzet Dlescription Manufacturer | Madel Serial CalDate | Cal Due Date | Equipment Status
1 A8 9E000E Antenna - Active Loop EMCO EBD2 9208-2752 azef2017 212842019 Active Calibration
2 EE 360035 Analyzer - EMI Receiver Agilent [k =R MY B2 10148 A2462018 412442019 Active Calibration
3 EE 960032 Analyzer - EMI Receiver Agilent RA03EA PAYB1210138 412412018 412442019 Active Calibration
Table
I;cul
Field | ;:Izted
Frequency | Frequency . e EUT Antenna . Height gth @ Limit Margin
dnear field |Limit Distance Conversion Strength @
(kHz) (MHz) Orientation Orientation (m) (degree) 3m 30m (dBpuv/m) (dB)
dBuV/m
(dBUV/m) (dBLV/m)
10574.3 10.5743 4.5 30 Vertical Perpendicular -24 0.80 185 31.8 8.2 29.5 21.3
10574.3 10.5743 4.5 30 Flat Perpendicular -24 0.80 303 36.5 12.9 29.5 16.6
10574.3 10.5743 4.5 30 Flat Flat -24 0.80 29 29.2 5.6 29.5 23.9
10574.3 10.5743 4.5 30 Vertical Flat -24 0.80 115 31.0 7.5 29.5 22.0

Field Ca':i:'IZ'Ed
Frequency | Frequency . e EUT Antenna . Height gth @ Limit Margin
dnear field |Limit Dist Con Strength @
(kHz) (MHz) neartie imit Distance Orientation Orientation version (m) (degree) 3m 30m (dBpuv/m) (dB)
dBuV/m
(dBUV/m) (dBLV/m)
10583.3 10.5833 4.5 30 Flat Parallel -24 0.80 341 39.8 16.3 29.5 13.2
10583.3 10.5833 4.5 30 Vertical Parallel -24 0.80 283 37.8 14.3 29.5 15.2
10583.3 10.5833 4.5 30 Vertical Perpendicular -24 0.80 355 32.4 8.9 29.5 20.6
10583.3 10.5833 4.5 30 Flat Perpendicular -24 0.80 59 36.6 13.1 29.5 16.4

Company: Human Inc.

Report: TR 317406 NFMI

Job: C-2951
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Plots (Left Headphone)

Agilent EMI Receiver - Frequency Scan
i R 500 /ADC | CORREC ALIGNAUTO i | s

3 ot >
Marker 1 10.574 MHz FREGUENGY SCAN  Sean - I FREGURNCYSCAN San
CISPR Smooth  Cp) >11 i =) > e
Scan Atten: 0 dB Free Run oer S Atten: 0 dB Free Run o
Mkr1 10.574324 MHz Mkr1 10.574324 MHz
Ref 90.00 dBpV/im 32.176 dBuVim Ref 90.00 dBV/m 36.730 dBpV/m

.1
D PO 1 P O

#Start 10.25 MHz il B #Stop 10.75 MHz #Start 10.25 MHz il B #Stop 10.75 MHz
Res BW 9 kHz VBW 90 kHz Dwell Time 900.9 ps (4.5 kHz) Res BW 9 kHz VBW 90 kHz Dwell Time 900.9 ps (4.5 kHz)
we Sk § DC Coupled sa. Sk § DC Coupled

s

10.5 MHz Fundamental, Vertical EUT Orientation 10.5 MHz Fundamental, Flat EUT Orientation
Perpendicular Antenna Polarization Perpendicular Antenna Polarization

Agilent EMI Receiver - Frequency Scan
ALIGNAUTO i RF PRESEL | 500 VDG | CORREC 1S

ENSEIN ENSEIN )
FREQUENCY SCAN  Scan Marker 1 10.574 MHz [ FREQUENCY SCAN  Scan
>4 - >4
o [ CISPR o> e

Atten: 0 dB Free Run Atten: 0 dB Free Run

Mkr1 10.574324 M Mkr1 10.574324 MHz
29,866 d Ref 90.00 dBpVIm 32.280 dBpVim

’1

#Stop 10.75 MHz art 10, i il B #Stop 10.75 MHz
VBW 90 kHz Dwell Time 900.9 ps (4.5 kHz) VBW 90 kHz Dwell Time 900.9 ps (4.5 kHz)

ws  swmws {DCCoupled s sTatUs 1 DC Coupled
10.5 MHz Fundamental, Flat EUT Orientation 10.5 MHz Fundamental, Vertical EUT Orientation
Flat Antenna Polarization Flat Antenna Polarization
Company: Human Inc. Name: Human Headphones (Left & Right)
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Plots (Right Headphone)

