Integrating V2V Functionality at 5.9GHz
Into an Existing Quad-Band Antenna

for Automotive Applications

*Ayman Duzdar, Cheikh Thianf
Telematics & Wireless M2M, Laird Technologies
4360 Baldwin Rd., Holly, M148442, USA, ayman.duz@dairdtech.com
“Telematics & Wireless M2M, Laird Technologies
4360 Baldwin Rd., Holly, M148442, USA, cheikh.thi@airdtech.com

Abstract

A DSRC antenna integrated in an existing autoneatbof-mount quad-band antenna (Cell,
GPS & XM) is presented. VSWR, isolation and gairaswements are shown for this antenna. On-
vehicle measurements show that a DSRC antennabsttler than 2:1 VSWR and -5dBi vertical
average gain at azimuth can be achieved with mingffiact on existing multi-band antenna.
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1. Introduction

Testing of a wireless-based vehicle safety systeomderway between the United States
Department of Transportation (USDOT) and the Crasfoidance Partnership-Vehicle Safety
Communications 2 (CAMP-VSC2) Consortium, which ud# General Motors, Ford, Honda,
Mercedes-Benz and Toyota [1][2]. The consortium i@snded in 2006 [1] to determine if
Dedicated Short Range Communications (DSRC) at Gt can be used for such safety
applications. The FCC (Federal Communications Casimin) has dedicated a frequency band
between 5.85 and 5.925GHz [3] with a 75MHz banduwfdt this service.

Recently, Laird Technologies’ Telematics & WireleB®2M business unit along with
General Motors (GM) Global Research & Developmeantt: have initiated a combined effort to
design and develop a production-feasible antenclantdogy for DSRC. Furthermore, the DSRC
antenna must function in conjunction with othersérig available wireless services on GM's
vehicles such as OnStar (cell phone & GPS) and 4Mlige radio reception. The Laird antenna
will be used by GM to participate in a road testhia summer of 2011 along with the USDOT and
other CAMP-VSC2 consortium members. In additior, BSRC receiver fitted in the vehicle will
also require an additional GPS antenna input. Bgtems (DSRC & GPS) are used to exchange
safety information such as time, location and otledricle data to nearby vehicles [4].

The purpose of this paper is to show that DSRCtfonality can be integrated with other
antennas serving existing wireless services. Resfithe antenna radiation patterns (gain patterns)
VSWR plots and coupling issues will be presented.

2. Design & Integration of the DSRC Antenna Element

2.1 Strategy

Laird Technologies was tasked with integrating BfRC antenna into an existing roof-
mount quad-band antenna on the Cadillac DTS. Thectie of the project was to make sure that
existing antenna functionality, styling, footprimt attachment scheme is not affected by adding the
DSRC functionality. This insures, at a very eatigge in antenna development, that if the DSRC
project is successful and the USDOT decides to taslogh system in future vehicle designs, OEM
vehicle manufacturers such as GM will be able tplament DSRC with minimum tear-up to their
existing wireless systems architecture.



The current roof-mount quad-band antenna coversXti satellite Radio band (2332.5 —
2345 MHz), the GPS band (1574 — 1576 MHz), the DAWFPSM850 band (824 — 894 MHZz) and
the PCS/GSM1900 band (1850 — 1990 MHz). The desigthe current antenna allows for
simultaneous operation of all these wireless sesvic

2.2The DSRC Antenna
The DSRC antenna was simulated and optimized udF§S as a stand-alone structure.
The design parameters for the antenna are givéabte 1.

