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FORWARD:

The following is submtted for considerationn obtaining a G ant
of Certification for spread spectrum frequency hoppi ng

i ntentional radiators per CFR Paragraph 15.247.

Name of Applicant:

NEVCO SCOREBOARD COVPANY
301 East Harris Avenue
Geenville, IL 62246

Model :  ZW3 W RELESS CONTROLLERSpread Spectrum Frequency
Hoppi ng Control | er System

FCC |.D.: PLH ZW.
Frequency Range: 902928 Mz.

Operating Power: 200 nW Effective Radi ated power).

1) Applicable Standards & Test Procedures

a) In accordance with the Federal Communications Code of
Federal Regul ations, dated October 1, 20Q, Part 2,

Subpart J, Paragraphs 2.907, 2.911, 2.913, 2.925, 2.926,
2.1031 through 2.1057, applicable parts of paragraph 15,
Part 15C Paragraph 15.247 and FCC docunent DA0QG 705 the
followng is submtted:

b) Test procedures usd are the established Methods of
Measurenent of Radi 6 Noi se Em ssions as described in the ANSI

63. 4- 1992 Docunent FCC and documents DA0G1407 and DAOG 705.
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2.1033(b) Application for Certification
(1) Manufacturer: NEVCO SCOREBOARD COMPANY
301 East Haris Avenue
Geenville, IL 62246
(2) ldentification: Model : ZW3 W RELESS CONTROLLER
FCC 1.D.: PLH ZWB
(3) Instruction Book:
Refer to Exhibit for Instruction Mnual.
(4) Description of Grcuit Functions:
Refer to Exhibit of Operatioal Description.
(5) Block Diagramw th Frequenci es:
Refer to Exhibit of Operational Description.
(6) Report of Measurenents:
Follows in this Report.
(7) Photographs: Construction, Conponent Placenent, etc.:
Refer to Exhibit for photographs of equi pnent.
(8) No Peripheral Equi pnent was Necessary.
(9) Transition Provisions of 15.37 are not being requested.
(10) Frequency hopping Spread Spectrumtransmtters:
Compliance with 15.247(a)(1) and the receiver bandw dth
requi renent are denonstrated in this report and exhibits.
(11) Not Applicable. The EUT is not a Scanni ng Receiver.
(12) Not Applicable. The EUT does not operate in the 5%4
GHz frequency band.
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2) Equipment Tested
Equi pnent Model FCC |.D. #
EUT ZW3 W RELESS CONTROLLER PLH Z\W\B

3) Equipment Function and Testing Procedures
The EUT is a 902928 MHz radio transmtter used to transmtt
data for control to a renote scoreboard for display The
ZW3 W RELESS CONTROLLERis a wireless |ink used for
transmtting information fromone loation to another. The
unit typically operates fromawall power supply connected
to the utility power source. The unit has a BNC port
| ocated at the rear of the equi pnment for connection to the
scoreboard. Communications to and fromthe EUT to the
scoreboard are passed along this cable connection. The unit
has no ot her provision to connect toexternal peripheral
equi pnment. The EUT was testedin a standard equi pnent
configuration through all npdes of operatian

4)  Equipment and Cable Configurations
Conducted Emission Test Procedure
The unit typically operates fronthe manufacturer supplied
twel ve-volt wall supply transformer. For testing purposes
the twel ve-volt wall transformer was used to power the unit.
The test setup including the EUT was arranged n a typi cal
equi pnent configuration and placed on a 1 x 1l.-Greter wooden
bench, 0.8 neters high located in a screen room The power
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5)

lines of the systemwere isolated fromthe power source
using a standard LISN with a 50puHy choke. EM was coupl ed
to the spectrum anal yzer through a 0.1 puF capacitor internal
to the LISN. The LISN was positioned on the floor beneath
t he wooden bench supporting the EUT. The power |ines and

cabl es were draped over the back edge of the table.

Radiated Emission Test Procedure:

The EUT was placed on a rotatable 1 x 1.breter wooden
platform 0.8 neters above the ground plane at a distance of
3 nmeters fromthe FSM antenna. EM energy was maxin zed by
equi pnment placenment, raising and | owering the FSM ant enna,
changi ng the antema pol ari zation, and by rotating the
turntable. Each em ssion was maxi m zed before data was
taken using a spectrum analyzer. Refer to photographs in

the test setup exhibit for EUT placenent.

