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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: INTEL MOBILE COMMUNICATIONS
100 CENTER POINT CIRCLE, SUITE 200
COLUMBIA, SC 29210 USA

EUT DESCRIPTION: Intel Wireless Gigabit radio installed in HP 2 in 1 laptop
MODEL.: HSTNN-I122C (HP Codename “Olympia”)

SERIAL NUMBER: T4A72P10YX

DATE OF TESTS: DECEMBER 16, 2014

APPLICABLE STANDARDS
STANDARD TEST RESULTS

FCC § 2.1093 PASS
Radiofrequency radiation exposure evaluation: portable devices.

UL Verification Services Inc. tested the above equipment in accordance with the requirements
set forth in the above standards. All indications of Pass/Fail in this report are opinions
expressed by UL Verification Services Inc. based on interpretations and/or observations of test
results. Measurement Uncertainties were not taken into account and are published for
informational purposes only. The test results show that the equipment tested is capable of
demonstrating compliance with the requirements as documented in this report.

Note: The results documented in this report apply only to the tested sample, under the
conditions and modes of operation as described herein. This document may not be altered or
revised in any way unless done so by UL Verification Services Inc. and all revisions are duly
noted in the revisions section. Any alteration of this document not carried out by UL Verification
Services Inc. will constitute fraud and shall nullify the document. This report must not be used
by the client to claim product certification, approval, or endorsement by NVLAP, NIST, any
agency of the Federal Government, or any agency of any government.

Approved & Released For

UL Verification Services Inc. By: Tested By:
MICHAEL HECKROTTE STEVE AGUILAR
PRINCIPAL ENGINEER WISE ENGINEER
UL Verification Services Inc. UL Verification Services Inc.
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2. PURPOSE AND SCOPE

This report documents the results of MPE-based RF Exposure measurements of a radio
operating in the 60 GHz unlicensed band. The purpose is to measure EIRP, enable a
comparison with power density simulations in far field, and assist in the determination of the far
field boundary.

3. TEST METHODOLOGY

The tests documented in this report were performed in accordance with IEEE Std C95.3-2002,
“IEEE Recommended Practice for Measurements and Computations of Radio Frequency
Electromagnetic Fields With Respect to Human Exposure to Such Fields, 100 kHz—300 GHz.”

4. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 47173 and 47266
Benicia Street, Fremont, California, USA. Line conducted emissions are measured only at the
47173 address. The following table identifies which facilities were utilized for radiated emission
measurements documented in this report. Specific facilities are also identified in the test results
sections.

47173 Benicia Street 47266 Benicia Street
[ 1 Chamber A [ ] Chamber D
[ 1 Chamber B [ ] Chamber E
[ ] Chamber C [ 1 Chamber F

[ 1 Chamber G
[ ] Chamber H

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0. The full
scope of accreditation can be viewed at http://ts.nist.gov/standards/scopes/2000650.htm.

4.1. MEASURING INSTRUMENT CALIBRATION

The measuring equipment utilized to perform the tests documented in this report has been
calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.
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DATE: JANUARY 19, 2015

5. EQUIPMENT UNDER TEST

5.1. DESCRIPTION OF EUT

The EUT is an Intel Wireless Gigabit radio model 17265NGW LC, FCC ID PD917265NG
installed in an HP Model HSTNN-122C convertible 2 in1 laptop (HP Codename “Olympia”).

5.2. SOFTWARE AND FIRMWARE

Intel Wireless Gigabit 17265 Driver Version: 1.0.30.155

Test Tool: DRTU, version 1.7.5-1069

The EUT is set to transmit on MCS1 with 42% duty cycle.

5.3. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

Description Manufacturer Model Serial Number
AC / DC Adapter HP MDL002 F252921414020020
I/O CABLES
Cable No. Port Cable Length (m) Remarks
1 AC Power 1.8 AC Mains
2 DC power 1.8 EUT Power
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SETUP DIAGRAM FOR TESTS

AC
ADAPTER

MAINS POWER SOURCE
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6. TEST AND MEASUREMENT EQUIPMENT

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

Description Manufacturer Model Asset Cal Date Cal Due
Power Sensor HP V8486A-HO1 T234 12/16/2014 | 12/16/2015
Power Sensor Agilent V8486A-H02 T433 5/6/2014 5/6/2015
Power Meter Agilent N1913A T412 5/1/2014 5/1/2015
Spectrum Analyzer Agilent E4446A T177 5/1/2014 5/1/2015
Signal Generator Agilent E8257D T181 9/26/2014 | 9/26/2015
Downconverter Agilent MT463 T499 8/6/2014 8/6/2015
Aperture Probe Antenna UL 60 GHz Probe | Copper 12/16/2014 | 12/16/2015

7. MEASUREMENT PROCEDURES
7.1. EQUATIONS

DUTY CYCLE

The duty cycle of the EUT modulation is measured, and used to provide the duty cycle
correction factor.

