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1 Introduction

AN12897

This document describes:

* The measured performance characteristics of the NxH3670
* The measurement conditions

Throughout the document, FWD stands for Forward channel and BWD stands for
Backward channel.

Before reading this document, study the signal flow in both the SDK board and ADK
board.
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Application note

Rev. G9.0 — 19 August 2021
3/80



NXP Semiconductors

AN12897

2 Performance summary

NxH3670 performance

Table 1. Performance figures

Measurements Value Unit |Details

audio bandwidth forward channel ~21 kHz

audio bandwidth backward channel ~7 kHz

latency forward channel (ulo/lo/mid/hi) 15.3/20.3/25.3//30.3 ms |Section 3.1.1.8

latency backward channel (ulo/lo/mid/hi) 25.0/30.2/35.3/40.0 ms |Section 3.1.4.10

time to audio (bonded/unbonded) s |Section 3.3.3

SNR forward channel 144 dB |1 kHz; Section 3.1.1.1

SNR backward channel 79 dB |1 kHz; Section 3.1.4.1

power consumption 74 mA headset = active at 1.2 V; NxHxxxx
only

power consumption 946 mA gcrzlr;gle = active at 1.2 V; NxHxxxx

power consumption 0.73 mA r'\lliiidxsxit:o?:lj;/ertising at1.2V;

power consumption 33 mA gcrzlr;gle = scanning at 1.2 V; NxHxxxx

Unless explicitly indicated otherwise, measurements are always conducted in low latency

mode.

Table 2. SDK — Power performance

Dongle/ |State NxHxxxx at KL at1.8V Codecat1.2V Codecat1.8V |At3.8V

Headset 1.2V (mA) (mA) (mA) (mA) (mA)

D SLEEP 0.0997 0.1 - - -

D CONNECTING - scan 3.34 5.08 - - -

D CONNECTED 0.36 5.07 - - -

D STREAMING - low 9.46 7.26 - - -
latency

H SLEEP 0.10 0.10 0.002 0.13 1.14
CONNECTING - 0.73 0.14 0.2 0.93 1.89
advertise
CONNECTED 0.38 0.1 0.002 0.13 1.73

H STREAMING - low 7.37 0.1 1.45 121 10.89
latency

The headset power consumption is measured at the battery contacts (input of the DC/DC
convertors). The battery is removed and a bench power supply is used.

Table 3. ADK - Power performance

AN12897

Dongle/ State At 3.8 V (mA) at 5V (mA)
Headset
D SLEEP - 0.0 (Vbus is off)
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Table 3. ADK — Power performance...continued

Dongle/ State At 3.8 V (mA) at 5V (mA)
Headset
D CONNECTING - scan - 20.2
D CONNECTED - 171
D STREAMING - low latency - 30
H CONNECTING - advertise 1.1 -
H CONNECTED 1 -
H STREAMING - low latency 5.7 -
(0 V (RMS) out)
H STREAMING - low latency (100 mV |7.4 -
(RMS) out)

Table 4. Radio Link (last run G5.0)

Setup/case Measurement Measured Unit
value

range line-of-sight low latency 23 m

mid Latency 37 m

high latency 42 m
outdoor range PLC kick-in 12...23 m

first mute 33...58 m

end of range (MOS = 1) 77...119 m
interference min, max lost audio frames after interference |2..17 frames
resilience enabled

min, max lost audio frames after CA settled 0...2 frames

min, max settling time after interference 3...42 s

enabled

min, max PER during 5 minute run 3.3..5.0 %

“End of range” is the distance at which the MOS has dropped to 1.

The Wikipedia definition of MOS: “MOS or Mean Opinion Score is a measure used in
the domain of Quality of Experience and telecommunications engineering, representing
overall quality of a stimulus or system.”

“Range Line-of-Sight” is the distance at which MOS has dropped one level compared to
the quality with perfect reception.

“Range Line-of-Sight” is measured indoors in an office environment, therefore there is an
uncontrolled level of interference.

The lower the latency, the less time there is for retries. So, the range drops significantly.

“Outdoor range” is measured in a location without interference.

AN12897 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.

Application note Rev. G9.0 — 19 August 2021

5/80



NXP Semiconductors AN1 2897

NxH3670 performance

3 Audio measurements

The following configurations are evaluated:

Table 5. Measured configurations

# Configuration

Section 3.1.1 SDK |forward channel: I1S-to-IS
Section 3.1.2 forward channel: IZS-to-anang
Section 3.1.3 forward channel: analog-to-analog
Section 3.1.4 back channel: 1°S-to-1°S

Section 3.1.5 back channel: Analog

Section 3.2.1 ADK |forward channel: IZS-to-anang
Section 3.2.2 back channel: Analog-to-IZS

Although numbers are published on the performance of the SDK, these numbers are ‘for
information only’. Only the ADK board has been designed tuned for performance.

All measurements are done with the Windows volume sliders at maximum level.

(100]=
©
Mixer
——
aaa-038160
Figure 1. Windows volume slider
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3.1 NXH3670SDK board

NxH3670 performance

Although numbers are published on the performance of the SDK, these numbers are ‘for
information only’. Only the ADK board has been designed tuned for performance.