List of Test Equipment

A Hewl ett Packard 8591EM Spectrum Anlayzer was used as the
measuri ng device for the em ssions testing of frequencies
below 1 GHz. A Hewl ett Packard 8562A Spectrum Anal yzer was
used as the neasuring device for testing the em ssions at
frequenci es above 1 GHz. The anal yzer settings used are
described in the followng table. Refer to the appendix for a
conplete list of Test Equi pnent. Radi ated em sd9 on

measur enments above 1000 MHz were perfornmed using both peak

and average detector functions. Peak anplitudes were not
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above 20 dB over

NVLAP Lab Code:

readi ngs recorded in the report

2000870

the average limts and average neasurenent

HP 8591 EM ANALYZER SETTI NGS
CONDUCTED EM SSI ONS:
RBW AVG BW DETECTOR FUNCTI ON
9 kHz 30 kHz Peak / Quasi Peak
RADI ATED EM SSI ONS:
RBW AVG BW DETECTOR FUNCTI ON
120 kHz 300 kHz Peak / Quasi Peak
HP 8562A ANALYZER SETTI NGS
RBW VI DEO BW DETECTOR FUNCTI ON
100 kHz 100 kHz PEAK
1 VHz 1 VHz Peak / Average
EQUI PVENT MFG MODEL CAL. DATES DUE.
LI SN Conp. Design 1762 10/ 01 10/ 02
Ant enna ARA BCD 235-B 7/ 01 7/ 02
Ant enna EMCO 3147 10/ 01 10/ 02
Ant enna EMCO 3143 4/ 01 4/ 02
Anal yzer HP 8591EM 7/ 01 7/ 02
6)  Units of Measurements
Conducted EM: Data is in dBuyV; dB referenced to one
m crovol t.
Radiated EM: Data is in dBuV/ m d/ mreferenced to one
m crovolt per neter.
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7)

8)

Test Site Locations

Conducted EM: The AC powerline conducted em ssions tests
were perforned in a shielded screen room | ocated at Rogers
Labs, Inc., 4405 W 259" Terrace, Louisburg, KS.

Radi ated EM : The radi ated em ssions tests were perforned
At the 3 neters, Open Area Test Site (QOATS) | ocated at Rogers
Labs, Inc., 4405 W 259" Terrace, Louisburg, KS.

Site Approval: Refer to Appendix for FCC Site Approval

Letter, Reference # 90910.

SUBPART B — UNINTENTIONAL RADIATORS
Conducted EMI

The EUT was arranged in a typical equipnment configuration and
placed on a 1 x 1.5neter wooden bench 80 cm above the
conducting ground plane, floor of a screen room The bench
was positioned 40 cmaway fromthe wall of thescreen room

The LI SN was positioned on the floor of the screen room 88m
fromthe rear of the EUT. The manufacturer supplied AC power
wal | adapter for the EUT was connected to the LISN. A second
LI SN was positioned on the floor of the screen room8@m from
the rear of the supporting equi pnent of the EUT. Al power
cords except the EUT were then powered fromthe second LI SN
Two power supply manufacturers’ power supplies were tested for
this unit with data taken for both. The power supplies tested

were an CEM nodel SYS10891509L-W2 and a Phi hong nodel PSC15A
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090S. EM was coupled to the spectrum anal yzer through a 0.1
MF capacitor, internal to the LISN. Power |ine conducted

em ssions testingwere carried out individually for each
current carryingconductor of the EUT. The excess |ength of

| ead between the system and the LI SN receptacle was fol ded
back and forth to forma bundl e not exceeding 40 cmin |ength
The screen room conducting ground pl ane,anal yzer, and LI SN
wer e bonded together to theprotective earth ground
Prelimnary testing was perforned to identify the frequency of
each radi o frequency em ssion displaying the highest
anplitude. The cables were repositioned to obtain nmaxi mum
anplitude of neasured EM |level. Once thearst-case
configuration was identified, plots were nmade of the EM from
0.15 MHz to 30 MHz then the data was recorded with maxi num
conducted em ssions levels. Refer to figures one and two for

pl ots of the conducted em ssions.

ROGERS LABS, | NC. Nevco Scoreboard Conpany
4405 W 259t h Terrace MODEL: ZW 3 Frequency Hoppi ng Spread Spectrum Controll er
Loui sburg, KS 66053 Test #: 020423 FCCI D#: PLH Z\WB

Phone/ Fax: (913) 8373214 Test to: FCC Parts 2 and 15c¢ (15.247) Page 9 of 30

ZWBTest Rpt. doc 5/ 30/ 2002



NVLAP Accredited Laboratory NVLAP Lab Code: 2000870

MARKER ACTV DET: PEAK
150 kHz MEAS DET: PEAK GP AVG
43.18 dBW MKR 15@ kHz
43.18 dBWY
REF OFFST 6.4 dB
LOG REF 75.¢ dBW
1g
dB/
ATN
19 dB
MA SB
SC FC R L
CORR

START 15¢ kHz

STOP 3¢.8@ MHz

#IF BW 9.0 kHz AVG BW 3@ kHz SWP 1.11 sec
Figure 1 Conducted Em ssions Line 1(CEM power supply).

