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6. 20 dB bandwidth measurement

6.1. Test setup

EUT

Spectrum analyzer

5.2. Limit
Not applicable

5.3. Test procedure

1. The 20 dB band width was measured with a spectrum analyzer connected to RF antenna
connector (conducted measurement) while EUT was operating in transmit mode at the appropriate
center frequency. The analyzer center frequency was set to the EUT carrier frequency, using the
analyzer. Display Line and Marker Delta functions, the 20 dB band width of the emission was

determined.

2. The bandwidth of the fundamental frequency was measured with the spectrum analyzer using

RBW = 10 kiz, VBW = 10 kiz, Span = 3 ML.

5.4. Test results

Ambient temperature: 22 C

Relative humidity: 45 % R.H.

Operation mode Frequency (M) 20 dB bandwidth (M)
2402 0.803
BASIC 2 441 0.808
2 480 0.803
2 402 1.272
EDR 2 441 1.298
2 480 1.298
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Operation mode: Basic mode

A. Low channel (2 402 M) — 20 dB bandwidth

-
Spectrum (x) (x) (%)
Ref Level 10.00 dBm Offset 7.12dB & RBW 10 kHz

Att 23dB  SWT 189.6 ps VBW 10 kHz Mode Auto FFT
@ 1Pk Max
M1[1] -7.94 dBm)|
2.40205210 GHz|
0.db T nds 20.00 dB|
Y . Bw 803.200000000 kHz
-10 dBm W MW\\ Q factor 2990.7]
N
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-70 dBm
-80 dBm
CF 2.402 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | Function | Function Result
M1 1 2.4020521 GHz -7.94 dBm ndB down 803.2 kHz
Tl 1 2,4015918 GHz -27.93 dBm nde 20.00 dB
T2 1 2,4023951 GHz -28.16 dBm Q factor 2990.7
- — —
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B. Middle channel (2 441 Miz) — 20 dB bandwidth

( Spectrum (x) (%) (%]

Ref Level 10.00 dém  Offset 7.12 dB @ RBW 10 kHz

Att 23dB SWT 188.6ps  VBW 10kHz Mode Auto FFT
@ 1Pk Max
M1[1] -6.60 dBm|
2.44098260 GHz
0 dBm M ndB 20.00 dB
Bw 807.500000000 kHz|

FiA

=10/dBm NﬂVw L\/\j"h(\q factor 3022.8
-20 dBm }AT;,N‘J 3
-30 dém i Y
-40 dem f/ b\

-50 dem i Seal
. r N "
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ELaS
-70 dBm
-30 dBm
CF 2.441 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | ¥Y-value | Function | Function Result |
M1| 1 2.4409826 GHz -6.60 dBm nde down 807.5 kHz
T1| 1 2.4405919 GHz -26.90 dBm nde 20.00 dB
T2 1 2.4413994 GHz -26.68 dBm Q factor 3022.8
—
M ing...
il | Measuring...  QERNERNND WG y
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C. High channel (2 480 M&) — 20 dB bandwidth

=
Spectrum (x) (%) (%]

Ref Level 10.00 dém  Offset 7.12 dB @ RBW 10 kHz

Att 23dB SWT 199.6 ps VBW 10 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] ~6.04 dBm)
2.48005210 GHz|
0 dBm T ndB 20.00 dB|

By 803.200000000 kHz|

-10 dBm MV““' \(“\J“h\rimm or 3087.8|
-20 dBm - >
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-40 dBm =
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-70 dBm
-80 dBm
CF 2.48 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | ¥Y-value | Function | Function Result |
M1 1 2.4800521 GHz -6.04 dBm nde down 803.2 kHz
Tl 1 2.4795918 GHz -25.81 dBm nde 20.00 dB
T2 1 2.4803951 GHz -25.86 dBm Q factor 3087.8
—
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Operation mode: EDR

A. Low channel (2 402 M) — 20 dB bandwidth

-
Spectrum (x) (x) (%)
Ref Level 10.00 dBm Offset 7.12dB & RBW 10 kHz
Att 23dB  SWT 189.6 ps VBW 10 kHz Mode Auto FFT

