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METHOD FOR MANUFACTURING ELECTRONIC DEVICE

Field of the Invention

The present invention relates to the field of radio frequency engineering
and more particularly to a method for manufacturing an electronic device.

Background of the Invention

Electronic devices that transmit radio frequency (RF) signals are required
to emit RF signals within a specified frequency range according to an intended
RF standard. If an RF electronic device operates outside its intended band of
frequencies, it would cause interference and even be illegal. It is therefore
desirable to provide a method for manufacturing an electronic device that
performs consistently within an intended frequency range.

Summary of the Invention

Accordingly, in a first aspect, the present invention provides a method for
manufacturing an electronic device. The method includes providing a substrate
having a plurality of radio-frequency components provided thereon, the radio-
frequency components including an antenna and a matching circuitry. A cap is
attached to the substrate over the antenna and the matching circuitry and a
molding operation is performed to encapsulate the cap and at least a portion of

the substrate with a mold compound.

Other aspects and advantages of the invention will become apparent from
the following detailed description, taken in conjunction with the accompanying

drawings, illustrating by way of example the principles of the invention.

Brief Description of the Drawings

Embodiments of the invention will now be described, by way of example
only, with reference to the accompanying drawings, in which:
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FIGS. 1A through 1E are schematic perspective views illustrating a
method for manufacturing an electronic device in accordance with an

embodiment of the present invention;

FIG. 2 is a schematic flow diagram illustrating a method for optimising a
matching circuitry of the electronic device in accordance with an embodiment of

the present invention;

FIG. 3 is a graph showing radio frequency (RF) performances of three (3)
electronic devices manufactured in accordance with embodiments of the present
invention as compared to three (3) electronic devices encapsulated without first
attaching a cap over respective antennas and matching circuitry across the 2.4
GHz ISM band;

FIGS. 4A, 4B and 4C are graphs showing return loss of three (3) electronic
devices encapsulated without first attaching a cap over respective antennas and

matching circuitry across the 2.4 GHz ISM band; and

FIGS. 5A, 5B and 5C are graphs showing return loss of three (3) electronic
devices manufactured in accordance with embodiments of the present invention
across the 2.4 GHz ISM band.

Detailed Description of Exemplary Embodiments

The detailed description set forth below in connection with the appended
drawings is intended as a description of presently preferred embodiments of the
invention, and is not intended to represent the only forms in which the present
invention may be practiced. It is to be understood that the same or equivalent
functions may be accomplished by different embodiments that are intended to be

encompassed within the scope of the invention.

A method for manufacturing an electronic device 10 will now be described
below with reference to FIGS. 1A through 1E.
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Referring now to FIG. 1A, a substrate 12 having a plurality of radio-
frequency components 14 provided thereon is provided as shown. The radio-

frequency components include an antenna 16 and a matching circuitry 18.

In the embodiment shown, the substrate 12 and the radio-frequency
components 14 are provided in the form of a radio frequency (RF) radio module
with associated circuitry on a printed circuit board (PCB). The antenna 16 and
the matching circuitry 18 are configured to transmit the RF signal. The matching
circuitry 18 is formed of a set of electronic components that are used to fine tune

a frequency at which the antenna 16 outputs.

Referring now to FIGS. 1A through 1C, a cap or cover 20 is attached to the

substrate 12 over the antenna 16 and the matching circuitry 18.

This may involve aligning a plurality of pins 22 of the cap 20 with
corresponding ones of a plurality of holes 24 in the substrate 12. In the present
embodiment, the cap 20 is located in place using the locating pins 22 at each end
of the cap 20 which are received in the matching holes 24 in the substrate 12. In
an alternative embodiment, the pins 22 may be located at one or more corners of

the cap 20.

The cap 20 may then be heat staked to the substrate 12 by means of the
pins 22. After heat staking, the heat staked pins 22 form respective rivets that
help hold the cap 20 in place during subsequent processing steps and prevent
seepage of mold compound into an air space beneath the cap 20. In this

manner, the cap 20 may be anchored to the substrate 12.

In the present embodiment, the substrate 12 is designed such that there
are no open via holes in the area covered by the cap 20. This is so that mold
compound cannot enter into the space under the cap 20 through an open via

hole.
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In the same or a different embodiment, the cap 20 may be bonded to the
substrate 23 with an adhesive 26. The adhesive 26 may be a room temperature
vulcanizing silicone. Advantageously, the adhesive 26 helps to seal the cap 20

and prevent mold compound from intruding into antenna area under the cap 20.