MARKER ACTV DET: PEAK
150 kHz MEAS DET: PEAK GP AVG
40 .69 dBuY MKR 150 kHz
49 .69 dBV
REF OFFST 6.¢ dB
LOG REF 75.9 dBW
10
dB/
ATN
1¢ dB
VA SB
sgogg i L N PR STAYR SN WY Y

START 1508 kHz

STOP 3¢.99 MHz

#IF BW 9.0 kHz AYGE BW 30 KkHz SWP 1.11 sec

Fi gure 2 Conducted Em ssions Line 2(0EM power supply).
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MARKER ACTV DET: PEAK

15¢ KkHz MEAS DET: PEAK GP AVG

56.83 dBW MKR 158 kHz
56.83 dB W

REF OFFST 6.¢ dB
LOG REF 75.¢ dBuw
19
a8/

ATN
19 def)

Hm

VA SB

SC FC AL AN A AAA A AN A A S A
CORR

START 158 kHz STOP 3¢.00@ MHz
#IF BW 9.0 kHz - AVG BW 3¢ kHz SWP 1.11 sec

Fi gure 3 Conducted Em ssions Line 1(Phi hong power supply)

MARKER ACTV DET: PEAK

150 KkHz MEAS DET: PEAK GP AVG

58.84 dBLY MKR 150 KHz
58.84 dBwY

REF OFFST 6.0 dB
LOG REF 75.¢ dBuwv
19 7
dB/
ATN<
1¢ dB

T~

A

MA SB
SC FC MvwfﬂMWMWMMNWJWhWNV“%MAAﬂWMMMW
CORR

START 41548 kHz STOP 30.08 MHz
#IF BW 9.0 kHz AVG BW 3@ kHz SWP 1.11 sec

Fi gure 4 Conducted Em ssions Line 2(Phi hong power supply)
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Radiated EMI
The EUT was arranged in a typical eui pnent configuration and
operated through all of its various nodes. Prelimnary
testing was perfornmed in a screen roomw th the EUT positioned
1 neter fromthe FSM Radi ated em ssi ons neasurenents were
performed to identify the frequencies, which proaded the
hi ghest em ssions. Plots were made of the frequency spectrum
from30 Miz to 10,000 MHz for the prelimnary testing. Refer
to figures five through eight for plots of the radi ated
em ssions spectrumtaken in a screen room The highest
radi ated emssion was then remaximzed at this |ocation
before final radi ated em ssions neasurenents were perforned.
Final data was taken with the EUT | ocated at the OATS at a
di stance of 3 neters between the EUT and the receiving
antenna. The frequency spectrumfrim 30 MHz to 10, 000 WHz was
searched for radiated em ssions. Measured em ssion |levels
were maxi m zed by EUT placenent on the table, rotating the
turntabl e through 360 degrees, varying the antenna hei ght
between 1 and 4 neters above the ground plane and cm@i ng
ant enna position between horizontal and vertical polarization.
Ant ennas used were Broadband Biconical from30 to 200 Mz,
Biconilog from30 to 1000 MHz, Log Periodic from200 MHz to 5
GHz and or, pyramdal horns and mxers from4 Giz to 10 GHz,
notch filters and appropriate anplifierswere utilized.

Sanpl e Cal cul ati ons:
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RFS = Radiated Field Strength
dBuyV/ m @3m = dBuV + A F. - Anplifier Gin

dBuyV/ m @3m =44.4 + 8.5 - 35
= 17.9
MARKER ACTV DET: PEAK
132.0 MHz MEAS DET: PEAK QP
31.61 dBwWV MKR 132.@ MHz

31.61 dBw

LOG REF 80.¢ dBuV
10

dB/
#ATN
g dB

MA SB

SC FC A A A
CORRMM™ A " e AT A I g

=T

START 3¢.9 MHz STOP 23¢.8 MHz
#IF BW 12¢ kHz AVG BW 30@ kHz SWP 41.7 msec

Figure 5 Radi ated Em ssions taken at 1 neter m screen room
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MARKER ACTY DET: PEAK
9415 MHz MEAS DET: PEAK QP
87.54 dBW MKR 915 MHz
B7.54 dBw
LOG REF S8¢.¢ dBwW N
10 \'2
dB/
#ATN
@ dB
VA SB
SC FC
CORR
WL‘_LVA'LMJWAVALh A-Axm ‘M." _'A’.j'n_ At AALNMM"‘*\FM MWM
START 208 MHz STOP 1.290¢ GHz
#IF BW 1208 kHz AVG BW 308 kHz SWP 208 msec