@ 1Pk Max

M1[1] -11.88 dBm)|
B 2.40216060 GHz|
0 ndB 20.00 dB|
M1 Bw 1.272100000 MHz
-10 dBm JL Q factor 1888.4
.20 dém ot P = -f\nw
T 2
-30 d8m /S’ ‘"\L\
-40 dBm / \
-50 dBm
Tof A
e WM W T,
-70 dBm
-80 dBm
CF 2.402 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | Y-value | Function | Function Result
M1 1 2.4021606 GHz -11.88 dBm ndB down 1.2721 MHz
Tl 1 2.4013488 GHz -32.26 dBm nde 20.00 dB
T2 1 2.4026208 GHz -32.29 dBm Q factor 1888.4
—
r‘ J Measuring... JUERERELD 0 4

B. Middle channel (2 441 M) — 20 dB bandwidth

Spectrum (x) (%) (%]
Ref Level 10.00 dém  Offset 7.12 dB @ RBW 10 kHz
Att 23dB SWT 199.6 ps VBW 10 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] -11.86 dBm)|
B 2.44116060 GHZ|
tidBm nde 20.00 dB|
M1 Bw 1.298100000 MHz
-10 dBm M Q factor 1880.5]
20 dBm AV’\M!\MM ¢ FA, P
T M‘"
-30 dBm o i\
-40 dem / \
-50 dBm o A,
P AV NV M e
60 dBm
-70 dBm
-80 dBm
CF 2.441 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value | ¥Y-value | Function | Function Result |
M1| 1 2.4411606 GHz -11.86 dBm nde down 1.2981 MHz
T1| 1 2.4403444 GHz -32.05 dBm nde 20.00 dB
T2 1 2.4416425 GHz -32.10 dBm Q factor 1880.5
R
I‘: J Measuring... LURLCCLED WG 4
7%
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C. High channel (2 480 Miz) — 20 dB bandwidth

Spectrum (x) (%) (%]
Ref Level 10.00 dém  Offset 7.12 dB @ RBW 10 kHz
Att 23dB SWT 199.6 ps VBW 10 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] -10.66 dBm)|
B 2.48016060 GHZ|
tidBm nde 20.00 dB|
M1 Bw 1.298100000 MHZ|
>
-10 dBm WM Q factor 1910.6|
-20 dBm ""E,.’“'”MM pe vl
BE T2
-30 dBm /‘}« \T\LL
-40 dem fr, \\,MM
\Jﬂr@i‘ww sy i T i
-60 dém
-70 dBm
-80 dBm
CF 2.48 GHz 691 pts Span 3.0 MHz
Marker
Type | Ref | Trc | X-value ¥Y-value | Function | Function Result |
M1 1 2.4801606 GHz -10.66 dBm nde down 1.2981 MHz
Tl 1 2.4793444 GHz -30.90 dBm nde 20.00 dB
T2 1 2.4806425 GHz -30.62 dBm Q factor 1910.6
= R
I-: J Measuring... QURRRCCED y
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7. Maximum peak output power measurement

7.1. Test setup.

EUT Spectrum analyzer

6.2. Limit

The maximum peak output power of the intentional radiator shall not exceed the following:

1. §15.247(a)(1), Frequency hopping systems shall have hopping channel carrier frequencies
separated by a minimum of 25 kiz or the 20 dB bandwidth of the hopping channel, whichever is
greater, provided the systems operate with an output power no greater than 125 W

2.8§15.247(b)(1), For frequency hopping systems operating in the 2 400 — 2 483.5 iz employing at
least 75 non-overlapping hopping channels, and all frequency hopping systems in the 5 725 — 5
805 Mk band: 1 Watt.

6.3. Test procedure

1. The RF power output was measured with a Spectrum analyzer connected to the RF Antenna
connector(conducted measurement) while EUT was operating in transmit mode at the appropriate
center frequency, A spectrum analyzer was used to record the shape of the transmit signal.

