
Enhance antenna efficiency by solving
antenna coupling and isolation issues.

Best practices for
GNSS chip antenna
integration

WHITEPAPER

1



Introduction 03
C H A P T E R  1

Key challenges in GNSS
antenna integration 04

C H A P T E R  2

Passive antenna integration
fundamentals 06

C H A P T E R  3

Active antenna integration
principles 08

16Conclusion

WHITEPAPER

10
Lab testing protocols for
GNSS chip antenna systems

C H A P T E R  4

12
Consequences of poor
front-end design

C H A P T E R  5



Many wireless devices and wearables struggle with poor GNSS performance not because
of the GNSS module itself, but due to antenna integration pitfalls. GNSS signals arriving at
Earth are extremely weak, often around the thermal noise floor of the device, which
means GNSS receivers can be easily desensitized by even small amounts of
interference. 

Yet in the rush to build compact, multi-radio gadgets, engineers sometimes neglect
fundamental RF design practices: impedance matching, noise filtering, isolation from
digital noise, and properly accounting for active vs. passive chip antenna configurations. 

The result is often integration failures – devices that work in theory or on paper but fail to
get a reliable GPS/GNSS fix in the field.

GNSS Performance Depends on
Antenna Integration

I N T R O D U C T I O N

Best practices for GNSS chip
antenna integration

3



Key challenges in GNSS antenna
integration 
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Figure 1. Impact of ground plane length on total efficiency. Shorter ground planes reduce efficiency and force
radios to transmit at higher power, accelerating battery drain. 

Weak signal & noise floor
GNSS satellites transmit very low-power signals; by the time they reach a receiver on the ground,
the signal is barely above the noise floor of the GNSS receiver. This makes the GNSS RF 
front-end extremely sensitive to external noise and interference, whether from other radio
transmitters, digital buses, or power supply circuits. Even minor spurious emissions can raise the
noise floor and swamp the GNSS signals. 

Multipath and polarization
In urban or indoor environments, GNSS signals bounce off surfaces (multipath), arriving at the
antenna with various polarizations and phases. Many high-performance GNSS antennas use RHCP
(Right-Hand Circular Polarization) to optimally receive direct satellite signals, but small wireless
devices often use linearly polarized antennas to accommodate budgetary and space constraints. 

A well-designed linear antenna can still perform acceptably; for example, Ignion’s small GNSS
antenna boosters use an omnidirectional linear pattern that is less sensitive to device orientation
and can handle multipath environments well. However, multipath still causes signal fades and
errors that the receiver must cope with, underscoring the need for good antenna placement and
clear sky view when possible

Best practices for GNSS chip
antenna integration



Active vs. passive antenna
configuration

Impedance matching &
efficiency
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A common oversight is poor matching of the
antenna to the 50 Ω radio system. GNSS antennas
(especially chip antennas) usually require a
tunable matching network on the PCB. If the
antenna isn’t matched properly, much of the
GNSS signal is reflected or lost, resulting in low
antenna efficiency and weak SNR (signal-to-noise
ratio) at the receiver.

Engineers must account for the PCB stack-up,
ground plane size, and nearby components in
tuning the matching network. Verification with a
VNA (Vector Network Analyzer) is crucial to
confirm that return loss is minimized and that the
antenna’s passive efficiency is as expected.

Perhaps the largest source of integration failure is
treating an active and passive antenna
interchangeably without adjusting the RF front-
end design. An active GNSS antenna (e.g. an
active patch) has a built-in LNA (low noise
amplifier) and often a band-pass filter, delivering
a boosted RF signal to the receiver. They are
commonly used for remote antennas (e.g. roof-
mounted GPS antennas on vehicles) or to retrofit
designs that require a sensitivity boost. 

A passive antenna (e.g. a chip antenna or passive
patch) provides no amplification or filtering – it
only receives the signal and must be paired with
the appropriate front-end components on the
board. Many GNSS receiver modules are
designed under the assumption that an active
antenna will be used. In fact, some receivers only
work with active antennas and will exhibit very
poor sensitivity if fed directly from a passive
antenna.

