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I. INTRODUCTION

S

mart Watches popular in the market usually have, long battery life of up to 3 weeks (10 days in GPS mode), touch
screen display and Bluetooth and GPS being the primary wireless features. This report summarizes the process
and the results of designing the antenna system for a smart watch.
Smart Watch requires GPS and Bluetooth capable antenna(s) to enable wireless communication. GPS is a receive
(RX) based protocol that practically requires line-of-sight view to the GPS satellites above. Bluetooth on Smart Watch
would act as a slave to a master device like a smartphone, to download and display notifications from the smartphone
and upload vital health and fitness tracking data to smartphone and subsequently to the cloud. Thus, Bluetooth on
Smart Watch would be actively used for transmit and receive purposes.

II. TENETS 1
Smart Watch requires GPS and Bluetooth capable antenna(s) to enable wireless communication. GPS is a receive
(RX) based protocol that practically requires line-of-sight view to the GPS satellites above. Bluetooth on Smart Watch
would act as a slave to a master device like a smartphone, to download and display notifications from the smartphone
and upload vital health and fitness tracking data to smartphone and subsequently to the cloud. Thus, Bluetooth on
Smart Watch would be actively used for transmit and receive purposes. With these basic uses cases having been
established, the tenets for antenna design are listed as follows:
Parameter
1.

Far-field pattern

2.

Axial Ratio

Antenna
GPS
Bluetooth
Highly directive
Near-omnidirectional
towards zenith
< 3 dB at main lobe
-

3.
4.
5.

Efficiency
Bandwidth
Gain

< 3 dB without body
31 MHz (2%)
(Greater the better)

Remark

GPS signals are circularly
polarized, hence small absolute
axial ratio is desirable

< 3 dB without body
100 MHz
(Greater the better)

Both GPS and Bluetooth antennas are expected to be designed for best performance for parameters from 3 to 6 listed
above. It is important to analyze these tenets for the antenna(s) with and without human-body cases since the watch is
expected to work well under both conditions.
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III. TOPOLOGY SELECTION2
Based upon the tenets listed above, the following options are considered for GPS and Bluetooth antennas respectively:
1.

GPS antenna

Antenna type
Patch
Dipole
IFA

PIFA

2.

Pros
• High directivity, gain
• Excellent axial ratio
• Omni-directional pattern
• Omni-directional pattern
• Smaller keep-out for compact
consumer electronics
• Omni-directional pattern (can be
designed with solid GND plane to be
directional)
• Smaller keep-out for compact
consumer electronics

Cons
• Requires a large keep-out
area
• Requires a large keep-out
• Low gain
• Low-medium gain

Verdict



✓

• Low-medium gain

✓

Bluetooth antenna

Antenna type
Dipole

Pros
• Omni-directional pattern

IFA

• Omni-directional pattern
• Smaller keep-out for compact
consumer electronics
• Omni-directional pattern (can be
designed with solid GND plane to be
directional)
• Smaller keep-out for compact
consumer electronics

PIFA

Cons
• Requires a large keep-out
• Low gain
• Low-medium gain

Verdict


✓

• Low-medium gain

✓

PIFA and IFA seem to be ideal candidates for the application. In the case of PIFA, a slot design on the antenna as
mentioned in [1] would seem ideal for dual band operation, whereas in the case of IFA, multiband arms can be easily
designed. While there is a smaller antenna footprint associated with designing multiband antennas for wearables, care
should be taken to also achieve the desirable performance to meet all specs mentioned in section III (tenets). If multiple
antennas are being designed, spatial diversity and increased efficiency can be obtained, as long as the footprint is
minimal.
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IV. DEVICE SPECIFICATIONS 3
A smart watch has the dimensions as shown below. Since the original CAD was not provided, a simplified version of
the CAD has been assumed and the antenna design and placement are based upon this simplified version of CAD
model. The simplified model and the materials assigned to the individual parts are partially based upon the knowledge
of the parts, and partially based on common knowledge (like the PCB, Battery, Shield can etc).

`
Figure 1. A smart watch and Model dimensions

The figure in the bottom shows a cross sectional view of the smartwatch, highlighting the individual parts and what
the parts of made of. With the knowledge of these parts and their placement, positioning and the dimensions of the
antennas for the study is easy to determine.

Figure 2. Model cross-section overview
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V. ANTENNA PLACEMENT OPTIONS 4
Figure below shows potential locations for antenna placement. The space above the display near the branding is an
ideal location for the antenna. In the event of a requirement of a second antenna, the right and left of the display,
although thin, can still work for flex antennas.

