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ABSTRACT 

An apparatus has ?rst and second Wafers, and a conductive 
rim between the ?rst and second Wafers. The conductive rim 
electrically and mechanically connects the ?rst and second 
Wafers. In addition, the conductive rim and second Wafer at 
least in part seal an area on the surface of the ?rst Wafer. 
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SEMICONDUCTOR ASSEMBLY WITH 
CONDUCTIVE RIM AND METHOD OF 

PRODUCING THE SAME 

PRIORITY 

[0001] This patent application claims priority from and is 
a divisional patent application of US. patent application Ser. 
No. 10/737,231, ?led Dec. 15, 2003, entitled, “SEMICON 
DUCTOR ASSEMBLY WITH CONDUCTIVE RIM AND 
METHOD OF PRODUCING THE SAME,” and naming 
Susan A. Alie, Bruce K. Wachtmann, Michael Judy, and 
David Kneedler as inventors, the disclosure of Which is 
incorporated herein, in its entirety, by reference. 

FIELD OF THE INVENTION 

[0002] The invention generally relates to electronic 
devices and, more particularly, the invention relates to 
capped electronic devices. 

BACKGROUND OF THE INVENTION 

[0003] Microelectromechanical systems (i.e., “MEMS”) 
are highly miniaturized devices that can be con?gured to 
perform a Wide variety of functions. For example, a MEMS 
device can be implemented as an accelerometer to measure 
the acceleration of a moving body. One type of MEMS 
accelerometer, for example, has a suspended mass that, in 
response to an acceleration, moves relative to an underlying 
substrate. Acceleration thus may be calculated as a function 
of the movement of the suspended mass relative to its 
underlying substrate. 

[0004] Because of their relatively small siZe, the mechani 
cal structures of MEMS devices (e.g., the suspended mass in 
the above noted accelerometer) typically are both fragile and 
sensitive. Accordingly, many seemingly innocuous things 
can adversely impact MEMS performance, such as dust, 
moisture, and static electricity. The art has responded to this 
problem by isolating sensitive MEMS mechanical structures 
from the outside environment. For example, one isolation 
method bonds a cap over the mechanical components. 

[0005] Although generally satisfactory for isolating 
MEMS structure, this solution creates other problems. In 
particular, the cap can accumulate a relatively large static 
electric charge that can adversely affect device performance 
and/or damage the MEMS device. 

SUMMARY OF THE INVENTION 

[0006] In accordance With one aspect of the invention, an 
apparatus has ?rst and second Wafers, and a conductive rim 
betWeen the ?rst and second Wafers. The conductive rim 
electrically and mechanically connects the ?rst and second 
Wafers. In addition, the conductive rim and second Wafer at 
least in part seal an area on the surface of the ?rst Wafer. 

[0007] In some embodiments, the conductive rim and 
second Wafer hermetically seal the area on the surface of the 
?rst Wafer. Among other things, the conductive rim can be 
a silicide. 

[0008] The sealed area on the ?rst Wafer may include a 
number of things, such as MEMS structure. In that case, the 
conductive rim illustratively is electrically isolated from the 
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MEMS structure. Moreover, the second Wafer may include 
a cap, Which may in part protect the MEMS structure from 
the environment. 

[0009] In some embodiments, the ?rst Wafer includes 
circuitry capable of delivering a bias voltage to the second 
Wafer via the conductive rim. The circuitry may have a 
maximum temperature to Which it can be exposed. In such 
case, the conductive rim illustratively is produced from a 
material that interdilfuses and/ or melts at a temperature that 
is less than the maximum temperature to Which the circuitry 
can be exposed. 

[0010] At least one of the ?rst Wafer and the second Wafer 
may be produced from a silicon based material. For 
example, at least one of the ?rst Wafer and the second Wafer 
may be comprised of polysilicon, single crystal silicon, or 
silicon germanium. 

[0011] In accordance With another aspect of the invention, 
a method of forming a MEMS device places rim material 
betWeen a ?rst Wafer and a second Wafer to form an 
intermediate apparatus. The rim material is placed so that it 
forms a closed loop de?ning an area on the ?rst Wafer. The 
method then both heats and applies pressure to the interme 
diate apparatus. After heating and applying pressure, the rim 
material cooperates With the ?rst and second Wafers to both 
seal the area on the ?rst Wafer and electrically connect the 
?rst and second Wafers. 

