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Laird
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:

lACCREDlTEDl

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 1/2/19-3/13/19 the Equipment Under Test (EUT), Human Headphones (Right), as provided by
Human Inc. was tested to the following requirements of the Federal Communications Commission:

FCC: 15.247 (a)(2) Digital Modulation System 6 dB bandwidth 500 kHz ANSI C63.10 Compliant
FCC: 2.1049 Occupied Bandwidth Reported ANSI C63.10 Reported
FCC: 15.247 (b)(3) Maximum Conducted Output Power 30 dBm ANSI C63.10 Compliant
FCC: 15.247 (e) gfr:i?t'ymd”'ation System Power Spectral 8 dBm / 3 kHz ANSIC63.10  Compliant

RF Spurious Emissions at the Transmitter

FCC: 15.247 (d) Antenna Terminal 20 dBc ANSI C63.10 Compliant
FCC: 15.247 (d) Spurious Radiated Emissions in Restricted Bands FCC 15.209 ANSI C63.10 Compliant
FCC: 2.1055 (d) Frequency Stability Reported ANSI C63.10 Reported
FCC: 15.207 AC Power Line Conducted Emissions 0.150-30 MHz ANSI C63.10 Compliant

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 (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 (Right)
Model Number 1702

Serial Number 7406, 7354

FCCID 2ARJG-1702

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

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 (Right)
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3 REFERENCES

ANSI C63.10 - 2013
CFR Part 1, 2, 15 - 2018
Company: Human Inc. Name: Human Headphones (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
A2LA P103 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
. Pamameter EIUCE  uGE
Radio Frequency, from FO 1x107 0.55x107
Occupied Channel Bandwidth 5% 2%
|I?/IFeig?)ducted Power (Power 15dB 12 dB

RF conducted emissions

(Spectrum Analyzer) Dl 1.7 B

All emissions, radiated 6.0 dB 5.3dB
Temperature 1°C 0.65°C
Humidity 5% 29%
Supply voltages 3% 1%
Company: Human Inc. Name: Human Headphones (Right)
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5 TEST DATA

5.1 Antenna Port Conducted Emissions

Description of

The direct measurement of emissions at the antenna port of the EUT is achieved by
use of a RF connection to a spectrum analyzer or power meter.

Measurement .
The cable and attenuator factors are loaded into the analyzer or power meter
allowing for direct measurement readings without the need for further corrections.
Measurement (dBm) + Cable factor (dB) + External Attenuator (dB) = Corrected
Example .
. Reading (dBm)
Calculations

Margin (dB) = Limit (dBm) — Corrected Reading (dBm)

Block Diagram

Spectrum
Analyzer/
EUT RF Cable Ext. B o /
Atten ower
Meter

Company: Human Inc.

Name: Human Headphones (Right)
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5.1.1 Antenna Port Conducted Emissions — DTS Bandwidth

Operator Zach Wilson
QA Adam Alger
Test Date 1/23/2019

Location Radio Bench

Temp./R.H.  21.5°C/35.4%RH

Requirement  FCC 15.247 (a)(2)

Method ANSI C63.10 Section 11.8

Test Parameters

Frequency 2402 MHz (Low), 2440 MHz (Mid), 2480 MHz (High)
RBW 100 kHz

VBW 300 kHz

Detector Max peak hold with peak detector

EUT Mode BLE Continuous Transmit

EUT Power Battery @ 3.7 VDC

Instrumentation

Laird

Diate : 13-Mar-2019 Test: Conducted Radio (Right DTS) Job: C-2851
PE: Zach Wilzan Customer : Human Inc. Quate : 317406
| No.l Azzet Dlescription Manufacturer | Model Serial Cal Dake | Cal Oue Date | Equipment Status
1 EE 3g0087 Analyzer - Spectrum Aagilent [N FAYE3400298 H2EI2018 42512019 Active Calibration
2 AR IED4Z Cable Gore EKDMO004E.0 BE4E619 nzezma Mzizma Active Yerification

Company: Human Inc. Name: Human Headphones (Right)
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Table

DTS BW
(kHz)

Limit

Channel (kHz)

Margin
(kHz)

729.4 500.0

Low

229.4

730.5 500.0

Mid

230.5

727.2 500.0

High

227.2

Plots

B 7 Spectnam Amaie Gecumed B

Center Freq 2.402000000 GHz

AFGainLow

Ref 20.00 dBm

Center 2.402 GHz

#Res BW 100 kHz #VBW 300 kHz

Occupied Bandwidth Total Power

1.0780 MHz
8.311 kHz OBW Power
729.4 kHz x dB

Transmit Freq Error
x dB Bandwidth

q: 2.402000000 GHz
AvglHold: 10/10
Ext Gain: 10,0048 _ Radio Device: TS

[ B2 glern Spectnum Antyzer - Decupied EW

51118 PP Jan 2

05:10:20 P an 23,2019
TraceiDetector Radio Std: None

Radio Std: None Center Freg: 2.440000000 GHz
Trig: Free Run AvgHold: 10110
AFGainlow  #Atten: 6 df ain: 10,00 4B