Figure 3. Antenna placement possibilities

The green ‘tick’ mark shows ideal locations for antenna placement. The bottom of the display is where the capacitive
touch buttons are located. Also, in this design, it is assumed that the bottom of the display is where display FPCs
would go, hence bottom of the display is not an ideal spot for antennas. Since there is just about 4mm around the left
and right of the display, it would make it ideal for flex antennas. On top of the display, a real estate of about 11mm
gives a lot of options. From the shortlisted antenna topologies from section III, PIFA with stamped metal can be
designed.

VI. ANTENNA DESIGN
Figure below shows potential locations for antenna placement. The space above the display near the branding would
be the first choice for antenna placement since the area is about 11mm x 38mm.

Figure 4. First pass, dual resonant antenna design (PIFA with slot)
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PIFA is constructed with Copper stamped metal with two arms around the corner – one for feed, and another for
shorting pin. The structure is held in place with a dielectric substrate for stability and antenna performance. Antenna
dimensions are first determined with the set of equations mentioned in [2], and then tuned to obtain the desired
resonance at the right frequency. Once the impedance is reasonable at the GPS L1 frequency of 1575MHz, a slot of
an appropriate length is created on the PIFA metal as mentioned in [1] for Bluetooth impedance match at 2.4GHz.
The slot is then tuned to obtain a good impedance match and bandwidth and the rest of the key parameters mentioned
in section II are also analyzed to identify red flags.

Figure 5. First pass results

From the initial results, it can be observed that although the impedance match is achieved at both frequencies,
efficiency for Bluetooth antenna is very poor. Hence alternate positioning and design for Bluetooth antenna is designed
as shown in figure below. The topology chosen in IFA antenna on a flexible PC Board (FPC).

Figure 6. Watch model with FPC Bluetooth antenna design

The second antenna showed much better efficiency and impedance at Bluetooth frequency (2.4GHz band). The
detailed results with all necessary parameters can be found in the next section.
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VII. RESULTS
The watch with the designed antennas has been simulated to match with and without human-body cases, for all tenets
from section II. For human-body case, a solid block of type ‘Bio Tissue’ is placed right below the device as shown.

Figure 7. Watch model with human-body block

i.

GPS and Bluetooth antenna self-resonances and isolation

Both self-resonances and isolation look identical with and without human-body.
Without Body

With Body

Figure 8. Self-resonances and isolation of GPS and BT antennas without and with body
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ii.

Bandwidth (VSWR vs Frequency)

Bandwidth does not change much with and without body. For GPS antenna, BW is ~ 45 MHz, and for Bluetooth, BW
is ~ 90MHz.
Without Body

With Body

Figure 9. Antenna efficiencies for GPS (red) and BT (green) antennas without and with body

iii.

Radiation Efficiency

Unsurprisingly, efficiency varies significantly with and without the effect of the human body. For GPS antenna,
without human body, efficiency is about -4.15 dB, but with human body, it degrades to -8 dB. Even Bluetooth antenna
degrades from -2 dB to -8dB in the presence of human body.
Because the RF transmission line or matching components have not been included in the design, Total efficiency is
not computed. Ideally, with good matching, any mismatch losses would minimize, and total efficiency would
theoretically very close to radiation efficiency.
Without Body

With Body

Figure 10. Radiation efficiencies of GPS and BT antennas without and with body
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iv.

Axial Ratio

Axial ratio for the GPS antenna seems reasonable at about 100 degrees elevation, which is roughly the zenith, pointing
toward the sky.

Figure 11. Axial ratio of GPS antenna without and with body as a function of azimuth and elevation angles

v.

Gain and Far-field cuts

Without Body
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With Body

Figure 12. Farfield cuts at Phi=90 and Theta=90 respectively of GPS and BT antenna without and with body

vi.

Current distribution

The figures depict currents/H-fields on the antenna, normalized with respect to the maximum current amplitude.

a.

At 1.575GHz, Without and With body

b.

At 2.42GHz, Without and With body
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VIII. CONCLUSION
GPS and Bluetooth antennas were thus simulated for optimum performance under the given constraints. The
compliance matrix for specs can be found below.
Antenna
GPS

Parameter

w/o body
Far-field pattern

Highly directional
towards zenith

Axial Ratio
Efficiency
Bandwidth
Gain*

Bluetooth
w/o body

w/ body

w/ body

< 3dB at main lobe

✓
✓

✓
✓

Nearomnidirectional
-

-

-

< 3dB without body
31 MHz (2%)
(Greater the better)

-4.1 dB
45 MHz
-1.83 dBi

-8 dB
45 MHz
-5.1 dBi

(Greater the better)
100 MHz
(Greater the better)

-2 dB
90 MHz
0.6 dBi

-8 dB
90 MHz
-4.6 dBi

✓

✓

Gain is computed as Radiation efficiency * Peak Directivity
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[4]. Pimienta-Del Valle Domingo, Lagar-Pérez Raidel, Design of a Dual-Band PIFA for Handset Devices and its
SAR Evaluation

10