SHGAUTO 1105515 on 21,0013 e b
—_— ZEE D Peak Search !
> Y
Atten: 0 dB Free Run

BT (o
>
Atten: 0 dB Free Run
Mkr1 10.583333 MHz NextReal Mkr1 10.583 HExtnes
Ref 90.00 dBuV/m 33.306 dBuVim Ref 90.00 dBuV/m 36.987 dBuVim

Next Pk Right Next Pk Righi

Next Pk Lef Next Pk Lefl

|
|
J

1
W“H_LL Peak Criteria? Peak Criteria»
| ST RS, W oSSR ;| DY S SO SN (S, VRO DR BN S S | - o :

|

~#Stop 10.75 MHZ|
VBW 90 kHz Dwell Time 900.9 pis(4.5 kHz) VBW 90 kHz

sTaTus 1 DC Coupled

~#Stop 10.75 MHZ|
Dwell Time 900.9 ps(4.5 kHz)

staus| 1 DC Coupled

10.5 MHz Fundamental, Vertical EUT Orientation 10.5 MHz Fundamental, Flat EUT Orientation
Perpendicular Antenna Polarization Perpendicular Antenna Polarization

Agilent EMI Receiver - Frequency Scan

Agilent EMI Receiver - Frequency Scan
EoE A [ o ALIGNAUTO

ADC
PeakSearch  Blviarker 1 10.583 MHz cAl
CISPR >
Atten: 0 dB Free Run

Mkr1 10.578829 MHz et s NextPeak
30.544 dBpVim Ref 90.00 dByV/m 32.397 dBpVim

Next Pk Righ' Next Pk Right
Next Pk Lef Next Pk Lefl

Min Search Min Search

1
¢ '
Peak Criteria? F Peak Criteria»

I O DO O R

PN .er—rL_xmf».J ‘ Al o

#Start 10.25 MHz ~#Stop 10.75 MHZ| .
Res BW 9 kHz VBW 90 kHz Dwell Time 900.9 pis(4.5 kHz) VBW 90 kHz

sTaTus 1 DC Coupled

Dwell Time 900.9 ps(4.5 kHz)

staus| 1 DC Coupled

10.5 MHz Fundamental, Flat EUT Orientation 10.5 MHz Fundamental, Vertical EUT Orientation
Flat Antenna Polarization Flat Antenna Polarization

Company: Human Inc. Name: Human Headphones (Left & Right)
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5.1.2 Radiated Spurious Emissions (Headset Mode 10.5 MHz NFMI)

Operator Anthony Smith
QA Zach Wilson
Test Date 1/17/2019, 1/21/2019, 3/8/2019
Location Chamber 3
Temp. / R.H. 78.3°F/31.5%, 77°F/19.6%
Requirement FCC 15.209
Method ANSI C63.10
Limits:

(c) The level of any unwanted emissions from an intentional radiator operating under these general
provisions shall not exceed the level of the fundamental emission.

Test Parameters

Frequency 9 kHz — 200 MHz
Distance 3m
9-150 kHz: 200 Hz
RBW 150 kHz — 30 MHz: 9 kHz
30-200 MHz: 120 kHz
9-150 kHz: 2 kHz
VBW 150 kHz — 30 MHz: 90 kHz
30-200 MHz: 1.2 MHz
EUT Mode Headset mode with NFMI Transmit at 10.5 MHz
EUT

Orientations

Flat, Side, Vertical

Notes

No spurious emissions observed. Worst case of highest fundamental
polarization/orientation (Perpendicular/Flat) shown. Limit line shows 15.209 limits.
Table limit is based off of the highest fundamental.

Company: Human Inc.

Name: Human Headphones (Left & Right)
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Laird
Instrumentation

