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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: Hitachi America Ltd.
Information Division
2000 Sierra Point Parkway, M/S 570
Brisbane, CA 94005-1845

EUT DESCRIPTION: RFID READER CARD
MODEL: HSS-MUR-300
DATE TESTED: 22-29 March 2006

Testing was performed following accepted test methodologies and practices, using equipment with
calibrations traceable to NIST, and by properly trained personnel. All tests were performed at

Compliance Certification Services

561 F Monterey Road
Morgan Hill, CA 95037

M. Lo

Date: 2 May 2006

Thomas N. Cokenias
T.N. Cokenias Consulting
P.O. Box 1086

El Granada CA 94018
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2. TEST METHODOLOGY

DATE: 22 MAY 2006
FCC ID: ES8-HSS-MUR-300

The tests documented in this report were performed in accordance with ANSI C63.4-2003, FCC CFR 47

Part 2 and FCC CFR 47 Part 15.

3. EQUIPMENT UNDER TEST

3.1. DESCRIPTION OF EUT

The EUT is a frequency hopping spread spectrum RFID Reader.

3.2. MAXIMUM OUTPUT POWER

Channel Frequency Power Power
(MHz) (dBm) (mW)

Low 2420 27.14 517.6
Middle 2440 27.57 571.5
High 2460 28.03 635.3
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3.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio was tested with two antennas:

MaxRad MP2400XFPT Linear polarized Antenna, gain = 8.5dBi
Hyperlink HG2409PCL/R Circularly polarized Antenna gain = 8.0 dBi

The 3foot coaxial cable (RG58/U) supplied with antennas has more than 0.6dB loss at 2.4GHz

3.4.SOFTWARE AND FIRMWARE

The firmware installed in the EUT during testing was MPR version 2.0

3.5. WORST-CASE CONFIGURATION AND MODE

Worst-case test mode for antenna port conducted measurements was using maximum output power for
each of the test channels for each of the tests required.

Worst-case test mode for radiated emissions tests was with RFID tag placed on the test table, while reader
operated at maximum output power for each of the tested channels.

3.6. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT
PERIPHERAL SUPPORT EQUIPMENT LIST
Description Manufacturer Model Serial Number FCCID
LAPTOP IBM 390E AF - 1B8BD N/A
AC/DC ADAPTER IBM N/A 02K6555 N/A
DC POWER SUPPLY CUI DTS060250UDC-P5P N/A N/A
I/O CABLES
1I/0 CABLE LIST
Cable Port # of Connector Cable Cable Remarks
No. Identical Type Type Length
Ports
1 AC 2 AC Un-shielded 0.5m N/A
2 DC 1 DC Un-shielded Im N/A
3 SERIAL 1 RS-232 Un-shielded Im N/A
4 DC 1 DC Un-shielded 0.5m N/A
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TEST SETUP

The EUT is an RFID tag reader. The EUT was set to continuously read RFID tags. An RFID tag was
placed on the test table during radiated tests. Antenna port was connected via coaxial cable and suitable
attenuation directly to the input of a spectrum analyzer for antenna conducted tests.

The software on the Laptop exercises the EUT in different channels and also into hopping mode when
needed. The software is a Labview utility program by the manufacturer.
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SETUP DIAGRAM FOR TESTS

embedded control laptop
radio card

AC mains 120 VAC 60 Hz
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4. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment was utilized for the tests documented in this report:

TEST EQUIPMENT LIST
Name of Equipment Manufacturer | Model No. Serial No. Due Date
Antenna, Horn 1 ~ 18 GHz ETS 3117 29310 4/22/2007
Preamplifier, 1 ~ 26.5 GHz Agilent / HP 8449B 3008A00369 8/17/2006
EMI Test Receiver R&S ESHS 20 827129/006 6/3/2006
Antenna, Loop 9 kHz ~ 30 MHz EMCO 6502 9202-2722 9/7/2006
Spectrum Analyzer 3 Hz ~ 44 GHz | Agilent/ HP E4446A US42070220 7/29/2006
RF Filter Section Agilent / HP 85420E 3705A00256 2/4/2007

5. LIMITS AND RESULTS

5.1. ANTENNA PORT CONDUCTED TESTS

5.1.1. 20 dB BANDWIDTH

LIMIT

None, for reporting purposes only.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The RBW is set to 1% to 3% of the 20 dB
bandwidth. The VBW is set to 3 times the RBW. The sweep time is coupled.

RESULTS

No non-compliance noted:

Channel Frequency 20 dB Bandwidth
(MHz) (kHz)
Low 2420 71.4
Middle 2440 87.4
High 2480 85.7
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FHSS RFID READER

20 dB BANDWIDTH LOW CHANNEL

W Agilent 10:68:02 23 Mar 2006

Center 2.420 000 0 GHz
H#Res BW 2 kHz

Atten 20 dB

VBW 2 kHz
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FHSS RFID READER

20 dB BANDWIDTH MID CHANNEL

W Agilent 11:07:09 23 Mar 2006

Center 2.440 000 0 GHz
H#Res BW 2 kHz

Atten 20 dB

VBW 2 kHz
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20 dB BANDWIDTH HIGH CHANNEL

@ Agilent 11:11:02 23 Mar 2006 RL

Atten 20 dB

Center 2.460 000 0 GHz Span 300 kHz
Res BW 2 kHz VBW 2 kHz : 601 p
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5.1.2 HOPPING FREQUENCY SEPARATION

LIMIT

§15.247 (a) (1) Frequency hopping systems shall have hopping channel carrier frequencies separated by a
minimum of 25 kHz or the 20 dB bandwidth of the hoping channel, whichever is greater.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The RBW is set to 10 kHz and the VBW is set
to 30 kHz. The sweep time is coupled.