Figure 6 Radi ated Em ssions taken at 1 nmeter in screen room

ATTEN 10d83 MKR —12.83dB8m
RL. OdBm 10dB ./ S17MH=z
- . — o
b
MKR
S47 MH=
—412.83 dB3m
D
.L v b A A M AN, Aot A A D s herwtehin e mn Ayt AP A A by
A e
|
!
i . 3 ;
START 1200MH=z= STOP 2.900GH=
*RBW 100kHZ VEBW 100kHZzZ SWP 700ms

Figure 7 Radi ated Em ssionstaken at 1 neter in screen room
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ATTEN 140dB

MKR

NVLAP Lab Code:

—74.87dBm

2000870

RL. OdBm 10dB ./ 3.693GH=
MKR
3.683 GH=
—741.687 dBm
D
At A A AV RATR AL sttty At A
TS SO SR WP JPT B

START 2.800GH=
*RBW 100kH=zZ

Figure 8 Radi ated Em ssionstaken at 1 neter

VBW 100kH=zZ

STOP 4140.000GH=z=

SWP 2 .0sec

in screen room

Data: Conducted Emissions (7 Highest Emissions OEM Power supply)

Fr equency L1 Level (dBuv) L2 Level (dBuv) CISPR 22 Limnt
band (M) Peak QP. AVE | Peak QP. AVE Q P. Ave(dBuv)
0.15 - 0.5 51.8 50. 8 40.0 50.1 45.9 35.2 | 66 — 56 / 56 - 46
0.5-5 33.3 31.1 21. 4 35.2 33.1 23.0 56 / 46
5 - 10 25.1 21.1 12.1 24.8 21.1 11.0 60 / 50
10 - 15 24.3 20.1 10. 3 23. 4 17.1 9.1 60 / 50
15 - 20 23.7 18.7 9.5 22.3 16.6 8.6 60 / 50
20 — 25 19.3 14.5 8.2 21.5 14. 8 8.1 60 / 50
25 - 30 27.6 21.5 11. 4 25.7 18.7 9.5 60 / 50
O her emnissions present had anpltudes at |east 10 dB below the limt
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NVLAP Lab

Code: 2000870

Data: Conducted Emissions (7 Highest Emissions Phihong power supply)

Fr equency L1 Level (dBuv) L2 Level (dBuv) CISPR 22 Limt
band (M) Peak QP. AVE | Peak QP. AVE Q P. Ave(dBuv)
0.15 - 0.5 59.0 55.2 47.1 64. 6 61.7 48. 4 66 — 56 / 56 - 46
0.5-15 50. 4 49.5 23.9 51.2 47.0 24. 7 56 / 46
5-10 27.3 21. 7 11.2 27.0 22.8 13.1 60 / 50
10 - 15 18.8 14.1 7.9 23. 7 16. 4 9.1 60 / 50
15 - 20 18.9 14. 6 8.3 19. 4 14. 4 8.1 60 / 50
20 - 25 20.0 14. 2 8.0 20. 2 15.0 8.7 60 / 50
25 - 30 19.1 14.1 7.8 19.0 14.5 8.2 60 / 50
O her emissions present had anplitudes at least 10 dB below the limt
Data: General Radiated Emissionsfrom EUT (6 Highest Emissions)
Fr equency FSM FSM A F. Anp. RFS Horz. | RFS Vert. | FCC d ass B
in IVHz Hor z. Vert. (dB/m | Gain @3m @3m Limt @3m
(dBuv) | (dBuv) (dB) | (dBuV/im | (dBuvV/m (dBuVv/ m
47.8 44. 4 46. 8 8.5 35 17.9 20.3 40.0
132. 7 43. 4 49.9 7.9 35 16. 3 22.8 43.5
163. 9 40. 3 38.3 8.9 35 14. 2 12.2 43.5
688.1 38.0 31.5 21.2 35 24.2 17.7 46.0
751.2 26. 2 19.9 22.5 35 13.7 7.4 46.0
891.0 35.9 27.8 23.5 35 24. 4 16. 3 46.0
O her em ssions present had anplitudes at |east 10 dB below the limt.