3.1.1 Forward channel: I°S to IS
In this section, IS audio signals from the APX525 are directly connected to the
NxH3670. The IS transmitter is connected to the dongle while the I°S receiver is
connected to the headset. The audio is sampled at 48 kHz and is using a 24-bit
resolution (see Figure 2).
SDK
SDK - DONGLE SDK - HEADSET
oeenoer |30HeT S oo [
1 LED 1 LED
5]
Sh SPI
: 5 ==
l l analog U‘))
KL 12s NxH NxH 12s WOLFSON
i
I
1 | g
I
analog line in | Y
| I
T I
"7 Tanalog
From APX525 To APX525 aaa-038161

Figure 2. SDK — FWD - I’S to I’S

AN12897
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3.1.1.41
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NxH3670 performance

SNR

Table 6. SDK — FWD — SNR — measurement settings
Setting Value

signal level 0 dBFS

low pass filter

20 kHz elliptical

high pass filter 20 Hz elliptical
weighting filter A-wt
audio frequency 1 kHz

Table 7. SDK — FWD - SNR

Board

Channel

Dithering

SNR (dB)

SDK

FWD

Off

144 (24 bit)

The SNR can not be measured with the APX as the noise level is 0. In stead the SNR
value based on the number of bits is put.
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3.1.1.2 Frequency sweep
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Table 8. SDK — FWD - frequency sweep — measurement settings

NxH3670 performance

Setting Value
signal level 0 dBFS
low pass filter signal path

high pass filter signal path

weighting filter signal path

number of points |256

start frequency 20 Hz

stop frequency 23.9520 kHz

RIS Cevel

8/16/20211:16:12.450PM

RIVIS Level (dBFS)

2B

20 30 40 50 60 80 100 200 300 400 500 600 8

00 1k 2k
Frequency (Hz)

3k

A sk 6k

8k 10k 20k

Data

[ Jol
W ch2

Figure 3. SDK — FWD —Frequency response (log scale)

The -3 dB point is ~21 kHz.
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THD-N Ratio
8/16/2021 1:16:12.459PM

) Data

5 | [
W ch2

THD +N Ratio (dB)

20 30 40 50 60 80 100 200 300 400 500 600 800 1k 2k 3k 4k Sk 6k 8k 10k 20k
Frequency (Hz)

Figure 4. SDK — FWD — THD+N ratio

Since a signal level of 0 dBFS was used, the THD+N-ratio and THD+N-level show the
same result.

THD Raiio
8/16/2021 1:16:12.459PM

) Data

Wchi
-10 W2

:;MWMMM A

20 30 40 S0 60 &0 100 200 300 400 500 600 800 1k 2% 3k 4k Sk 6k 8k 10k 20k
Frequency (H2)

THD Ratio (dB)

Figure 5. SDK — FWD — THD ratio

Since a signal level of 0 dBFS was used, the THD-ratio and THD-level show the same
result.
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Fhase

8/16/2021 1:16:12.459PM
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Figure 6. SDK — FWD — Phase
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3.1.1.3 Frequency sweep equalizer -12dB

Table 9. SDK - FWD equalizer -12dB - frequency sweep — measurement settings

Setting Value
signal level -6 dBFS
low pass filter signal path

high pass filter signal path

weighting filter signal path

number of points |256

start frequency 20 Hz

stop frequency 23.9520 kHz

RIS Level
8/18/2021 5:49:47.171 PM

D) Data

0 Wch
Wch2

RMS Level (dBFS)

-80
20 30 40 S0 60 80 100 200 300 400 500 600 800 1k 2k 3k 4k Sk 6k 8k 10k 20k
Frequency (Hz)

Figure 7. SDK - FWD equalizer -12dB —Frequency response (log scale)

AN12897 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2021. All rights reserved.

Application note Rev. G9.0 — 19 August 2021

12/80



NXP Semiconductors AN1 2897

NxH3670 performance

THO-N Ratio
8/18/20215:49:47.171 PM

D

THD +N Ratio (dB)
2

-100

-110

20 30 40 50 60 80 100 200 300 400 500 600 800 1k 2K 3 4k sk 6k ek 10k 20k
Frequency (Hz)

Figure 8. SDK — FWD equalizer -12dB — THD+N ratio

THD+N Level
8/18/20215:49:47.171 PM

-

THD +N Level (dBFS)

-100

-110

-120
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Figure 9. SDK — FWD equalizer -12dB — THD ratio
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Phase

8/18/20215:49:47.171 PM
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Figure 10. SDK — FWD equalizer -12dB — Phase
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3.1.1.4 Frequency sweep equalizer +12dB

Table 10. SDK — FWD equalizer +12dB - frequency sweep — measurement settings

Setting Value
signal level -20 dBFS
low pass filter signal path

high pass filter signal path

weighting filter signal path

number of points |256

start frequency 20 Hz

stop frequency 23.9520 kHz

RIS Level
8/18/2021 5:44:35.671 PM

D) Data

0 Wch
Wch2

RMS Level (dBFS)

-80
20 30 40 S0 60 80 100 200 300 400 500 600 800 1k 2k 3k 4k Sk 6k 8k 10k 20k
Frequency (Hz)

Figure 11. SDK — FWD equalizer +12dB — Frequency response (log scale)
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THO-N Ratio
8/18/20215:44:55.671 PM

D

THD +N Ratio (dB)
2

-100
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Figure 12. SDK - FWD equalizer +12dB— THD+N ratio