RESULTS
No non-compliance noted:

The separation is S00KHz.
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HOPPING FREQUENCY SEPARATION

4 Agilent 11:32:28 23 Mar 2006 FL | Trace

A kel 500 kHz
Ref 30 dBm Atten 20 dB 064 dB Trace
Feak | ; , | = 2 3
Log | :
10 |
dB/
Offst
20.4

dB Mlax Hold
DI
1 3

Clear Write

Lghv Min Hold

M1 S2 _
S3 FC Wi

Elank

Center 2.440 000 GHz Span 2 MHz
#Res BW 10 kHz VBW 10 kHz Sweep 24.12 ms (601 pts)

Cluery UNTERMINATED
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5.1.3. NUMBER OF HOPPING CHANNELS

LIMIT

§15.247 (a) (1) (iii) Frequency hopping systems in the 2400-2483.5 MHz band shall use at least
15 channels. The average time of occupancy on any channel shall not be greater than 0.4
seconds within a period of 0.4 seconds multiplied by the number of hopping channels employed.
Frequency hopping systems may avoid or suppress transmissions on a particular hopping
frequency provided that a minimumof 15 channels are used.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The span is set to cover the entire authorized
band, in either a single sweep or in multiple contiguous sweeps. The RBW is set to 3 % of the span. The
analyzer is set to Max Hold.

RESULTS
No non-compliance noted:

81 channels observed.
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FHSS RFID READER FCC ID: ES8-HSS-MUR-300

NUMBER OF HOPPING CHANNELS

Agilent 11:26:40 23 Mar 2005 E T
A Mk a'lEl_IZIIZI hMHz
Ref 3I] dBm Atten 20 dB 23 dB

\'\M\ e

Start 2.415 00 GHz Stop 2.465 00 GHz
H#Res BW 10 kHz VBW 10 kHz Sweep 602.9 ms (601 pts
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FHSS RFID READER FCC ID: ES8-HSS-MUR-300

5.1.4. AVERAGE TIME OF OCCUPANCY

LIMIT

§15.247 (a) (1) (iii) Frequency hopping systems in the 2400-2483.5 MHz band shall use at least
15 channels. The average time of occupancy on any channel shall not be greater than 0.4
seconds withina period of 0.4 seconds multiplied by the number of hopping channels employed.
Frequency hopping systems may avoid or suppress transmissions on a particular hopping
frequency provided that a minimum of 15 channels are used.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The span is set to 0 Hz, centered on a single,
selected hopping channel. The analyzer is set to Video Trigger to capture the desired signal and
distinguish them from other emissions on nearby channels. The number of pulses is measured in a 30
second scan.

The width of a single pulse is measured in a fast scan.
RESULTS
No non-compliance noted:

The system has 81 hopping frequencies. There are 13 pulses within a 30 measurement period. The on
time for each pulse is 14.12 ms.

Therefore, the average time of occupancy in the specified 30-second period is:

13x14.12ms = 183.6 ms = 0.184 s

For 81 channels, any given channel may be occupied for less than 0.4 sec in 0.4 x 81 = 32.4sec.
Calculated total channel occupancy in 32.4 sec = (32.4/30) x 0.184 sec = 0.199 sec

Maximum allowed occupancy: 0.4 sec.

Page 17 of 49



DATE: 22 MAY 2006

PPPPPPPPPP

| k il AW

i M



REPORT NO: 06PRO37FCC Rev 1.1 DATE: 22 MAY 2006
FHSS RFID READER FCC ID: ES8-HSS-MUR-300

NUMBER OF PULSES IN 30 SECOND OBSERVATION PERIOD

- Agilent 12:08:12 23 Mar 2006 T

Ref 28.37 dBm Atten 20 dB
N arm

?
dB/

ﬂﬁ t
20
Lghwv

LR L

BW1 MHz VBW 1 MHz
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5.1.5. PEAK OUTPUT POWER

PEAK POWER LIMIT

15.247(b) The maximum peak conducted output power of the intentional radiator shall not exceed the
following:

(1) For frequency hopping systems operating in the 2400-2483.5 MHz band employing
at least 75 non-overlapping hopping channels, and all frequency hopping systems in the 5725-5850 MHz
band: 1 watt. For all other frequency hopping systems in the 2400-2483.5 MHz band: 0.125 watts.

15.247 (b) (4) Except as shown in paragraphs (b)(3) (i), (ii) and (iii) of this section, if transmitting
antennas of directional gain greater than 6 dBi are used the peak output power from the intentional
radiator shall be reduced below the stated values in paragraphs (b)(1) or (b)(2) of this section, as
appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer and the analyzer bandwidth is set to a value
greater than the 20 dB bandwidth of the EUT.

RESULTS
No non-compliance noted.
Maximum allowed power = 36 dBm eirp — (8.5 dBi + 0.6 dB cable loss) = 28.1 dBm

Refer to tabulated data and spectrum analyzer plots.

