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1 INTRODUCTION

Electrical integration of an antenna into GPS or SDARS receivers requires very careful
attention to good RF engineering practices. By the time they reach the antenna, GPS signals
are attenuated below the level of background thermal noise. SDARS antennas must receive
low signal levels consistently to avoid drop outs. The antenna must also cope with the
detuning effects of body loading in small devices and very small interferers can have very
large effects on overall system performance. Coupled with a less than optimum integration,
these can cause significant losses that will seriously affect the user’'s experience of the
product.

Sarantel’s patented PowerHelix® filtering antenna technology provides many features that
ideally suit it for GPS and SDARS applications, including:

Small size: Dielectric loading of the antenna reduces its size to a fraction of the
volume of a conventional air-loaded antenna;

Broad beamwidth: The quadrifilar helix topology of Sarantel GeoHelix® GPS
antennas enhances reception of low-to-horizon satellites, providing excellent
positional accuracy;

Filtering response: Rejects out-of-band interferers, without the additional losses
incurred by SAW filters;

Balanced structure: All PowerHelix antennas are balanced and isolated from the
device ground plane, therefore they reject common mode noise, including in-band
noise;

Constrained near field: Prevents detuning due to external influences, and maintains
the antenna efficiency when body-loaded; and

Stable performance: Because the platform and user have little effect on the
frequency or performance of the antenna, it can be designed into products like a
standard component, and doesn’t require customization between designs or
platforms.

These unigue characteristics combine in Sarantel antennas to simplify and speed the
integration process. They also ensure high performance under the most challenging
reception conditions. However, it is vital to consider antenna integration as early in the
design process as possible to present the fewest compromises to receiver performance and
yield a more useable, successful product.

This document discusses the electrical integration of Sarantel antennas, as well as some
general guidelines on PCB layout. It should be read in conjunction with the Mechanical
Integration Guidelines documents, and the product specification for the desired antenna,
which contain information for the designer on the specific requirements of the GeoHelix
antennas. It is also recommended that the reader investigates some of the texts listed in
section 6 for further study.

Please note that the component manufactures and other companies listed in this document
are not endorsed by Sarantel and are presented for information purposes only.
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2 SCHEMATIC CONNECTION

Sarantel antennas have a nominal impedance of 50W. For best system performance the LNA
following the antenna must have its noise match (input match) optimised for 50 Ohms. An
LNA that does not have its input match optimised for 50 Ohms will have increased noise and
degraded C/N performance. For further information on impedance matching please see
section 7 for further reading. Another consideration to note is that Sarantel GeoHelix-P2, and
SkyTune-P present a DC short at the RF output terminal. This can cause problems if the
receiver provides a DC signal on the RF track. However, placing a series capacitor in the RF
signal track can easily solve this. Figure 1 shows a typical schematic for connecting the
passive antenna to a receiver.

Sarantel Passive
Antenna
Cl

ZZ. | = TO_GPS_RX

Ci2pF &% @4@2

Figure 1. Schematic Connection

For GPS receivers, a 12pF capacitor is recommended. For SDARS receivers, an 8.2pF
capacitor would be used.

PCB footprints can be found in the product specification for the desired antenna.
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3 PCB LAYOUT

As the GPS signal is extremely weak — approximately 15dB below the thermal noise floor —
care must be taken during the PCB layout stage. EMI (Electro magnetic interference) will
have a large effect upon GPS performance to the point of preventing reception. Since every
design is different, there are no standard design solutions; instead the designer should
adhere to good practices when deciding how and where to mount the antenna. Below are
some general guidelines that will minimise the risk of EMI issues. Further information is
available from many sources, and the reader is strongly encouraged to investigate the texts
given in section 6.

There are two options for mounting the P2 antenna on the customer’s application and these
are as follows and discussed in the subsequent sections:

Hand Soldering the antenna onto the PCB — surface mount or through hole.

Using the IMS connector(RoHS Compliant).

3.1 PCB foot print for hand Soldering

With this option, there are two methods of mounting the GPS-P2 antenna, either surface
mounting or through hole. In both cases adequate mechanical support must be provided for
the antenna and these are discussed in detail in the “ GeoHelix-P2 GPS Antenna
Mechanical Integration Guidelines” document.