THD Ratio
8/18/20215:44:55.671 PM

-

THD Ratio (dB)
8

70
-80
-90

-100

Ml

20 30 40 50 60 80 100 200 300 400 500 600 800 1k 2k 3k 4k Sk 6k sk 10k 20k
Frequency (Hz)

Figure 13. SDK — FWD equalizer +12dB — THD ratio
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Phase
8/18/20215:44:55.671 PM
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Figure 14. SDK — FWD equalizer +12dB - Phase
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Table 11. SDK — FWD - stepped level response — measurement settings

Setting Value
low pass filter signal path
high pass filter signal path
weighting filter signal path
number of points | 151
start level -150 dBFS
stop level 0 dBFS
frequency 1 kHz
RMS Level
8/18/2021 1:35:11.571 PM
0 @ Data
Wchi
-20
-30
-40
-50
= -60
;g -70
é -80
-90
-100
-110
-120
-130
-140
V‘SRSD -140 -130 -120 -110 -100 =90 -80 =70 -60 -50 -40 =30 -20 10
Generater Level (dBFS)

Figure 15. SDK — FWD - stepped level response

Figure 15 shows a 0 dB gain between the input and output.
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THD- Ratio

8/18/20211:35:11.571 PM

£D)

THR+N Ratio (dB)

-100

-110

-150 -140 -130 -120 110 -100 -90 -80 -70 -60 -50 -40
Generator Level (dBFS)

Figure 16. SDK — FWD — THD+N ratio (1 kHz)

THD Ratio

8/18/20211:35:11.571 PM

THD Ratio (dB)
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Figure 17. SDK — FWD — THD ratio (1 kHz)
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3.1.1.6 Stepped level response equalizer -12dB
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Table 12. SDK — FWD equalizer -12dB — stepped level response — measurement

settings
Setting Value
low pass filter signal path

high pass filter signal path

weighting filter signal path

number of points | 151

start level -150 dBFS
stop level 0 dBFS
frequency 1 kHz

RIS Level

8/18/20215:54:37 432 PM

RMS Level (dBFS)

5>

-60 -50 -40

-150 140 -130 -120 -110 -100 90 -80 70
Generator Level (BFS)

Data

Wi
Wk

Figure 18. SDK — FWD equalizer -12dB- stepped level response
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THO- Ratio
o 8/18/20215:54:37.432 M
40
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Figure 19. SDK — FWD equalizer -12dB — THD+N ratio (1 kHz)

THD Retio
o 8/18/20215:54:37.432 M
42
-10
-20
-30
-40

THD Ratio (dB)

70
-0
. w
-100
-110
150 140 120 -120 110 100 90 50 -40 -30 20 10

-80 -70
Generator Level (dBFS)

Figure 20. SDK — FWD equalizer -12dB — THD ratio (1 kHz)
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Table 13. SDK — FWD equalizer +12dB — stepped level response — measurement

settings
Setting Value
low pass filter signal path

high pass filter signal path

weighting filter signal path

number of points | 151

start level -150 dBFS
stop level 0 dBFS
frequency 1 kHz

RIS Level

8/18/20216:00:00.644 PM

RMS Level (dBFS)

-150 -140 -120 -120 -110 -100 -90 -60 -50 -40 -30

-80 70
Generator Level (BFS)

Data

Wi
Wk

Figure 21. SDK — FWD equalizer +12dB - stepped level response

Figure 21 shows a 0 dB gain between the input and output.

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2021. All rights reserved.

Application note

Rev. G9.0 — 19 August 2021

22/80



NXP Semiconductors

AN12897

AN12897

NxH3670 performance

THO Fato
. 8/18/20216:00:00.644 PM
. 4B Data

/' \‘

10 A=
r/ ™o mc2
/ N
20 . "\\
/ \
30 V4 ™\
/ ‘\

40 /

THI +N Ratio (dB)

-150 -140 -130 -120 -110 -100 -90 -50 -40 -30 -20 -10

-80 70
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Figure 22. SDK - FWD equalizer +12dB — THD+N ratio (1 kHz)

Since a signal level of 0 dBFS was used the THD-ratio and THD-level are giving the
same result.

THD Ratio
8/18/2021 6:00:00.644 PM

4D Data

[
-0 NA o2

THD Ratio: (dB)

-110 /

-150 -140 -120 -120 -110 -100 -90 -60 -50 -40 -30 -20 -10

-80 70
Generator Level (6BFS)

Figure 23. SDK — FWD equalizer +12dB — THD ratio (1 kHz)

Since a signal level of 0 dBFS was used the THD-ratio and THD-level are giving the
same result.
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3.1.1.8 Latency

AN12897

Table 14. SDK - FWD - latency — measurement settings

NxH3670 performance

Setting Value

stimulus type pseudo random sequence
noise shape pink

sequence length 16 k

signal level 0 dBFS

Table 15. SDK - FWD - latency

Board Channel Latency setting |Latency (ms)
(ms)
SDK FWD 15 15.3
SDK FWD 20 20.3
SDK FWD 25 25.3
SDK FWD 30 30.3
SDK FWD (EQ 0dB 20 22.1
enabled)
SDK FWD (MBDRC 20 22.1
enabled)
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3.1.2 Forward channel: IS to analog

In this section, 1S audio signals from the APX525 are injected in the NxH3670 dongle.

The audio is sampled at 48 kHz and is using a 24-bit resolution. At the headset, the audio
is measured at the headphone output of the codec. The codec is loaded with a 32 Q
resistor on the L and R channel (see Figure 24).

