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1.0 INTRODUCTION 
 

The GPS market is migrating from PNDs to many varied applications including mobile 
phones, digital cameras and other handheld devices and with it brings many design 
complexities.  Not only is the designer constrained mechanically due to smaller and thinner 
phone designs but the GPS solution must also work efficiently with multiple radios.  The 
SL1300 has been designed to meet these requirements and its small size and ease of 
integration makes it ideal for these tightly integrated GPS devices.  Furthermore, the small 
diameter of the antenna allows the customer to design thin industrial design(ID) products, 
which is a growing trend in consumer products.   

The SL1300 has been designed for embedded applications due to its size and ease of 
integration.  It offers a compelling advantage in comparison to other conventional antennas, in 
that, its efficiency doubles when integrated appropriately in the product.  This document 
discusses how the antenna should be integrated into the product to achieve this improvement 
in efficiency.     

The SL1300 employs the same feed system as the GeoHelix-P2(SL1200) and hence it can 
be either hand soldered or used with an IMS connector.  The antenna has 3 feed pins(2 
Ground and 1 RF centre pin(50� ).  The three pins at the bottom of the antenna do not 
provide sufficient mechanical support for the antenna element and were not intended to do 
so.  If there is no mechanical support for the antenna element in the plastics of a device, the 
pins would likely break very easily. The pins are an electrical interface and should not be 
used as mechanical support.   
 
The aim of this document is to highlight how certain features added to the customers housing 
will lead to the successful integration of the GeoHelix P3 and provide information for a 
mechanically robust design to achieve successful drop tests.  
 

Sarantel use patented ceramic-loaded quadrifilar helical structures to create an antenna 
ideally suited to GPS applications.  The benefits of this approach include: 

·  Small: A small volume antenna ideally suited to mobile applications where space is 
at a premium; 

·  The efficiency of the antenna is doubled when integrated appropriately in the 
customer’s product 

·  Broad beamwidth: Sarantel antennas all have a beamwidth in excess of 120°, 
allowing reception of satellites close to the horizon, which gives high positional 
accuracy; 

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

·  Balanced structure: The antenna has an integrated balun which isolates the antenna 
from the device ground plane and rejects common mode noise, including in-band; 
and, 

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

 

These unique characteristics all combine to give an antenna solution that is simple and quick 
to integrate.  It will also give high performance allowing the best opportunity for GPS 
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reception under the most challenging conditions.  However, as with all antennas, it is vital to 
consider antenna integration as early in the design process as possible.  This will present the 
fewest compromises to the overall performance resulting in a successful product. 

This document discusses the mechanical integration of the GeoHelixP3 antenna and should 
be read in conjunction with SL1300 Antenna Electrical Integration Guidelines .   
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2.0 SL1300 FOR EMBEDDED APPLICATIONS 

2.1 SL1300 Embedded Integration 

The SL1300 is designed to be tuned to GPS frequency without any sleeves once integrated 
into the customer’s product.  It is intended that the housing will provide the additional detuning 
to allow the SL1300 to resonate at GPS and provide optimum performance.  Examples of 
plastic materials which can be used for the housing are given in the table below, along with 
their electrical parameters.  

 

 er (at 1MHz) tand (at 1MHz) 

ABS 2.7 0.01 

PC/ABS 2.8 0.01 

TPE 3.1 0.008 

Table 1: Typical values for Dielectric Constant and  Loss Tangent of Case Materials 

 

Allowing the loss tangent to increase beyond the values in table 1 will increase losses in the 
RF path and may significantly degrade performance.  It has been found through experience 
that dark plastics with high carbon content are problematic.  These should be avoided where 
possible.  Rubber materials can also be used but they must adhere to the electrical properties 
outlined in Table 1 above. 

Even if appropriate plastic is chosen by the custom er, it is advised that prototype 
housing is sent to Sarantel so that radiation patte rn measurements can be performed 
to ensure the plastic behaves as expected and it is  not too lossy.  In addition, certain 
system parts around the antenna, for example PCB or  LCD screen, may lead to 
impairment of the antenna radiation pattern and the refore it is strongly encouraged 
that a prototype housing is provided to Sarantel be fore the production tooling of the 
housing is finalised. 

 

2.2 Mounting the SL1300 on the PCB. 

 

You can either choose to solder the SL1300 onto the PCB (through hole or surface mount) or 
use an IMS connector.  Pictures of surface mount and IMS connector options are given on 
the next page.  Note that the supporting features recommended in this document are 
applicable to both the surface mount and the IMS connector option.  In both cases, it is 
assumed that the customer’s PCB is fixated to the housing with, for example, screws or by 
any other means.   