Table 1: Design parameter goals for the DSRC aatenn

Design Par ameter Targeted Value Units
Operating Frequency 5.850 — 5.925 GHz
VSWR 2:1 or better

Gain @ 0°Elevation on Ground Plane -0.5 dBi
Polarization Vertical

Gain min/max @ 0°Elevation on Ground Plane <10 dB

The simulated DSRC element was then placed aldtigavdual-band cell phone antenna
on the same substrate. The cell phone antennaesagned for North America’s DAMPS/GSM850
and PCS/GSM1900 bands. Both antennas were optinfimedjain, VSWR & isolation. The
resultant multi-band antenna (dual band cell + DEBIChed on a substrate material is shown in
Figure 1b. The complete antenna along with GPSXadatellite radio is shown in Figure 1a. The
plastic cover (radome) and attachment scheme wemetlg the same as the existing antenna
without the DSRC functionality.

(a) (b)
Figure 1: Multi-Band Antenna configuration with X\&PS, dual-band cell phone & DSRC.

3. Measurements

3.1VSWR

The VSWR of the antenna was measured using a 6&gient 5072 vector network
analyzer. The cell and DSRC antenna VSWR measutsmee shown in Figure2a and b,
respectively. Across the whole DSRC bandwidth, W8VR was measured to be < 1.66:1. For
both, the DAMPS/GSM850 and the PCS/GSM1900 ban¥SWR of 2:1 or better was achieved.
The measurements were performed using a 4" co&falsemi-rigid cable that was terminated




with an SMA connector. In the vehicle, however, B &RC antenna was connected to the receiver
using a 65" LMR200 coaxial cable, while the celteamma was connected to the OnStar receiver
using the vehicle production coaxial cable (RG58LL)
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Figure 2. VSWR measurements for a) cell and b) D&R{Ennas.

3.2Céll and GPSto DSRC Antenna | solation

Isolation or $; measurements between the different antenna feeds wonducted at
multiple bands of operation. The purpose of thesasurements is to make sure that there is
minimal coupling between the antennas resonatindifegrent bands, which would optimize the
radiation patterns and guarantee simultaneous t@enmaith minimal interference. Figure 3a shows
the isolation measurement between the DSRC antamhéhe dual-band cell antenna. The isolation
measurements shows > 32dB at DAMPS/GSM850 bandiB-a1 PCS/GSM1900 band and >30dB
at the DSRC band. In Figure 3b, the passive iswidtetween the DSRC and the GPS antennas is
presented. The measurement shows > 17.8 dB isolatiGPS and >14 dB at DSRC. The measured
isolation is enough to guarantee that these systmsoperate simultaneously with minimal
interference from each other taking into considenathat the DSRC receiver’'s maximum transmit
power is +20dBm, while the cell modem transmits aximum power of +24dBm at both cell
bands.
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Figure 3. Passive isolation between the DSRC anda}band cell antenna and b) GPS.



3.3XM to DSRC Antenna | solation

During the initial measurement of the XM to DSRCtemmma isolation, an issue was
discovered causing the DSRC antenna to have a deynadiation (gain) pattern. After some
investigation and initial calculation, it was atited to a higher order mode excitation on the XM

ceramic Microstrip antenna. Per equation (1), tlegudency of resonance for a Microstrip antenna
with a thin substrate is given by [5]:

Co nm\ 2 mm\ 2
fres,nm = (_) + (_)

21, [€eff a b

where f,..s nm 1S resonant frequency at excitation moate, c,is the speed of light universal
constante, is the effective relative dielectric constant k¢ substrate material, and& b are the
physical dimensions of the Microstrip antenna ia xhand y directions. Fets; of 19.17,a & b of
13.06mm, the TM/TM;, resonance modes are calculated to be at 5.874 v@@tiah is a resonance

in the middle of the DSRC band. The XM antenna maslified to suppress or shift the M,
resonance frequency. Figure 4a shows the non-redd¥iM antenna resonance modes where the
return loss at 5.963 GHz is measured to be bétter 14dB. Figure4b shows the same antenna after

the TM,/TM 4, resonance modes were suppressed. The returnt litessame frequency mentioned
earlier is measured to be 2.6dB.
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Figure 4. XM antenna TM/TMy, resonance modes a) before suppression b) aftpresgion.