SDK
SDK - DONGLE SDK - HEADSET
5 buttons SWD 10 5 buttons
10 EXPANDER | 2 sliders < > KL EXPANDER 2 slicers
1LED 1LED
5]
SPI l SPI
l analog
KL 12s NxH WOLFSON E
B 320Q
*
analog line in
|
12S from APX525 Analog to APX525

aaa-038169

Figure 24. SDK — FWD - 12S to analog
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SNR

Table 16. SDK — FWD — SNR - analog — measurement settings
Setting Value

low pass filter 20 kHz

high pass filter 20 Hz

input level 0 dBFS

frequency 1 kHz

headphone volume maximum

dither off

weithing filter None

Table 17. SDK — FWD - SNR - analog at headphone side

Board

Channel

SNR (dB)

SDK

FWD

90
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3.1.2.2 Analog noise floor level
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Table 18. SDK — FWD - analog noise floor — measurement settings

NxH3670 performance

Setting Value
low pass filter 20 kHz
high pass filter 20 Hz
input level none
headphone volume maximum
dither off
weighting none

Table 19. SDK - FWD - analog noise floor

Board

Channel

Noise Floor (uVrms)

SDK

FWD

8.1
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3.1.2.3 THD+N
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Table 20. SDK — FWD - SNR - analog — measurement settings

Setting Value
low pass filter 20 kHz
high pass filter 20 Hz
input level 0 dBFS
frequency 1 kHz
headphone volume maximum
dither off
weighting none

Table 21. SDK - FWD — THD+N on the analog headset

Board

Channel

THD+N (dB)

SDK

FWD

-66 (for an ouput level of 263mVrms)
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NxH3670 performance

For this measurement, an analog signal is injected in the analog dongle and measured at

the headphone output of the headset.

SDK

SDK - DONGLE SDK - HEADSET

Figure 25. SDK — FWD - analog dongle and analog headset

10
10 EXPANDER KL KL EXPANDER
SPI SPI
analog in analog
WOLFSON WOLFSON g
€ — - — —
320
Analog from APX525 Analog to APX525

aaa-038170
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3.1.31
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SNR

Table 22. SDK — FWD - SNR - Measurement Settings
Setting Value

input level 250 mV (RMS)

low pass filter

20 kHz elliptical

high pass filter 20 Hz elliptical
audio frequency |1 kHz
weighting none

Table 23. SDK - FWD — SNR of analog dongle with analog headset

Board

Channel

SNR (dB)

SDK

FWD

84
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3.1.3.2 THD+N

AN12897

The settings of Section 3.1.3.1 are used.

NxH3670 performance

Table 24. SDK - FWD — SNR — Measurement Settings

Setting

Value

input level

250 mV (RMS)

low pass filter

20 kHz elliptical

high pass filter 20 Hz elliptical
audio frequency |1 kHz
weighting none

Table 25. SDK - FWD - THD+N of analog dongle with analog headset

Board Channel THD+N (dB)
SDK FWD -65
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3.1.3.3 Stepped level response

Table 26. SDK — FWD - stepped level response — measurement settings
Setting Value

low pass filter signal path

high pass filter signal path

weighting filter signal path

number of points |51

start level 10 pV (RMS)
stop level 1V (RMS)
frequency 1 kHz

RS Level
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Figure 26. SDK — FWD - stepped level response for the analog dongle and analog headset
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3.1.4 Back channel: I°S to I°S

NxH3670 performance

In this section, 1°S audio signals from the APX525 are directly connected to the
NxH3670. The IS receiver is connected to the dongle while the IS transmitter is
connected to the headset. The audio is sampled at 48 kHz and is using a 16-bit
resolution (see Figure 27).

SDK

SDK - DONGLE

SDK - HEADSET

10 EXPANDER KL
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EXPANDER
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12s
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Figure 27. SDK — BWD - I’S to I’S

@
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3.1.41 SNR
Table 27. — Measurement settings
Setting Value
signal level 0 dBFS
low pass filter 20 kHz elliptical
high pass filter 20 Hz elliptical
weighting filter A-wt
audio frequency 1 kHz

Table 28. SDK — FWD — SNR - dither off

Board Channel Dithering

SNR (dB)

SDK BWD Off
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3.1.4.2 Frequency sweep

Table 29. SDK — BWD - frequency sweep — measurement settings

Setting Value
signal level 0 dBFS
low pass filter signal path

high pass filter signal path

weighting filter signal path

number of points |256

start frequency 20 Hz

stop frequency 20 kHz

RMS Level
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Figure 28. SDK — BWD - frequency response

The bandwidth of the back channel is just below 7 kHz.
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THD-N Ratio
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Figure 29. SDK — BWD - THD+N ratio (sweep)

Since a signal level of 0 dBFS was used the THD-ratio and THD-level are giving the

same result.