The gain of the SL1300 antenna is improved once int egrated into the product.  
However, to achieve this, the antenna must be place d 1.5mm from the PCB as shown 
by the pictures below.  The near field energy of th e antenna is reflected by the PCB, 
providing uplift in gain.   

Regardless of the choice of integration, the antenn a must be placed 1.5mm from the 
edge of the PCB.  This is explained further in sect ion  3.0.  
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         Picture 1: Surface Mount Option                             Picture 2: IMS Connector Option 

 

2.2.1 Surface Mount Option: 

This option requires the antenna to be hand soldered and it is recommended that the antenna 
is not reflowed to avoid copper tracks delaminating from the ceramic of the antenna.  

 

2.2.2 IMS Connector Option: 

With this option, no hand soldering is required and the antenna can be easily inserted in and 
out of the connector.  The force required to separate the SL1300 antenna f rom the IMS 
connector is 12N.   

 

Note that the connector is not intended for multipl e insertions and RF connection 
reliability of the IMS connector is no longer valid  after 10 insertions of the antenna.  If 
this option is chosen, the customer is advised to read the document “IMS Connector 
Integration Guidelines” , which explains the footprint and stencil requirement of the 
connector.  Finally, it is of paramount importance that in both  cases the separation 
between the PCB and antenna is 1.5mm.  

 

2.2.3 PCB width requirement for both IMS and Surfac e Mount options:  

 

When the SL1300 is positioned with a gap of 1.5mm from the adjacent PCB, there is a 
minimum PCB width requirement for the antenna to provide good GPS performance.  This 
minimum width is 25mm and increasing the width improves the gain further and hence bigger 
the width, better the performance.  The width of the PCB can be reduced below 25mm, 
providing acceptable GPS performance.  However, it is strongly advised that Sarantel 
Applications Team is consulted under such circumstances. The PCB adjacent to the antenna 
provides an uplift in gain and increases the efficiency of the antenna when integrated.  The 
images on the next page illustrate the PCB width requirements. 
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2.2.4 Component placement on the PCB adjacent to th e antenna 

 

The top of the PCB must be in line with the top of the antenna to ensure that the gain uplift on 
the antenna is optimised.  The PCB area adjacent to the antenna can be populated with 
components such as, capacitors, inductors as well as shielding CANs.  However, no 
components should be placed within 1.5mm of the SL1300.  All inner layers of the PCB 
adjacent to the antenna must be GROUND copper filled.  For both the top and bottom layer of 
the PCB, all areas free off any components must be GROUND filled.  The picture below 
illustrates the area which can be populated with components. 

 

 

 

 

 

 

 

        

         Picture 3: IMS Connector Option            Picture 4: Surface Mount Option                            

 

2 HOUSING FEATURES REQUIRED FOR SUCCESSFUL                
DROP TESTS 

 

It is a common practise to perform drop tests on consumer products to ensure that the 
product survives after performing such tests.  Usually the product is dropped in many 
orientations from a height of approximately 1.5m onto a steel or a concrete floor.  Therefore, 
in the case of our antenna, it is of paramount importance that the 3 connection pins are not 
subject to any sizeable force during drop tests which can cause them to break.  To achieve 
this, the antenna must be fixated in the housing, i.e, it must be prevented from moving in the 
vertical or horizontal axis.  Since the 3 connection pins on the antenna is not designed for 
mechanical support, the housing features are critical to provide appropriate mechanical 
support.  The antenna is supported by ribs and other features which prevents the movement 
of the antenna both axially and horizontally.  These are discussed in the subsequent sections. 

 

 

 

Minimum width of the adjacent PCB should be 25mm.  
This can be reduced for acceptable GPS performance 
but Sarantel Applications Team must be consulted at 
the design concept stage. 

� 25mm
. 

� 25mm
. 

Gap between antenna and PCB must be 1.5mm.  

Components can be                       
populated in this 
area. 

Components can be                       
populated in this 
area. 
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3.1 Position of ribs in the housing 

 

A pair of ribs is used to provide support to the antenna in the housing - one is placed at the 
balun end and the other at the top end of the antenna.  The resonating section of the antenna 
is the most sensitive to materials around it and hence ribbing in this section is avoided, except 
the top end. 

A detailed drawing of the separation between the ribs is shown on page 15(Figure 1). 

 

 

 

Picture 5: Balun and Resonating section of the antenna 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Radiating 
section 

Balun 
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The image below shows the approximate positions of the ribs.  One is placed at the bottom 
end of the balun and the other at the top end of the antenna.  Note the separation between 
antenna and PCB is 1.5mm. 