[0012] In illustrative embodiments, the second Wafer is 
substantially parallel With the ?rst Wafer. The rim material 
may cooperate With the ?rst and second Wafers by integrat 
ing With the ?rst and second Wafers to form a composite 
material that comprises the rim material. For example, the 
rim material may diffuse into the ?rst and second Wafers to 
form a silicide material. 

[0013] The method may form MEMS structure Within the 
area on the ?rst Wafer. Circuitry also may be formed on the 
?rst Wafer. Among other things, the circuitry may be capable 
of applying a bias voltage to the second Wafer through the 
rim material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The foregoing and advantages of the invention Will 
be appreciated more fully from the folloWing further 
description thereof With reference to the accompanying 
draWings Wherein: 

[0015] FIG. 1 schematically shoWs a perspective vieW of 
an electronic device that may be capped in accordance With 
illustrative embodiments of the invention. 

[0016] FIG. 2 schematically shoWs a cross-sectional vieW 
of the device shoWn in FIG. 1 along line X-X, Where the 
device is con?gured in accordance With one embodiment of 
the invention. 

[0017] FIG. 3 shoWs a process of forming the electronic 
device shoWn in FIG. 2 in accordance With various embodi 
ments of the invention. 

[0018] FIG. 4 schematically shoWs a cross-sectional vieW 
of an alternative embodiment of the invention implemented 
on MEMS device having circuitry and structure on the same 
die. 
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[0019] FIG. 5 schematically shows a cross-sectional vieW 
of another alternative embodiment of the invention imple 
mented on MEMS device having circuitry and structure on 
the same die and circuitry on the cap. 

[0020] FIG. 6 schematically shoWs a cross-sectional vieW 
of yet another alternative embodiment of the invention 
implemented on a MEMS device in Which the cap effec 
tively forms another MEMS device. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0021] In illustrative embodiments, a MEMS device has a 
conductive rim that secures a cap to a MEMS die. The 
conductive rim both seals MEMS structure on the MEMS 
die and electrically connects the cap With ground or a ?xed 
bias potential. Among other things, the conductive rim may 
be formed at least in part from a silicide that integrally 
couples the cap and MEMS die. Details of various embodi 
ments are discussed beloW. 

[0022] FIG. 1 schematically shoWs a generic MEMS 
device 10 that may be con?gured in accordance With illus 
trative embodiments of the invention. The MEMS device 10 
shoWn includes a capped MEMS die 12 coupled With a 
circuit die 14. Accordingly, the MEMS die 12 shoWn has 
structure that is controlled and/or monitored by circuitry on 
the circuit die 14. The circuit die 14 has bond pads 16 or 
other interconnects to electrically communicate With an 
external device, such as a computer. To further protect the 
MEMS device 10 from the environment, conventional pro 
cesses may mount the entire MEMS device 10 Within a 
package. 

[0023] The MEMS device 10 may be any conventionally 
knoWn MEMS device 10, such as an inertial sensor. For 
example, the MEMS device 10 may be a gyroscope or an 
accelerometer. Exemplary MEMS gyroscopes are discussed 
in greater detail in US. Pat. No. 6,505,511, Which is 
assigned to Analog Devices, Inc. of NorWood, Mass. Exem 
plary MEMS accelerometers are discussed in greater detail 
in US. Pat. No. 5,939,633, Which also is assigned to Analog 
Devices, Inc. of NorWood, Mass. The disclosures of US. 
Pat. Nos. 5,939,633 and 6,505,511 are incorporated herein, 
in their entireties, by reference. 

[0024] FIG. 2 schematically shoWs a cross-sectional vieW 
of the device shoWn in FIG. 1 along line X-X. Speci?cally, 
the MEMS device 10 includes the above noted MEMS die 
12 (e.g., comprised of a silicon-based material, such as 
silicon) having a silicon-based cap 18 mounted to its top 
side, and the above noted circuit die 14 mounted to its 
bottom side. The cap 18 illustratively is formed from poly 
silicon and etched to have a cavity 20 de?ned by a cap rim 
22 extending from its interior side. The cavity 20 overlies a 
central portion of the MEMS die 12, Which includes the 
primary structure 24 for elfectuating the MEMS function 
ality. For example, if the MEMS die 12 is an accelerometer, 
the structure 24 may include a movable mass suspended 
above a substrate 26. 