Channel | Frequency Power Power
(MHz) (dBm) (mW)
Low 2420 27.14 517.6
Middle 2440 27.57 571.5
High 2460 28.03 635.3
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OUTPUT POWER LOW CHANNEL

W Agilent 10:43:04 23 Mar 2006 R T
Mkr1 2.419 983 GHz
Atten 40 dB 27.14 dBm

Center 2.420 000 GHz Span 3.025 MHz
/Res BW 1 MHz #VBW 3 MHz : 01 p

Page 21 of 49



REPORT NO: 06PRO37FCC Rev 1.1 DATE: 22 MAY 2006
FHSS RFID READER FCC ID: ES8-HSS-MUR-300

OUTPUT POWER MID CHANNEL

W Agilent 10:42:20 23 Mar 2006 R T
Mkr1 2.440 084 GHz
Atten 40 dB 27.57 dBm

Center 2.440 000 GHz Span 3.025 MHz
/Res BW 1 MHz #VBW 3 MHz : 01 p
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FHSS RFID READER

OUTPUT POWER HIGH CHANNEL

W Agilent 10:41:14 23 Mar 2006

Center 2.460 000 GHz
H#Res BW 1 MHz

Atten 40 dB

#VBW 3 MHz
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5.1.6. MAXIMUM PERMISSIBLE EXPOSURE

LIMITS

§1.1310 The criteria listed in Table 1 shall be used to evaluate the environmental impact of human
exposure to radio-frequency (RF) radiation as specified in §1.1307(b), except in the case of portable
devices which shall be evaluated according to the provisions of §2.1093 of this chapter.

TABLE 1—LIMITS FOR MAXIMUM FERMISSIELE EXPOSURE (MPE)

Electric fiald Magnetic fisld . A i
Frequency rangs Fower density Avaraging time
(M HE) strength strengih (i e iminutes)
(A} Limits for OccupationaliControlled Exposures
614 1.63 100y G
18427 4.80F *{O00F=) G
G1.4 0163 1.0 4]
fraon [i]
5 i
{E} Limits for General Population/Uncontrelled Exposure

D134 e G14 1.63 100y 20
T3H=20 e S24F 2198 180/ a0

TABLE 1—LIMITS FOR MAXIMUM FERMISSIELE EXPOSURE (MPE)—Continued

Electric fisld Magnetic fiskd . N
Frequency rangs Power dansity Bvaraging time
{MHz) strength strength i e iminutzs)
75 0.2 20
1800 0
1.0 20

f = frequency in MHz

* = Plana-wawe aquivalent power density

NOTE 1 T TABLE 1: Occupafionalicontrolled limits apply in situations in which persons are exposed as a consequence of their
employment provided those persons are fulli,' aware of the potential for exposure and can exemcise conirol over their exposurs.
Limits for occu pationalcontrolled exposure also apply in situations when an individual is transient through a location where ocou-
pationalicontrolled limits apply provided he or she is made aware of the potential for exposure,

MNOTE 2 To TABLE 1: General populationfuncontrolled exposures apply in situations in which the gensral public may be ax-
posed, orin which persans that are exposed as a conssquence of their employment may not be fully awars of the polential for
exposures of can not exercise control over their exposurs.
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CALCULATIONS

Given

and

where

E=V30*P*G)/d
S=E~2/3770

E = Field Strength in Volts/meter

P = Power in Watts

G = Numeric antenna gain

d = Distance in meters

S = Power Density in milliwatts/square centimeter

DATE: 22 MAY 2006

FCC ID: ES8-HSS-MUR-300

Combining equations and rearranging the terms to express the distance as a function of the remaining
variables yields:

d =V(B0*P*G) /(3770 * S))

Changing to units of Power to mW and Distance to cm, using:

yields

where

P (mW) =P (W) / 1000 and
d (cm) =100 * d (m)

d =100 * ((30 * (P / 1000) * G) /(3770 * S))
d=0.282*V(P*G/S)

d = distance in cm

P =Power in mW

G = Numeric antenna gain

S = Power Density in mW/cm”2

Substituting the logarithmic form of power and gain using:

yields

where

Equation (1) and the measured peak power is used to calculate the MPE distance.

P (mW)=10" (P (dBm)/ 10) and
G (numeric) = 10 ~ (G (dBi) / 10)

d=0.282*10~((P+G)/20)/ \S Equation (1)
d = MPE distance in cm
P =Power in dBm

G = Effective Antenna Gain in dBi (=gain, dBi — cable loss, dB)
S = Power Density Limit in mW/cm”2
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LIMITS

From §1.1310 Table 1 (B), S= 1.0 mW/cm"2

RESULTS

No non-compliance noted:

DATE: 22 MAY 2006
FCC ID: ES8-HSS-MUR-300

Power Density Output Antenna MPE

Limit Power Gain Distance
(mW/cm”2) (dBm) (dBi) (cm)
1.0 28.03 7.90 17.65

NOTE: For mobile or fixed location transmitters, the minimum separation distance is 20 cm, even if
calculations indicate that the MPE distance would be less.
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5.1.7. CONDUCTED SPURIOUS EMISSIONS

LIMITS

§15.247 (c) In any 100 kHz bandwidth outside the frequency band in which the spread spectrum
intentional radiator is operating, the radio frequency power that is produced by the intentional radiator
shall be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest level
of the desired power, based on either an RF conducted or a radiated measurement. Attenuation below the
general limits specified in §15.209(a) is not required. In addition, radiated emissions which fall in the
restricted bands, as defined in§15.205(a), must also comply with the radiated emission limits specified in
§15.209(a) (see §15.205(c)).

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The resolution bandwidth is set to 100 kHz.
The video bandwidth is set to 100 kHz.

The spectrum from 30 MHz to 26 GHz is investigated with the transmitter set to the lowest, middle, and
highest channels.