Center Freq 2
Radio Device: BTS

Ref 20.00 dBm

‘Center 2.44 GHz

#WRes BW 100 kHz #VBW 300 kHz

10.5 dBm Total Power 11.1 dBm

Occupied Bandwidth

1.0763 MHz
6.485 kHz OBW Power
730.5 kHz x dB

99.00 %
=6.00 dB

Transmit Freq Error
x dB Bandwidth

sTaTuS uss sTamus

Low Channel — DTS BW

Mid Channel — DTS BW

[ 2ilent Spectzum Anatyzes - Orcupied B

Center Freq 2.480000000 GHz e s

AFGain-dlow _ Aten: § ol

Ref 20.00 dBm

iCenter 2.48 GHz

#Res BW 100 kHz #VBW 300 kHz

Occupied Bandwidth Total Power
1.0762 MHz
5.918 kHz OBW Power
727.2 kHz x dB

Transmit Freq Error
x dB Bandwidth

Center Freq: 2.480000000 GHa
AvgiHold: 10/10
Ext Gain: -10.0068 _ Radio Device: BTS

031227 PWJan 23,2019
Radio Sid: Nene

11.4 dBm

99.00 %
-6.00 dB

Status,

High Channel — DTS BW

Company: Human Inc.

Report: TR317406 DTS TX B
Job: C-2951

Name: Human Headphones (Right)
Page 10 of 41 Model: 1702
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5.1.2 Antenna Port Conducted Emissions — 99% Occupied Bandwidth

Operator Zach Wilson
QA Adam Alger
Test Date 3/13/2019

Location Radio Bench

Temp./R.H.  21.5°C/35.4%RH

Requirement  FCC 2.1049

Method ANSI C63.10 Section 6.9

Test Parameters

Frequency 2402 MHz (Low), 2440 MHz (Mid), 2480 MHz (High)
RBW 30 kHz

VBW 91 kHz

Detector Max peak hold with peak detector

EUT Mode BLE Continuous Transmit

EUT Power Battery @ 3.7 VDC

Instrumentation

Laird .

Diate : 13-Mar-2019 Test: Conducted Radie (Right DTS) Job: C-2851
FE: Zach Wilson Customer: Human Inc. Quoke : 217406
[Me] Aszet Dieseription FManubacturer | Madel Serial CalDate | CalDueDate | Equipment Status
1 EE3g0087 Analyzer - Spectrum Aagilent MA010A P E3400296 12528 252019 Active Calibration
2 AASE043 Cable Gore EKDMD01043.0 A54E613 HH&zma HH22m3 Active Werification
3 AAGE0I44 Cable Gore EKDMDO0T20 B200373 Hzze HH2iz03 Active Werification

Company: Human Inc. Name: Human Headphones (Right)

Report: TR317406 DTS TX B Page 11 of 41 Model: 1702

Job: C-2951 Serial: 7406, 7354



Table

OBW 99%
(kHz)
Low 1067.8
Mid 1069.4
High 1069.6

Channel

Plots

[ 2ilert Specinumm Analyeer - Oceupied BV

Center Freq 2.402000000 GHz Trig: Free Run
#IFGain:Low #Atten: 6 dB

Ref 20.00 dBm

‘Center 2.402 GHz

#WRes BW 30 kHz #VBW 91 kHz

Occupied Bandwidth Total Power

1.0678 MHz
4.377 kHz OBW Power
689.0 kHz xdB

Transmit Freq Error
x dB Bandwidth

Center Freq: 2.402000000 GHz
AvglHeld: 10110
Ext Gain: -2000 65 Radio Device: BTS

[ERTEE

Radio Std: Nor Peak Search

Span 3 MHz
Sweep 3.2 ms|

10.1 dBm

99.00 %
-6.00 dB

STATUS

I #aien Spectrum Araper - Dccupied B . =
T 031835 PHHar L

Radio Std: Nane Peak Search

Center Fr 0000 GHz Conter Freq: 2440000000 GHz
Center Freq 2.440000000 GH: Trig: Free Run AvglHold: 1010
sin: -20.00

#FGainlow __ #Aten: 6 dB Radio Device: BTS.

Ref 20.00 dBm

‘Center 2.44 GHz
#WRes BW 30 kHz

Span 3 MHzZ

#VBW 91 kHz Sweep 3.2 ms)

Total Power 10.4 dBm

Occupied Bandwidth

1.0694 MHz
4.034 kHz OBW Power
689.7 kHz xdB

99.00 %
-6.00 dB

Transmit Freq Error
x dB Bandwidth

uss STATUS

Low Channel —99% Occupied BW

Mid Channel —99% Occupied BW

[ 2ilert Specinumm Analyeer - Oceupied BV

Center Freq 2.480000000 GHz Co el

#FGain:Low __ #Atten: 6 dB

Ref 20.00 dBm

‘Center 2.48 GHz

#WRes BW 30 kHz #VBW 91 kHz

Occupied Bandwidth Total Power
1.0696 MHz
3.858 kHz OBW Power
690.9 kHz xdB

Transmit Freq Error
x dB Bandwidth

Center Freq: 2480000000 GHz
AvglHeld: 1010
Ext Gain: -20.00 48

31751 PHMar 13,

Radio Std: Nane Peak Search

Radio Device: BTS.