Duty Cycle Correction Factor = 10*Log(Duty Cycle)

Where:
Duty Cycle Correction Factor is (dB)
Duty Cycle is (Linear)
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POWER DENSITY

The radiated emission level is measured with the aperture probe antenna connected to a power
sensor.

The measured power is converted to Pt*Gt using the far-field Friis equation:

Pt*Gt = 32.44 + 20*Log(Distance/100) + Measured Power - Aperture Probe Gain +
20*Log(Frequency)

Where:

Pt*Gt is (dBm)

Distance is (cm)

Measured Power is (dBm)

Aperture Probe Gain is (dBi)

Frequency is (GHz)
Pt*Gt is converted to power density using
Power Density = (Pt*Gt) / [4 * 11 * (Distance)?]
Where:

Power Density is (mW/cm?)

Pt*Gt is (mW)

Distance is (cm)
Pt*Gt is also converted to EIRP during the ON time of the burst using
EIRP = (Pt*Gt) + Duty Cycle Correction Factor
Where:

EIRP is (dBm)

Pt*Gt is (dBm)
Duty Cycle Correction Factor is (dB)
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7.2. SETUP AND PROCEDURE

Optical-grade linear and rotation stages enable fine adjustments of X /Y / Z / Polarization, and
are used to maintain a consistent and accurate placement of probe.

Absorber material is placed around the support structures and alignment fixture to reduce
reflections, scattering and perturbations.

The Aperture Probe is aligned with the boresight of the EUT antenna at a distance of 0.5 cm.
The probe is scanned over X /Y / Polarization to maximize the emissions level.

The power is measured and recorded, then Pt*Gt, Power density and EIRP are calculated as
described above.

The measurement distance is varied from 2 to 28 cm in 1-cm steps and the power and results of
subsequent calculations are recorded for each distance.

The measurement distance is the distance from the surface of the enclosure of the laptop
display to the probe antenna aperture. The antenna separation distance is the measurement
distance plus the internal spacing between the antenna and the outside surface of the
enclosure. Calculations of Pt*Gt, power density and EIRP are based on the antenna separation
distance.
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8. DUTY CYCLE RESULTS

8.1. CALCULATIONS
Duty cycle is calculated as either [(ON Time)/Period] or {1-[(OFF Time)/Period]}.

The Duty cycle within the Burst is multiplied by the Duty cycle over the Burst Period to derive
the Duty Cycle.

The Duty Cycle Correction Factor is calculated as 10 * Log (Duty Cycle).

8.2. RESULTS

Description OFF Time Period Duty Cycle Duty Cycle Correction
(ms) (ms) (Linear) (dB)
Duty Cycle within 0.0425 2.038 0.979
Burst
Duty cycle over 582.2 1000 0.418
Burst Period
Duty Cycle 0.409 3.88

Page 12 of 25

UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701l
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.




REPORT NO: 14U19637-1B DATE: JANUARY 19, 2015
EUT: Intel Wireless Gigabit radio installed in HP 2 in 1 laptop MODEL: Olympia

8.3. DUTY CYCLE PLOTS

DUTY CYCLE WITHIN BURST
A% Agilenf 19:46:09 Dec 15, 2014 T harker

A Mkr3 1995 ms

Ref0 dBm #Atten 20 dB 1n4dg || Select Marker
#Peak o3 4

Marmal

Delta Pair
(Tracking Ref)
LoAv Ref A

Center 60.480 000 GHz Freq Offset 55.48 GHz Span 0 Hz
Res BW 8 MHz #WBW 50 MHz Sweep 5 ms (8001 pts)

Trace Type ] Amplitude
1 Time 11231 ms -22.88 dBm
1 Time 42.5 s -0.00 dB
1 Time 11231 ms -22.88 dBm
1 Time 20232 ms -0.28 dB
1 Time 1474 ms -258.00 dBm
1 Time 1.995 ms 1.04 dB

Span Pair

Span Center

DUTY CYCLE OVER BURST PERIOD
e Agilent 19:41:39 Dec 15, 2014 R T Marker

A Mkr3 475 ms
Ref0 dBm £Atten 20 B A05de || Select Marker
#Peak Tz 3 4
Log
10
dB/