Summary of Results for Conducted Emissions

The conducted em ssions for the EUT neet

for

CISPR 22 and FCC Part

15B CLASS B Digital

EUT, operating fromthe OEM power

m ni mum mar gi n bel ow t hequasi
m ni mum mar gi n bel ow the average limt

from the Phi hong power

bel ow t he

ROGERS LABS,

4405 W 259t h Terrace
KS 66053
(913) 8373214 Test

Loui sbur g,
Phone/ Fax:

I NC.

guasi

peak limt

supply,

the requirenents

Devi ces. The
had a 15. 21B
peak imt and 16.0 dB
The EUT, operating

supply, Bd a 4.3 dB m ni num mar gi n

and 7.6 dB m ni mum margi n bel ow

Nevco Scoreboard Conpany

Te

st
to:

FCCI D#:

PLH ZW8

MODEL: ZW 3 Frequency Hoppi ng Spread Spectrum Controll er
#: 020423
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9)

the average limt. O her em ssions were present with

recorded data representi ngworst-case anplitudes.

Summary of Results for General Radiated Emissions

The radi ated emssions for the EUT neet the requirenents for
Cl SPR 22 and FCC Part 15B CLASS B Digital Devices. The EUT
had a 19.7 dB mninummargin below the imt. Oher em ssions

were present with anplitudes at |east 10 dB below the limt.

Statement of Modifications and Deviations
No nodifications to the EUT were required for the unit to neet
the CISPR 22 or FCC Part 15B CLASS B eni ssi ons standards.

There were no deviations to the specifications.

Subpart C - Intentional Radiators

As per CFR Part 15, Subpart C, paragraph 15.247 the foll ow ng

information is submtted.

15.203 Antenna Requirements

The unit is produced with apermanently attached antenna and
is not user serviceable or renovable The requirenents of
15.203 are net there are no deviations or exceptins to the

speci fication.

15.205 Restricted Bands of Operation

Spurious emssions falling in the restricted frequency bands
of operation were neasured at the OATS. The EUT utilizes
frequency, determning circuitry, which generates harnonics

falling in the restricted bands. Em ssions were checked at
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the OATS, using appropriate antennas or pyram dal horns,
anplification stages, and a spectrum anal yzer. No ot her
significant em ssion was observed which fell into the
restricted bands of operation.

Sanpl e Gl cul ati ons:

RFS (dBuV/ m @3n) = FSM dBuV) + A F.(dB)- Gai n(dB)
=30.6 +7.4- 35
=3.0
Data: Emissionsin Restricted Bands
Fr equency FSM FSM A F. Anp. RFS Horz. | RFS Vert. | FCC d ass B
in IVHz Hor z. Vert. (dB/m | Gain @3m @3m Limt @3m
(dBuv) | (dBuv) (dB) | (dBuV/m | (dBuvV/im (dBuv/ m
126.0 30.6 30.0 7.4 35 3.0 2.4 43.5
132.7 43. 4 49.9 7.9 35 16. 3 22.8 43.5
163. 9 40. 3 38.3 8.9 35 14. 2 12.2 43.5
2708. 4 33.5 35.5 32.5 21.5 44.5 46.5 54.0
2745.0 30.8 40. 8 32.5 21.5 41.8 51.8 54.0
2780. 4 32.1 38.6 32.5 21.5 43.1 49. 6 54.0
3611. 2 24.3 24.6 38.6 21.5 41. 4 41.7 54.0
3660. 0 25.6 25.0 38.6 21.5 42.7 42.1 54.0
3707. 2 28.5 29.5 38.6 21.5 45. 6 46. 6 54.0
4514.0 24.5 24.5 40. 6 21.5 43. 6 43. 6 54.0
4575.0 24. 8 24.6 40. 6 21.5 43.9 43.7 54.0
4634.0 28.1 29.0 40. 6 21.5 47.2 48.1 54.0

Summary of Results for Radiated Emissions in Restricted Bands:

The radi ated em ssions for the EUT neet the requirenents for
FCC Part 15C Intentional Radiators. The EUT had a2.2-dB

m ni mum margin below the limts. No other em ssions where
found in the restricted frequency bands O her em ssions were

present with anplitudes at | east 10 dB below the FCC Limts.
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15.209 Radiated Emissions Limits; General Requirements

Radiated EMI

The EUT was arranged in a typical equpnent configuration and
operated through all of its various nodes. Prelimnary
testing was performed in a screen roomw th the EUT positioned
1 neter fromthe FSM Radi ated em ssi ons nmeasurenents were
performed to identify the frequencies, which producedhe

hi ghest em ssions. Em ssions were checked in the screen room
from30 to 10,000 MHz and plots were nade of the frequency
spectrumfrom 30 MHz to 10,000 WHz for the prelimnary
testing. The highest radiated em ssion was then remaxi m zed

at this location before final radi ated em ssions neasurenents
were perfornmed. Final data was taken with the EUT | ocated at
the open field test site at a distance of 3 neters between the
EUT and the receiving antenna. The frequency spectrum from 30
Mtz to 10,000 MHz was searched for radiated em ssions.