2. The bandwidth of the fundamental frequency was measured with the spectrum analyzer using;
Span = approximately 5 times the 20 dB bandwidth, centered on a hopping channel

RBW =20 dB BW, VBW = RBW, Sweep = auto, Detector function = peak, Trace = max hold
6.4. Test results

Ambient temperature: 22 C
Relative humidity: 45 % R.H.

Operation mode | Frequency(Mk) Peak output power(dBm) Limit(dBm)
2 402 -2.44 30
BASIC 2 441 -1.22 30
2 480 -0.39 30
2 402 -3.52 30
EDR 2 441 -2.22 30
2 480 -1.28 30
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Operation mode: Basic mode

A. Low channel (2 402 Mk)

Ref Level 10.00 dBém
Att 23 dB

Spectrum 2

®

Offset 7.12 dB @ RBW 1 MHz
SWT 1.9 ps VBW 1 MHz

Mode Auto FFT
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v
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B. Middle channel (2 441 M)

Ref Level
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10.00 dBm
23 dB

Spectrum 2

®

Offset 7.12 dB @ RBW 1 MHz
SWT 1.9 ps VBW 1 MHz

(x)

Mode Auto FFT
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C. High channel (2 480 Mk)

Spectrum 2 ® (%) ()
Ref Level 10.00 dBm  Offset 7.12 dB @ RBW 1 MHz
Att 23dB  SWT 1.9 ps YBW 1 MHz Mode Auto FFT
@ 1Pk Max
M1[1] -0.39 dBm)|
M1 2.48010130 GHZ|
0 dBm / - \\
-10 dBm
-20 dBm
-30 dem
[=40-dBm-
-50 dem
-60 dBm
-70 dém
-B0 dem
CF 2.48 GHz 691 pts Span 5.0 MHz
—————
M ing...
r‘ ) easuring. W e y
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Operation mode: EDR

A. Low channel (2 402 Mk)

Spectrum2  (® (%) (x)
Ref Level 10.00 dém Offset 7.12 dB @ RBW 1 MHz
Att 23dB  SWT 1.9 ps VBW 1 MHz Mode Auto FFT
@ 1Pk Max

M1[1] -3.52 dBm|
2.40198550 GHZ|
0 dBm

-10 deém

-20 dem

-30 dBém

-50 dBm

-60 dém

-70 dem

-80 dBm

CF 2.402 GHz 691 pts Span 5.0 MHz
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B. Middle channel (2 441 Mk)

Spectrum 2 ® (%) (x)
Ref Level 10.00 dém Offset 7.12 dB @ RBW 1 MHz
Att 23dB  SWT 1.9 ps VYBW 1 MHz Mode Auto FFT
@ 1Pk Max
M1[1] -2.22 dBm)|
2.44099280 GHZ|
0 dém ML
-10 dBm
-20 dBm
-30 dém
-40 d
-50 dém
-60 dem
-70 dBém
-80 deém
CF 2.441 GHz 691 pts Span 5.0 MHz
————————————
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%
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C. High channel (2 480 Mtk)

Spectrum 2 ® (%) ()
Ref Level 10.00 dBm  Offset 7.12 dB @ RBW 1 MHz
Att 23dB  SWT 1.9 ps YBW 1 MHz Mode Auto FFT
@ 1Pk Max

mM1[1] -1.28 dBm|

M 2.47999280 GHZz|

— |

L —"] [Ty

0 dBm
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8. Hopping channel separation

8.1. Test setup

EUT Spectrum analyzer

7.2. Limit

§15.247(a)(1) Frequency hopping system operating in 2 400 — 2 483.5 M. Band may have hopping
channel carrier frequencies that are separated by 25 kiz or two-third of 20 dB bandwidth of the
hopping channel, whichever is greater, provided the systems operate with an output power no
greater than 125 mW.

7.3. Test procedure

1. Check the calibration of the measuring instrument using either an internal calibrator or a known
signal from an external generator.

2. Position the EUT as shown in test setup without connection to measurement instrument. Turn on
the EUT and connect it to measurement instrument. Then set it to any one convenient frequency
within its operating range.

3. By using the max hold function record the separation of adjacent channels.

4. Measure the frequency difference of these two adjacent channels by spectrum analyzer mark
function. And then plot the result on spectrum analyzer screen.

