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HOUSING AND METHOD TO CONTROL SOLDER CREEP ON HOUSING

CROSS REFERENCE TO RELATED APPLICATION

{8001} This patent claims benefit under 35 U.S.C. §119 (¢} to United States Provisional
Application No. 61/676,378 entitled “Housing and Method to Control Solder Creep on Housing”

filed July 27, 2012, the content of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

106002} This application relates to the acoustic devices and more specifically to the

housings of these devices.

BACKGROUND OF THE INVENTION

[0083] MicroElcctroMechanical System (MEMS} devices include microphones and
speakers to mention two examples. In the case of a MEMS microphone, sound cnergy enters
through s sound port and vibrates a diaphragm. This action creates a corresponding change in
clectrical potential (voltage) between the diaphragm and a back plate disposed necar the
diaphragm. This voltage represents the sound energy that has been received. Typically, the
voltage is then transmitied to an electric civenit {e.g., an integrated circuit such as an application
specific integrated circuit (ASIC)). Further processing of the signal may be performed by the
electrical circuit.  For mstance, amplification or filtering functions may be performed on the

signal at the integrated circuit,

18004} The mternal devices (e.g., integrated circutt, MEMS device) of a microphone are
disposed within a housing or assembly. For example, these devices may be attached to a base
and covered with a id.  Tn other words, a cavity s forred by the hd and the mternal devices

{¢.g., an integrated circuit, MEMS device) are disposed on the base within the cavity.
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18805} I many cxamples, the lid is coupled to the base of the acoustic device with
solder. In fact, the lid may be attached to the base by solder on both on the inside portion (in the
cavity and cxposed to the MEMS device and the integrated circuit) and on the exterior of the

device (exposed to the external environment),

18806} Iy order that the solder can be attached to the lid (and thus make the connection to
the base), the entire Hid is typically plated in gold {or some other appropriate metal) and then the
attachment between the hid and base 1s made. However, in many situations after the attachment
is made the device (including the solder) is re-heated. In these circumstances, the solder will
melt and continues to interact with the plating, and “creeps” up the lid or flows, As this happens
within the cavity, some solder can be discharged from the hid and cause failure to the MEMS
device or integrated circuit within the cavity., On the outside of the lid, the “creeping” solder can
contiue to flow up the id onto the surface of the lid and this will mterfere with subseguent

gasketing of the microphone.

BRIEF BDESCRIPTION OF THE DRAWINGS

{6007} For a more complete understanding of the disclosure, reference should be made to

the following detailed description and accompanying drawings wherein:

{6008} FIG. 1 comprises a perspective and exploded view of a microphone assembly

according to various embodiments of the present invention;

{8009 FIG. 2 comprises a top view of the microphone assembly according to various

embodiments of the present invention;

{6016} FIG. 3 comprises a side cutaway view of the microphone assembly of FIGs. 1-2

according to various embodiments of the present mvention;

{6011} FIG. 4 comprises a side cutaway view of a microphone assembly according to

various emboediments of the present invention;

160612} FIG. § comprises a perspective view of the assembly of FIG. 4 according to

various embodiments of the present invention.
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{8313} Skilled artisans will appreciate that clements in the figures are illustrated for
simplicity and clarity, It will further be appreciated that certain actions and/or steps may be
described or depicted in a particular order of occurrence while those skilled i the arnt will
understand that such specificity with respect to seguence is not actually reguired. It will also be
understood that the terms and expressions unsed herein have the ordinary meaning as is accorded
to such terms and cxpressions with respect to their corresponding respective arcas of mquiry and

study except where specific meanings have otherwise been set forth herein.

DETAILED DESCRIPTION

{6014} The approaches presented herein control solder creep or flow across a lid or
across other locations of a microphone assembly. In one example, the lid (or housing) is at least
partially constructed of a base metal (such as brass} and is referred to herein as a “metal can”
The metal can is only partially plated. By “plated”, it is meant that a layer or coating of another
metal 1s attached to the surface of the base metal forming the lid. Since the metal can is not fully
plated, control of the solder {or some other conductive fusion material) that can potentially creep
up or flow across the metal can is achicved. Unwanted joint material (e.g., solder) is prevented
from entering arcas or volumes that arc to be kept free of this unwanted material therchy

preventing damage to internal componenis of microphones or other acoustic devices,

[0015] The approaches described herein are not subject to process variability, particular
thicknesses of the plating, reflow profiles, and customer reflow processes. In still another
advantage, manufacturing processes do not have to inspect manufactured devices for solder

creep thereby reducing manufacturing costs.