If a design switches from an active antenna to a
passive one (for cost or size reasons) but doesn’t
add an LNA or filter externally, performance will
degrade dramatically. Conversely, adding an
extra LNA when it’s not needed can saturate the
receiver and cause compression, actually
reducing sensitivity. Getting this balance right is
critical, as discussed next.



When using a passive GNSS antenna element, the RF design must compensate for the
lack of built-in filtering and gain. Key principles include: 
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Passive antenna integration
fundamentals

Always use a SAW (Surface Acoustic Wave) band-
pass filter in the GNSS receive path ahead of the
receiver module when an active antenna’s
filtering is not present. For cost-sensitive wireless
devices, this is absolutely critical – the SAW filter
will reject out-of-band noise and multipath-
induced interference, a job that would otherwise
be handled by the active antenna’s internal
filter/LNA. By suppressing spurious emissions
below the receiver’s noise floor with a passive
antenna + SAW filter combination, you
significantly protect the GNSS channel. This
approach also consumes less power than an
active antenna, a big plus for battery-powered
devices. 

In a passive setup, the antenna’s output goes
directly into the GNSS receiver (after the SAW
filter). There is no LNA to overcome any cable or
PCB trace loss, so keep the RF trace as short as
possible and use controlled impedance routing. In
many embedded designs where the passive
antenna is surface-mounted very close to the
module (e.g. <10 cm trace on the same PCB), a
SAW filter alone is usually sufficient to maintain
good signal quality. The filter will knock down
environmental thermal noise and PCB-originated
RF noise before they hit the sensitive receiver. 

Include a SAW filter
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Figure 2. Typical passive GNSS antenna signal chain showing a chip antenna connected to the GNSS receiver
through a SAW band-pass filter, which suppresses out-of-band interference and protects the receiver noise floor
in the absence of an active LNA.
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Unlike large standalone antennas, small GNSS
chip antennas (including Ignion’s antenna
boosters) rely heavily on the device’s PCB ground
plane as part of the radiator. The size and layout
of the ground plane can greatly affect the
antenna tuning and gain. It’s important to follow
the manufacturer’s layout guidelines: typically, the
antenna is placed at a PCB edge or corner with a
clearance area, and the ground plane should be
as large and continuous as the form factor allows. 

All ground connections (antenna return, matching
network ground, etc.) should be low-inductance
and tied into the ground plane. If the ground
plane is too small, performance may suffer – a
tuning network can adjust for resonance, but
radiation efficiency might be inherently lower. . 
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For optimal satellite visibility, place the GNSS
antenna where it has the clearest view of the sky
(for devices that aren’t always upside-down).
Avoid burying the antenna under metal
components or dense wiring. Keep it away from
high-speed digital traces or oscillator circuits to
reduce coupling of noise. 

Mechanical enclosures should also be
considered; for example, a metal case or even a
user’s hand can detune or block a passive
antenna. Early in the design, perform radiation
pattern measurements if possible to ensure there
are no unintended nulls in the antenna coverage
due to the device layout. 

Best practices for GNSS chip
antenna integration

Ground plane influence Placement and orientation
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Active antenna integration
principles 
When to use an LNA
If the GNSS antenna is external or located far from
the receiver (long coaxial cable runs), an LNA is
usually required to overcome cable loss. As a rule
of thumb, about 15 dB of total gain is sufficient for
cable lengths under ~5 m without needing an
extra LNA. But if the antenna-to-receiver path is
longer than ~10 cm or involves notable loss,
adding an LNA at the antenna can preserve the
SNR by offsetting those losses.

On the other hand, do not simply add multiple
amplification stages “just in case” – every LNA
adds noise and can potentially saturate the next
stage. Unnecessary gain can drive the receiver
into its 1 dB compression point (especially if
strong interferers are present), which reduces
overall sensitivity. Always check the GNSS
receiver’s specifications; some modules might
already include an LNA or have a certain
expected RF input power range. 