RESULTS

No non-compliance noted:
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SPURIOUS EMISSIONS, LOW CHANNEL

W Agilent 14:47:30 23 Mar 2006 R T
Mkr1 2.41 GHz
Atten 40 dB 26.98 dBm

gt ] .._.-l e
Il et a ‘II"-“IH.I"'-.-.'."IWI'\'.--""" _-'I'-"ﬂlll.-llil'|.\-,__,|I,-,i,-‘ St T

ot

Stop 26.00 GHz

##Res BW 100 kHz #VBW 300 kHz
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SPURIOUS EMISSIONS., MID CHANNEL

i Agilent 14:52:04 23 Mar 2006 T

Mkr1 2.45 GHz
Ref 48.37 dBm Atten 40 dB 26.01 dBm

Display Line
6.00 dBm

Peak

Stop 26.00 GHz

##Res BW 100 kHz #VBW 300 kHz
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FHSS RFID READER

SPURIOUS EMISSIONS, HIGH CHANNEL

i Agilent 14:53:26 23 Mar 2006

##Res BW 100 kHz

il Mo, e e
'f.'h-“ﬂll"I ".dlr-“"ul ‘I,\‘ll"r.l._ﬁ\-"'l_l_f"l Il|1|| N

Atten 40 dB

#VBW 300 kHz
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HOPPING FUNCTION ON, LOW CHANNEL

W Agilent 15:09:00 23 Mar 2006

Atten 40 dB

##Res BW 100 kHz #VBW 300 kHz
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HOPPING FUNCTION ON, HIGH CHANNEL

W Agilent 15:00:19 23 Mar 2006

Atten 40 dB

e
- |Display Line
FTun p y lll "I"-""‘IH'I,..-‘.-.- . oW R A eyl o s petd o, )
swp | 7.04 dBm

##Res BW 100 kHz #VBW 300 kHz
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5.2. RADIATED EMISSIONS

5.2.1. TRANSMITTER RADIATED SPURIOUS EMISSIONS

LIMITS

DATE: 22 MAY 2006

FCC ID: ES8-HSS-MUR-300

§15.205 (a) Except as shown in paragraph (d) of this section, only spurious emissions are permitted in any
of the frequency bands listed below:

13.36-13.41

MHz MHz MHz GHz
0.090 -0.110 16.42 - 16.423 399.9-410 4.5-5.15
10.495 - 0.505 16.69475 - 16.69525 608 - 614 5.35-5.46
2.1735 -2.1905 16.80425 - 16.80475 960 - 1240 7.25-17.75
4.125-4.128 25.5-25.67 1300 - 1427 8.025-8.5
4.17725 -4.17775 37.5-38.25 1435 -1626.5 9.0-9.2
4.20725 - 4.20775 73 -74.6 1645.5 - 1646.5 93-95
6.215-6.218 74.8 -75.2 1660 - 1710 10.6 - 12.7
6.26775 - 6.26825 108 - 121.94 1718.8 -1722.2 13.25-134
6.31175-6.31225 123 - 138 2200 - 2300 14.47 - 14.5
8.291 - 8.294 149.9 - 150.05 2310 - 2390 15.35-16.2
8.362 - 8.366 156.52475 - 156.52525 2483.5 - 2500 17.7-214
8.37625 - 8.38675 156.7 - 156.9 2655 -2900 22.01 -23.12
8.41425 - 8.41475 162.0125 - 167.17 3260 - 3267 23.6-24.0
12.29 - 12.293 167.72 -173.2 3332 -3339 31.2-31.8
12.51975 - 12.52025 240 - 285 3345.8 - 3358 36.43 - 36.5
12.57675 - 12.57725 322-3354 3600 - 4400 (2)

! Until February 1, 1999, this restricted band shall be 0.490-0.510 MHz.

2 Above 38.6

§15.205 (b) Except as provided in paragraphs (d) and (e), the field strength of emissions appearing within
these frequency bands shall not exceed the limits shown in Section 15.209. At frequencies equal to or
less than 1000 MHz, compliance with the limits in Section 15.209 shall be demonstrated using
measurement instrumentation employing a CISPR quasi-peak detector. Above 1000 MHz, compliance
with the emission limits in Section 15.209 shall be demonstrated based on the average value of the

measured emissions. The provisions in Section 15.35 apply to these measurements.
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§15.209 (a) Except as provided elsewhere in this Subpart, the emissions from an intentional radiator shall
not exceed the field strength levels specified in the following table:

Frequency Field Strength Measurement Distance
(MHz) (microvolts/meter) (meters)

30 - 88 100 ** 3

88-216 150 ** 3

216 - 960 200 ** 3

Above 960 500 3

** Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under
this Section shall not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or
470-806 MHz. However, operation within these frequency bands is permitted under other sections of this
Part, e.g., Sections 15.231 and 15.241.

§15.209 (b) In the emission table above, the tighter limit applies at the band edges.
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TEST PROCEDURE

The EUT is placed on a non-conducting table 80 cm above the ground plane. An RFID tag is also placed
on the test table. The antenna to EUT distance is 3 meters. The EUT is configured in accordance with
ANSI C63.4. The EUT is set to transmit in a continuous mode.

For measurements below 1 GHz the resolution bandwidth is set to 100 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements. Peak detection is used unless
otherwise noted as quasi-peak.

For measurements above 1 GHz the resolution bandwidth is set to 1 MHz, then the video bandwidth is set
to 1 MHz for peak measurements and 10 Hz for average measurements.

The spectrum from 30 MHz to 26 GHz is investigated with the transmitter set to the lowest, middle, and
highest channels in the 2.4 GHz band.