> C i
> C -
B 1 2 3
> A -
> A - > A -
Option 1 : Surface Mount Option 2 : Through Hole
Figure 2: PCB Footprints
Pin Number Function
1 Ground
2 Signal
3 Ground
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Dimensions
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3.2 PCB footprint for the IMS connector

v2 Iss 06-07

This connector provides the alternative to hand soldering and can be reflow soldered onto the
customer’s PCB. For mechanical integration guidelines for the connector, the reader is
advised to read the “ GeoHelix-P2 GPS Antenna Mechanical Integration Guidelines”
document. The PCB footprint of the connector is given below. The customer is strongly
advised to follow the stencil requirement for the connector as advised in the subsequent

sections.
/_EdgeofPCB
' ' A
/\ 1.0mm
o L L v
9 N 2.7mm
l 1.0mm(A) 1.0mm(A) PAD No: | Function
. E] . 1 GND
2 RF
Tl'omm | | e 2 3 GND
2.0mm
4.35mm -

A — 1.0mm diameter plated through hole. The finished diameter of the hole after
plating must be 0.95mm +/-0.025mm.

Figure 3: PCB Footprint of the IMS Connector
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3.2.1 IMS Connector Stencil Requirement

When the connector is reflowed, there is a possibility that solder may flow down the three
contacts shown in the picture below(2 GROUND and 1 RF Contact) unless the appropriate
solder stencil is used for the connector. Sarantel carried out an extensive solder wicking trial
to determine the optimum solder stencil to be used with the IMS connector to prevent solder
wicking.

Picture of IMS Connector

Customers are strongly advised to use the stencil requirement, applicable to the connector
paste layer on the PCB, to prevent solder wicking. The dimensions below are only applicable
to the solder paste layer (connector side) of the connector. The 1.5mm x 1.5mm square
paste pads for the through holes allow good joint of solder with the metal pins of the
connector. The solder paste layer must be as given in Figure 4 to prevent any solder flowing
down the 3 contacts of the connector during reflow.

/— Edge of PCB
\ 2.7mm
l 1.0mm(A) B B 1.0mm(A)
1.0mm T —» m
2.0mm
4.35mm

B —1.5mm x 1.5mm solder paste square pad for the two metal pins on the
connector. The squares are centred on the 1mm through holes.

Figure 4: IMS Connector Stencil Requirement
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3.2.2 Solder Mask Layer for the IMS Connector

The solder mask layer for the connector is given below and it's applicable to the connector
side.

/— Edge of PCB
' ! A
1.0mm
2.7mm
l 1.0mm(A) c c 1.0mm(A)
1.0mm T —p m
2.0mm

4.35mm

C —1.5mm diameter circular pads on Solder Mask Layer. Similar 1.5mm diameter pads
must be used for the bottom side of the metal pins on the connector.

Figure 5: Solder Mask Layer for the IMS Connector
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3.2.3 RF LAYOUT GUIDELINE FOR THE IMS CONNECTOR

It is important to note that there should be no Ground Fill or VIAS in the areas specified in the
Figure below. Use of thermal relief on the 2 Ground pads of the connector and the two metal
pins will ease re-work of the connector should the need arise.

Vias Edge of PCB

SNNNY
N
NN
w

I
I

2W 2W

% [
/1 No VIAs or Copper Fill Ground

W —width of the 50 RF Track. The separation between the RF Track and the GROUND
FILL should be at least twice the width of the RF Track.

Figure 6: RF Layout Guideline for the IMS Connector
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4 MICROSTRIP TRANSMISSION LINE

The simplest method of producing a known impedance RF PCB trace is by using a microstrip.
A microstrip is a PCB track of a controlled width over a ground plane. The impedance of a
microstrip is calculated from a number of variables, including dielectric constant of the PCB
material, thickness of the PCB layer and width of the track. The calculation of microstrip
tracks is not simple, however excellent freeware tools exist to aid in the calculations. One of
the most commonly used is AppCAD from Agilent Technologies, which can be downloaded
from www.hp.woodshot.com.

The basic arrangement of a microstrip track (taken from an AppCAD screen shot) is shown in
Figure 7.

Figure 7: AppCAD Screen Shot

4.1 PCB CONSIDERATIONS FOR MULTILAYER PCB

The choice between a 2-layer and a 4-Layer (or more) PCB is usually a trade-off between
PCB size, circuit complexity, and cost. In many devices a minimum of 4 layers are used to
aid routing.