Diate: 1-Jan-2019 Test: NFMITx Job: C-2551
PE: Zach Wilson Customer: Human Inc. Cluote : 37405
|N0.| Azzet Dlezcription Planufacturer | Fodel Serial Cal Date | Cal Oue Date | Equipment Status
1 A5 380006 Antenna - Active Loop EMCO EA02 9205-2753 Srzaf20r 2812013 Active Calibration
2 EE3E0025 Analyzer - EM| Receiver Agilent ManzzA PIYEIZI014E He4izonz 4203 Active Calibration
3 EE3B0038 Analyzer - EM| Receiver Agilent RA032A PAYE1210138 4242018 42412013 Active Calibration
4 A8 36050 Antenna - Biconical ETS Lindgren e 0003-3346 2002012 2002013 Active Calibration
Tables
Frequenc Frequenc Antenna Azimuth L el Limit @ 30m Margin
(:Hz) ! (Icle) Y| it Height (m) | (degree) | ooone @3m | PeakReading@ | p ) (ng)
& & (dBpV/m) 30m (dBuV/m) -
7552.0 7.5520 Left 0.80 122 21.2 -5.3 12.9 18.2
7545.0 7.5450 Rigth 0.80 79 21.2 -5.3 16.3 21.6
4293.0 4.2930 Left 0.80 228 23.1 -8.3 12.9 21.2
Plots (Left Headphone)

ker 1
i = i

NextPea
Next Pk Rig | Next Pk Rigl

NextPkL ! NextPkLe

e
"Mhin
| QT
Rl T
Peak Criteri Peak Criteria

o

~stop 150 kHz| Stop 30 MHz
VBW 2 kHz Dwell Time 4.102 ms (100 Hz) z VBW 90 kHz Dwell Time 108.1 ps(4.5 kHz)

Tracelvet
Select Trace <

z Trace1 Mkr1 199.64008 MHz NextPel 197. exEe:

Ref 90.00 dBpVim 3 d 0 dBidi Ref 80.00 dBpVim 30.670 dBuV/im

ClearWrt
—

e S

Pl insear
e i

e M bt M*_MNWWWWWM‘N "
Peak Criteri PeakCriteria

\
ViewBlank ‘
Trace Or ‘

|

150 kHz — 30 MHz, Flat EUT 30-200 MHz, Flat EUT 30-200 MHz, Flat EUT
Perpendicular Antenna Vertical Antenna Horizontal Antenna

Company: Human Inc. Name: Human Headphones (Left & Right)
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Plots (Right Headphone)

)
FRECUENCYSCAN  Sean

Snoctn ) P
= feer0 a8 Free Run

NextPkRig

NextpiLe
Mg
A

WWWWMW,,, iy

PeakCriteri:

L

Stop 30 MHz|
Dwell Time 108.1 (4.5 kHz)

S 1 G Coupled

VBW 00 kHz
STATS 1 DC Coupled

Mkr1 NextPe:

62.756 di

Next PkRigl

N
y‘ - NextPKLe
o
e y\\,w(w o
| QIR
t Mwmmw%m AT

Peak Criteria

Stop 150
Dwell Time 4.102 ms (100 Hz)
SIS 1 DC Coupled

VBW 2 kHz

9-150 kHz, Noise Floor 150 kHz — 30 MHz, Noise Floor

Pesk Search

Mkr1 197.42

Ref 90,00 dByiVim Ref 80.00 dByVim

Next Pk Rig!
—

NextPkLe

NextPkRig

NextPkLe

PeakCriteria PeakCriteri:

‘Stop 30 MHz|
VBW 00 kHz Dwell Time 108.1 ps (4.5 kHz) VBW 1.2 MHz Dwel Time 6.733 s (59.99 kHz),

s 1 DC Goupled S

9-150 kHz Flat EUT

o Rt 3000 dgyvim
| NextPKRig
| NextPiLe
|

A
s T e e S S

PeakCriteria

VBW 1.2 MHz Dwell Time 6.733 s ( 59.99 khz)|

150 kHz — 30 MHz, Flat EUT
Perpendicular Antenna

30-200 MHz, Flat EUT
Vertical Antenna

30-200 MHz, Flat EUT
Horizontal Antenna

Company: Human Inc.
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5.1.3 Radiated Fundamental Emissions (Amplify Mode 14.8 MHz NFMI)

Operator Jon Dilley
QA Shane Dock
Test Date 1/22/2019
Location Chamber 3
Temp./R.H.  25.7C/27%
Requirement FCC 15.209
Method ANSI C63.10

Limits: 29.5 dBuV/m @ 30m

Test Parameters

Frequency 14.8 MHz

Distance 3m

RBW 9 kHz

VBW 90 kHz

EUT Mode Headset mode with NFMI Transmit at 10.5 MHz
EUT

Orientations

Flat, Side, Vertical

Measurement extrapolated to limit distance. See Table
Unit only functions in 14.8 MHz mode when both units are together. Therefore, the

Notes below plots and data are taken with both units transmitting at the same time in the
chamber.
3.2 30
Example 8.3dBuV/m = 28.9 dBuV /m — 40log <T) — 2010g(§
Calculation Limit for an emission at 14.8 MHz

From ANSI C63.10 Section 6.4.4.2

Company: Human Inc.