Biasing and power for active
antennas
Active GNSS antennas typically draw a small
current (e.g. ~10–20 mA) which must be supplied
through the RF coax via a bias-tee. A common
arrangement is a 3.3 V or 5 V bias fed through an
inductor or RF choke onto the antenna line, with a
DC blocking capacitor on the receiver side.   

Ensure the power supply for the LNA is clean –
any noise on this bias will directly add to the noise
floor. Use decoupling capacitors close to the feed
point and consider an LC filter if the LNA’s supply
rejection is poor. Many active antennas have built-
in protection to prevent DC shorting, but it’s good
practice to include a current-limit resistor or an
RF fuse in case of cable damage or a short. 

LNA and filter order:
Optimize for noise vs.
linearity
The sequence of LNA and SAW filter in the chain
can be configured depending on the scenario: 

If the interference environment is mild, placing
the LNA first (antenna → LNA → SAW →
receiver) maximizes sensitivity by amplifying
the signal before any filtering loss. This is
common in active antenna modules. 

If strong out-of-band signals are present (e.g.
a co-located cellular transmitter on the same
device), it can be better to put the SAW filter
first, then LNA. By filtering up front, you
prevent the LNA from overloading or
saturating from a strong interferer, at the cost
of a slight (~1 dB) sensitivity loss due to filter
insertion loss. In other words, “the lowest-
noise, highest-gain component should come
first” unless a known strong blocker could
drive it into compression. 
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Every design is different, but Ignion’s GNSS integration guide  provides a useful set of typical
configurations for active vs. passive setups: 

2

Antenna → SAW Filter → LNA → GNSS Receiver: Use this when the GNSS module requires an
external LNA (or if using a passive antenna but the module was expecting an active). The SAW
filter in front protects the LNA from out-of-band interference, and the LNA ensures the receiver
isn’t starved for gain. Note: If the receiver already has an LNA or doesn’t need one, this
configuration could lead to too much gain and hence saturation. 

Antenna → SAW Filter → GNSS Receiver: A simple passive-antenna chain with filtering. This is
usually sufficient when the GNSS module has decent internal gain and the antenna is very close
to the receiver. It minimizes components and power draw. Always verify the receiver’s datasheet to
confirm its noise figure and required input signal level – many IoT-focused GNSS modules are
designed to work with passive antennas when the layout is compact. 

Antenna → SAW Filter → LNA → SAW Filter → GNSS Receiver: This is a belt-and-suspenders
approach for challenging cases – for instance, a receiver with very low internal gain (<15 dB) or a
design with a long cable and lots of insertion loss. The first SAW filter cleans the input, the LNA
boosts the signal, and a second filter after the LNA removes the LNA’s out-of-band noise
amplification before the signal enters the receiver. Such double-filter chains can achieve high
sensitivity even in noisy RF environments, though the added complexity and cost must be justified
by the use case. 

Recommended Active Front-End Configurations
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Figure 3. Example active GNSS front-end architecture illustrating the placement of a SAW filter and low-noise
amplifier (LNA) between the antenna and the GNSS receiver to balance sensitivity, noise figure, and linearity.
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Interference and shielding
considerations 
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High-speed digital signals (LCD data lines,
camera interfaces, memory address buses, etc.)
can unintentionally radiate and create
interference in the L1 GPS band (~1575 MHz) or
other GNSS bands. Flexible PCB cables for
displays are notorious antennas for clock
harmonics.

Mitigation: During testing, if GNSS performance is
suspect, try disconnecting the LCD or flex cables
and observe if the interference disappears. If an
LCD or bus is identified as a noise source,
consider adding RF chokes or ferrites to the flex
cable to filter high-frequency components. In
some cases, you may need to re-route these lines,
add shielding tape or a metal shield over the
ribbon connector, or adjust drive strengths to
reduce emissions. Also, ensure high-speed lines
have proper return paths and are impedance-
controlled – a poorly routed digital line that
transitions reference planes can act as a slot
antenna. 