—2\W —p>

T~ |

Vias Ground

Figure 8: Two Layer PCB Structure
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Figure 8 shows a two layer PCB structure on a core of dielectric e, with thickness H, and a
signal microstrip track of width W. Of note is that the ground plane on the top layer is twice
the track width (2W) away from the signal track. Reducing this distance will increase the
parasitic capacitance of the tracks and AppCAD’s coplanar waveguide model should be used
if it is desired to run the ground planes close the tracks. Another key to reducing interference
is to create a line of vias along each side of the signal track stitching together the ground
plane.

Ground

¥/ v
Y

=

A W DN P

4

]

Low Frequency Signal Power/High Frequency Signal

Figure 9: Four Layer PCB Structure

Figure 9 shows a typical four layer PCB structure. In this example, layer 2 directly under the
signal track is ground plane, with layer 3 used for DC traces and high frequency signals.
Placing a ground layer between the RF layer and high frequency layer will prevent the high
frequency signals from radiating and interfering with RF signals. Layer 4 is used for low
frequency signals, which do not radiate and are more immune to noise.

> W Ground

X/

T

Figure 10: Stripline in Four Layer PCB Structure

~t H »:

A w N R

Stripline structures, showing in Figure 10, are an alternative to microstrip structures. Stripline
structures protect the signal track from external interferers, and can be routed under large
components. Care must be taken to keep adequate clearance of the ground planes to the
track. However, to achieve a stripline structure, the signal track must come down to layer 2
on a via, which may create losses and should be qualified in a simulator prior to board
manufacture. There are cases where doubling up vias may reduce losses, particularly when
blind microvias are used. This can be vital as frequencies increase, and extra sensitivity may
be found by following this practice. Note that doubled vias must be as close together as
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possible to avoid changing track impedances. (see figure 11) Stripline structures are also
more suited to 6 or more board layers as this gives increasing routing flexibility.

N

Figure 11: Doubled Vias

4.2 GROUND AND POWER PLANES

In any RF device the single most critical part of any PCB layout is a low impedance ground.
This provides an easy return path for currents and prevents ground loops. To achieve this,
the ground planes on each of the PCB layers should be bonded together with vias (stitching).
Note that stitching the layers together, especially at the edge of the board can help protect the
device from ESD strikes as well, by conducting the currents into the ground plane. Adding
vias to ground plane is generally time well spent.

It is worth considering how return currents will flow through the ground plane, and making
sure that high current components are well away from sensitive RF receivers.

One other method of isolating high frequency noise sources from sensitive RF circuits is to
physically separate the ground planes, and then connect them at a single point. (See figure
12)

Figure 12: Isolated Ground Planes
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While superficially simple, this technique requires considerable care to be able to work well.
Key considerations are the positions of the component blocks, and where the interconnect
between the ground planes is made. It is usually prudent to have several options in the PCB
layout, which can be made or broken with zero ohm links, or inductors.

However using a separated ground plane can introduce ground loops into the design, as by
definition separation of the ground planes is adding impedance to the ground plane. It is
therefore recommended to simplify the design and use a single low impedance ground
plane wherever possible.

Power planes are popular in digital design, as an entire layer can be dedicated to VCC,
making it very easy to power a large number of ICs. However from an RF perspective,
these should be avoided where possible and replaced with thin power traces and
suitable decoupling. This is because power planes tend to act as patch antennas
radiating noise across a PCB, compounding any noise problems that may be present.

4.3 PARASITIC CAPACITANCE

One key goal of successful RF PCB design is to minimise parasitic capacitance. This is
caused by the proximity of ground planes to signal tracks carrying RF. Figure 13 shows a
typical pad layout.

Figure 13: Parasitic Capacitance Due To Component Pads

The effect of a pad over a ground plane with dielectric between is to create a parallel plate
capacitor on the end of the RF track. The capacitance is given by

_6eA

T d

Where

e =8.85x 10-12 Fm™

C

e = dielectric constant of the substrate
A = area of the pad ( X x Y) (mz)
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d = thickness of the substrate (m)

For a pad 2mm by 2mm on FR4 0.2mm thick, the effective capacitance would be 1pF. At
1575 MHz this gives an impedance of 100W, which has the potential to affect a design.
Parasitic capacitance can also be created by ground planes too close to the signal tracks,
especially around buried vias, however, by careful layout this can be minimised. Ground
planes under large pads can be cut away to increase the effective distance of the pad
reducing capacitance. Keeping the ground plane clear of the tracks can help reduce
capacitance.