{0016} In yet another advantage, the cost of microphone assemblics s still reduced
because the whole metal can or housing need not be plated (with an expensive material such as
gold}. This allows both the amount of plating to be reduced and the can to be constructed of a
cheaper material that may also have other advantageous propertics. To take one specific
example, the present approaches allow a reduction in the amount of gold plating used and this
facilitates the moreased usage of staindess steel for the base material of the lid since there is no

need to {fully plate the lid. In one aspect, stainless steel has several advantages over brass, For
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example, usc of stainless steel allows the formation of a much “squarer” lid {e.g., having sharp,

well-defined corners) than brass. Other advantages may also exist.

{8317} In many of these embodiments, solder creeping is controlled o a required height
of a hid, while still providing sufficient metallic bonding between metal can and a base {¢c.g.. 2
FR4-constructed base). The partial plating can be achieved via an automation process that is

performed at the plating house or manufacturer,

18818} In many of these embodiments, an acoustic device inchudes a substrate, a substrate
cover, and a phlarality of electrical and acoustic components. The substrate cover is disposed on
the substrate and the phurality of clectrical and acoustic components are disposed on the
substratc and under the substrate cover., The substrate cover is constructed of a base metal and
the substrate cover compriscs a partially piating, The partial plating is arranged so as to prevent

solder creep along a surface of the substrate cover.

18819} I some examples, the base metal is brass. In other examples, the base metal is
stainless steel. In some examples, the partial plating is gold. In other examples, the partial

plating is nickel.

{0026} In some aspects, the partial plating s effective to prevent solder creep to a
predetermined height of the substrate cover. In other aspects, the partial plating comprises

approximately ¥4 to 1/3 of the arca of the cover.

18821} I some ecxamples, the surface of the substrate cover comprises an inner surface of
the substrate cover. In other examples, the surface of the substrate cover comaprises an outer

surface of the substrate cover.

{6022} Referring now to FIG. 1, 2, and 3, one example of a microphone assembly 160
with selective plating is described. The assembly 100 includes a base 101, cpoxy attachment
102, epoxy attachment 103, a microclectromechanical system (MEMS) device 104, an integrated

circuit 105, wires 106, encapsulation 107, solder paste 108, and a lid 109,

{8023 The basc 101 is a substrate on which the lid and other components rest.  In one

example, the base 101 is constructed of an FR-4 material. Other examples of materials may also
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be used. The epoxy attachment 102 and the epoxy attachment 103 are adhesives that attach the

MEMS device 104 and the integrated circnit 105 to the base 101,

{8024} The MEMS device 104 receives sound energy and converts the sound energy into
clectrical energy. In that respect, the MEMS device 104 may include a diaphragn and a back
plate. Sound energy causcs movement of the diaphragm and this varies the electrical potential
between the diaphragm and the back plate. The current or voltage that is produced represents the

sound encrgy that has been recetved by the MEMS apparatus 104,

{6025} The integrated circuit 105 is any kind of integrated circuit that performs any kind
of processing function. In one example, the integrated circuit 105 is a buffer or an amplifier.
Other examples of integrated circuits are possible. The wires 106 are conncections that couple

electrical componcents together.

{8026} The encapsulation 107 is a material {¢.g., silicone-based epoxy) that covers the
integrated circuit 105, The purpose of the encapsulation 107 is to provide environmental

protection for the integrated circuit 105,

{0827} The solder paste 10¥ is paste of solder. The purpose of the solder paste is to hold
the lid and the base together. The solder paste, in one aspect, is on the inside and outside of the

iid. Other examples of conductive fusion materials are possibie,

{6028} The lid 109 is a metal cover. The lid 109 1s attached to the base 101 by the soider
paste 108, The hid 109 is constructed of metal {¢.g., brass or stainless steel). The lid has a plated
section 120 and a non-plated section 122, The plated scction 120 is a brass base that is plated
with gold. In other examples, nickel, Paladium-Nickel-Gold, or tin plating can also be used.
Solder will run in the plated section 120 but will not attach to the non-plated section 122, The lid