Y

Delta

Delta Pair
(Tracking Ref)
LgAv Ref A

Center 60.480 000 GHz Freq Offset 55.48 GHz Span 0 Hz )
Res BW 8 MHz #VBW 50 MHz Sweep 2 s (8001 pts)

M ancer Trace Type X Potiz Amplitude
1R (1 Time 4578 ms -19.43 dBm
14 1) Time 5822 ms 052 dB
2R (1 Time 4578 ms -19.43 dBm
24h 3 Time 1s 062 dB
2R 1 Time S0.2 ms -18.32 dBm
3h 1) Time 4175 ms -1.05 dB

Span Pair

Span Center
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8.4. POWER SENSOR CONSIDERATIONS

The averaging settings of the power meter / power sensor combination must be adjusted to
respond properly to the modulation bursts and burst period.

The power sensor is connected to a microwave signal generator with a mm-wave source
module extension. The output frequency of the generator is set to 60.48 GHz, corresponding to
the EUT channel 2 frequency. The generator is adjusted for pulse modulation using the nominal
timing values for the Duty cycle across the Burst Period (420 msec ON, 1000 msec Period).

The power meter averaging number is then adjusted to provide a stable measurement (after the
published settling time has elapsed).

Pulse modulation is then turned off, the delta between Modulation OFF and ON is calculated,
and compared to the expected value of 10 * Log (Nominal duty cycle across Burst period) =
3.77 dB.

Description OFF Time ON Time Period Duty Cycle | Duty Cycle Correction
(ms) (ms) (ms) (Linear) (dB)
Nominal Duty 580 420 1000 0.42 3.77
Cycle across Burst
Period

8.5. POWER SENSOR PULSE RESPONSE RESULTS

An averaging number of 500 provided measurements stable to within approximately 0.1 dB for
the EUT’s nominal pulse characteristics documented above. The V8486A-HO1 power sensor
showed a measured difference of 3.68 to 3.78 dB, between CW and modulated.
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9. MPE RESULTS

9.1. MEASURED POWER DENSITY PLOT
POWER DENSITY

f%
T oo
g 0.050 \

9.2. EIRP PLOT

EIRP
200 /—‘4___——/._’_ T

15.0

—

EIRP {dBm)

10,0

7

= Channel 2 EIRP

w==Channel 3 ERP

5.0

0.0

0.0

15.0

Measurement Distance (cm)
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9.3. TABULAR RESULTS FOR CHANNEL 2

Freguency (GHz) 60.48

Probe Gain (dBi) 25.8

Antenna Offset inside platform {cm) 0.248

Duty Cycle Correction (dB) 3.88

Measurement Distance Meas | (Pt'Gt) (Pt*Gt) Measured EIRP
Distance From Avg Power
Antenna Power Density

{cm) {cm) {(dBm) | (dBm) (mw) (mWicm*2) (dBm)
0.5 0.748 758 73 54 0.769 11.2
20 2248 268 12.0 15.8 0.249 15.9
3.0 3.248 0.53 13.0 20.1 0.152 16.9
4.0 4248 042 14.4 276 0.122 18.3
50 5.248 0.72 15.9 394 0.114 19.8
6.0 6.248 -1.92 16.3 42.3 0.086 20.1
7.0 7.248 -3.42 16.1 40.3 0.061 19.9
8.0 §.246 -3.82 16.8 476 0.056 20.7
9.0 9248 -4.72 16.9 48.6 0.045 20.8
10.0 10.248 -5.02 175 55.8 0.042 21.3
11.0 11.248 -5.82 17.5 559 0.035 21.4
12.0 12.248 £5.32 177 59.0 0.031 21.6
13.0 13.248 -1.22 175 56.1 0.025 214
14.0 14.248 -1.52 17.8 50.6 0.024 21.7
15.0 15.248 -8.12 17.8 50.5 0.021 21.7
16.0 16.248 -8.62 179 51.2 0.018 217
17.0 17.248 -9.02 18.0 52.9 0.017 21.9
18.0 18.248 -9.22 18.3 57.2 0.016 22.2
18.0 19.248 -9.82 18.1 55.1 0.014 22.0
20.0 20.248 -1012 | 183 57.3 0.013 22.2
21.0 21.248 1062 | 182 56.0 0.012 22.1
220 22.248 1122 | 18.0 53.0 0.010 21.9
23.0 23.248 -11.52 | 181 54.2 0.009 22.0
24.0 24 248 -11.62 | 183 58.3 0.009 22.2
25.0 25.248 1207 | 182 56.7 0.008 22.1
26.0 26.248 -1232 | 183 58.1 0.008 22.2
27.0 27.248 1272 | 183 56.9 0.007 22.1
28.0 28248 1272 | 1886 719 0.007 224
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9.4. TABULAR OF RESULTS FOR CHANNEL 3