The frequency range of interest is monitored at a fixed antenna height and EUT azimuth. The EUT is
rotated through 360 degrees to maximize emissions received. The antenna is scanned from 1 to 4 meters
above the ground plane to further maximize the emission. Measurements are made with the antenna
polarized in both the vertical and the horizontal positions.
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5.2.2. TRANSMITTER RADIATED EMISSIONS ABOVE 1 GHZ HARMONICS
AND SPURIOUS EMISSIONS

Linearly Polarized Antenna (Grey cells indicate no emission found above system noise floor)

03/22/06 High Frequency Measurement
Compliance Certification Services, Morgan Hill Open Field Site

Test Engineer: Alvin Ilarina

Project #: 06U10168

Company:

EUT Description: SR 2500 Reader w/ 8dBi linear antenna
EUT M/N:

EUT S/N: Radio Board 21

Test Target:

Mode Of Operation: FCC 15.209

[Average Power Meter: Low = xx dBm, Mid = xx dBm, High = xx dBm

Test Equipment:

Horn 1-18GHz ‘ Pre-amplifer 1-26GHz ‘ Pre-amplifer 26-40GHz Horn > 18GHz ‘
‘ T60; SIN: 2238 @3m . ‘ T34 HP 8449B - ‘ ‘ . ‘ ‘ - ‘
Hi Frequency Cables T - -
2 foot cable ‘ 3 foot cable 12 foot cable ‘ HPF ‘ Reject Filter ‘ Peak Measurements
RBW=VBW=IMHz
‘ Gordon 187207002 j ‘ - ‘ ‘ Can 187209002 j ‘ HPF_4.0GHz - ‘ ‘ j Average Measurements
— RBW=1MHz ; VBW=10Hz
f Dist | Read Pk | Read Avg. | AF CL | Amp | D Corr | Fltr Peak Avg Pk Lim | Avg Lim | Pk Mar | Avg Mar Notes
GHz (m) dBuV dBuV dB/m | dB dB dB dB | dBuV/m | dBuV/m | dBuV/m | dBuV/m dB dB (V/H)
4.920 3.0 51.8 48.3 337 | 35 | -348 0.0 0.6 54.9 514 74 54 -19.1 5.7 V - hi
7.380 3.0 42 [ 341 0.0 0.6 49.6 36.4 74 54 244 -24.6 V- hi
9.840 3.0 44 [ 331 0.0 0.8 10.4 10.4 74 54 -63.6 -54.0 V - hi
12.300 3.0 45 | 325 0.0 0.9 113 11.3 74 54 -62.7 -54.0 V noise floor
4.920 30 | 508 | . 35 -34.8 0.0 0.6 53.9 50.4 74 54 -20.1 -6.7 H-hi
7.380 3.0 42 | 341 0.0 0.6 7.0 7.0 74 54 -67.0 -54.0 H - hi - noise floor
9.840 3.0 44 | 331 0.0 0.8 10.4 10.4 74 54 -63.6 -54.0 H -hi -noise floor
4.880 3.0 35 [ -348 0.0 0.6 49.5 44.4 74 54 245 -12.6 H - mid
7.320 3.0 42 [ 341 0.0 0.6 48.7 38.6 74 54 253 -22.2 H -mid
9.760 3.0 44 | 333 0.0 0.8 10.1 10.1 74 54 -63.9 -54.0 H - mid - noise floor
4.880 3.0 35 [ -348 0.0 0.6 48.0 2.5 74 54 -26.0 -14.5 V-mid
7.320 3.0 42 [ 341 0.0 0.6 47.8 35.2 74 54 -26.2 257 V-mid
9.760 3.0 44 | 333 0.0 0.8 10.1 10.1 74 54 -63.9 -54.0 V-mid
12.300 3.0 45 | 325 0.0 0.9 11.3 11.3 74 54 -62.7 -54.0 V-mid - noise floor
4.840 3.0 35 [ -348 0.0 0.6 46.4 38.2 74 54 -27.6 -18.8 V-lo
4.840 3.0 35 [ -348 0.0 0.6 51.6 475 74 54 224 9.4 H-lo
7.260 3.0 42 | 341 0.0 0.6 49.5 39.9 74 54 245 -20.9 H-lo
9.680 3.0 44 | -335 0.0 0.8 9.8 9.8 74 54 -64.2 -44.2 H-lo - noise floor
7.260 3.0 42 [ 341 0.0 0.6 48.9 39.6 74 54 -25.1 -14.4 V-lo
9.680 3.0 44 | -335 0.0 0.8 9.8 9.8 74 54 -64.2 -44.2 V-lo

4.4 -32.5 0.0 0.9 11.2 11.2 74 54 -62.8 -42.8 V-lo

12.100 3.0 X
14.520 3.0 393 5.6 -32.3 0.0 0.9 135 13.5 74 54 -60.5 -40.5 V-lo-noise floor

f Measurement Frequency Amp Preamp Gain Avg Lim  Average Field Strength Limit
Dist  Distance to Antenna D Corr Distance Correct to 3 meters Pk Lim Peak Field Strength Limit
Read Analyzer Reading Avg Average Field Strength @ 3 m Avg Mar Margin vs. Average Limit
AF Antenna Factor Peak Calculated Peak Field Strength Pk Mar Margin vs. Peak Limit

CL Cable Loss HPF High Pass Filter

Page 36 of 49



REPORT NO: 06PRO37FCC Rev 1.1 DATE: 22 MAY 2006
FHSS RFID READER FCC ID: ES8-HSS-MUR-300

Circularly Polarized Antenna (Grey cells indicate no emission found above system noise floor)

03/29/06 High Frequency Measurement
Compliance Certification Services, Morgan Hill Open Field Site

Test Engineer: Alvin Ilarina

Project #: 06U10168

Company: WJ Communications

EUT Description: SR 2500 Reader w/ right circular polarized antenna, cable added to compensate for 3 foot cable used in final installation
EUT M/N:

EUT S/N: Radio Board 21

Test Target: FCC 15.209

Mode Of Operation:

Average Power Meter: Low = xx dBm, Mid = xx dBm, High = xx dBm
Test Equipment:

Horn 1-18GHz ‘ Pre-amplifer 1-26GHz ‘ Pre-amplifer 26-40GHz Horn > 18GHz ‘

T120; SIN: 29310 @3m j ‘ T34 HP 84498 j ‘ j ‘ j

Hi Frequency Cables

2 foot cable ‘ 3 foot cable 12 foot cable ‘ HPF Reject Filter Peak Measurements
RBW=VBW=IMHz
‘ Gordon 187207002 j ‘ J ‘ Gordon 203134001 j ‘ HPF_4.0GHz j ‘ j Average Measurements
RBW=1MHz ; VBW=10Hz
f Dist | Read Pk | Read Avg. | AF CL | Amp | D Corr | Fltr Peak Avg Pk Lim | Avg Lim | Pk Mar | Avg Mar Notes
GHz (m) dBuV dBuV dB/m | dB dB dB dB | dBuV/m | dBuV/m | dBuV/m | dBuV/m dB dB (V/H)
4.920 3.0 57.2 434 34.0 3.1 -34.8 0.0 0.6 60.1 46.3 74 54 -13.9 -10.6 V-hi
7.380 3.0 52.7 41.5 35.9 3.5 -34.1 0.0 0.6 58.6 474 74 54 -15.4 -12.5 V-hi
9.840 3.0 37.8 3.8 -33.1 0.0 0.8 9.4 9.4 74 54 -64.6 -54.0 V- hi
12.300 3.0 38.7 3.9 -32.5 0.0 0.9 11.0 11.0 74 54 -63.0 -54.0 V noise floor
4.920 3.0 58.8 48.9 34.0 3.1 -34.8 0.0 0.6 61.7 51.8 74 54 -12.3 -5.1 H - hi
7.380 3.0 56.3 45.1 35.9 3.5 -34.1 0.0 0.6 62.2 51.0 74 54 -11.8 -8.9 H - hi
9.840 3.0 52.3 424 37.8 3.8 -33.1 0.0 0.8 61.7 51.8 74 54 -12.3 -11.6 H -hi -noise floor
4.880 3.0 60.7 49.3 34.0 3.1 -34.8 0.0 0.6 63.6 52.2 74 54 -10.4 -4.7 H - mid
7.320 3.0 53.5 42.5 35.9 3.5 -34.1 0.0 0.6 59.4 48.4 74 54 -14.6 -11.5 H -mid
9.760 3.0 54.9 44.1 37.7 3.8 -33.3 0.0 0.8 64.0 53.2 74 54 -10.0 9.9 H - mid
4.880 3.0 57.8 47.6 34.0 3.1 -34.8 0.0 0.6 60.6 50.5 74 54 -13.4 -6.4 V-mid
7.320 3.0 52.5 41.5 35.9 3.5 -34.1 0.0 0.6 58.4 474 74 54 -15.6 -12.5 V-mid
9.760 3.0 53.5 43.1 37.7 3.8 -33.3 0.0 0.8 62.6 52.2 74 54 -11.4 -10.9 V-mid
12.300 3.0 38.7 3.9 -32.5 0.0 0.9 11.0 11.0 74 54 -63.0 -54.0 V-mid - noise floor
4.840 3.0 52.9 434 33.9 3.1 -34.8 0.0 0.6 55.7 46.2 74 54 -18.3 -10.6 V-lo
4.840 30 | 54.9 | 44.2 [ 339 31 -34.8 0.0 0.6 57.7 47.0 74 54 -16.3 9.8 H-lo
7.260 3.0 55.5 44.1 35.9 3.5 -34.1 0.0 0.6 61.3 49.9 74 54 -12.7 -9.9 H-lo
9.680 3.0 37.6 3.8 -33.5 0.0 0.8 8.8 8.8 74 54 -65.2 -45.2 H-lo - noise floor
7.260 3.0 55.1 43.8 35.9 3.5 -34.1 0.0 0.6 60.9 49.6 74 54 -13.1 -4.4 V-lo
9.680 30 | 520 | 41.8 | 376 | 38 -335 0.0 0.8 50.6 74 54 -13.2 34 V-lo
12.100 3.0 48.0 38.9 38.6 3.8 -32.5 0.0 0.9 49.7 74 54 -15.2 -4.3 V-lo
14.520 3.0 39.8 5.1 -32.3 0.0 0.9 13.5 74 54 -60.5 -40.5 V-lo-noise floor
f Measurement Frequency Amp  Preamp Gain Avg Lim  Average Field Strength Limit
Dist  Distance to Antenna D Corr Distance Correct to 3 meters Pk Lim  Peak Field Strength Limit
Read Analyzer Reading Avg Average Field Strength @ 3 m Avg Mar  Margin vs. Average Limit
AF Antenna Factor Peak  Calculated Peak Field Strength Pk Mar  Margin vs. Peak Limit
CL Cable Loss HPF High Pass Filter
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Worst Case Bandedge Radiated Emissions, 2310 — 2390 MHz — Circularly Polarized Antenna

Marker 1 [T1] FEW 1 MEEZ RF ALt 0 dB
kef Lvl E2.30 dBuv VEW 1l MH=
126. 5 dBuUWV 2.385839068 GHz SWT 5 ms nit AR MV
1z
22,0 B OlLisgl
120
110
100
IH1
1MAX 1MA
20|
80|