Measured em ssion | evels were maxim zed by EUT placenent on
the table, rotating the turntable through 360 degrees, varying
t he antenna hei ght between 1 and 4 neters above the ground

pl ane and changi ng antenna pol ari zaton between hori zontal and
vertical. Antennas used were Broadband Bi conical from 30 MHz
to 200 MHz, Biconilog from30 M&z to 1000 MHz, Log Periodic

from200 MHz to 5 GHz, and/or Pyram dal Horns from4 GHz to 10

GHz.
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Sanpl e Cal cul ati ons:

RFS = Radiated Field Strength

dBuV/ m @3m = dBuV + A F. - Anplifier Gin

dBuV/ m @3m =44.4 + 8.5 - 35

= 17.9
Data: General Radiated Emissionsfrom EUT (6 Highest Emissions)
Fr equency FSM FSM A F. Anp. RFS Horz. | RFS Vert. | FCC d ass B
in IVHz Hor z. Vert. (dB/m | Gain @3m @3m Limt @3m
(dBpv) | (dBpv) (dB) | (dBuV/m) | (dBuV/m) (dBuV/ m

47.8 44. 4 46.8 8.5 35 17.9 20.3 40.0
132.7 43. 4 49.9 7.9 35 16. 3 22.8 43.5
163.9 40. 3 38.3 8.9 35 14.2 12.2 43.5
688. 1 38.0 31.5 21.2 35 24.2 17.7 46.0
751.2 26.2 19.9 22.5 35 13.7 7.4 46.0
891.0 35.9 27.8 23.5 35 24. 4 16. 3 46.0

O her em ssions present had anplitudes at |east 10 dB below the limt.

Summary of Results for General Radiated Emissions:
The radi ated em ssions for the EUT neet the requirenents for

FCC Part 15C Intentional Radi ators. The EUT had a 19.7 dB

m nimum margin below the limts. Oher em ssions were present

with anplitudes at |east 10 dB below the FCC Limts.

15.247 Operation in the Band 902-928 MHz

The power output was neasured on an open feld test site at a

three-nmeter distance. Data was taken per Paragraph 2.1046(a)

and 15.247. The 902 and 928 MHz band edges are protected due

to the 902.4 — 927.6 MHz channels used for frequency of

operati on. Refer to figures nine through thirteen show ng
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plots taken for the EUT displaying conpliance wth the
speci fications.

(a) The EUT is a frequency hopping spread spectrum
intentional radiator utilizing at | east 25 hoppi ng channel s.
The 20-dB bandw dth of 300 kHz neets the requirenents of
greater than 250 and | ess than 500 kHz wide with the average
time of occupancy on any frequency not greater than 0.4
seconds within a tensecond-tine peri od.

| nformati on show ng conpliance for tinme of occupancy and
hoppi ng sequence are di splayed bel ow.

The ZW3 continuously steps through a list of 31
frequencies, cycling through themat a rate of 22.4
mlliseconds per frequency. At each 22.4 mllisecond step
the control transmts for 9.4 mlliseconds. The frequencies
are spaced 300 kil ohertz apart and the sequence was

determ ned at random The 900 MHz | SM band is divided into
two sub-bands. The ZW3 |istens for another ZW3 on sub-band
1 and uses that subband offset O frequency list if it is
not being used by another ZW3 in the area; otherw se, it

w |l scan sub band two and use the offset 0 frequency |i st
if sub-band 2 is not being used by anotherZW3. Unl ess a
ZW 3 beacon described below is receivable thezW3 wi |l not
transmt if both subbands are occupied. If a beacon is
received then theZW3 wll synchronize itstransm ssions to
t he beacon and pick a band and offset frequency |ist based
on occupancy. Wth a beacon avail able there can be 1@W3’'s
operating synchronously in close proximty wthout

i nterference.

The unit is software controlled with a fixe& transm ssion
time of 9.4 nS with a cycle tinme of 22.4 nS. This equates
to one cycle taking 31.8 nS to conplete, noving through the
31 channel s takes 0.985 seconds. 1In a tensecond peri od,
the channel is occupied for |less than 100 nS, which is bel ow
t he 400 nS requirenen.