Report: TR 317406 NFMI

Job: C-2951

Name: Human Headphones (Left & Right)
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Instrumentation

Date: 11-dan-2013

Test: MEMITx

Laird -,

Job: C-2851

FE: Zach Wilzon

Customer: Human Inc.

Quote : 317406

[ma] Aszet Diescription Manufacturer | Madel Serial CalDate | CalDueDate | Equipment Status
1 A0, 960006 Antenna - Active Loop EMCO EE02 9205-2753 afzarzoly adzarzma Active Calibration
2 EE 360025 Analyzer - EMI Receiver Agilent FA03eA FYYEIZ10142 42402018 42412013 Active Calibration
3 EESE002Z Analyzer - EMI Receiver Agilent Manzza PYEIZ10128 442012 4242013 Active Calibration
Table
) Cal;culated
Fi F EUT Height i Flelfl Field Limit M
requency | Frequency . PP . . eight t g imi argin
di field |Limit Dist: A O Col Strength @
(kHz) (MHz) | onearnele|HmitDistancel g tation fon (m) (degree) [ 3m som | (@Buv/m) | (dB)
dBuV/m
(dBUV/m) (dBLV/m)
14821.2 14.8212 3.2 30 Vertical Perpendicular -21 0.80 285 28.9 8.3 29.5 21.2
14821.2 14.8212 3.2 30 Vertical Parallel -21 0.80 296 28.5 7.9 29.5 21.6
14821.2 14.8212 3.2 30 Vertical Flat -21 0.80 230 28.4 7.8 29.5 21.7
Plots

05154144 514 120 23, 2019
Peak Search

Mkr1 14.821171 MHz |
31.406 dBpVIim

Ref 55.00 dBpV/im

’1
il
kﬂrmi}}lﬂ%ﬁ WP‘HJL'L

e |

#Start 14.65 MHz #Stop 15.15 MHz
Res BW 9 kHz VBW 90 kHz Dwell Time 900.9 s (4.5 kHz)

= STAILS | DC Coupled

| s
FREQU

> atten: 0 B '
Mkr1 14.821171 MHz
28.616 dBpVIim

;
3

1 1 mn
| J IHLL L e e o i A

#Start 14.65 MHz #Stop 15.15 MHz
Res BW 9 kHz VBW 90 kHz Dwell Time 900.9 s (4.5 kHz)

e SIS | DC Coupled

14.8 MHz Fundamental, Vertical EUT Orientation
Perpendicular Antenna Polarization

14.8 MHz Fundamental, Flat EUT Orientation
Parallel Antenna Polarization

Agilent EM Receiver - Frequency Scan
oc

ALIGNALTO (07124259 1an23, 2019

FREQUENGY SCAN ~Sean
o S
= Atten: 0 dB Free Run S
Mkr1 14.821171 MHz
26.004 dBpV/m

P s T N I

#Start 14.65 MHz #Stop 15.15 MHz
Res BW 9 kHz VBW 90 kHz Dwell Time 900.9 s (4.5 kHz)

= STAILS | DC Coupled

14.8 MHz Fundamental, Flat EUT Orientation
Flat Antenna Polarization

Company: Human Inc.
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5.1.4 Radiated Spurious Emissions (Amplify Mode 14.8 MHz NFMI)

Operator Jon Dilley
QA Shane Dock
Test Date 1/17/2019, 1/21/2019, 3/8/2019
Location Chamber 3
Temp. / R.H. 78.3°F/31.5%, 77°F/19.6%
Requirement FCC 15.209
Method ANSI C63.10
Limits:

(c) The level of any unwanted emissions from an intentional radiator operating under these general
provisions shall not exceed the level of the fundamental emission.

Test Parameters

Frequency 9 kHz — 200 MHz
Distance 3m
9-150 kHz: 200 Hz
RBW 150 kHz — 30 MHz: 9 kHz
30-200 MHz: 120 kHz
9-150 kHz: 2 kHz
VBW 150 kHz — 30 MHz: 90 kHz
30-200 MHz: 1.2 MHz
EUT Mode Amplify mode with NFMI Transmit at 14.8 MHz, on charger
EUT

Orientations

Flat, Side, Vertical

Notes

Worst case of highest fundamental polarization/orientation (Perpendicular/Flat)
shown. Limit line shows 15.209 limits. Unit only functions in 14.8 MHz mode when
both units are together. Therefore, the below plots and data are taken with both
units transmitting at the same time in the chamber while on the charger. Noise in
the 30-200 MHz range from charger.