Interference is the bane of GNSS receivers.
Because of the low signal levels, even a weak in-
band noise source on your device can block
GNSS reception. Hardware engineers must
proactively identify and mitigate self-interference
from the device, as well as protect the GNSS
antenna from nearby transmitters. Key areas to
watch: 

DC/DC converters and PMICs can generate
broadband noise or spurious tones that fall into
the GNSS band. A noisy 3.3 V regulator, for
example, might produce harmonics or
wideband hash that raises the noise floor. 

Mitigation: Use proper decoupling (multiple
ceramic capacitors close to the regulator
outputs) to shunt high-frequency noise. Add RF
chokes or ferrite beads on the power lines
feeding sensitive RF circuits to block switching
noise. If necessary, shield the entire power
supply section with a metal can (Faraday cage)
that is solid (no perforations) and well-grounded
to the PCB ground plane. As part of testing,
measure the output noise of regulators with a
spectrum analyzer to see if any spikes coincide
with GNSS frequencies. 

Switch-mode 
regulators & power
supply noise

LCDs, memory buses, and
digital lines

Best practices for GNSS chip
antenna integration



It’s increasingly common for wireless devices to
include a cellular radio (LTE/5G), Wi-Fi/Bluetooth,
or other transmitters on the same board as the
GNSS receiver. These can desense the GNSS
drastically if not isolated. For example, a cellular
PA might output +23 dBm in the LTE band, while a
GNSS receiver can be overwhelmed by signals at
around –5 dBm at its input. 

Mitigation: Isolation by design is the first step –
maximize the physical distance between the
GNSS antenna and cellular antennas, and use RF
guard traces or absorber material if needed to
attenuate coupling. Aim for at least ~10 dB of
isolation through clever placement or shielding.
Secondly, add a SAW filter on the GNSS input (as
already noted for passive designs); a good GNSS
SAW can easily provide ~20 dB attenuation to
out-of-band cellular signals. Combined, distance
+ filtering can give ~30 dB isolation, which often
makes the difference between a GPS fix and no
fix in a combo device. Use high-quality filters
(e.g., devices from Murata or Qorvo) that cover
the GNSS band of interest and have low insertion
loss in-band. In extreme cases, additional
shielding or even a notch filter tuned to the
offending transmitter frequency might be
necessary. 
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Always follow RF layout best practices as a
preventative measure. Shield all high-frequency
modules (GNSS receiver, wireless transceivers,
MCUs with fast clocks) with cans or metal lids.
For multilayer boards, ensure that signal traces
are sandwiched between ground planes or have
a solid ground reference – maintain continuous
ground planes around critical traces. 

Pay attention to return currents: breaks in the
ground plane can force high-frequency return
currents to take longer paths, increasing
radiation. If your PCB has to route high-speed
lines near the GNSS section, use guard vias and
ground stitching to contain those fields.
Essentially, treat GNSS as an RF-sensitive analog
subsystem: keep it electrically and physically
isolated from noisy digital or RF power circuits. 

General shielding and layout
practices

LTE SIGNAL

SAW FILTER

30 dB

GNSS RECEIVER

Figure 4. Illustration of isolation and filtering between a high-power cellular transmitter and a GNSS receiver,
highlighting the role of physical separation and SAW filtering to achieve approximately 30 dB of interference
attenuation.
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Co-located cellular/
wireless transmitters



Rigorous testing is needed to validate that your GNSS antenna integration will perform in
the real world. A robust test plan should include:
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Lab testing protocols for GNSS chip
antenna systems 

Before evaluating system-level performance, ensure the antenna is tuned properly in the device.
Disconnect the GNSS receiver (or module) and attach a VNA at the antenna feed to measure the
antenna’s input impedance and return loss (with the matching network in place). This
measurement confirms that the antenna is seeing the 50 Ω it expects and that the matching
network is providing the intended resonance at the GNSS frequency. Also measure the antenna’s
efficiency if you have a setup for it (e.g. in a chamber or using the 3D gain integration method) –
this tells you how much of the power the antenna receives is actually delivered to the receiver
versus lost as heat or mismatch. The goal is to catch any matching issues early, since an antenna
that is badly mistuned will never meet sensitivity targets no matter how good the receiver is. 