D1 74 |[dByWV
T0

&0 '-"-""M,

40|
20
26.9]
Start 2.31 GHzZ 8 MHZ/ Stop 2.39 GHzZ
Date: Z9.MAR.Z006 10:54:24
Marker 1 [T1] REW 1l MHz RF Att O dB
Ref Lvl 45.69 dBYV VEW 10 Hz
126.9 dBuv 2.,38983968 GHz SWT 20 s Unit cdBuvV
1z
£9.9 B Offsgt
[» |
120
110
100
Nl
1MA
o0
20
70
&0
D1l 54 |[dBuV-
50
iy S—
40|
30
Z&. 9l
Start 2.31 GH=z B MHzZ/ Stop Z.39 GHz
Date: Z29.MAR.Z2006 10:55:39
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Worst Case Bandedge Radiated Emissions, 2310 — 2390 MHz — Linearly Polarized Antenna
5 Agllent 10:59:29 Mar 22, 2006 R_T |Freg/Channel

R cted Ba 20 Peak Mkr1 2.389 D7 GHz
Ref 100 dBp* #Atten 0 dB 69.87 dBp

Center Freq
235000000 GHz

Start Freq
2.31000000 GHz

Stop Freq

1! ﬂj, 2.39000000 GHz

N ek
) '|\'_{l! W

5 , . e
S r;...-"p" Frntrrd ik, p'n‘-'l"-‘dqu.dh"'-ﬂl' Lot g ""4J"-.-;-‘J'l.'\J‘l-ﬁ\\fip‘-ﬂur-.}f-‘-""-"l 'I‘-‘J'PI"\'I\"F‘I" 1% ad

CF Step
5.00000000 MHz
Aato Man

Freq Offset
0.00000000 Hz

Signal Track
On off

Center 2.350 00 GHz Span 80 MHz
#Res BW 1 MHz #VBW 1 MHz Sweep 1 ms (601 pis)

Agilent 11:01:08 Mar 22, 2005 R T

ricted Band 2 Mkr1 2.377 20 GHz
Ref 100 dBpY #Atten 0 dB 47.16 dBpv

FregiChannel

Center Freq
2 38000000 GHz

Start Freq
2.31000000 GHz

Stop Freq
2.39000000 GHz

CF Step
8.00000000 kHz
S D 1) { hdan

Freq Offset
0.00000000° Hz

Signal Track
On off

Center 2.350 00 GHz Span 80 MHz"
#VBW 10 Hz Sweep 6.238 s (601 pts)
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Worst Case Bandedge Radiated Emissions, 2483.5 — 2500 MHz — Circularly Polarized Antenna

Marker 1 [T1] REW 1 MHAZ RF ALL o dB
Ref Lvl 64.09 BV VEW 1 MHZ
126.9 dBYV 2.48376453 GHz SWT 5 ms Unit dBAV
1z
29.9 dB Offsgt
1zo
110
100
INL
1MAX 1MA
S0
20
—D1 74 |dBd
70
1

50 Mw»m.m.w '

50
40
30
26.9
Start 2.4835 GHz 1.65 MHzZ/ Stop 2.5 GHz
Date: 29.MAR.2006 11:01:27
Marker 1 [T1] REW 1 MHZ REF Att 0 de
Ref Lvl 44.80 dBYV VEBW 10 Hz
126.9 dBYV 2.48634369 GH=z SWT 4.2 = Unit By
126
29.9 HE Off=sg
120 Ex
110
100
Ny
1MR
g0
g0
T0
&0
D1l 54 |[dByv.
50|
1
. e e L e A e P B
40
30
26.9
Start 2.4835 GHz 1.65 MHEHz/ Stop 2.5 GHz
Date: 29.MAR.2006 11:03:06
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Worst Case Bandedge Radiated Emissions, 2483.5 — 2500 MHz — Linearly Polarized Antenna
i Agilent 11:05:35 Mar 22, 2006 R T |Freg/Channel

ted Ba B0 Peak. Mkr1 2.483 50 GHz
#Atten 0 dB 69.85 dBpv

Center Freg
242175000 GHz

Start Freq
2. 48350000 GHz

Stop Freqg
2 50000000 GHz

L,
L ““'wr-.,n'.l...,w_ Lol

L-"'"‘".'-I'-i,'tfgd"‘ul'ylbl"-'vr’ " 'x,.-:'-a.]L"-..-iw.,‘-4.l-.-u4lI‘n'._AI-IM.L?J,!M.""I.,,LI,
CF Step

1.65000000 MHz

Auta Ilan

Freq Offset
0.00000000 Hz

FTun Signal Track
On Off

E: anhy F:I

Center 2.491 75 GHz Span 16.5 MHz
#Res BW 1 MHz #VBW 1 MHz Sweep 1 ms (601 pts)

i Agilent 11:06:17 Mar 22, 2006 R T |Freg/Channel

cted Band ] Mkr1 2.483 69 GHz
f #Atten 0 dB 435.59 dBp

Center Freg
242175000 GHz

Start Freq
2. 48350000 GHz

Stop Freqg
2 50000000 GHz

CF Step
b 1.65000000 hHz

FUN NSO ARSI A AR AN M . |1 fwlan|

Freq Offset
0.00000000 Hz

Signal Track
On Off

Center 2.491 75 GHz Span 16.5 MHz "
#Res BW 1 MHz #VBW 10 Hz Sweep 1.287 s (601 pts)

ent Techno

Page 41 of 49



REPORT NO: 06PRO37FCC Rev 1.1
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WORST-CASE RADIATED EMISSIONS BELOW 1 GHz

DATE: 22 MAY 2006
FCC ID: ES8-HSS-MUR-300

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION, HORIZONTAL)