Company: Human Inc.

Name: Human Headphones (Left & Right)
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Instrumentation

Diate: 1-Jan-2013

Test: NFMITx

PE: Zach Wilzon

ok C-2851

Customer:_Human Inc.

Quote : 317406

| No.l Azzet Dlezcription Planufacturer | Fodel Serial Cal Date | Cal Oue Date | Equipment Status
1 ASIE000E Antenna - Active Loop EMCO 502 4205-2753 12812017 12512019 Active Calibration
& EE 960085 Analyzer - EMI Feceiver Agilent [RENEES PATEIZI0 14 242018 42412019 Active Calibration
3 EE 950088 Analyzer - EMI Feceiver Agilent 30384 PAYEI2I0138 H2412018 42412019 Active Calibration
4 AL 9E0I50 Antenna - Eiconical ETSLindgren  3N0E: 0003-3146 42012018 42012019 Active Calibration
Table
Quasi Peak Calculated Quasi
Frequency | Frequency . Antenna Azimuth . ) Limit @ 30m Margin
Unit ) Reading @ 3m Peak Reading @
(kHz) (MHz) Height (m) (degree) (dBuV/m) (dB)
(dBpV/m) 30m (dBpV/m)
29900.0 29.9000 Both 0.80 341 39.8 0.3 8.3 8.0

i
FreeRun

i\l

\
‘t»{
\'
\
\
|
\'

MNV‘“\
n,vm,y\“ i
i Wi o
| gl AP

£.0C Coupled

VBW 90 kHz

SIS 1 DC Coupled

Next Pk Rig

NextPkLc

MinSearc

NW, "
M
L 'J‘W"‘W"ﬂ‘J)Mlﬂv,»rmM«.

Peak Criteri

Dwell Time 108.1 ps (4.5 khz)

NextPez

Next Pk Rigl

NextPkLe

MinSearc

Peak Criteria

9-150 kHz
Noise Floor

Ref 90.00 dByVim

Stop 36 Mz,

VBW 90 kHz Dwell Time 108.1 s (4.5 kHz).

150 kHz — 30 MHz
Noise Floor

Mkri 167.41617 MHz

Ref 55.00 dByvim 34.010 dBpVim

'
|

is u o
Mg, iy ’W"N\ ‘WW i

start 30 Wz #Siop 200 W)
Dwel Time 35.3 s (60 kHz)|

VBW 1.2 MHz

Pesk Search

—
Next Pk Right
—
NextPK Left
I

Min Search

PeakCriteria»,

Ref 55.00 dByvim

T
W*‘*"MN"MW’“M'MWWM MMM

o

Pesk Search

NextPeak|

Next Pk Righ

Next Pk Left

PeakCriteriay|

#Stop 200 WHz|

VBW 1.2 MHz

Dwell Time 35.3 s (60 kHz)

150 kHz — 30 MHz
Perpendicular Antenna

30-200 MHz, Flat EUT
Vertical Antenna

30-200 MHz, Flat EUT
Horizontal Antenna

Company: Human Inc.
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5.1.5 99% Occupied Bandwidth (10.5 and 14.8 MHz NFMI)

Laird

Operator Zach Wilson

QA Adam Alger

Test Date 3/18/2019

Location Radio Bench

Temp. / R.H. 20.8°C/32.1% RH
Requirement 2.1049

Method ANSI C63.10 Section 6.9.3

Test Parameters

Frequency 10.5 MHz and 14.8 MHz
10.5 MHz Units: 20 Hz
RBW .
14.8 MHz Unit: 10 kHz
10.5 MHz Units: 62 Hz
VBW .
14.8 MHz Unit: 30 kHz
EUT Mode Headset mode with NFMI Transmit at 10.5 MHz, Amplify Mode at 14.8 MHz
Instrumentation
Diate: 18-Mar-2013 Test: 5G% BW Job: C-2551
FE: Zach Wilzan Customer: Human inc. Quate : 37406
|I'\Jo.| Aszet Deseription Manukacturer | MMadel Serial Cal Date | Cal Due Diate | Equipment Statuzs
1 A8 3JE000E Antenna - Active Loop EMCD E502 2205-2753 afzaizmy alzatama Active Calibration
2 EE3E0022 Analyzer - EMI Rgceiver Aagilent MNanzzs, FYEIZI0132 H242ms 24z Aetive Calibration

Company: Human Inc.