5. Repeat above procedures until all frequencies measured were complete.

6. Set center frequency of spectrum analyzer = middle of hopping channel.

7. Set the spectrum analyzer as RBW = 10 kiz, VBW = 10 Kz, Span = 3 Mz and Sweep = auto.

7.4. Test results

Ambient temperature: 22 C
Relative humidity: 45 % R.H.

B Adjacent hopping |Two-third of 20 dB Minimum

Operation mode chHZ) Y| channel separation bandwidth bandwidth
(kiz) (kitz) (kifz)
BASIC 2 441 998.6 538.7 25
EDR 2 441 998.6 865.3 25

¥ Remark:
20 dB bandwidth measurement, the measured channel separation should be greater than two-third
of 20 dB bandwidth or Minimum bandwidth.
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Operation mode : Basic mode

spectrum 2 |[SpemeRC S]]

Ref Level 10.00 dém  Offset 7.12 dB @ RBW 10 kHz

Att 23dB SWT 199.6 ps VBW 10 kHz  Mode Auto FFT
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Operation mode: EDR

Spectrum 2 (X (2} (x)
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9. Number of hopping frequency

9.1. Test setup

EUT Spectrum analyzer

8.2. Limit
§15.247(a)(1)(iii) For frequency hopping system operating in the 2 400 - 2 483.5 M bands shall use
at least 15 hopping frequencies.

8.3. Test procedure

1. Place the EUT on the table and set it in transmitting mode.

2. Remove the antenna from the EUT and then connect a low loss RF cable from the antenna the
port to the Spectrum analyzer

3. Set spectrum analyzer Start = 2 400 M, Stop = 2 441.5 Miz, Sweep = auto and Start = 2 441.5 i,
Stop = 2 483.5 Mz, Sweep = auto.

4. Set the spectrum analyzer as RBW, VBW = 100 kifz.

5. Max hold, view and count how many channel in the band.

8.4. Test results

Ambient temperature: 22 C
Relative humidity: 45 % R.H.

Number of Hopping Frequency Limit
79 15

\Y
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Operation mode: Basic mode

Specrm 70 Specim3 @) Specruma @) =]

Ref Level 10.00 dBm  Offset 7.12 dB & RBW 100 kHz
Att 23 dB SWT 04.8 ps vBW 100 kHz Mode Auto FFT
@ 1Pk Max

Start 2.4 GHz 691 pts

]—' )| Measuring...
L )

Stop 2.4835 GHz

ey e
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10. Time of occupancy (Dwell time)

10.1. Test setup

EUT Spectrum analyzer

9.2. Limit

§15.247(a)(1)(iii) For frequency hopping system operating in the 2 400 — 2 483.5 Mz band, the
average time of occupancy on any frequency shall not be greater than 0.4 second within a 31.6
second period.

A period time = 0.4(s) * 79 = 31.6(s)

9.3. Test procedure

1. Check the calibration of the measuring instrument using either an internal calibrator or a known
signal from an external generator.

2. Position the EUT as shown in test setup without connection to measurement instrument. Turn on
the EUT and connect its antenna terminal to measurement instrument via a low loss cable.

3. Adjust the center frequency of spectrum analyzer on any frequency be measured and set
spectrum analyzer to zero span mode. And then, set RBW and VBW of spectrum analyzer to
proper value.

4. Measure the time duration of one transmission on the measured frequency. And then plot the

result with time difference of this time duration.

. Repeat above procedures until all frequencies measured were complete.

. The hopping rate is 1 600 per second.

[ Né)!

9.4. Test results

Ambient temperature: 22 C
Relative humidity: 45 % R.H.