Span 3 MHz
Sweep 3.2 ms|

11.6 dBm

99.00 %
-6.00 dB

High Channel — 99% Occupied BW

Company: Human Inc.

Report: TR317406 DTS TX B
Job: C-2951
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5.1.3 Antenna Port Conducted Emissions — Maximum Conducted Output Power

Operator Zach Wilson

QA Adam Alger

Test Date 1/23/2019

Location Radio Bench

Temp./R.H.  21.5°C/35.4% RH
Requirement FCC 15.247 (b)(3)

Method ANSI C63.10 Section 11.9.1.1

Test Parameters

Frequency 2402 MHz (Low), 2440 MHz (Mid), 2480 MHz (High)
RBW 1 MHz
VBW 3 MHz
Detector Max Peak Hold with peak detector
EUT Mode BLE Continuous Transmit
EUT Power Battery @ 3.7 VDC
Instrumentation

Laird

Diate : 13-Mar-2019 Test: Conducted Radio (Right DTS) Job: C-2851
PE: Zach Wilzan Customer : Human Inc. Quate : 317406
| No.l Azzet Dlescription Manufacturer | Model Serial Cal Dake | Cal Oue Date | Equipment Status
1 EE 3g0087 Analyzer - Spectrum Aagilent [N FAYE3400298 H2EI2018 42512019 Active Calibration
2 AR IED4Z Cable Gore EKDMO004E.0 BE4E619 nzezma Mzizma Active Yerification

Company: Human Inc.

Report: TR317406 DTS TX B Page 13 of 41

Job: C-2951

Name: Human Headphones (Right)
Model: 1702
Serial: 7406, 7354



Table

Channel Peak Output Limit | Margin
Power (dBm) | (dBm) (dB)
Low 3.9 30.0 26.1

30.0
30.0

253
25.1

4.7
4.9

Mid
High

Plots

Laird -,

‘Agilert Spectrum Anabyzer - Swept SA - =
Marker 1 2.402282000000 GHz o Peak Search

NG Fast e Trig: FreeRun
Atton: 26 4B

Avg Type: Log-Pwr
AvglHold: 1010
IF GainiLow Ext Gain: -10.00 48

Ref 26.00 dBm

Mkr—.CF|

Mkr—RefLvi

Marker Delta
More|
1 of 2]

Center 2402000 GHz Span 3.000 MHz
#Res BW 1.0 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts)

uss ATUS

g Sprcirum Anabes - Swept SA o
g TypeiLag Per Peak Search

Trig: Free Run AvgiHold: 1010

Atten: 26 4B Ext Gain: -10.00 48

Marker 1 2.440243000000 GHz
PNO: Fast
1FGain:Low
Mkr1 2.440 243 GHz|

Ref 26.00 dBm 4.711 dBm

Next Pk Left
Mkr—RefLvi

More|
Center 2.440000 GHz 10f2
#Res BW 1.0 MHz

Span 3.000 MHz|
Sweep 1.000 ms (1001 pts)

#VBW 3.0 MHz

Low Channel — Output Power

Mid Channel — Output Power

Agilent Spectrum Ansiyen - Smegt 54 et

Marker 1 2480264000000 GHz

PNC Fasl —#—
IFGain:Low

Avg Type: Log-Pur
Avg|Hold: 1010
Ext Gain: -10.00 65

Trig: Free Run
Atten: 26 0B

Ref 26.00 dBm

Center 2.480000 GHz
#Res BW 1.0 MHz

Span 3.000 MHz
Sweep 1.000 ms (1001 pts)

#VBW 3.0 MHz

High Channel — Output Power

Company: Human Inc.

Report: TR317406 DTS TX B
Job: C-2951

Page 14 of 41

Name: Human Headphones (Right)
Model: 1702
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5.1.4 Antenna Port Conducted Emissions — Digital Modulation System Power Spectral

Density
Operator Zach Wilson
QA Adam Alger
Test Date 1/23/2019
Location Radio Bench
Temp./R.H.  21.5°C/35.4% RH
Requirement FCC 15.247 (e)
Method ANSI €63.10 Section 11.10.2

Test Parameters

Frequency 2402 MHz (Low), 2440 MHz (Mid), 2480 MHz (High)
RBW 100 kHz
VBW 300 kHz
Detector Max Peak Hold with peak detector
EUT Mode BLE Continuous Transmit
EUT Power Battery @ 3.7 VDC
Instrumentation

Laird

Date: 13-Mar-2019 Test: Conducted Radio (Right DTS) Job: C-2851
PE: Zach Wilzan Customer : Human Inc. Quate : 317406
| No.l Azzet Dlescription Manufacturer | Model Serial Cal Dake | Cal Oue Date | Equipment Status
1 EE 3g0037 Analyzer - Spectrum Aagilent MA0ina MYE3400298 HEEIZ0E 4252019 Active Calibration
2 AASEMN4: Cable Gore EKDMD004E.0 BE4E513 H2ezms M2fzma Active Yerification

Company: Human Inc.