DATE: JANUARY 19, 2015
MODEL: Olympia

Freguency (GHz) 62.64

Probe Gain (dBi) 25.0

Antenna Offset inside platform {cm) 0.248

Duty Cycle Correction (dB) 3.88

Measurement Distance Meas | (Pt'Gt) (Pt*Gt) Measured EIRP
Distance From Avg Power
Antenna Power Density

{cm) {cm) {(dBm) | (dBm) (mw) (mWicm*2) (dBm)
0.5 0.748 5.90 78 5.0 0.848 11.6
20 2248 -0.30 101 10.3 0162 14.0
3.0 3.248 0.00 13.6 22.9 0173 17.5
4.0 4248 -1.40 14.5 284 0.125 18.4
50 5.248 -2.50 15.3 33.7 0.097 19.2
6.0 6.248 -3.60 15.7 37.1 0.076 19.6
7.0 7.248 -4.50 16.1 40.5 0.061 20.0
8.0 §.246 -5.00 16.7 46.8 0.055 20.6
9.0 9248 -5.80 16.9 46.9 0.046 20.8
10.0 10.248 -7.00 16.6 456 0.035 20.5
11.0 11.248 -1.50 16.9 489 0.031 20.8
12.0 12.248 -8.20 16.9 49.4 0.026 20.8
13.0 13.248 -9.00 16.8 48.1 0.022 20.7
14.0 14.248 -9.20 17.2 531 0.021 21.1
15.0 15.248 -9.50 17.5 a6.7 0.019 21.4
16.0 16.248 -10.00 | 176 ar4 0.017 215
17.0 17.248 -1060 | 17.5 06.4 0.015 214
18.0 18.248 1080 | 177 269 0.014 21.6
18.0 19.248 -11.20 | 179 51.1 0.013 217
20.0 20.248 1170 | 178 50.3 0.012 217
21.0 21.248 1210 | 178 50.5 0.011 21.7
220 22.248 1240 | 179 52.0 0.010 21.8
23.0 23.248 -1280 | 179 51.7 0.009 21.8
24.0 24 248 -13.10 | 18.0 52.6 0.008 21.8
25.0 25.248 -13.50 ) 178 51.9 0.008 21.8
26.0 26.248 -13.70 [ 181 53.9 0.007 21.9
27.0 27.248 -1390 | 18.2 55.8 0.007 22.1
28.0 28248 -14.20 | 182 56.0 0.007 22.1
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10. APERTURE PROBE ANTENNA

10.1. DESCRIPTION OF ANTENNA

The measuring antenna is an open-ended waveguide as specified in IEEE Std C95.3-2002
Clause 5.5.1.1.3 Small apertures. The aperture probe antenna consists of a 20 cm straight
section of WR15 rectangular waveguide with a standard UG-385/U flange at one end.

Several improvements to the basic design have been made.
The aperture end is tapered to reduce diffraction and scattering.
An isolator is connected to the output of the probe to reduce reflections and improve matching.

A low noise amplifier (LNA) is connected to the output of the isolator to increase the system
sensitivity.

A 16 cm long absorber sleeve is wrapped around the probe to minimize reflections, scattering
and coupling. The placement of the absorber sleeve along the probe is optimized by varying the
sleeve position upon setting up for the probe calibration. No difference in received power is
observed as the sleeve is moved along the probe, as long as the end of the sleeve does not
extend past the end of the probe. After the sleeve is extended beyond the probe tip, the power
begins to drop. A repeatable sleeve position is established by aligning the end of the sleeve with
the corner of the taper and the full-thickness portion of the rectangular waveguide.
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10.2. DERIVATION OF CALIBRATION EQUATIONS

The far-field gain of the Aperture Probe is measured in accordance with IEEE Std C95.3-2002,
“IEEE Recommended Practice for Measurements and Computations of Radio Frequency
Electromagnetic Fields With Respect to Human Exposure to Such Fields, 100 kHz—300 GHz.”
IEEE Std C95.3, Clause 5.5.1.1.2 Antenna gain determination, states that the power transmitted
between a pair of antennas is measured in the far field then apply C95.3 Equation (2),
excerpted as follows:

Gr*Ggr=(Pr/Py)* (4*m*d/\)?