After suppressing the TMTM 1, resonance modes, the isolation between XM and DSRC
antennas was measured. Figure 5 shows the residotagion to be >37.7dB and >21.8dB at the
XM and DSRC bands, respectively.
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Figure 5. Passive isolation between DSRC and XMrards.



The DSRC antenna gain patterns before and affgsressing the TM/TM;, resonance
modes on the XM antenna are presented in Figuan@abb. As can be seen, the distinct nulls in
the DSRC gain pattern before suppressing the/ll;, on the XM antenna were dramatically
improved. In addition, the average gain of the DS&enna before the XM higher resonance
modes were suppressed was about -6 dBi acrossitine kand, while it was about -0.67dBi after
suppression, getting the average gain measuremaoh roloser to the design objective. The
min/max ratio before suppression was 12.5 dB, whilas 9.9 dB after suppression.

DSRC Gain (dBi) on 1m Ground Plane DSRC Gain (dBi} on 1m Ground Plane
Resonance Modes not Suppressed Resonance Modes Suppressed
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Figure 6. DSRC gain patterns on 1m circular Aluminground plane a) before suppressing the XM
TM,4/TM1, modes b) after suppression of these modes.

The isolation measurement was repeated betweenethantenna and both the XM and
GPS antennas. These measurements are shown ire Figuand 7b, respectively. At DAMPS/
GSM850 band, the isolation with respect to XM wa&.6 dB, while at PCS/GSM1900, the
isolation was >35 dB. At the XM band, >24.5dB isimla was achieved. Between the cell phone
and GPS antennas, the isolation was >40.7 dB at P/&SM850, >31.7 dB at PCS/GSM1900
and >31.3 dB at the GPS bands.
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Figure 7. Passive isolation between cell phoneantM and b) GPS bands.

3.40n-Vehicle Gain and Radiation Pattern

The antenna radiation patterns (gain patternsg wegasured on-vehicle in a production
location using Laird’s vehicle-level antenna tegtiange. The cable used to connect the DSCR
antenna to the receiver was a 65" LMR200 coaxibleceerminated in a SMA-type RF connector.
A commercially available standalone DSRC antenns used as a reference antenna during these
measurements. The gain pattern on the Cadillac i®B8own in Figure 8. The gain was measured
at four different frequencies; namely, 5850, 583800 and 5925 MHz. All measurements were



performed at an elevation angle of 0° (Azimuth cwf)ere the DSRC system will be required to
operate. The average gain measured was about -atdiBe end of the vehicle coaxial cable across
the DSRC frequency bands, minimum and maximum gaieasured were -12 dBi and +0.1 dBi,
respectively. The same measurements were condusted the reference antenna with the same
cable attachment. The average gain at azimutthéordference antenna was about -7 dBi across all
frequencies; minimum gain was -16 dBi while maximgain was -3.0 dBi. The Laird integrated
cell antenna measured about -2dBi at azimuth ferRAMPS/GSM850 band and -1dBi at the
PCS/GSM1900 band. Both XM and GPS antennas measutf@d specifications with little to no
degradation seen in these measurements.

Average Gain @ 5850MHz (dBi) Average Gain @ 5876MHz (dBi)
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Figure 8. Measured DSRC on-vehicle gain for botindLand the reference antennas.

Conclusion

A DSRC antenna was successfully integrated inxéstieg automotive-grade roof-mount
guad-band antenna that serviced XM satellite ra@dfeS and North American cell phone bands. No
change in the multi-band antenna functionality,listy footprint or attachment scheme was
necessary when DSRC functionality was added tSMWR of the DSRC antenna was better than
1.7:1 across the entire band and the average alegan at azimuth measured on 1m Aluminum
ground plane was better than -0.7 dBi. On-vehiuteyever, the average gain was better than -5dBi
with the use of a 65" LMR200 coaxial cable to carinhe roof-mount antenna to the DSRC
receiver. Isolation measurements between the DSR@eat and XM, GPS and cell phone

antennas were also presented and optimized toeirsoiultaneous operation of all antennas at
various bands.
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