Only the results for frequencies higher than 6 kHz (out of band) are different.
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Figure 30. SDK — BWD — THD ratio (sweep)

Since a signal level of 0 dBFS was used the THD-ratio and THD-level are giving the

same result.
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3.1.4.3 Frequency sweep bit depth 16

Table 30. SDK — BWD bit depth 16 — frequency sweep — measurement settings

Setting Value
signal level 0 dBFS
low pass filter signal path

high pass filter signal path

weighting filter signal path

number of points |256

start frequency 20 Hz

stop frequency 20 kHz

- Arste 8/18/2021 2:43:15.938 PM
5 Data
0 P 2
. .“‘
-10 |
|
-15 |
-20 “
25 \
20 |‘
@35
5—45 ‘
z
=50 ‘
55
60 |
65 é
|
70 |
75
-80
-85
gDZD 30 40 50 60 80 100 200 300 400 500 600 800 Tk 2k 3k ak 5k 6k Bk 10k 20k
Frequancy (Hz)
Figure 31. SDK — BWD bit depth 16 — frequency response
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THD-N Ratio

8/18/2021 2:43:15.938 PM
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Figure 32. SDK — BWD bit depth 16 — THD+N ratio (sweep)
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Figure 33. SDK — BWD bit depth 16 — THD ratio (sweep)
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3.1.4.4 Frequency sweep equalizer -12dB

NxH3670 performance

Table 31. SDK — BWD equalizer -12dB - frequency sweep — measurement settings

Setting Value
signal level -6 dBFS
low pass filter signal path

high pass filter signal path

weighting filter signal path

number of points |256

start frequency 20 Hz

stop frequency 20 kHz

RIS Level

8/18/20216:18:31.655PM

-30

RMS Level (dBFS)

D) Data
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Figure 34. SDK — BWD equalizer -12dB - frequency response
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THO-N Ratio
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Figure 35. SDK — BWD equalizer -12dB — THD+N ratio (sweep)
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Figure 36. SDK — BWD equalizer -12dB — THD ratio (sweep)
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3.1.4.5

Frequency sweep equalizer +12dB
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Table 32. SDK — BWD equalizer +12dB - frequency sweep — measurement settings

Setting Value
signal level -20 dBFS
low pass filter signal path
high pass filter signal path
weighting filter signal path
number of points |256
start frequency 20 Hz
stop frequency 20 kHz
RMS Level
s 8/18/2021 6:23:33.977 PM
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Figure 37. SDK — BWD equalizer +12dB - frequency response
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THO-N Ratio
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Figure 38. SDK — BWD equalizer +12dB — THD+N ratio (sweep)
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Figure 39. SDK — BWD equalizer +12dB — THD ratio (sweep)
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3.1.4.6 Stepped level response
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Table 33. SDK — BWD - stepped level response — measurement settings

Setting Value
low pass filter signal path
high pass filter signal path
weighting filter signal path
number of points | 151
start level -150 dBFS
stop level 0 dBFS
frequency 1 kHz
TE
P

-90
-150 -140 -130

-120 -110 -100 -20 -80 -70
Generator Level (dBFS)

-60

Figure 40. SDK — BWD - stepped level response

An attenuation of 2 dB is observed. Figure 41 shows this 2 dB dip can be observed in the
frequency response.
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THD- Ratio
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Figure 41. SDK — BWD - THD+N ratio (1 kHz)

Since a signal level of 0 dBFS was used the THD-ratio and THD-level give the same
result.
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Figure 42. SDK — BWD - THD ratio (1 kHz)

Since a signal level of 0 dBFS was used the THD-ratio and THD-level give the same
result.
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3.1.4.7 Stepped level response bit depth 16
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Table 34. SDK — BWD bit depth 16 — stepped level response — measurement

settings
Setting Value
low pass filter signal path
high pass filter signal path
weighting filter signal path
number of points | 151
start level -150 dBFS
stop level 0 dBFS
frequency 1 kHz
TE
3
:;me—mﬁmﬂmmmmmaﬂﬁﬂﬁ@@@
Figure 43. SDK — BWD bit depth 16 — stepped level response
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THD+N Ratio
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Figure 44. SDK — BWD bit depth 16 — THD+N ratio (1 kHz)
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3.1.4.8 Stepped level response equalizer -12dB

Table 35. SDK — BWD equalizer -12dB - stepped level response — measurement

settings
Setting Value
low pass filter signal path
high pass filter signal path
weighting filter signal path
number of points | 151
start level -150 dBFS
stop level 0 dBFS
frequency 1 kHz
RMS Level
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Figure 46. SDK — BWD equalizer -12dB - stepped level response
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THD+N Ratio
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Figure 47.

SDK - BWD equalizer -12dB — THD+N ratio (1 kHz)
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Figure 48.

SDK - BWD equalizer -12dB — THD ratio (1 kHz)
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3.1.4.9 Stepped level response equalizer +12dB
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Table 36. SDK — BWD equalizer +12dB — stepped level response — measurement

settings

Setting Value

low pass filter signal path
high pass filter signal path
weighting filter signal path
number of points | 151

start level -150 dBFS
stop level 0 dBFS
frequency 1 kHz

RIS Level

8/18/20216:31:08.560 PM

RMS Level (dBFS)

L Wi
e W ch2
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Figure 49. SDK — BWD equalizer +12dB - stepped level response
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Figure 51.
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Figure 50. SDK — BWD equalizer +12dB — THD+N ratio (1 kHz)
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3.1.4.10 Latency

NxH3670 performance

Table 37. SDK — BWD - latency — measurement settings

Setting Value

stimulus type pseudo random sequence
noise shape pink

sequence length 16 k

signal level 0 dBFS

Table 38. SDK - BWD - latency

Board Channel Latency setting |Latency (ms)
(ms)
SDK BWD 15 25.0
SDK BWD 20 30.2
SDK BWD 25 35.3
SDK BWD 30 40.0
SDK BWD (EQ 0dB 20 29.9
enabled)
SDK BWD (NG 20 29.9
enabled)

The latency on the backward channel is directly coupled to the (selected) latency on the
forward channel.
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3.1.5 Back channel: Analog to I’s

In this section, analog audio signals from the APX525 are directly connected to the
NxH3670 headset. The I°S signal of the dongle is fed back to the APX525. The audio is
sampled at 48 kHz and is using a 16-bit resolution (see Figure 52).