1. Passive antenna impedance and matching verification
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Figure 5. Typical laboratory test configuration for GNSS antenna validation, including a GNSS signal simulator,
spectrum analyzer, and test device, used to verify matching, noise, and receiver sensitivity.
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With the antenna connected, perform a receive
spectrum scan to hunt for any unintended
emissions from your device that fall in GNSS
bands. A useful technique is to place the device
in an anechoic chamber (or at least a shielded RF
enclosure) and use the GNSS antenna itself as a
probe: connect the antenna output to a spectrum
analyzer instead of the GNSS receiver, and power
on the device. Sweep across the GNSS frequency
range (and a margin around it). 

This will reveal any spurious signals or increased
noise floor when the device is active. By
selectively turning off components or subsystems
(display, wireless radios, etc.), you can isolate
which part of the device is causing any
interference. This “pre-test” is critical to identify
design issues before moving on to full GNSS
performance testing – it’s much easier to fix an
interference problem in the lab than to discover it
during field trials or certification. 
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This usually involves gradually lowering the input
power from a simulator until the receiver’s
reported C/N₀ or signal quality drops below the
lock threshold. This test validates the real-world
capability of the integrated system to “hear”
GNSS signals under controlled conditions. 

It’s also useful to test the device in a chamber
with a constellation simulator to see how it
performs with multiple satellites, satellite motion,
and varying signal conditions (multi-path
scenarios can also be simulated to an extent). If
the device includes multiple radios, perform co-
existence testing: operate the LTE/Wi-Fi
transmitter and observe if the GNSS C/N₀
degrades (this can confirm any desensitization
that wasn’t caught by the earlier spur scan). 

Throughout all these tests, maintain good
measurement practices: calibrate cable losses
and antenna factors (for radiated tests, use the
gain transfer method to calibrate chamber path
loss, if applicable), repeat measurements to
ensure consistency, and document everything. If
a problem is found, you’ll want to compare
“before and after” once you implement a fix (e.g.,
adding a shield or changing a filter). 

2. Radiated spur and
interference scans

3. GNSS Receiver Sensitivity
and Performance Testing
Finally, evaluate the end-to-end system
performance with a GNSS signal source. Ideally,
use a GNSS signal simulator or a repeatable lab
setup (for example, a re-radiating antenna in an
anechoic chamber or conducted signals if the
receiver has a connector) to feed the device with
GPS/GNSS signals at known power levels. 

Measure the tracking sensitivity – i.e., the
minimum signal level at which the device can
reliably acquire and track the satellites. 
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antenna integration
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Modern wireless designs demand small antennas that cover multiple bands and can be
integrated without extensive customization. Ignion’s Virtual Antenna® technology offers an
innovative approach to meet these needs. Instead of a traditional bulky GNSS patch or a
delicate helical antenna, Ignion provides a tiny antenna booster – a non-resonant element
that, when combined with a matching network, uses the device’s PCB as the actual
radiating structure. In essence, the PCB ground plane becomes part of the antenna itself,
transformed into a GNSS radiator through the matching network. 

How it works
The antenna booster is a passive chip element with a broad frequency response. By itself,
it doesn’t ring at GNSS frequencies – this is why it’s called “Virtual Antenna,” as the
resonance is made virtual by the circuit. The engineer designs a small matching network
(tunable LC filter) that ties the booster to the ground plane, achieving resonance at the
desired GNSS band (e.g., GPS L1 at 1575 MHz). Because the antenna is now “distributed”
between the booster and the ground plane, the performance is highly dependent on the
PCB size and layout. 
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The Virtual Antenna® solution by
Ignion

One antenna. Any device.

Antenna booster
A non-resonant component that
radiates efficiently across multiple
frequency bands.