Report: TR 317406 NFMI

Job: C-2951
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Table

99% Occupied
Bandwidth
(kHz)

Frequency

Unit
(MHz)

2.21
2.93
670.49

10.57
10.57
14.82

Left
Right
Both

Agilent Spectrum Analyzer - Occupied BW.
i AUTO _|03:29:57 PM Mar 18, 2019

Radio Std: None. Peak Search

Cent 5770
Trig: Free Run

I
00 MHz
== AvglHold: 10110
#FGaimLow __ #Atten: 10 dB

Radio Device: BTS
Mkr1 10.57638 MHz

Ref 116.99 dBuV/m 81.713 dBuVim

ik
P’”‘””‘w\ww

A MJ'W
; et NN
R R

Laphpeind
[
|

Center 10.58 MHz
#Res BW 20 Hz

Span 10 kHz

#VBW 62 Hz Sweep FFT

Total Power 94.6 dBuV/m

Occupled Bandwidth
2.210 kHz

-361 Hz OBW Power
2.855 kHz xdB

99.00 %
-26.00 dB

Transmit Freq Error
x dB Bandwidth

STaTUs 1 DC Coupled

Agilent Spectrum Analyzer - Occupied BW.
7 . c I AUTO 033106 P M 18, 2019
nter 77000 MHz Radio Std: None UL
Trig: Free Run ‘AvglHold: 10110

HFGain:Low __ #Atten: 10 dB Radio Device: BTS

Mkr1 10.57739 MHz

Ref 116.99 dBuV/im 84.076 dBuVim

1
o

[
|
[
[ A y
‘ f o v r‘\.‘“m
| ¥ M h
poull " L
| Ize Py .y
ettt A
[
|
|
Center 10.58 MHz
#Res BW 20 Hz

Span 10 kHz

#VBW 62 Hz Sweep FFT

Total Power 101 dBpV/m

Occupled Bandwidth
2.930 kHz

715 Hz OBW Power
4.245 kHz xdB

99.00 %
-26.00 dB

Transmit Freq Error
x dB Bandwidth

STATUs 1 DC Coupled

99% BW, Left Unit @ 10.5 MHz

99% BW, Right Unit @ 10.5 MHz

T I AUTO — |03:20,23 P M 18, 2019
14.672000 MHz Radio Std: None UL
Trig: Free Run ‘AvglHold: 10110

HFGain:Low __ #Atten: 10 dB Radio Device: BTS

Mkr1 14.82 MHz|

10 dBidi Ref 116.99 dByV/m 94.028 dBpV/m)

[
|
‘ ATk i
; : et U Deengf
| AT \ /l'v’wl“‘v(JW\”Jﬂ i /ﬁ'\m AU“
LA A R ™ i
; i s oo Vi
[

Center 14.87 MHz
H#Res BW 10 kHz

Span 2 MHz|

#VBW 30 kHz Sweep 19.13 ms;

Total Power 101 dBpV/m

Occupled Bandwidth
670.49 kHz

-55.905 kHz
962.4 kHz

OBW Power 99.00 %
xdB -26.00 dB

Transmit Freq Error
x dB Bandwidth

STaTUs 1 DC Coupled

99% BW, Both Units @ 14.8 MHz
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Laird

5.2 AC Mains Conducted Emissions

Description of
Measurement

A line impedance stabilization network (LISN) or artificial mains network (AMN)
allows the emissions of the power supply conductors to be measured while isolating
the EUT from the supply mains.

The AMN, cable, and other necessary measurement system correction factors are
loaded onto the EMI receiver when the measurements are performed. The data is
gathered and reported as the corrected values.

Maximum emissions are determined with a peak max hold trace then measurements
at a selection of the highest points are made with quasi-peak and average detectors.
Results are recorded and compared to limit for each line. (e.g. line and neutral)

Example
Calculations

Measurement (dBuV) + Cable factor (dB) + Other (dB) = Corrected Reading (dBuV)
Margin (dB) = Limit (dBuV) - Corrected Reading (dBuV)

Block Diagram

EMI
EUT AMN Cable .
Receiver
Company: Human Inc. Name: Human Headphones (Left & Right)
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Laird

5.2.1 AC Mains Conducted Emissions (Headset Mode 10.5 MHz NFMI)

Operator Zach Wilson
QA Adam Alger
Test Date 3/15/2019
Location Bench

Temp./R.H.  30.1%RH/20.6°C

Requirement  FCC 15.207

Method ANSI C63.10
Limits: 15.207
0.15-0.5 66 to 56* 56 to 46*
0.5-5 56 46
5-30 60 50