SDK
SDK - DONGLE SDK - HEADSET
10 EXPANDER KL KL ©
EXPANDER
SPI SPI
A, 4
f > >
128 128
WOLFSON NxH N NxH WOLFSON
analogout | | TR @ A~ ¥
Analog to APX525 12S from APX525 aaa-038179
Figure 52. SDK — BWD - IS to analog
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3.1.5.1
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SNR

Table 39. SDK — BWD - SNR — measurement Settings
Setting Value

input level 300 mV (RMS)

frequency 1 kHz

low pass filter

20 kHz elliptical

high pass filter

20 Hz elliptical

weighting filter

Signal Path

Table 40. SDK — BWD — SNR including codec

Board

Channel

SNR (dB)

SDK

BWD

79
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3.1.5.2 Noise floor

Table 41. SDK — BWD - digital noise floor — measurement settings

Setting Value

low pass filter 20 kHz elliptical
high pass filter 20 Hz elliptical
weighting filter Signal Path

Table 42. SDK - BWD - digital noise floor including codec

Board Channel Noise Floor (dB)

SDK BWD -79
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Table 43. SDK — BWD - THD+N — measurement Settings

Setting Value
input level 300 mV (RMS)
frequency 1 kHz

low pass filter

20 kHz elliptical

high pass filter

20 Hz elliptical

weighting filter

Signal Path

Table 44. SDK — BWD — THD+N including codec

Board

Channel

THD+N (dB)

SDK

BWD

-48
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3.2 NXH3670ADK board

3.2.1 Forward channel: IS to analog

NxH3670 performance

In this section, an NXH3670SDK board is used as a dongle because it is not possible
to inject I°S audio on the NXH3670ADK dongle. The analog audio is measured at the
NXH3670ADK headset. The headphone output of the codec is loaded with a 32 Q

resistor for the L and R channel (Figure 53).

SDK - DONGLE ADK - HEADSET
KL KL PMIC
l /-./W\l N =
2. 2
WOLFSON s NxH \§ RSSO NxH I8 DIALOG 320
_________ __.__________ [ e A . —
g== g==
12S from APX525 Analog to APX525
aaa-038238
Figure 53. ADK — FWD - I’S to analog
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3.21.1
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SNR

Table 45. ADK — FWD — SNR — measurement settings
Setting Value

low pass filter 20 kHz

high pass filter 20 Hz

input level 0 dBFS

frequency 1 kHz

headphone volume | maximum

dither off

weighting A-weight

Table 46. ADK — FWD - analog SNR including codec

Board

Channel

SNR (dB)

ADK

FWD

94
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3.2.1.2 Analog noise floor measurement

Table 47. ADK - FWD — Analog noise floor - measurement settings

Setting Value

low pass filter 20 kHz elliptical
high pass filter 20 Hz elliptical
weighting filter Signal Path

Table 48. ADK — FWD - analog noise floor including codec

Board Channel Noise Floor (uVrms)
ADK FWD 6.3
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3.21.3 THD+N

NxH3670 performance

Table 49. ADK — FWD — THD+N including codec — measurement settings

Setting Value
signal level 0 dBFS
low pass filter 20 kHz
high pass filter 20 Hz
frequency 1 kHz
headphone volume max
dither off

Table 50. ADK — FWD — THD+N including codec

Board

Channel

THD+N (dB)

ADK

FWD

64
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3.21.4

Stepped level response

NxH3670 performance

Table 51. ADK - FWD - stepped level response — measurement settings

Setting

Value

low pass filter

signal path

high pass filter

signal path

weighting filter

signal path

number of points | 151
start level -150 dBFS
stop level 0 dBFS
frequency 1 kHz
RMS Level
1 8/18/2021 3:54:02.641 PM
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Figure 54. ADK - FWD - analog output response
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3.2.2 Back channel: Analog to I°S

NxH3670 performance

In this section, an analog signal of 125 mVrms is injected in the headset and measured
digitally (IZS) at the dongle side (Figure 55).
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Figure 55. ADK — BWD - analog to I’s
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SNR

Table 52. ADK — BWD — SNR — measurement settings
Setting Value

input level 125 mVrms

low pass filter

20 kHz elliptical

high pass filter 20 Hz elliptical
audio frequency |1 kHz
weighting A-wt

Table 53. ADK — BWD - SNR including the analog input

Board

Channel

SNR (dB)

ADK

BWD

77
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3.2.2.2 Digital noise floor back channel

Table 54. ADK — BWD - digital noise floor — measurement settings

Setting Value

low pass filter 20 kHz elliptical
high pass filter 20 Hz elliptical
weighting filter Signal Path

Table 55. SDK - BWD - digital noise floor including analog input

Board Channel Noise Floor (dB)
ADK BWD -78
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3.2.2.3 THD+N

Table 56. ADK — BWD — THD+N — measurement settings

NxH3670 performance

Setting Value
signal level 125 mVrms
low pass filter 20 kHz
high pass filter 20 Hz
frequency 1 kHz

Table 57. SDK — BWD — THD+N including analog input

Board

Channel

THD+N (dB)

ADK

BWD

-48
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3.3 Other audio measurements

3.3.1 Total system latency

In this section, the total system latency is measured from USB at dongle and analog
output at the headset. See Figure 56 for an overview of the test setup.