Name: Human Headphones (Right)

Report: TR317406 DTS TX B Page 15 of 41 Model: 1702

Job: C-2951
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Table

Peak PSD Limit Margin

Channel (dBm) (dBm/3kHz) | (dB)

Low 2.8 8.0 5.2
Mid 4.0 8.0 4.0
High 4.2 8.0 3.8

Plots

[ 2 il Spectrum Anabaer - Suept 5A & ii“ [ £ gitert Spectrimm Analyzer - Swegt 54 o el
/l 0 : Avg Type: Log-Pwr
Average/Hold Number 1.0 e g Trig: Free Run Avg|Hold:»1001100

w " Auen: 20 dB 10.00 4B Avg/Hold Num

r 3 0 GHz : Avg Type: Log-Pwr
Marker 1 2.440238710000 .wwe W e i
Foaiion * Atten: 20 dB Ext Gain: 10.00 48

Ref 20.00 dBm Ref 20.00 dBm

Center 2.4020000 GHz Span 1.095 MHz Center 2.4400000 GHz Span 1.095 MHz

#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) #Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)|
Low Channel — Output Power Mid Channel — Output Power

[ g1t Spectrum Analyzer - Suept SA ==

Marker 1 2.480240800000 wm ... Fre; n‘;n zggm}:gg;ﬁ:r Peak Search

Ref 20.00 dBm

Center 2.4800000 GHz Span 1.095 MHz

#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts)
High Channel — Output Power

Company: Human Inc. Name: Human Headphones (Right)

Report: TR317406 DTS TX B Page 16 of 41 Model: 1702
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5.1.5 Antenna Port Conducted Emissions — RF Spurious Emissions at the Transmitter
Antenna Terminal

Operator Zach Wilson

QA Adam Alger

Test Date 3/13/19

Location Radio Bench
Temp./R.H.  21.5°C/35.4%RH

Requirement

FCC 15.247 (e)

Method

ANSI C63.10 Section 11.11

Test Parameters

Frequency 2402 MHz (Low), 2440 MHz (Mid), 2480 MHz (High)

RBW 100 kHz

VBW 300 kHz

Detector Max Peak Hold with peak detector

EUT Mode BLE Continuous Transmit

EUT Power Battery @ 3.7 VDC

Notes Reference level plot shown to determine limit of -15.4 dBm. Incorrect limit line

shown on plots.

Company: Human Inc.

Report: TR317406 DTS TX B Page 17 of 41

Job: C-2951

Name: Human Headphones (Right)
Model: 1702
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Instrumentation

Laird

Diate : 13-Mar-2019 Test: Conducted Radie (Right DTS) Job: C-2851
PE: Zach Wilzon Customer: Human Inc. Quaote : 317406
| No.l Azzet Dlezcription Manufacturer | Model Serial Cal Date | Cal Oue Date | Equipment Status
1 EE 38007 Analyzer - Spectrum Agilent [A010A MYE3400298 41252013 252019 Active Calibration
2 AAJEDMZ Cable Gore ERDOID0042.0 BR4ER1 hzfzms Mzizma Active Werification
3 AAJEDM4 Cable Gore EEDOIDO0TZ0 B200372 hzfzms Mzizma Active Werification
Table
2399.3 Low -38.2 -15.4 22.8
4885.0 Mid -64.6 -15.4 49.2
2485.5 High -58.5 -15.4 43.1

Company: Human Inc. Name: Human Headphones (Right)

Report: TR317406 DTS TX B Page 18 of 41 Model: 1702

Job: C-2951 Serial: 7406, 7354



Avg Type: Log Par
Trig FreeRun  AvgHold>100100

Mkr1 2.480 240
4.16;

Ref 20.00 dBm

1095 MHz

Center 24800000 GHz Span 1.
Sweep 1.000ms (1001 pts)|

#Res BW 100 kHz #VBW 300 kHz

Ret .00 dBm

+
S e T

Stop 1.0000 GHz

FVEW 100 kHz 92.73 ms (1001 pis)

Ref 6,00 aBm

Start 10000 GHz

#Res B 100 kHZ VB 300 kHZ

30-1000 MHz,

Ty

Ret 6.00 aBim

‘Start Z31000 GHz

1800 GH
VBN 300 kHz Sweep B.667 ms (1001 pis)

Low Channel

ik e
150 8

Ret 6.00 aBim

‘$top 2500000 GHz
1400 ms (1001 pis)