 

 

 

Picture 6: Rib positions avoiding the resonating section of antenna 

 

To save time and effort on the customer’s part, it is recommended that a 3D file of their 
product, preferably in the form of .stp, .step or . ste formats, is shared with Sarantel to 
ensure we are satisfied with the position of the ri bs and all other features around the 
antenna.  This should be done prior to the first pr ototype build so that any potential 
issues can be highlighted without having to commit to tooling.  

 

 

 

 

 

 

 

 

 

Pair of ribs: 
one at the top 
end of the 
antenna and 
one around the 
bottom end of 
balun. 

PCB 

1.5mm A PIP at the top 
of the antenna 
prevents vertical 
movement 

The minimum PCB width 
must be 25mm.  This 
can be reduced but 
Sarantel Applications 
Group must be 
contacted at the design 
concept stage.  
Components can be 
placed in the shaded 
area but all inner layers 
and spaces in between 
components on the Top 
and Bottom layer must 
be GROUND filled.    

�  25mm 
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3.2 Preventing horizontal movement of the antenna 

 

The 3 pins on the SL1300 antenna are not strong enough to support the weight of the 
antenna and hence using ribs in the customers housing helps to overcome this.  However, 
the ribs need to be implemented in such a way that the antenna is held in place, i.e, it is 
clamped by the ribs, preventing any horizontal movement.  The ribs must be added to top and 
bottom of the housing as illustrated in the picture below.   

 

Picture 7: Ribs at the top and bottom of the housing to prevent  

horizontal movement of antenna 

 

The ribbing prevents the horizontal movement of the antenna so that it supports itself during 
drop tests.  There has been a number of cases where the product has been drop tested but it 
has done well.  The result has been that the pins have broken in the device which led to the 
permanent damage of the antenna pins. 

 

 

 

 

 

 

 

 

 

 

 

Ribs supporting 
the antenna on 
the top and 
bottom cover of 
the housing 
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Picture 6 below shows the cross section of the antenna and the ribs.  Note how the ribs at top 
and bottom of the housing completely clamp the antenna, preventing any horizontal 
movement.  The arrangement of the ribs in this manner means that the top or bottom cover of 
the housing cannot slide in and out horizontally – they have to be aligned vertically before 
being put together.  However, certain customers may want to implement this feature in their 
product and section 3.2.1  discusses how this can be achieved and still prevent the horizontal 
movement of antenna during drop tests. 

 

 

Picture 8: Top and Bottom Ribs clamping the antenna 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ribs on the 
bottom cover of 
housing 

Ribs on the top 
cover of 
housing 

Both top and 
bottom covers 
cannot be slid 
in and out in 
this direction 
due to the ribs Ribs prevent 

the covers from 
being slid in 
and out 
horizontally 

SL1300 
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3.2.1  Allowing the top or bottom cover of housing to slide in and out of position 

 

Sarantel’s experience has highlighted there may be a need for the customer to slide one of 
the covers, top or bottom, horizontally in and out of position.  As pointed out in picture 6, this 
is not possible without modifying the ribs as shown in the pictures below.  

 

 

 

 

 

 

Picture 9: Cross section of the modified top and bottom ribs 

 

 

Picture 10: Bottom ribs modified to prevent horizontal movement of antenna 

With the ribs 
modified, the 
top cover can 
be slid in and 
out horizontally 

Pair of ribs on the top 
cover have been 
flattened on this edge 
so that it does obstruct 
with the antenna when 
the cover is slid IN and 
OUT. 

Raising the height of 
the 2 bottom ribs 
ensures that the 
antenna is still firmly 
clamped, preventing 
any horizontal 
movement during drop 
tests. 

Bottom cover ribs 
raised beyond the 
centre of the antenna 
to ensure the 
antenna is held in 
place during drop 
tests. 
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3.3 Preventing vertical movement (along the axis) o f the antenna 

 

The vertical movement (along the axis) of the antenna must also be prevented during drop 
test and features implemented in the housing and appropriate positioning of the ribs helps to 
achieve this.  The following sections will discuss how features of the housing will help to 
prevent vertical movement of the antenna.  

3.3.1 Using the IMS connector 

 

In the case of the IMS connector, it is critical that a minimum gap of 1.0mm is kept between 
the top of antenna sleeve and the inner top of the housing.  Failure to observe this can result 
in:  

·  During drop test, the force on impact directly transferred to the antenna causing 
damage to the top of the antenna. 

·  Breaking ground pins on the antenna. 

·  IMS connector housing being damaged. 

Minimising the impact force on the antenna during drop test is critical in helping the antenna 
survive drop tests.  Appropriate use of ribs in the housing, together with observing the 
minimum gap requirement on top of the antenna will help to achieve this.  The picture below 
shows that this gap must be 1.0mm.  This is because during drop tests the impact from the 
housing will not directly transfer to the antenna, minimising the risk of any damage. 