Tunable matching network
Ensures optimal impedance matching
for maximum power transfer across
varied frequency bands.

PCB ground plane
Enhances radiation efficiency by
maximizing the antenna's electrical
length, especially in compact devices.
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This is not a drawback but rather a design consideration: it allows the same booster part to be used in
different devices, simply by re-tuning the matching network for each form factor. It provides flexibility
to accommodate various PCB sizes and even multi-band operation (for instance, a properly designed
network can make one booster work for GPS L1, Galileo E1, and GLONASS simultaneously).

Benefits of Ignion’s Virtual Antenna® solution
It simplifies the antenna integration in that you don’t need a custom antenna for every project – the
same booster component can be reused, speeding up the design cycle. The boosters are linearly
polarized and rely on an omnidirectional pattern, which, as mentioned earlier, means device
orientation has minimal effect on signal reception. 

This is advantageous for handheld or wearable IoT gadgets that may not always point “skyward” like a
fixed antenna would. Additionally, since the boosters are passive, they consume no power and can be
placed internally, offering a more rugged solution than an active patch that might sit on a cable. 

However, it’s important to remember that the integration principles still apply: you must include a SAW
filter in the GNSS front-end when using these passive antennas, ensure a good ground plane and
matching network design, and add an LNA/bias if the link budget demands it (e.g., long cable or active
antenna expected by the receiver). Ignion’s own integration guide  emphasizes using their antenna
boosters in conjunction with proper filtering to suppress noise below the receiver’s noise floor. 

2

Overall, Virtual Antenna® technology serves as an illustrative example of how adhering to sound RF
engineering practices enables a small antenna to perform like a much larger one. By turning the PCB
into part of the antenna, the wireless designer gains an extra degree of freedom – at the cost of
needing to be diligent with PCB layout and RF tuning. For those struggling with GNSS antenna size or
integration in wireless devices, exploring solutions like Ignion’s may be worthwhile, provided the best
practices outlined in this paper are followed.
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It’s worth underscoring what’s at stake if these
integration guidelines are not followed. A poorly
integrated GNSS antenna can lead to sub-par
GPS/GNSS performance: long time-to-first-fix,
frequent dropouts, or an inability to get a fix at all
in challenging environments. In development,
this often surfaces late in the testing phase – for
example, when field trials reveal the device works
in rural open areas but fails in urban settings due
to interference or multipath. 

At that point, fixing the problem might require a
significant redesign: changing the PCB layout to
improve ground plane or isolation, adding an LNA
or filter that wasn’t in the original design, or even
selecting a different antenna module. These
changes can delay product launch by weeks or
months and incur additional cost for new PCB
spins, assembly, and certification. 

In worst-case scenarios, a product might pass lab
tests but then exhibit intermittent GNSS failures
in production or in a particular use case (for
instance, when a user enables Bluetooth, the
GNSS drops out because of interference – a
corner case not caught earlier). This can lead to
customer complaints, firmware workarounds that
only partially fix the issue, or product recalls – all
of which tarnish the company’s reputation and
bottom line. 

On the flip side, investing time in robust GNSS
antenna integration up front pays dividends. By
following best practices – proper filtering,
matching, isolation, and testing – RF engineers
can have confidence that once the device is in
the field, it will perform as intended. This reduces
the risk of costly last-minute design changes and
ensures a smoother path through regulatory
testing (e.g., avoiding GNSS re-radiation or
spurious emission problems in certifications). In
short, good RF design hygiene at the integration
stage helps avoid unpleasant surprises, keeping
projects on schedule and devices working
reliably for end-users. 

By following the guidelines and principles
detailed above – and with the aid of clear design
visualization – wireless device designers can
integrate GNSS antennas successfully, ensuring
robust performance and avoiding the common
traps that lead to GNSS failures in the field. With
careful attention to both the RF fundamentals
and the practical implementation, even small
devices can achieve reliable global navigation
capabilities. 
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Consequences of poor front-end
design (Why diligence pays off)
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