Converting to the log form yields:

Gr+Gr=Pr-Pr+20*Log (4*m*d /L)

Gt + Gg = Pr - Pt +21.98 + 20*Log (d) - 20*Log (M)

Denoting distance by D rather than d, and converting from wavelength in meters to frequency in
GHz yields:

Gt + Ggr = Pr - Pt + 21.98 + 20*Log (D) - 20*Log (0.3 /1)

Gt + Gr = Pgr - Pt + 32.44 + 20*Log (D) + 20*Log (f) Equation (1)
Where

G+ is the gain of the transmit antenna (dBi)

Gr is the gain of the receive antenna (dBi)

Pr is the power received (dBm)

P+ is the power transmitted (dBm)

D is the distance between the antennas (m)
f is the frequency (GHz)
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Although a single path loss measurement of (P - P7) is insufficient to solve for two unknowns
Gt and Gg, the individual far-field gain of each of three different antennas is determined from
three path loss measurements made under identical far-field conditions using the three different
antennas taken in pairs. Three path loss measurements (Pgr1, - P1), (Pris - Pr) and (Pgros - P1)
are sufficient to simultaneously solve for three unknowns G4, G, and Gs.

Equation (1) is applied to each of the three path loss measurements as follows:

(G1 + Gy) = (Praz - Pr) + 32.44 + 20*Log (D) + 20*Log (f) Equation (2)
(G1 + G3) = (Pras - Pr) + 32.44 + 20*Log (D) + 20*Log (f) Equation (3)
(G2 + G3) = (Pras - Pr) + 32.44 + 20*Log (D) + 20*Log (f) Equation (4)
Where

(G1 + Gy) is the sum of the gains of Antennas 1 and 2

(G1 + G3) is the sum of the gains of Antennas 1 and 3

(G, + Gy) is the sum of the gains of Antennas 2 and 3

Pr12 is the power received when measuring Antennas 1 and 2 (dBm)
Pr1s is the power received when measuring Antennas 1 and 3 (dBm)
Pr2s is the power received when measuring Antennas 2 and 3 (dBm)
P+ is the power transmitted (dBm)

D is the distance between the antennas (m)

f is the frequency (GHz)

The gain of each individual antenna is calculated as follows:

Gy =[(G1+ Gy) + (G1 + G3) - (G + Gy)] / 2 Equation (5)
Gy = [(G1+ Gy) + (G + G3) - (G, + Gy)] / 2 Equation (6)
Gs=[(G1+ G3) + (Go+ G3) - (G, + Gy)] / 2 Equation (7)
Where:

G, is the gain of Antenna 1 (dBi)
G, is the gain of Antenna 2 (dBi)
G3 is the gain of Antenna 3 (dBi)
(G1 + Gy) is the result of applying Equation (2)
(G; + Gy) is the result of applying Equation (3)
(G, + Gy) is the result of applying Equation (4)
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10.3. CALIBRATION PROCEDURE

1. Allow the signal source, power sensor and power meter to warm up as specified by the
manufacturer of the instruments.

2. Adjust the instruments to the applicable frequency. Connect the power sensor to the
output of the source. Measure and record Power Transmitted.

3. Connect the first pair of antennas to their respective source (Tx antenna) and power
sensor (Rx antenna). Place the antennas at the selected far-field separation distance in
a bore-sight configuration using a laser level to align the antennas. Measure and record
Power Received.

4. Repeat step 3 for each pair of antennas.

5. Calculate the antenna gains by applying Equations (2) through (7).

10.4. CALIBRATION RESULTS

10.4.1. FAR-FIELD DISTANCE

IEEE Std C95.3 Clause 5.5.1.1.2 Figure 5 gives the estimated gain reduction (relative to the far-
field gain G.,) of an antenna as a function of normalized distance. The normalized distance is
given in terms of n = d\/a? where d is distance, A is wavelength and a is the largest aperture
dimension. IEEE Std C95.3 further states that the far-field gain holds for distances greater than

about (8a%)/x (n > 8).