(b) The maxi mum peak out put power of the unit was rmesured
at the open area test site since the unit hasno provision

to connect to theantenna port. The anplitudes of each
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em ssion and spurious em ssion were neasured at a di stance
of 3 neters fromthe FSM antenna at the OATS. The anplitude
of each em ssion was maxi m zed by varying the FSM ant enna

hei ght, polarization, and by rotating the turntable. A

Bi coni | og Antenna was used for measuring em ssions from 30
to 1000 MHz, Log Periodic Antenna for 200 to 5000 MHz,and
Pyram dal Horn Antennas from4 GHz to0l0 GHz. Em ssions

were neasured in dBVvV/ mat threeneters.

Sanpl e cal cul ati on.

dBuv/ mM@3m = FSM + A F. + cable | oss
&A.7 + 23.0 - 2.5
= 110. 2
(c) The band edges are protected due to the frequency of

operation of the EUT.

(g) Frequency hopping systens are not required to enpl oy
all channels during each transm ssion but nust be
designed to operate as a frequency hoppi ng system As
descri bed above, t he uni t conplies wth t he
requi rements of a frequency hopping spread spectrum
devi ce.

(h) The incorporation of intelligence into the system to
coordi nate hopping channels has been used to enhance
the system The EUT may not choose a hop set to avoid
t he sinmul taneous occupancy ofindividual channels The

EUT conplies with the regul ations
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Figure 10 Dwnell Tine of Qccupancy.
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Figure 13 plot showi ng at |east 25 hoppi ng channel s.
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Data: Radiated Emissions from EUT
Em ssi on FSM FSM Ant Anp. RFS Horz. | RFS Vert. Limt
Frequency Hor z. Vert. Fact or Gai n @ 3m @ 3m @ 3m
(i) (aBuv) | (aBuv) | (aB) | (9B | (aBuvim) | (dBuvim) | (dBuvIm
902. 8 85.7 92.5 23.0 -2.5 111. 2 119.0 - -
1805. 6 30.1 41.6 29.9 21.5 38.5 50.0 54.0
2708. 4 33.5 35.5 32.5 21.5 44.5 46. 5 54.0
3611. 2 24. 3 24. 6 38. 6 21.5 41. 4 41.7 54.0
4514.0 24.5 24.5 40. 6 21.5 43. 6 43. 6 54.0
915.0 84.5 92.9 23.2 -2.5 110. 2 118. 6 - -
1830.0 34.0 43. 0 29.9 21.5 42. 4 51. 4 54.0
2745.0 30.8 40. 8 32.5 21.5 41. 8 51.8 54.0
3660. 0 25.6 25.0 38. 6 21.5 42. 7 42.1 54.0
4575. 0 24.8 24. 6 40. 6 21.5 43. 9 43. 7 54.0
926. 8 84.0 92.8 23.2 -2.5 109. 7 118.5 - -
1853. 6 34.8 43.1 29.9 21.5 43. 2 51.5 54.0
2780. 4 32.1 38. 6 32.5 21.5 43.1 49. 6 54.0
3707. 2 28.5 29.5 38. 6 21.5 45. 6 46. 6 54.0
4634.0 28.1 29.0 40. 6 21.5 47. 2 48. 1 54.0

Summary of Results for Radiated Emissions of Intentional Radiator
The EUT had al.8dB margin below the limt at the fundanental
frequency of operation and2.2 dB margin belowthe |imt for

t he harnmoni ¢ em ssions. The radi ated eni ssions for the EUT

nmeet the requirenents for FCC Part 15.247 Intentional

Radi ators. There are no neasurable em ssions in the

restricted bands other than those recorded in this report.

O her em ssions were present with anplitudes at dast 10 dB
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bel ow the FCC Limts. The specification of 15.247 are net,

there are no deviations or exceptions to the requirenents.

Statement of Modifications and Deviations
No nodifications to the EUT were required for the unit to neet
the FCC Part 15C enissions standards. There were no

deviations to the specifications.
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APPENDI X

Model : ZW3 W RELESS CONTROLLER

1. Test Equi pnent List
2. Rogers Qualifications

3. FCC Site Approval Letter
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TEST EQUI PMENT LI ST FOR ROGERS LABS, | NC.

The test equi pnent used is maintained in calibration and good
operating condition. Use of this calibrated equi pnent ensures
measurenments are traceable to national standards.