* Decreases with the logarithm of the frequency

Test Parameters

Frequency 150 kHz — 30 MHz

Distance 80cm from Ground Plane

RBW 9 kHz

VBW 90 kHz

Detectors Max peak hold for plots. Quasi peak and average detectors for final measurements.
EUT Mode Headset mode with NFMI transmit at 10.5 MHz

EUT

Configuration EUT on charger

Company: Human Inc. Name: Human Headphones (Left & Right)
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Laird

Instrumentation
Laird
Date: N-Jan-2013 Test: CE NFMI Job: C-2851
PE: Zach Wilzon Customer : Human Inc. Clucke ; 317406
|N0.| Asset Diescription Manufacturer | Model Serial Cal Date | Cal Due Date | Equipment Status
1 EE 360085 Analyzer - EMI Receiver Agilent ME033A FAYEI210148 4242018 H242m3 Active Calibration
2 EESEDIE2 LISM COM-POWER  LI-2158 191963 220 H232m3a Active Calibration
Table
Q-Peak | Q-Peak . Average L. .
. Frequency . .. Quasi-Peak . Average Limit | Average Margin
Line (MH2) Reading Limit Margin (dB) Reading (dBpV) (dB)
2 | (dBuv) | (@Buvy | BT (dBuv) :
1 0.177 43.5 64.6 21.1 33.8 54.6 20.8
1 0.231 42.0 62.4 20.4 33.0 52.4 19.5
1 0.380 44.6 58.3 13.7 33.4 48.3 14.9
2 0.371 43.1 58.5 15.4 28.2 48.5 20.3
2 0.649 33.2 56.0 22.9 20.8 46.0 25.2
2 0.964 33.7 56.0 22.3 21.1 46.0 24.9
Frequenc Q-Peak | Q-Peak Quasi-Peak Average Average Limit
Line (:IIH ) v Reading| Limit Margin (dB) Reading (d: v) Average Margin (dB)
Y | (dBuv) | (dBuv) |8 (dBuY) :
1 0.388 44.6 56.0 11.4 34.0 46.0 12.0
1 0.155 44.9 56.0 11.2 34.4 46.0 11.6
1 0.506 35.8 56.0 20.2 26.1 46.0 19.9
2 0.371 44.5 56.0 11.5 29.5 46.0 16.5
2 0.240 35.0 56.0 21.0 23.6 46.0 22.4
2 1.009 34.1 56.0 21.9 21.2 46.0 24.8

Company: Human Inc.

Report: TR 317406 NFMI
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Plots (Left)

Agilent EMI Receiver - Frequency Scan
2 PRESEL | 75 /ADC | CORREC |

i I 1 SenseunT]
Marker 1 177.00 kHz FREQUENCYSCAN  Scan
cr >

Scan

SPR

Mkr1 176.99729 kH:

Ref 70.00 dBpV 47.633 dBpV

J

I

MY

" Stop 30 MHz

VBW 90 kHz Dwell Time 108.1 ps(4.5 kHz)

WG — STaTUs| 1 DC Coupled

T Sese

INT UAUTO _[02:41:20PM Mar 15, 2019
FREQUENCY SCAN

Peak Search

46.362 dBpV

> atten: 10 8

Peak Criteria»|

Stop 30 MHz|
VBW 90 kHz Dwell Time 108.1 ps(4.5 kHz)

statUs 1 DC Coupled

150 kHz — 30 MHz, Line 1

150 kHz — 30 MHz, Line 2

Plots (Right)

Mkr1 388.47603 kHz
47.125 dBpvV

" Stop 30 MHz,
Dwell Time 108.1 ps(4.5 kHz)
StaTUs 1 DC Coupled

VBW 90 kHz

PRESEL | 755 ADC._|—CORREC Sl | wioiaio oecvsemvia s 2 [N

Marker 1383.98 kHz QUENCY SCAN  Scan == eep/Control
cisi Smooth  Cp) bl o
Se Atten: 10 dB Free Run EE