4.4 GROUND FINGERS

Ground fingers occur when the flood rules are set to fill upto set a distance away from tracks,
and two tracks merge to closer than twice the flood distance. (See figure 14)

Figure 14: Ground Fingers

Figure 14 shows how a ground finger is formed, when tracks are routed and flooded. This
can be avoided by stitching vias though ground plane giving a low impedance bond to the
ground plane on other layers.

4.5 OTHER PCB LAYOUT RECOMMENDATIONS

This is by no means a complete guide to PCB layout, although it does cover the main RF
issues. Other issues to consider include:

To minimise the risk of spurious signals getting onto the RF signal path, RF tracks
should be kept as short as possible, ideally no longer than 25mm.

Place the RF components to minimise any bends in the RF signal tracking. If this is
not possible, use 45 degree mitres for any corners.

Do not route any digital or power tracks under the RF traces.
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High-speed tracks can become fairly effective antennas. Treat these in a similar
manner to RF tracks and minimise their length. If a very thick PCB dielectric is used
(e.g., a 2 layer design), place grounds between parallel traces.

5 SUPRESSING NOISE WITH COMPONENTS

While good PCB layout can make a significant contribution to the susceptibility of the design
to noise, it is also vital to consider the selection of components for decoupling and noise
suppression.

5.1 BYPASS VS DECOUPLING CAPACITORS

A large (microfarad) capacitor is common in power supply circuits, and will be familiar to most
designers of electronic equipment. It is there to provide a low impedance path on a DC
supply to hold it at a constant level during current inrush surges, such as when multiple gates
in a synchronous ASIC changes state. This can also help suppress ground bounce and other
spurious digital signals.

However, to the RF designer these capacitors do very little to stop in band noise on power
supplies. To stop this decoupling capacitors which provide a low impedance path to ground,
at the frequency of interest must be used.

To understand why this is we must first discuss a little capacitor theory.

5.2 THE FREQUENCY RESPONSE OF A CAPACITOR
The impedance of an ideal capacitor which can be found in any introductory textbook is
1
Xe=—=
206C

Where

Xc is the impedance of the capacitor
F is the frequency of interest and
C is the rated capacitance

Therefore as frequency increases the impedance of a capacitor drops. This equation works
well up to a certain point, however as frequency increases the equivalent circuit of a real
capacitor must be considered.

_"_/W\/\_:_

C L R

Figure 15: Equivalent Circuit of Capacitor

Figure 15 shows the equivalent circuit of a real capacitor. In this case there is an allowance
made for the inductance of the leads to the parallel plates and the AC resistance, also known
as the Equivalent Series Resistance (ESR). By plotting the ideal X¢ vs frequency on a graph
along with the real response from the manufacturer data sheet shows the shortcomings in the
ideal response. X, and ESR can also be obtained on the capacitor data sheet.
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10000 ;
Capacitive | : Inductive
1000 - :
\ : Ideal Xc
~ 100 Impedance (from
% Manf Data)
& o : 5 R FET X from model
g T -
c <
3
8 | I ] e ESR (From Manf
£ 1 : ' Data)
10 100.-° 1000v 10000 |....... Self Resonance
0.1 AETEIOUN NPT I
0.01

Frequency (MHz)

Figure 16: Ideal vs Real Capacitance

In this case a 18pF 0402 ceramic capacitor (GRM1555C1H180JZ01) was selected, and the
real data was obtained from Murata’s Chip S-Parameter and Impedance Library, which can
be downloaded from www.murata.com . The equivalent inductance was 0.49nH and ESR
plotted over frequency. As can be seen the ideal model holds up until around 300MHz,
where the effect of the lead inductance starts to work with the capacitor. When X¢ = X the
capacitor goes into self resonance, and the two impedances cancel out. The impedance of
the capacitor is now given purely by the ESR. At frequencies above self resonance the
inductive part of the equivalent circuit starts to dominate, and the impedance of the capacitor
starts to increase.