includes a port 124 through which the sound encrgy enters the assembly 100,

{0029} In one example, the plated arca (as shown by the dimension labeled 126 in the
figures}) is approximately 4 to 1/3 the total height of the metal can. The height of the metal can
may vary depending upon the height of the package in which the can is placed, In one cxample,

the base s arcund 0.35 mim and the total can is approximately | to 1.5 mim in height. Reduced
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dimensions are possible. [t will be understood that the approaches may be used with both top

port and bottom port devices,

B3¢} Referring now to FIGs. 4 and 5, another cxample of a microphone assembly 400
with sclective plating is described. The assembly 400 includes a lid 402 and a base 404. The lid
402 forms a metal can that is attached to the base 404. For simplicity, the internal components

{c.g., MEMS device, integrated circuit) within the metal can are not shown in FIG. 4.

18831} I this example, the lid or can 402 is a metal cover. The lid 402 is attached to the
base 404 by the solder paste 406. The lid 402 is constructed of metal (e.g., brass or stainless
steel to mention two examples). The hid 402 includes a non-plated section 408 and a plated
section 410, The plated section 410 in one aspect 18 a brass base that is plated with gold. In
another example, nickel can be used. Solder will run in the plated section 410 but will not attach
to the non-plated section 408. In this cxample, the lid 402 includes a port 412 making the
example of FIG. 4 a top port device. In other examples, the port is on the bottom (i.c., through

the base 404) making the assembly 400 a bottom port device.

108032} Since the metal can 402 15 not fully plated, conirol of the solder {or some other
conductive fusion material) that can potentially creep up or flow across the metal can 402 is
achieved. Unwanted joint material (e.g., solder) is prevented from entering areas or volumes that
are to be kept free of this unwanted material thereby preventing damage to internal components
of microphounes or other acoustic devices, In this example, the solder will not move further up
the can than the level indicated by the line labeled 414, In one example, the plated area is
approximately Y4 to 1/3 the total height of the metal can and the can is approximately 1 mm high.

Other dimensions are possible.

18433} Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the mvention, It should be understood that the
illustrated erobodiments are exemplary only, and should not be taken as limiting the scope of the

myvention,
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WHAT IS CLAIMED IS:

i An acoustic device, the device comprising:
a substrate;
a substrate cover disposed on the substrate;

a phurality of electrical and acoustic components disposed on the substrate and under the
substrate cover;
wherein the substrate cover s constructed of a base metal and wherein the substrale cover

comprises a partially plating, the partial plating arrange 50 as to prevent solder creep along a

surfage of the substrate cover,

2. The acoustic device of claim 1 wherein the base metal is brass.
3. The acoustic device of claim 1 whercin the partial plating is gold.

4, The acoustic device of claim 1 wherein the base metal is stainless steel.

5. The acoustic device of claim 1 wherein the partial plating is effective to prevent

solder creep to a predetermined height of the substrate cover.

6. The acoustic device of claim | wherein the partial plating comprises

approximately Y to 1/3 of the area of the cover.
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7. The acoustic device of claim 1 wherein the partial plating is nickel

8. The acoustic device of claim 1 wherein the surface of the substrate cover

comprises an inner surface of the substrate cover.

g, The acoustic device of claim 1 wherein the surface of the substrate cover

comprises an outer surface of the substrate cover.

10. A cover for an acoustic device, the cover comprising:
a base metal portion; and

a plating disposed partially over the base metal portion, the plating arranged so as to

prevent solder creep along a surtace of the cover;

wherein the cover is configured for attachment to the substrate of an acoustic device,

1t The cover of claim 10 wherein the base metal is brass.

12. The cover of claim 10 wherein the plating is gold.

13, The cover of claim 10 wherein the base metal is stainless steel.

14, The cover of claim 10 wherein the plating is effective to prevent solder creep toa

predetermined height of the cover,



WO 2014/018718 PCT/US2013/051975

I5. The cover of claim 10 wherein the plating comprises approximately % to 1/3 of

the area of the cover.

6, The cover of claim 10 wherein the partial plating 1s nickel.
7. The cover of claim 10 wherein the surface of the cover comprises an inner surface

of the cover.

I8, The cover of claim 10 wherein the surface of the cover cornprises an outer surface

of the cover,
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