Li st of Test Equi pnent: Cal i brati on Date:

Scope: Tektronix 2230 2/ 02
Wattmeter: Bird 43with Load Bird 8085 2/ 02
Power Supplies: SorensensrL 20-25 SRL 40-25, DCR 150, DCR 140 2/ 02
H V Power Supply: Fluke Model: 408B (SN: 573) 2/ 02
R. F. Generator: HP 606A 2/ 02
R. F. Generator: HP 8614A 2/ 02
R. F. Generator: HP 8640B 2/ 02
Spectrum Anal yzer: HP 8562A, 4/ 01

M xers: 11517A, 11970A, 11970K, 11970U, 11970V, 11970W
HP Adapters: 11518, 11519, 11520

Spectrum Anal yzer: HP 8591 EM 7/ 01
Frequency Counter: Leader LDC 825 2/ 02
Ant enna: EMCO Bi coni |l og Model : 3143 4/ 01
Ant enna: EMCO Log Periodic Moddel: 3147 10/ 01
Ant enna: Antenna Research Biconical Mddel: BCD 235 7/ 01
Ant enna: EMCO Di pol e Set 3121C 2/ 02
Antenna: C. D. B101 2/ 02
Antenna: Solar 92291 & 9230-1 2/ 02
Ant enna: EMCO 6509 2/ 02
Audi o Oscillator: H P. 201CD 2/ 02
R. F. Power Anmp 65W Model: 470A-1010 2/ 02
R. F. Power Anmp 50W ML85 10-501 2/ 02
R F. PreAnp CPPA 102 2/ 02
Shi el ded Room5 Mx 3 Mx 3.0 M (101 dB Integrity)

LI SN 50 pHy/50 ohm 0.1 pf 10/ 01
LI SN Conpl i ance Eng. 240/ 20 2/ 02
Peavey Power Anp Model: | PS 801 2/ 02
Power Anmp A.R. Model: 10W 1010M/ 2/ 02
Power Anp EIN Model: A301 2/ 02
ELGAR Mbdel : 1751 2/ 02
ELGAR Mbdel : TG 704A3D 2/ 02
ESD Test Set 2010i 2/ 02
Fast Transient Burst Generator NModel: EFT/BLO1 2/ 02
Current Probe: Singer CP105 2/ 02
Current Probe: Solar 91081N 2/ 02
Field Intensity Meter: EFMO18 2/ 02
KEYTEK Ecat Surge Generat or 2/ 02
02/ 01/ 2002
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QUALIFICATIONS
o
SCOT D. ROGERS, ENGINEER

ROGERS LABS, | NC

M. Rogers has approximtely 13 years experience in the field of
el ectronics. Six years working in the automated controls industry
and 6 years working with the design, devel opnent and testing of
radi o communi cati onsand el ectroni c equi pnent.

PCSI TI ONS HELD:

Systens Engi neer: A/ C Controls Mg. Co., Inc.
6 Years

El ectrical Engi neer: Rogers Consul ting Labs, Inc.
5 Years

El ectrical Engi neer: Rogers Labs, Inc.
Current

EDUCATI ONAL  BACKGROUND:

1) Bachel or of Science Degree in Electrical Engineering
from Kansas State University.
2) Bachel or of Science Degree in Business Adm nistration
Kansas State University.
3) Sever al Specialized Training courses and senmnars
pertaining to M croprocessos and Software programm ng.
St DRosersy
Scot D. Rogers
April 24, 2002
Dat e
1/11/00
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FEDERAL COMMUNICATIONS COMMISSION
Laboratory Division
7435 Oakland Mills Road
Columbia, MD. 21046

December 08, 2000

Registration Number: 90910
Rogers Labs, Inc.
4405 West 259th Terrace
Louisburg, KS 66053

Attention: Scot D. Rogers

Re: Measurement facility located at Louisburg
3 & 10 meter site
Date of Listing: December 08, 2000

Gentlemen:

Your submission of the description of the subject measurement facility has been reviewed and found to be in
compliance with the requirements of Section 2.948 of the FCC Rules. The description has, therefore, been placed
on file and the name of your organization added to the Commission's list of facilities whose measurement data will
be accepted in conjunction with applications for Certification under Parts 15 or 18 of the Commission's Rules.
Please note that this filing must be updated for any changes made to the facility, and at least every three years from
the date of listing the data on file must be certified as current.

If requested, the above mentioned facility has been added to our list of those who perform these measurement
services for the public on a fee basis. An up-to-date list of such public test facilities is available on the Internet on
the FCC Website at WWW.FCC.GOV, E-Filing, OET Equipment Authorization Electronic Filing.

Sincerely,
s W //M%

Thomas W Phillips
Electronics Engineer
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