The cap 20 is positioned to cover the antenna 16 and the matching
circuitry 18 and serves to protect the antenna 16 and the matching circuitry 18
from an external environment, providing a sealed environment for the electronics
within to operate. A transceiver (not shown) may also be covered by the cap 20.
The pre-formed cap 20 may be machined from a polycarbonate material or may
be made of another type of material that would allow RF to radiate through. In
the present embodiment, the cap 20 is machined with the pins 22 on either side
from polycarbonate to fit over the antenna 16 and the matching circuitry 18.

Referring now to FIGS. 1D and 1E, a molding operation is performed to
encapsulate the cap 20 and at least a portion of the substrate 12 with a mold
compound 28. This may be by placing the substrate 12 with the antenna 16 and
the matching circuitry 18 sealed by the cap 20 in a mold 30 and injecting the mold
compound 28 into the mold 30 at an injection pressure of between about 1.02
kilograms per square centimetres (kg/cm?) and about 61.2 kg/cm? and an
injection temperature of between about 170 degrees Celsius (°C) and about 240
°C.

The mold 30 in which the substrate 12 and the sealed cap 20 are enclosed

may be designed for low pressure overmolding.

The mold compound 28 protects the radio-frequency components 14 from
the external environment and is of a type of material that would allow RF to
radiate through. In one embodiment, the mold compound 28 may be a hot melt
polyamide material such as, for example, TECHNOMELT®, and may be injected
into the mold 30 at a temperature of about 180 degrees Celsius (°C) and an
injection pressure of about 2.5 kg/cm? for an injection period of about 8 seconds
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(s). The mold compound 28 may then be held in the mold 30 for a holding time of

about 15 s before being cooled for a cooling period of about 80 s.

By enclosing the radio-frequency components 14 within a low pressure
overmolded material, a sealed environment is provided for the electronics within

to operate.

Further advantageously, by providing a sealed cap 20 over the antenna 16
and the matching circuitry 18 before performing the molding operation,
inconsistencies that may have arisen due to how molding material flows over the
antenna 16 during the injection process and void formation within the overmold
preventing the antenna 16 and the matching circuitry 18 from being evenly coated

may be eliminated.

The electronic device 10 that is produced from the manufacturing method

described above may then be removed from the mold 30 and is ready for testing.

To account for differences when the antenna 16 is enclosed by the mold
compound 28 as opposed to air, the matching circuitry 18 may be optimised
against a plurality of reference parameters from an unencapsulated antenna
before the step of attaching the cap 20 to the substrate 12 in order to adjust a
frequency of transmission back to a frequency of interest. The reference
parameters may be obtained by measuring the antenna performance of a
reference sample of an unencapsulated RF radio with matching circuitry and

storing the RF performance parameters obtained as a reference.

Referring now to FIG. 2, a method 50 for optimising the matching circuitry
16 of the electronic device 10 will now be described. The method 50 begins at
step 52 by manufacturing a plurality of sample electronic devices. Several
identical samples of the reference sample may be made and a first one of them
may then be encapsulated using the manufacturing method described above with
reference to FIGS. 1A through 1E, in particular, with the antenna and the

matching circuitry covered by a cap before encapsulating the entire device.

5
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At step 54, an antenna performance of successive ones of the sample
electronic devices is compared against the reference parameters from the
unencapsulated antenna. The first encapsulated sample may be measured to
obtain the RF antenna and matching circuitry performance parameters. These

parameters are then compared with the reference parameters.

At step 56, the successive ones of the sample electronic devices may be
tuned to compensate for differences between the reference parameters from the
unencapsulated antenna and the antenna performance of the successive ones of
the sample electronic devices. Any shift in performance may be corrected by
calculation and new matching circuitry values may be obtained by compensating

for any shift in performance as measured in the encapsulated unit.

The optimisation steps are repeated with new matching circuitry values
used in each iteration until the performance of the encapsulated unit is equivalent

to the reference sample.