VB 300 kHz

g f

B 115 Froeum
saman: 4B

Ref 6.00 aBm

Start 250 GHz

#Res B 100 kHz VB 300 kHz

2310-2400 MHz, Low Channel

2.5-25 GHz, Low Channel

Ret 6.00 aBim

abusins e e sy

Start 3007

AVEI 300 kHz

Ref 6.00 B

| Pee— (S i bt v i N AP

VB 300 KHZ

. |
—

0p 240000 GHz

#VBVI 300 kHZ 7 ms (1001 pis)

30-1000 MHz, Mid Channel

Ret .00 dBm

g

00 GHz
He #VEW 300 kHE

Red 6.00 dBm

VB 300 KHZ

Fef 6.00 dBm

Siop 1.0000 GHz
(1001 pis)

VBV 300 kHZ

2483.5-2500 MHz, Mid Channel

Company: Human Inc.

Report: TR317406 DTS TX B
Job: C-2951

2.5-25 GHz, Mid Channel

Page 19 of 41

30-1000 MHz, High Channel

Name: Human Headphones (Right)
Model: 1702
Serial: 7406, 7354



Ay Ty Lag Pur
e B 2

Avg Tyow Log P
A Toion

Red 6.00 dBm

Ref 6.00 dBm

Ref 6.00 dBim

‘Start 1.0000 0000 GHz
#Res B 10 i

Start 2.3 su
#Res B 100 FVBW 300 kHE Swesp 2.667 ms (1001 pis)

00 GHz
"

GHz
0 kiz VB 300 KHZ #VBVI 300 kHZ

1000-2310 MHz, High Channel 2310-2400 MHz, High Channel  2483.5-2500 MHz, High Channel

=y

Ref 6.00 aBn

SVBW 300 kHz

2.5-25 GHz, High Channel

Company: Human Inc. Name: Human Headphones (Right)
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5.1.6 Antenna Port Conducted Emissions — Frequency Stability (Voltage Variation)

Operator Anthony Smith
QA Zach Wilson
Test Date 1/25/2019
Location Radio Bench

Temp. / R.H. 21.5°C/35.4% RH

Requirement FCC 2.1055 (d)

Method ANSI C63.10 Section 6.8

Test Parameters

Frequency 2402 MHz (Low), 2440 MHz (Mid), 2480 MHz (High)
RBW 100 kHz

VBW 300 kHz

Detector Max Peak Hold with peak detector

EUT Mode BLE Continuous Transmit

EUT

. Varied Voltage +15 % from 3.7 VDC for Voltage Variation.
Environment

Instrumentation

Laird .

Diate : 13-Mar-2019 Test: Conducted Radio (Right DTS) Job: C-2851
FE: Zach Wilzon Customer: Human Inc. Quote: 37408
| No.| Asset Deseription Manufacturer | [Model Serial Cal Date | Cal Due Diate | Equipment Status
1 EE 3g0087 Analyzer - Spectrum Aagilent [N FAYE3400298 H2EI2018 42512019 Active Calibration
2 AR BEOMI Cable Gore EKDOID01045.0 G54E613 Hzezms H2i2ma Active Yerific ation

Company: Human Inc. Name: Human Headphones (Right)
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Table
High 3.7 2479994788 0
High 4.3 2480001262 -6474
High 3.2 2480004296 -9508
Low 3.2 2402000202 -1892
Low 3.7 2401998310 0
Low 4.3 2402001358 -3048
Mid 3.7 2439997380 0
Mid 4.3 2440001280 -3900
Mid 3.2 2440004316 -6936
Company: Human Inc. Name: Human Headphones (Right)
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5.1.7 Antenna Port Conducted Emissions — Frequency Stability (Ambient Temperature)

Operator Anthony Smith

QA Zach Wilson

Test Date 1/25/2019

Location Radio Bench
Temp./R.H.  21.5°C/35.4% RH
Requirement FCC 2.1055 (d)

Method ANSI C63.10 Section 6.8

Test Parameters

Frequency 2402 MHz (Low), 2440 MHz (Mid), 2480 MHz (High)
RBW 100 kHz

VBW 300 kHz

Detector Max Peak Hold with peak detector

EUT Mode BLE Continuous Transmit

EUT

Environment

Temperature varied from -20°C to 50°C for Ambient Temperature.

Instrumentation
Laird
Diate: 13-Mar-2013 Test: Conducted Radie (Right DTS) Jaob: C-2851
PE: Zach Wilson Customer:_ Human Inc. Ouote : 7406
[Me] Asset Description Tl aniufacturer | Madel Serial CalDate | CalDueDate | Equipment Status
1 EEA3800&7 Analyzer - Spectrum Aagilent Manioa MY E3400298 H2E2018 412512013 Active Calibration
2 AS3E0143 Cable Gore EEDMO01048.0 A54E519 2018 nMadena Auctive Verification

Company: Human Inc.