Mkr1 383.97648 kHz

Ref 70.00 dBV 47.330 dBpV

| |
L]
|
|
|
|

" Stop 30 MHz,
Dwell Time 108.1 ps (4.5 kHz)
StATUs { DC Coupled

Frequency|
Scan
ingl Cont|

VBW 90 kHz

150 kHz — 30 MHz, Line 1

150 kHz — 30 MHz, Line 2

Company: Human Inc.
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Laird

5.2.2 AC Mains Conducted Emissions (Amplify Mode 14.8 MHz NFMI)

Operator Zach Wilson
QA Adam Alger
Test Date 3/15/2019
Location Bench

Temp./R.H.  30.1%RH/20.6°C

Requirement  FCC 15.207

Method ANSI C63.10
Limits: 15.207
0.15-0.5 66 to 56* 56 to 46*
0.5-5 56 46
5-30 60 50

* Decreases with the logarithm of the frequency

Test Parameters

Frequency 150 kHz — 30 MHz

Distance 80cm from Ground Plane

RBW 9 kHz

VBW 90 kHz

Detectors Max peak hold for plots. Quasi peak and average detectors for final measurements.
EUT Mode Amplify mode with NFMI transmit at 14.8 MHz

EUT

Configuration EUT on charger

Company: Human Inc. Name: Human Headphones (Left & Right)
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Laird -,

Instrumentation

Date: 1-Jan-2013 Test: CE HFMI Job: C-2851
PE: Zach Wilzon Customer : Human Inc. Clucke ; 317406
| No.l Asset Diescription Manufacturer | Model Serial Cal Date | Cal Due Date | Equipment Status
1 EE3E00S5 Analyzer - EMI Receiver Agilent Manzga PAYEIZ1014E 242018 4f2442M3 Active Calibration
2 EE3BDE2 LISR COM-POWER L2158 191963 22008 4f2342M3 Active Calibration

Table
Both 14.8 (Both Units)
-Peak -Peak A
. Frequency Q e.a Q, e.a Quasi-Peak vera?ge Average Limit | Average Margin
Line (MH2) Reading Limit Margin (dB) Reading (dBuV) (dB)
(dBuv) | (dBuv) | 0 (dBuY) :
1 0.164 44.0 65.3 21.3 33.9 55.3 21.4
1 0.371 42.8 58.5 15.7 30.5 48.5 18.0
1 0.402 44.0 57.8 13.9 32.8 47.8 15.0
2 0.380 44.0 58.3 14.3 29.1 48.3 19.2
2 0.592 33.8 56.0 22.2 21.0 46.0 25.0
2 1.405 33.2 56.0 22.8 20.7 46.0 25.3
Plots

Agilent EMI Receiver - Frequency Scan
1™ CoRRE SENSEIN ALIGNAUTO

1 [ RP2 PRESEL | 75 5 A\ DX e — z oo
Marker 1 163.50 kHz FREQUENCY SCAN  Scan — Peak Search
CISPR Smooth  Cp >11 bt
can

Mkr1 163.49864 kHz
Ref 70.00 dBpV 47.356 dBpV

SENSEINT | ALIGNAUTO _|02:46:33 PMMar 15, 2015
FREQUENCY SCAN  Scan race Peak Search
- Sin
Atten: 10 dB Free Run oer [l

Mkr1 379.47694 kHz
47.021 dBpvV

E W
— L1 ﬂ%fj l"Hﬂ‘FM%J|Jm“W'

Start 150 kHz : Stop 30 MHz
Res BWW 9 kHz VBW 90 kHz Dwell Time 108.1 ps (4.5 kHz)

STATUS 1 DC Coupled

150 kHz — 30 MHz, Line 1 150 kHz — 30 MHz, Line 2

Stop 30 MHz
VBW 90 kHz Dwell Time 108.1 us(4.5 kHz)
WG sTaTus 1 DC Coupled

Company: Human Inc. Name: Human Headphones (Left & Right)
Report: TR 317406 NFMI Page 28 of 29 Model: 1701, 1702

Job: C-2951 Serial: 7406, 7354



6 REVISION HISTORY

Laird

v0.0 3-8-19 Initial Draft Zach Wilson

v0.1 3-8-19 Second Draft Zach Wilson
NFMI report contains both headset data sets

Vil 3-15-19 now. No Ioﬂnger”two .reports. Removed the 7ach Wilson
secondary “A, B” designation from report
name.
Extrapolated data to limit distance in tables.

v1.2 3-18-19 Added 99% BW data. Added more accurate Zach Wilson
frequencies in tables.

vl.3 3-19-19 Ready to issue Zach Wilson
Changed tables to reflect spurious emissions

vlid 4-8-19 being compared to the fundamental per TCB Zach Wilson

comments.

Company: Human Inc.

Report: TR 317406 NFMI
Job: C-2951
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