LOGIC ANALYZER Ay
gaming
radio

125 12S bus analog
»| KL27 > NxH3670 .)) NxH3670 »| CODEC |—

.

" os delay total audio to headset latency 2a3a-038241

Figure 56. SDK — FWD - USB to analog

To remove the dependencies with the delays in the initial time to audio packets, a custom
audio file (wav file, not mp3) with silence in the beginning (less than a second) and a sine
wave that starts at its peak amplitude is used. See Figure 57 for an example audio file.
Latency measurements are done between these peaks at both the USB side and the
analog output side.

W 0.9530 0.9540 0.9550 0.9560

x| 24bit_start_ew| 1.0
Mute | Solo

. 1 05
e HWWWTM
L ° r | 0.0 Wﬂm ww

Stereo, 48000Hz
N1 NS

24-bit PCM
starts at peak
| Select -1.0.

Figure 57. Sine wave starts at Peak after silence

The USB cable through which the audio signals are streamed from the PC to the
NxH3670SDK dongle is sniffed using the "Saleae logic analyzer". The data from the USB
is analyzed and the time of the first peak in the audio data is noted. See Figure 58 for a
screenshot of logic analyzer with the first USB actual packet at USB.

At the NXH3670ADK headset, the audio is measured at the headphone output of the
codec. Here again the time of the first peak in the audio is noted. See Figure 59 for
a screenshot of the logic analyzer with the analog audio out at the headset. The time
difference between these peaks shows the total system latency.
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See Table 58 for the latest measurement values.
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Figure 58. First actual packet at USB
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Figure 59. USB analog out measurement

Table 58. SDK - FWD - total system latency

Board Channel Latency (ms)
SDK FWD 25.5ms
Jitter

This section describes the procedure for jitter measurement on the forward channel.
For the backward channel, dongle and headset are swapped.
Jitter is measured by transmitting a 1 kHz sine wave.

* The sine wave is tracked at the headset side, but not recorded.

* When the actual measurement is started, one zero-crossing is taken as the reference.
¢ The expected future zero-crossings are now calculated.

* The deviation between expected an actual zero-crossing is calculated.

¢ The recording is made during exactly 120 s.

* The jitter is now calculated as:

(lmrﬁx_pusifive_deviﬁfiunl + |mﬁx_mgﬁfive_deviafiun|}
2

jitter =

Time-to-audio

Time-to-audio is the elapsed time between power-on of the headset and the dongle
(simultaneously) and the moment audio is being played back.

Time-to-audio is measured using an automated setup.

Relays are used to control the moment of powering dongle and headset.
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To capture the state of the relags of both dongle and headset, a Saleae analyzer is used.
The Saleae also monitors the I°S output.

threshold

audioout | _ _ _ _ __ _ __ __ _ __ _ _ _ N — — N\ — _
hearable /

power

dongle _I

power
hearable _I

time-to-audio time
aaa-038242
Figure 60. Time-to-audio measurement

After power-up of the dongle, the KL boot loader mode always waits for a few seconds to
allow the PC to upgrade the firmware of the dongle.

This time is included in the timing above.

From the collected data, the time between switching on the relays and the start of the

audio signal is measured. To avoid noise to be detected as sound, a threshold value
must be exceeded.
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4 Power performance

4.1 Boundary conditions

For the measurements to correspond with the values reported, the following boundary
conditions are to be established:

* Record the average power over 10 seconds, starting 2 seconds after the state change
has been initiated.

¢ When running from battery, the battery must be fully charged at the start of the test.

* When a battery is simulated, a voltage of 3.8 V is applied.

* All configurable LEDs must be switched off.

* The headphone output must have a 32 Q load on both left and right.

¢ Audio is simulated with a 1 kHz sine input, producing an output level of 100 mV,ys 0N
the loaded headphone output.

¢ Currents are measured with a Picotest M3511A.

4.2 Test details

Table 59. Power measurements boundary conditions

State ADK SDK
D |sleep * power on dongle. » power on dongle
* dongle must be scanning * dongle must be scanning
* put the test PC to sleep or send a |* change the slider switch that puts
USB suspend command the dongle in sleep mode
* immediately measure the current |+ immediately measure the current
consumption consumption
* record the settling time (when is | record the settling time (when is
the requirement reached) the requirement reached)
D |scan e turn the dongle ON

* leave the headset OFF, so the dongle stays in scanning mode
* wait 2 seconds after the dongle has been turned on

D |ACL only e turn the dongle ON

* turn the headset ON, so they can pair and set up an ACL connection.

 disable dongle as playback and as microphone device from the PC;
should close the ICO connection.