Name: Human Headphones (Right)
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Table
Low 20 2401998316 0
Low 50 2401986491 11825
Low -20 2402008352 10036
Mid 20 2401998346 0
Mid 50 2401988781 9565
Mid -20 2402001366 3020
High 20 2402009910 0
High 50 2401998362 11548
High -20 2402016683 6773
Company: Human Inc. Name: Human Headphones (Right)
Report: TR317406 DTS TX B Page 24 of 41 Model: 1702
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5.2 Radiated Emissions

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.

Description of
Measurement

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.

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

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

Calculations 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
/ B——{ Antenna \ EUT
Spectrum
Analyzer
Company: Human Inc. Name: Human Headphones (Right)
Report: TR317406 DTS TX B Page 25 of 41 Model: 1702
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5.2.1 Spurious Emissions 30-2310 MHz

Operator Jon Dilley

QA Shane Dock

Test Date 1/15/19

Location Chambers 5
Temp./R.H.  23.3°C/34.6%RH

Requirement

FCC 15.247, 15.209

Method

ANSI C63.10 Sections 6.5 and 11.12

Limits:

30-88 40
88-216 43.5 = =
216-960 46 - -
960-1000 54 - -
1000-25000 - 54 74

Test Parameters

Frequency 30-2310 MHz
Distance 3m
<1 GHz: 120 kHz
RBW >1GHz:1MHz
<1GHz:1.2 MHz
VBW >1 GHz: 3 MHz
Max peak hold for all plots. Quasi peak detector for under 1 GHz. Average and peak
Detector
detectors for over 1 GHz.
EUT Mode BLE Continuous Tx, Low/High Channels.
EUT

Configuration

EUT on charger deemed worst case configuration. NFMI @ 14.8 MHz.

Data Note

All emissions under 1 GHz found to be more than 10 dB under limit and/or not a
function of the radio. BLE disabled mode plots taken for comparison.

Company: Human Inc.

Name: Human Headphones (Right)
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Instrumentation

Diake: 13-Mar-2013

PE: Zach Wilzan

Test: RE Tx (Right OTS)

Laird .

Customer:_ Human Inc.

Job: C-2951

Guote : G405

[mMa] Azzet Diezcription hanufacturer | Tladel Serial CalDate | CalDueDate | Equipment Status
1 28 960163 Antenna - Lowg Periodic A.H. Systems, Ine SAS5-512-2 500 wantzoe Ww30rz2013 Active Calibration
2 AL IENZE Antenna - Biconical ETS Lindgren e 000E229a BHEf2012 BHEfZ01 Active Calibration
3 EE 960033 Analyzer - EMI Receiver Agilent M3038A MYEIZI0138 H2H2018 242013 Active Calibration
4 A8 3RO Antenna - Double Ridge Horn EMICO e E307 HHEf2012 HHEf2018 Active Calibration

T —r—
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Company: Human Inc.
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Job: C-2951

Name: Human Headphones (Right)
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Company: Human Inc.

Name: Human Headphones (Right)
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Agilent EM Receiver - Frequency Scan Agilent EM Receiver - Frequency Scan
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T e ——
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Company: Human Inc. Name: Human Headphones (Right)
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5.2.2 Band Edge

Operator Anthony Smith
QA Zach Wilson

Test Date 1/3/2019
Location Chambers 5
Temp./R.H.  22.9°C/22.6%RH

Requirement

FCC 15.247, 15.209

Method

ANSI C63.10 Sections 6.6 and 11.2

Limits:

2310-2390 54 74

2483.5-2500 54 74

Test Parameters

Frequency 2310-2390 & 2483.5-2500 MHz

Distance 3m

RBW 1 MHz

vBW Z(\a/zl:é;el?ﬂll-(;sz

Detector Max peak hold for all plots. Average and peak detectors for measurements.
EUT Mode BLE Continuous Tx, Low/High Channels. 100% duty cycle.

EUT

Configuration

Vertical EUT position deemed worst case by peaking of the fundamental emission.

Note

Vertical Antenna polarity deemed worst case by peaking of the fundamental
emission.

Company: Human Inc.

Report: TR317406 DTS TX B

Job: C-2951

Name: Human Headphones (Right)
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Instrumentation

Laird >,

Diate : 1-Jan-2013

FE:_Zach Wilzon

Test: AE Tx (Right DTS)

Laird -,

Job: C-2851

Customer:_Human Inc.

Guote: 317406

[Me] Asset Description hlanufacturer | Madel Serial CalDate | CalDueDate | Equipment Status
1 EESE003% Analyzer - EM| Receiver Agilent Maozen, PYEIZI0I3E HEHEME 4242013 Active Calibration
2 AASEOOH Antenna - Double Ridge Horn EMCO 1] E907 AMEL2018 AMEF2MS Active Calibration

Data

Frequency | Height | Azimuth Pea.k P.ea.k Margin | Antenna
(MHz) (cm) (degree) Reading Limit (dB) Polarit
& (dBuV/m) | (dBuV/m) ¥
2388.6 142.0 128.5 54.2 74.0 19.8 Vertical
2483.5 142.0 128.5 56.5 74.0 17.5 Vertical
. . Average Average .
Frequency | Height | Azimuth . .. Margin | Antenna
(MHz) (cm) (degree) Reading Limit (dB) Polarit
g (dBuV/m) | (dBuv/m) y
2389.3 142.0 128.5 42.7 54.0 11.3 Vertical
2483.5 142.0 128.5 48.1 54.0 5.9 Vertical

Company: Human Inc.