0.4 seconds within a 30 second period per any frequency

Mode Number of transm_ission ina Length_of Transmission | Result| Limit
31.6s ( 79Hopping*0.4) Time (msec) (msec) | (msec)
DH1 32(Times / 3.16sec) *10 = 320 0.386 123.52 | 400
DH3 16(Times / 3.16sec) *10= 160 1.639 262.24 | 400
DH5 11(Times / 3.16sec) *10= 110 2.893 318.23| 400
3-DH5 11(Times / 3.16sec) *10= 110 2.893 318.23| 400
% Remark:

dwell time = {(number of hopping per second / number of slot ) x duration time per channel} x 0.4 ms

Page : (49) of (55)
The results shown in this test report refer only to the sample(s) tested unless otherwise stated. This test report
cannot be reproduced, except in full, without the written approval of MOVON CORPORATION.




MOVON CORPORATION
M OVON

wovoncomonenon REPOIt Number:  MOV-15-RF-I076

A. DH1

Spectnm > & |pesmmeR e [%]

Ref Level 10.00 dBm Offset 7.12 dB @ RBW 1 MHz
Att 23 dB @ SWT 2ms VBW 1 MHz
SGL
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-40 dem
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————————————
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Spectrum (x) (%) (%]
Ref Level 10.00 dBm Offset 7.12 dB @ RBW 100 kHz
Att 23 dB @ SWT 3.2s VBW 100 kHz
SGL
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70 dem
80 dem
CF 2.441 GHz 691 pts 320.0 ms/
s —
il ] Ready [TTTTTTTTI ] y
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B. DH3
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C.DH5

Spectnm > & |pesmmeR e [%]

Ref Level 10.00 dBm Offset 7.12 dB @ RBW 1 MHz
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D. 3- DH5

Spectrum 2 ® (%) (x)
Ref Level 10.00 dBm Offset 7.12 dB @ RBW 1 MHz
Att 23 dB @ SWT 5 ms VBW 1 MHz
SGL
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11. Antenna requirement

10.1. Standard Applicable

For intentional device, according to FCC 47 CFR Section §15.203, an intentional radiator shall be
designed to ensure that no antenna other than that furnished by the responsible party shall be used
with the device. And according to FCC 47 CFR Section §15.247 (b) if transmitting antennas of

directional gain greater than 6 dBiare used.

10.2. Antenna Connected Construction
Antenna used in this product is Integral type antenna (PCB pattern antenna),

Antenna gainis  -2.17 dBi.
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12. RF exposure evaluation
12.1. RF Exposure Compliance Requirement
12.2. Standard Requirement

According to KDB447498D01 General RF Exposure Guidance v05r02

4.3.1. Standalone SAR test exclusion considerations

Unless specifically required by the published RF exposure KDB procedures, standalone 1-g head or
body and 10-g extremity SAR evaluation for general population exposure conditions, by
measurement or numerical simulation, is not required when the corresponding SAR Exclusion
Threshold condition, listed below, is satisfied.

12.3. Limits
The 1-g and 10-g SAR test exclusion thresholds for 100 MHz to 6 GHz at test separation distances <
50 mm are determined by:

[(max. power of channel, including tune-up tolerance, mW)/(min. test separation distance, mm)] -
[Vf(GHz)] < 3.0 for 1-g SAR and < 7.5 for 10-g extremity SAR, where

f(GHz) is the RF channel transmit frequency in GHz

Power and distance are rounded to the nearest m\W and mm before calculation

The result is rounded to one decimal place for comparison
The test exclusions are applicable only when the minimum test separation distance is < 50 mm and
for transmission frequencies between 100 MHz and 6 GHz. When the minimum test separation
distance is < 5 mm, a distance of 5 mm is applied to determine SAR test exclusion

12.4. EUT RF Exposure
For Bluetooth BDR mode

The Maximum Conducted Peak Output Power is -0.39 dBm in Highest channel(2.480 GHz) ;
The best case gain of the antenna is -2.17 dBi
EIRP= (-0.39dBm) + (-2.17dBi) = -2.56 dBm
-2.56 dBm logarithmic terms convert to numeric result is nearly 0.555 mW
According to the formula. calculate the EIRP test result:
[(max. power of channel, including tune-up tolerance, mW)/(min. test separation distance, mm)] -
[Vf(GHz)]
General RF Exposure = (0.555 mW /5 mm ) x ¥2.480 GHz = 0.1748 @ ;
SAR requirement:
S=3.0 @
® <@.

So, the SAR report is not required.
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