D |LL audio e turn the dongle ON

* turn the headset ON, so they can pair and set up an ACL connection

* select the dongle as audio playback device, start playing audio from the
PC; opens the ICO connection

D |stop audio (ACL only) * both headset and dongle are turned ON and audio is streamed
* disable dongle as playback and as microphone device from the PC;
closes the ICO connection

D |stop ACL (scanning) * both headset and dongle are turned on and audio is streamed from the
dongle to the headset

« turn off the headset but keep playing audio from PC to dongle

D |play audio (scanning)  turn the dongle ON, leave the headset OFF, so that the dongle stays in
scanning mode

* select the dongle as audio playback device and start playing audio from
the PC.
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Table 59. Power measurements boundary conditions...continued
State ADK SDK

sleep SDK:

* urn the dongle ON

* turn the headset ON, so both pair and connect

» change the slider switch that puts the headset into sleep mode

advertise * turn the headset ON
* |eave the dongle OFF, so the headset stays in advertising mode
ACL only e turn the dongle ON

* turn the headset ON, so they can pair and set up an ACL connection

» Disable dongle as playback and as microphone device from the PC;
should close the ICO connection

LL audio * turn the dongle ON, turn the headset ON, so they can pair and set up an
ACL connection

* select the dongle as audio playback device
« start playing audio from the PC; opens the ICO connection

stop audio (ACL only) * both headset and dongle are turned ON and audio is streamed

» Disable dongle as playback and as microphone device from the PC;
should close the ICO connection

stop ACL (advertising) * both headset and dongle are turned ON, no audio is streamed
* power down the dongle, so the headset goes into advertising mode
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5 Radio link performance

5.1 Range

Range measurements are executed outdoors using two trolleys.

The setup is equipped with a reference headphone available on the market, which is not
based on the NxH3670 and an NxH3670 ADK-based headphone.

The actual positioning of the headphones on the trolley is not reflected in Figure 61.
Figure 62 shows the physical positioning of the headphones.

The music signal is tapped on the headphone drivers, the voice signal is injected on the
solder pads of the microphone. The microphones are removed from the headphones.

The NxH3670 ADK-based headphone is built using the same mechanics as the
referenced non-NxH3670 headphone.

monitoring
headphone - —
i Do S lo 'RF of Ref’ 'RF for NxH'
T |E
B |2
© D
fwd - music 3 fwd - music : 2
[S} =
3 | @ dongle ref dongle NxH @
I
-

operator\ -
N laptop + Steinberg UR44 laptop

range

e —
< ]
UPS UPS

-0 O O

“mobile trolley “static trolley

4

aaa-038243

Figure 61. Range measurement using trolleys — side view

To indicate the end-of-the-usable-range, a MOS score is assigned to the recordings.
The end-of-the-usable-range is the distance at which the audio quality has degraded to
MOS = 1.

Figure 62 shows that the headphones are positioned on a line orthogonal to the line
connecting the two trolleys. The headphones are placed on hollow dummy heads, with
their antennas at the sides of the trolley.
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Figure 62. Range measurement using trolleys — mobile trolley — front view

5.2 Interference resilience

5.2.1 Measurement setup

To avoid the impact of external uncontrolled interferers such as WiFi and Bluetooth
devices, the interference resilience test is executed inside a Faraday cage.

To maximize the reproducibility the measurement is somehow artificial and done over
cable using splitters, combiners, and attenuators. The configuration used emulates a

condo scenario with 5 WiFi interferers.

A path loss (PL) of 60 dB is present between the NxH3670 dongle and headset. The path
loss between the dongle and headset and the different WiFi interferes are indicated in the

figures below.
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Figure 63. Measurement setup for WiFi coexistence testing - dongle configuration
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Figure 64. Measurement setup for WiFi coexistence testing - headset configuration
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Figure 66. Video streaming profile (moderate duty cycle)
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Figure 67. WiFi interferer spectrum

The WiFi interferer (IEEE 802.11b) has a bandwidth of 22 MHz. The integrated power is
~6.8 dBm. Additionally, ~1 dB cable losses must be added.

5.2.2 Measurement procedure

» Both the ADK dongle and headset are turned ON and configured with the 20 ms

latency setting.

The recording of the packet error rate and audio artifacts starts.

* After running for 10 seconds without any interference, suddenly all Wi-Fi interferers are
activated.

* The Wi-Fi interference stays active for the rest of the test run.

The test is terminated 5 minutes after turn-on of the ADK devices.

5.2.3 Measurement result

* The packet error rate during the test is 4.55 %.
* The audio artifact rate during the test is 0. No audio artifacts were observed from the
beginning until the end of the test nor when the WiFi interferers were enabled.
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inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes
no representation or warranty that such applications will be suitable

for the specified use without further testing or modification. Customers

are responsible for the design and operation of their applications and
products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications
and products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with
their applications and products. NXP Semiconductors does not accept any
liability related to any default, damage, costs or problem which is based
on any weakness or default in the customer’s applications or products, or
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the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using NXP Semiconductors products in order to avoid a
default of the applications and the products or of the application or use by
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and customer’s exclusive remedy for all of the foregoing shall be limited to
actual damages incurred by customer based on reasonable reliance up to
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apply to the maximum extent permitted by applicable law, even if any remedy
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Security — Customer understands that all NXP products may be subject

to unidentified or documented vulnerabilities. Customer is responsible

for the design and operation of its applications and products throughout
their lifecycles to reduce the effect of these vulnerabilities on customer’s
applications and products. Customer’s responsibility also extends to other
open and/or proprietary technologies supported by NXP products for use

in customer’s applications. NXP accepts no liability for any vulnerability.
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appropriately. Customer shall select products with security features that best
meet rules, regulations, and standards of the intended application and make
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