Report: TR317406 DTS TX B
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Company: Human Inc.
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5.2.3 Spurious Emission 2.5-25 GHz

Operator Jon Dilley and Anthony Smith
QA Shane Dock and Zach Wilson
Test Date 1/3/2019 and 1/7/2019
Location Chambers 5

Temp./R.H.  21.0°C/30.0%RH

Requirement

FCC 15.247, 15.209

Method

ANSI C63.10 Sections 6.6 and 11.2

Limits:

2500-25000 54 74

Test Parameters

Frequency 2.5-25GHz
Distance 3m
RBW 1 MHz
Peak: 3 MHz
VBW Average: 10 Hz
Detector Max peak hold for all plots. Average and peak detectors for measurements.
EUT Mode BLE Continuous Tx, Low/High Channels. 100% duty cycle.
EUT
Vertical, Fl h
Configuration ertical, Flat, and On Charger
For 4-18 GHz harmonics the plot shown is of the worst-case orientation per
Note harmonic in restricted band of operation. The 2" harmonic is the only emission in a

restricted band.

Company: Human Inc.

Name: Human Headphones (Right)
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Instrumentation

Laird -,

Laird -,

Diate: fl-Jan-2013 Test: RE Tx (BLE Right) Harmonics Job: C-2851
FPE: Zach Wilson Customer: Human Inc. Guote : 317405
[rie] Azzet Description Manufacturer | Madel Serial CalDste | CalDueDate | Equipment Status

1 A/ 560031 Antenna - Double Ridge Horn EMCO a6 B30T 4112018 4MEI2013 Active Calibration

2 AR SE0ITI Cable AH. Systems, Ine: SAC-26G-6 386 H2zma H2zma Active Werification

3 AASE0154 Filker - High Pazs 2.4 GHz KWt HPF-L-14136 TeTR-02 4262018 412602019 Active Calibration

4 EE 960085 Analyzer - EMI Receiver Agilent Ma0zga MYEIZ10148 HE4z2ME 424209 Active Calibration

5 A8 560174 Antenna - Small Horn ETS Lindgren MeC-PA 00206880 BHE/2018 BMEI2019 Active Calibration

£ EE 960096 Antenna - Low Moize Amplifier Mini-Circuits ZWA-Z13H-5 40201429 4H1e12018 4ME12019 Autive Calibration

Data
Emissions . ) ) . Peak Average Average
Height Azimuth |[Peak Reading| Peak Limit . . . Average . . n
Channel |Frequency (cm) d ) (dBuV/m) (dBuV/m) Margin Rading Limit Margin (dB) Orientation Polarity
(MHz) i egrees O e (dB) (dBuv/m) | (dBuv/m) | V8"

Low 4804 100.0 319.8 46.1 74.0 27.9 37.5 54.0 16.5 Vertical Vertical
Low 4804 103.0 80.8 45.3 74.0 28.7 36.8 54.0 17.2 Vertical Horizontal
Low 4804 130.0 214.5 46.9 74.0 27.1 39.8 54.0 14.2 Flat Horizontal
Low 4804 100.0 348.0 46.6 74.0 27.4 38.4 54.0 15.6 Flat Vertical
Low 4804 112.3 43.5 47.9 74.0 26.1 40.7 54.0 13.3 On Charger| Vertical
Low 4804 100.0 34.8 45.6 74.0 28.4 39.2 54.0 14.8 On Charger| Horizontal
Mid 4880 111.1 40.0 46.4 74.0 27.6 39.0 54.0 15.0 On Charger| Vertical
High 4960 139.0 43.5 44.5 74.0 29.5 36.4 54.0 17.6 On Charger| Vertical

Company: Human Inc.
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BLE Tx Low, Average Plot, Reduced VBW BLE Tx Low, Peak Plot
[ Agicr Specirurm Anchyoe - Seeept A i

A2 PH

Marker 1 24.481982732758 GHz - Avg Type: Log-Pur . Peak Search

PHO: Fast Lo T19: Free Run AvglHold:> 100100
IFGain:High #Atten: 0 dB
Mkr1 24.481 98 G NextPeak|
Ref 75.00 dBpV/im 49.400 dBpV
xt Pk Right
Next Pk Left|

Marker Delta
Mkr—RefLv]
Start 18.000 GHz Stop 25.000 GHz m

#Res BW 1.0 MHz #VEBW 30 kHz Sweep 184.0 ms (30000 pts)|

mea STATUS

18-25 GHz, EUT Flat, Antenna Horizontal,
BLE Tx Low, Average Plot, Reduced VBW
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5.3 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
Receiver

EUT AMN — Cable —

Company: Human Inc.