= EﬂH“HJnHEE 561F Monterey Road
: Sty £ Morgan Hill, CaA 95037
GeahET Tel: (408) 463-0888
Fax: (408) 463-0885
Data#: 2 File#: 30MHz-1000MHz.EMI Date: 03-23-2006 Time: 16:53:13
Lewel (dHum)
1 3 4 b .l‘l J ]
| N P
Ao s O
T,
m-l ; Ill I!Iil-'rl-ll-r\ | }\l' _IIII1 L]L_li ’ = {\l 5 2 | B
PR |
Wil | i
2, 30 224 118 G612 B0S 10100
Freguency (M)
(Audix ATC)
Trace: 1 Ref Trace:
Condition: FCC CLASS-B HORIZONTAL
Test Operator : Alvin Ilarina
Project # : 06UL0168
Company : WJ Communications
EUT : SR 2500 Reader
Model Mo : SR 2500 Reader
Configuration : EUT/ 8dBEi Antenna
Mode of operation: Tx Low
Target of Test : FCC 15.209
Page: 1
Read Limit over
Freg Level Factor Level Line Limit Remark
ME=Z dauv dB dBuV/m dBuV/m dBs
1 371.440 22.29 17.44 39.73 46.00 =6.27 Peak
2 406.360 26.068 18.20 <£4.26 46.00 =1.74 Peak
3 446.130 20.05 19.09 39.14 46.00 =6.B6 Peak
4 487.840 19.56 20.00 39.56 46.00 -6.44 Peak
5 606.180 17.24 21.63 38.87 46.00 =7.13 Peak
& B41.890 17.82 25.11 42.93 46.00 -3.07 Peak
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SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION, VERTICAL)

= ﬂﬂH“"lnHEE 561F Monterey Road
: = Morgan Hill, CA 95037
AT Tel: (408) 463-0888
Fax: (408) 463-0885
Data#®: 6 File#: 30MHz=-1000MHZ no laptop2.EMI

Level plbu)
40 e u’Y )y

Date: 03-23-2006 Time: 17:49:16

| | p G' 3 |
r = | 1 Tl I ;,_,h,.r-mﬂ-ﬂ'-'-"".""'ﬂmyd_
il [3 )I f R PR T s s
| N
0 I i I .Ir 1“_-':"”;“-"1 [ |
¥ I,Jll,l'l i |
0ag 2324 418 612 BOS& 1000
Freguency (MHz )y

(Andix ATC)
Trace: 5 Ref Trace:
Condition: FCC CLASS=B VERTICAL
Test Operator : Alvin Ilarina
Froject # : 06Ul0168
Company : WJ Communications
EUT : SR 2500 Reader
Model No : SR 2500 Reader
Configuration : EUT/ 8dBi Antenna
Mode of operation: Tx Hi
Target of Test : FOC 15.2009

Page: 1
Read Limit Over
Freq Level Factor Level Line Limit Remark
MHEZ dauv dB dBuv/m dBuv/m da

1 38.730 21.25 16.12 37.37 40.00 -2.63 Peak

2 105.660 21.26 12.63 33.89 43.50 -50.61 Peak

3 135.730 17.35 14.96 32.31 43.50 -11.19 Peak

4 366.590 23.20 17.31 40.51 46.00 =5.49 Peak

5 407.330 23.81 18.21 42.02 46.00 -3.98 Peak

& 446.130 22.97 1%.09 42.06 46.00 =-3.94 Peak
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5.3. POWERLINE CONDUCTED EMISSIONS

LIMIT

§15.207 (a) Except as shown in paragraphs (b) and (c) of this section, for an intentional radiator that is
designed to be connected to the public utility (AC) power line, the radio frequency voltage that is
conducted back onto the AC power line on any frequency or frequencies within the band 150 kHz to 30
MHz shall not exceed the limits in the following table, as measured using a 50 uH/50 ohms line
impedance stabilization network (LISN). Compliance with the provisions of this paragraph shall be based
on the measurement of the radio frequency voltage between each power line and ground at the power
terminal.

The lower limit applies at the boundary between the frequency ranges.

Frequency of Emission (MHz) Conducted Limit (dBuV)
Quasi-peak Average
0.15-0.5 B tor 56 56 to 46
0.5-5 56 46
5-30 i) 50
" Decreases with the logarithm of the frequency.

TEST PROCEDURE

The EUT is placed on a non-conducting table 40 cm from the vertical ground plane and 80 cm above the
horizontal ground plane. The EUT is configured in accordance with ANSI C63.4.

The resolution bandwidth is set to 9 kHz for both peak detection and quasi-peak detection measurements.
Peak detection is used unless otherwise noted as quasi-peak.

Line conducted data is recorded for both NEUTRAL and HOT lines.

RESULTS

No non-compliance noted:
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Compliance Certification Services

561F Monterey Road
Morgan Hill, CA 95037

Tel: (408) 463-0885
Fax: (408) 463-0888
Data#: 7 File#: 06U10168.EMI Date: 03-22-2006 Time: 14:51:38
Leavd (dBut)

CISPR CLASS-B
i

AVERAGE

s 2N

oasuz

(Audix ATC)Y
Trace: 3

Condition: CISPR
Test Operator
Project #

Company

EUT Description
Model

EUT Config

Mode Of Operation
Target

Power Source

[ 1 ? 5 L] Fi ]
Fregumay (WHI)
Ref Trace:
CLASS5-B
: Alvin Ilarina
: 06Ul0168

: WJ Communications
: RFID Reader

: SR 2500 Reader with S/N 28

EUT w/ antenna and suppeort laptop
TX

FCC Class B

Ll: Peak ( Black ), Avg ( Green)
115 vac, 60 Hz

.
.
s
.

.
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6. SETUP PHOTOS

ANTENNA PORT CONDUCTED RF MEASUREMENT SETUP
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RADIATED RF MEASUREMENT SETUP

P
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POWERLINE CONDUCTED EMISSIONS MEASUREMENT SETUP
' \
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END OF REPORT
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