 

 

 

 

 

Picture11: Top view of the antenna with features to prevent vertical movement 

Bottom of 
antenna is flush 
against the PCB, 
preventing any 
downward 
movement 

Ribs 

A gap of 1.0mm 
is used to 
minimise impact 
on the antenna 
during drop 
tests 

PIP prevents 
upward 
movement of 
antenna 

1.0mm 1.5mm

Top of PCB must 
be in line with top 
of antenna 

The minimum PCB 
width must be 25mm. 
This can be reduced 
but Sarantel 
Applications Group 
must be contacted at 
the design concept 
stage.  Components 
can be placed in the 
shaded area but all 
inner layers and 
spaces in between 
components on the 
Top and Bottom layer 
must be GROUND 
filled.      

�  25mm 
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Since the antenna will be either soldered or mounted with an IMS connector, the bottom of 
the antenna will always be flush against the PCB.  Therefore, the PCB will prevent the 
movement of the antenna in the downward direction.   

 

To obtain good GPS performance, it is important tha t the PCB width, adjacent to the 
antenna is a minimum of 25mm.  As highlighted in Pi cture 11, the adjacent PCB area 
must be GROUND copper filled on all layers of the P CB.  

 

Figure 1 below shows the detailed dimensions of the ribs and the supporting PIP to prevent 
upward movement of the antenna. 

 

 

 

Figure 1:  Position of the ribs and the dimensions of the PIP at the top end of the antenna 
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3.3.2 Surface Mounting the SL1300 

 

When hand soldering the antenna, the support of the antenna becomes more crucial, so that 
it is fixated in the housing.  The IMS connector provides a bit of flexibility in that the antenna 
can have a small vertical(axial) movement and still retain reliable connection.  The image 
below shows the features of the housing when hand soldering the antenna. 

 

 

 

 

 

 

 

 

Picture 12 

 

 

 

Figure 2 on the next page shows the position of the ribs and supports with detailed 
dimensions. 

Bottom of 
antenna is flush 
against the PCB, 
preventing any 
downward 
movement 

Ribs 

A gap of 0.7mm 
is used to 
minimise impact 
on the antenna 
during drop 
tests 

PIP prevents 
upward 
movement of 
antenna 

0.7mm 

Top of PCB  
must be 
aligned with 
top of antenna 

1.5mm

The minimum PCB 
width must be 25mm.  
The shaded area 
must also be 
GROUND filled with 
copper on all layers 
of the PCB. 

�  25mm 
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Figure 2: Position of the ribs and PIP support when hand soldering the antenna 
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4 CONCLUSION 
 

A general mechanical integration guideline for the GeoHelix P3 has been outlined by this 
document.  It shows that implementing appropriate features in the customers housing would 
prevent antenna damage during drop tests.  The key points to highlight are: 

 

·  The three pin interface is intended as an electrical interface only, not a mechanical 
support. 

·  The gap between the antenna and the PCB must be 1.5mm so that the near field 
energy of the antenna is reflected, providing an uplift in gain. 

·  Appropriate use of ribs and other housing features will prevent the movement of 
the antenna both horizontally and axially during drop tests, preventing any damage 
to the antenna. 

·  Choice of plastic – ensure it meets the Sarantel electrical characteristic 
requirements and that it is not too lossy.  It is recommended that the customer 
seeks advice from Sarantel’s Applications Group before finalising their plastic 
material should they have any uncertainties. 

·  There must be a certain gap between the top of the antenna and inner top of the 
housing to minimise impact during drop tests.  Both IMS and Surface Mount option 
has been discussed in detail. 

 

This document has shown that by adding appropriate supporting features in the housing adds 
strength to the antenna and prevents any pin breakages during drop tests.  Therefore, it is 
strongly recommended that customer’s embedding the GeoHelix® GPS-P3 in their product 
follow the guidelines highlighted in this document.     

 

If you have any questions or would like any further information please do not hesitate to ask.  
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5 APPLICATION SUPPORT 
 

This document highlights the generic features which need to be added to the housing to allow 
the antenna to survive drop tests.  However, every product varies in design and therefore it is 
recommended that you engage Sarantel from the initial mechanical concept of the product.  
Here at Sarantel, we have a dedicated Mechanical Team who can analyse 3D mechanical 
files(.stp, .step, .ste or others) of products and provide advice if features around the antenna 
can have detrimental effect on GPS performance.  In this way, we ensure that the mechanical 
features around the antenna are appropriate before investing time and money on tooling. 

Sarantel’s Applications Support 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 your 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. 

Please do not hesitate to contact us for further information: info@sarantel.com  

 