Name: Human Headphones (Right)
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5.3.1 AC Mains Conducted Emissions

Operator Jon Dilley
QA Shane Dock
Test Date 1/22/2019
Location Bench

Temp./R.H.  21.7°C/33.5%RH

Requirement  FCC 15.207

Method ANSI C63.10 Section 6.2
Limits:
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 0.150-30 MHz

Distance 80 cm from HCP, 40 cm for VCP
RBW 9 kHz

VBW 90 kHz

BLE Continuous Tx, Low/Mid/High Channels. Worst case with respect to the margin

EUT Mode
shown.

EUT Power Powered via the charging stand, stand powered via 120VAC/60Hz

Detectors Max peak hold for plots. Average and quasi-peak detectors for final measurements.
Company: Human Inc. Name: Human Headphones (Right)
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Instrumentation
Date: 11-Jan-2013 Test: CE (Right) Job: C-2851
PE:_Zach Wilson Customer:_ Human Inc. Quote: 317406
|I'\Jo.| Aszet Deseription ManuFacturer | MMadel Serial Cal Date | CaIDueDate| Equipment Status
1 EES60035 Analyzer - EMI Receiver Agilent M303sa MYEIZI0142 H2420s 42412019 Active Calibration
2 EES6EMGZ LISK COM-FOWER  LI-216A 131963 HE2s 4232019 Active Calibration
Table
Quasi- Quasi- Quasi-
. Frequency Peak Peak Peak Avera.ge Av?rafge Avera_ge
Line . . . X Reading Limit Margin
(MHz) Reading Limit Margin (dBuV) (dBuV) (dB)
(dBuv) | (dBuv) | (dB) . ¢
2 0.383 39.6 58.2 18.6 255 48.2 22.7
2 1.552 27.8 56.0 28.2 16.6 46.0 294
2 16.293 21.8 60.0 38.2 133 50.0 36.8
1 0.383 40.7 58.2 17.5 30.3 48.2 17.9
1 0.159 42.6 65.5 22.9 32.7 55.5 22.9
1 1.586 28.3 56.0 27.7 19.1 46.0 26.9

Quasi- . Quasi-
e |y | v | S| | pimges | A | e

(dBp.V)g (dBuv) (ng) (dBuv) | (dBuv) (dB)
1 0.383 39.2 58.2 19.0 28.8 48.2 19.4
1 0.154 42.8 65.8 22.9 32.6 55.8 23.1
1 1.554 28.1 56.0 27.9 18.1 46.0 27.9
2 0.379 38.6 58.3 19.7 25.0 48.3 23.3
2 1.099 27.3 56.0 28.7 16.5 46.0 29.5
2 1.964 26.4 56.0 29.6 15.2 46.0 30.8

Company: Human Inc.

Report: TR317406 DTS TX B
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Peak Search

Plots
e —
I A

12272 23,2015
Lttt er 1374.98 kHz
e o e

FREGUENCY SCAH  Scan FREQUENCY SCAN  Sean
>2528 >26125

Free Run Atten: 10 4B Free Run
Mkr1

L N
Marker 1 181.50 kHz
asPR ~
Mkr1

Atten: 10 4B
_Ref 61.99 dBpv
Next Pk Right|

_Ref 61.99 dBpV

'w«'-"”“'*J'ﬁ#!f\;il N

[

Stop 30 MHz
Dwell Time 108.1 ps({4.5 kHz )
sians | DC Coupled

BLE Tx Low Channel, Line 1 BLE Tx Low Channel, Line 2

Lttt Marker 1 388.48 kHz
. o e
Atten: 10 dB Free Run

Stop 30 MHz Start 150 kHz
Dwell Time 108.1 ps(4.5 kHz) Res BW 9 kHz VBW 90 kHz
stans 1 DC Coupled

Start 150 kHz
Res BW 9 kHz VBW 90 kHz

Peak Search

FREQUENCY SCAN  Sean
>25125

e 4 Recebver, - racuency Scim
Marker 1 181.50 kH FREQUENCY é(ﬂ?l Scan
seR S o 2605
Scan Atten: 10 dB Free Run
Mkr1
Ref 61.99 dBV

_Ref 61.89 dBpV

Dwell Time 108.1 (4.5 kHz)
DC Coupled

BLE Tx High Channel, Line 2

Start 150 kHz
VBW 890 kHz Dwell Time 108.1 ps(4.5 kHz) Res BW 9 kHz 'VBW 90 kHz
STATLS 1 DC Coupled

BLE Tx High Channel, Line 1

Name: Human Headphones (Right)

Model: 1702
Serial: 7406, 7354
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6 REVISION HISTORY

v0.0 2-4-19 Initial Draft Zach Wilson
v0.1 3-13-19 Revised Draft Zach Wilson
v0.2 3-13-19 Updated instrumentation sheets Zach Wilson
v0.3 3-13-19 Revised Zach Wilson

END OF REPORT
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