For WR15 waveguide, a = 0.0038 m

For Channel 2 (60.48 GHz), » = 0.0050 m, thus a% = 0.0029 m
For Channel 3 (62.64 GHz), . = 0.0048 m, thus a%x = 0.0030 m

The probe is calibrated in the far field at a 0.1 m distance, corresponding to normalized
distances as follows:

(34.5a%)/) (n > 34) for 60.48 GHz
(33.3a%)/1 (n > 33) for 62.64 GHz

The selected calibration distance of 0.1 m is greater than the minimum distance indicated by
IEEE Std C95.3.
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10.4.2. STANDALONE PROBE
Distance (m) -—-> 0.1
Channel Freq Power Tx Free Space Path Loss =
32.44 + 20*Log (D) + 20*Log (f)
(GHz) {dBm) (dB)
2 60.48 11.65 438.07
3 62.64 12.29 48.38
Channel Freq Tx Antenna Rx Antenna Power Rx Pr Minus Pt Gain of Pair
{GHz) {dBm) (dB) ( [dBi]r2)
2 60.48 | Probe Under Cal Brass Probe 1 -23.68 -35.33 12.74
3 62.64 | Probe Under Cal Brass Probe 1 -25.06 -37.35 11.03
2 60.48 Brass Probe 2 Brass Probe 1 -24.22 -35.87 12.20
3 62.64 Brass Probe 2 Brass Probe 1 -24.47 -36.76 11.62
2 60.48 Brass Probe 2 Probe Under Cal -23.45 -35.1 12.97
3 62.64 Brass Probe 2 Probe Under Cal -24.61 -36.9 11.48
Channel Freq Antenna Gain
(GHz) (dBi)
2 60.48 | Probe Under Cal 6.76
3 62.64 | Probe Under Cal 5.44
2 60.48 Brass Probe 1 5.99
3 62.64 Brass Probe 1 5.58
2 60.48 Brass Probe 2 6.22
3 62.64 Brass Probe 2 6.03
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10.4.3. PROBE/ISOLATOR/LNA ASSEMBLY

The aperture probe antenna is configured as a receive-only antenna assembly consisting of the
WR15 Aperture Probe, Isolator, LNA and Absorber Sleeve.
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Distance {m) ---> 0.1
Channel Freq Power Tx Free Space Path Loss =
32.44 + 20%Log (D) + 20*Log (f)
(GHz) {dBm) (dB)
2 60.48 10.52 48.07
3 62.64 11.11 48.38
Channel Freq Tx Antenna Rx Antenna Power Rx Pr Minus Pt Gain of Pair
(GHz) (dBm) (dB) { [dBi]n2 )
2 60.48 Brass Probe 1 Brass Probe 2 -25.84 -36.36 11.71
3 62.64 Brass Probe 1 Brass Probe 2 -25.45 -36.56 11.82
2 60.43 Brass Probe 1 Probe Under Cal -6.01 -16.53 31.54
3 62.64 Brass Probe 1 Probe Under Cal -6.75 -17.86 30.52
2 60.48 Brass Probe 2 Probe Under Cal -5.72 -16.24 31.83
3 62.64 Brass Probe 2 Probe Under Cal -6.01 -17.12 31.26
Channel Freq Antenna Gain Isolator/LNA Effective Gain of
Gain Probe
(GHz) (dBi) (dB) (dBi)
2 60.48 | Probe Under Cal 25.83 17.78 8.05
3 62.64 | Probe Under Cal 24.98 17.45 7.53
2 60.48 Brass Probe 1 5.71
3 62.64 Brass Probe 1 5.54
2 60.48 Brass Probe 2 6.00
3 62.64 Brass Probe 2 6.28
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10.5. VALIDATION OF EQUATIONS AND DESIGN CHANGE

10.5.1. VALIDATION OF EQUATIONS

The measured gain of the original probe antenna is compared to the realized gain from a
theoretical model of an open ended V-band rectangular waveguide provided by Zhong Chen of
ETS-Lindgren.

Frequency Measured Gain Theoretical Model Gain | Deltato Model
Standalone Probe Standalone Probe
(GHz) (dBi) (dBi) (dB)
60.48 6.8 6.3 0.5
62.64 5.4 6.5 -1.1
Average Delta to Model (dB) -0.3

10.5.2. VALIDATION OF DESIGN CHANGE

The effectiveness of the isolator is validated by comparing the gain measured with and without
the isolator. Since the received power increases when reflections are reduced and matching is
improved, an increase in the measured antenna gain indicates that the isolator is effective.

Frequency [ Effective Gain of Probe | Measured Gain of | Gain Increase
(Less Isolator & LNA) | Standalone Probe
(GHz) (dBi) (dB) (dB)
60.48 8.1 6.8 1.3
62.64 7.5 5.4 2.1
Average Gain Increase (dB) 1.7
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