5.3 DECOUPLING CAPACITOR SELECTION

When selecting decoupling capacitors the aim is to try and achieve self resonance at the
band of interest, so any energy on power supply lines will be coupled to ground. Additionally
the dielectric of a capacitor can affect the ESR, so it is desirable to select a capacitor with a
high temperature stability dielectric such as COG (also known as NPQ). However when
decoupling for RF applications above 1GHz, COG is normally all that will be available in a
small surface mount package.

5.4 CAPACITOR PLACEMENT

When placing bypass capacitors it is advisable to use the minimum necessary to prevent
power supply ripple. They can interact with decoupling capacitors, so placing the bypass
capacitors close to the power supply is usually wise. Decoupling capacitors tend to need to
be placed as close as possible to the component that it is to act on, and care must be taken
to make sure the path to ground is as low impedance as possible. A noisy power supply line
may need decoupling at several points. It is also worth remembering that it is much more
cost effective to place the pads for decoupling into a layout and not mount the capacitor than
it is to respin the PCB to fix a noise issue.

Sarantel Proprietary Information Page 18 of 20



Electrical Integration of Sarantel Antennas v2 Iss 06-07

5.5 RF CHOKES

In addition to decoupling, further noise suppression can be achieved using RF chokes.
These can either take the form of inductors or dedicated RF chokes. These should be placed
in series with the supply and optimised for the frequency of operation. Note that if using
inductors at higher frequencies the capacitance between the coils of the inductor can start to
dominate the response and reduce the inductance. It is therefore vital to be aware of the
frequency of spurious being tackled with an inductor.

6 SHIELDING OR SCREENING

The final link in protecting electronics is to add shielding (or screening) around the sensitive
RF sections, and if required around the noise generating sections as well.

6.1 HOW SHIELDING WORKS

The main aim of fitting a shield around a receiver is to create a faraday cage, i.e. a
continuous metal barrier around components that either have the potential to generate, or to
be affected by noise. This protects the receiver by stopping external electrical fields inducing
charges on the inside of the cage.

An ideal shield will be continuous with no gaps. However in reality this is somewhat
impractical, and holes can be made provided that they are less than 1/10 of a wavelength.

6.2 CREATING A PRACTICAL SHIELD

There are a two primary considerations involved creating a practical effective shield. The first
item to consider is the shield can type that will be used to protect the electronics. This can
either take the form of a

A folded or pressed copper can soldered to the PCB. These form very good shields
but are difficult to rework if there are production issues.

A shield with separate walls and a removable lid. These can be used effectively, but
care needs to be taken in manufacture to ensure solder flux doesn't isolate the lid
from the walls.

A feature in the plastics coated with metalised paint and a gasket to connect to the
PCB. Forms a good shield but is complex to design, and fixes component areas
early in the design.

The next item to consider is creating a shield within the PCB. This can be formed by placing
a series of vias connected to the ground plane around the area to be shielded. More
information on shielding solutions can be obtained from companies such as Laird
Technologies.
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7 APPLICATION SUPPORT

This document gives a set of general guidelines that can be used to avoid the most significant
electrical and RF integration issues facing designers. However, every product is slightly
different and has its own unique set of requirements. For this reason it is prudent to contact
the applications group at Sarantel to discuss your design.

Sarantel’s applications group have significant previous design experience at the system and
component level in a number of blue chip telecommunication and electronics companies.
Combined with state of the art test facilities, this gives Sarantel the ability to offer unique
support tailored to the customer’s requirements.

This expertise can help avoid performance issues in the design phase, reducing the time to
market, hence overall engineering costs, and ensure a more successful product.

8 FURTHER READING

The aim of this document is to introduce the reader to some of the key elements of RF
electronic design. However it is in no way comprehensive, and much more detailed
information can be found in the following sources.

8.1 BOOKS

BOWICK, C, RF Circuit Design, ISBN 0750699469

EDWARDS, T, Foundations for Microstrip Circuit Design, ISBN 0471930628

8.2 APP NOTES AND ARTICLES

MERCER, S, Minimising RF PCB Electromagnetic Emmissions, RF Design, Jan 1999, pp 48
to 56

RICH, A, AN-347 Shielding and Guarding, Analog Devices
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