The matching circuitry 18 may then be tuned at step 58 in accordance with
a plurality of matching circuitry values determined when the antenna performance
of one of the sample electronic devices matches the reference parameters from
the unencapsulated antenna. In this manner, the electronic devices 10
manufactured in accordance with the above described manufacturing method

may be optimised for consistent performance despite being encapsulated.

Examples

Experiments were performed to study the RF performance and return loss
of three (3) electronic devices 10 formed in accordance with embodiments of the
present invention and this was compared to that of three (3) electronic devices
encapsulated using low pressure molding directly onto the electronic circuit
without using a cap to cover the antenna and the matching circuitry as a control.
The results of the experiments are shown in FIGS. 3, 4A through 4C and 5A
through 5C.
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As can be seen from FIG. 3, the antenna efficiency of the devices with
caps is higher by between 5% and 20% compared to those without caps across
the 2.4 GHz ISM band. FIGS. 4A through 4C 5A through 5C, also show that the
three (3) devices with cap perform better in terms of return loss across the 2.4
GHz ISM band than those without caps.

As is evident from the foregoing discussion, the present invention provides
a method for manufacturing an electronic device that provides protection for the
RF antenna against external contamination from the environment and external
environmental stresses during the manufacturing process. Advantageously, this
helps ensure the stability of operation of the RF antenna of the electronic device
that is formed within an intended RF band. Further advantageously, by
optimising the matching circuitry of the electronic device against reference
parameters from a reference sample before capping and encapsulation,

consistency in RF performance may be achieved.

While preferred embodiments of the invention have been illustrated and
described, it will be clear that the invention is not limited to the described
embodiments only. Numerous modifications, changes, variations, substitutions
and equivalents will be apparent to those skilled in the art without departing from
the scope of the invention as described in the claims. The manufacturing method
of the present invention may be applied to electronic RF devices operating in any
frequency such as, for example, the 2.4 GHz ISM band for Bluetooth beacons.

Further, unless the context clearly requires otherwise, throughout the
description and the claims, the words "comprise", "comprising" and the like are to
be construed in an inclusive as opposed to an exclusive or exhaustive sense; that

is to say, in the sense of "including, but not limited to".
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CLAIMS

1. A method for manufacturing an electronic device, comprising:

providing a substrate having a plurality of radio-frequency components
provided thereon, the radio-frequency components comprising an antenna and a
matching circuitry;

attaching a cap to the substrate over the antenna and the matching
circuitry; and

performing a molding operation to encapsulate the cap and at least a

portion of the substrate with a mold compound.

2. The method of claim 1, further comprising optimising the matching circuitry
against a plurality of reference parameters from an unencapsulated antenna

before the step of attaching the cap to the substrate.

3. The method of claim 2, wherein the step of optimising the matching
circuitry comprises:

manufacturing a plurality of sample electronic devices; and

comparing an antenna performance of successive ones of the sample
electronic devices against the reference parameters from the unencapsulated

antenna.

4. The method of claim 3, wherein the step of optimising the matching
circuitry further comprises:

tuning the successive ones of the sample electronic devices to
compensate for differences between the reference parameters from the
unencapsulated antenna and the antenna performance of the successive ones of

the sample electronic devices.

5. The method of claim 4, wherein the step of optimising the matching

circuitry further comprises:
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tuning the matching circuitry in accordance with a plurality of matching
circuitry values determined when the antenna performance of one of the sample
electronic devices matches the reference parameters from the unencapsulated

antenna.

6. The method of any one of the preceding claims, wherein the step of
attaching the cap to the substrate comprises bonding the cap to the substrate

with an adhesive.

7. The method of claim 6, wherein the adhesive comprises a room

temperature vulcanizing silicone.

8. The method of any one of the preceding claims, wherein the step of
attaching the cap to the substrate comprises aligning a plurality of pins of the cap

with corresponding ones of a plurality of holes in the substrate.

9. The method of claim 8, wherein the step of attaching the cap to the
substrate further comprises heat staking the cap to the substrate by means of the

pins.

10. The method of any one of the preceding claims, further comprising

machining the cap from a polycarbonate material.

11. The method of any one of the preceding claims, wherein the step of
performing the molding operation comprises:

placing the substrate with the antenna and the matching circuitry sealed by
the cap in a mold; and

injecting the mold compound into the mold at an injection pressure of
between about 1.02 kilograms per square centimetres (kg/cm?) and about 61.2

kg/cm?.