[0025] In accordance With illustrative embodiments, the 
MEMS device 10 is considered to form a conductive rim 28 
that circumscribes the MEMS structure 24 on the MEMS die 
12. Among other things, the conductive rim 28 forms a 
hermetic seal that protects the MEMS structure 24 from the 
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environment. For example, the hermetic seal may protect the 
structure 24 from dust, moisture, and dirt. In alternative 
embodiments, the conductive rim 28 provides a non-her 
metic seal to the MEMS structure 24. As knoWn by those in 
the art, a non-hermetic seal may protect the MEMS structure 
24 from dust and dirt, but it is not moisture impervious. 

[0026] In addition to sealing the MEMS structure 24, the 
conductive rim 28 also electrically connects the cap 18 With 
the circuit die 14 through the MEMS die 12. The MEMS die 
12 thus includes vias 32 and contacts 34 (e.g., balls of a ball 
grid array) that extend from the conductive rim 28, through 
the MEMS die 12, and to the circuit die 14. Circuitry 30 on 
the circuit die 14 sets the potential of the cap 18 to ground 
or any desired voltage level. 

[0027] To those ends, the MEMS die 12 has a rim of 
polysilicon material (extending from the substrate 26 and 
referred to herein as the “MEMS rim 36”) that integrally 
couples With the cap rim 22 extending from the cap 18. In 
illustrative embodiments, the cap rim 22 and MEMS rim 36 
meet at a loosely de?ned intersection region 38 having a 
relatively high silicide concentration (discussed beloW With 
regard to FIG. 3). The concentration of silicide may be 
highest at the center of that intersection region 38 and reduce 
to essentially Zero at its loosely de?ned ends. Moreover, the 
conductive rim 28 (formed from the intersection region 38, 
MEMS rim 36 and cap rim 22) preferably is electrically 
isolated from the MEMS structure 24 to ensure that the 
potential applied to the cap 18 is carefully controlled. 

[0028] In illustrative embodiments, the MEMS rim 36 also 
acts as a sensor element. Alternatively, among other things, 
the MEMS rim 36 may act as a ground plane element, a 
circuit element, or dummy mechanical structure. 

[0029] FIG. 3 schematically shoWs an illustrative process 
of forming the MEMS device 10 shoWn in FIG. 2. It should 
be noted that various steps of this process may be performed 
in a different order than that discussed. In addition, those 
skilled in the art should understand that additional steps may 
be performed, While others may be omitted. 

[0030] The process begins at step 300, in Which the 
MEMS die 12 is formed in accordance With conventional 
processes. Among other processes, conventional surface 
micromachining processes may be used to form the MEMS 
die 12. Alternatively, silicon-on-insulator (“SOI”) processes 
may be used. As noted above, the die may be formed from 
a silicon-based material, such as polysilicon. In alternative 
embodiments, hoWever, other types of materials may be 
used. For example, single crystal silicon or silicon germa 
nium may be used for all or selected portions of the MEMS 
die 12. In any case, the conductivity of the MEMS rim 36 
should be controlled to be a satisfactory level. If necessary, 
some doping may be required to ensure appropriate conduc 
tive properties. 

[0031] The cap 18 then is formed at step 302. In a manner 
similar to the MEMS die 12, the cap 18 may be formed from 
a polysilicon Wafer (or other material) in accordance With 
conventional processes (e.g., surface micromachining pro 
cesses). The siZes of the cavity 20 and cap rim 22 illustra 
tively are selected to ensure a suf?cient clearance With the 
MEMS die 12. In particular, the cavity 20 should be suffi 
ciently large enough to not interfere With movement of the 
structure 24 on the MEMS die 12. 
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[0032] The process then continues to step 304, in Which 
conventional processes form the circuit die 14. Any con 
ventional circuitry designed to perform the desired function 
can be used. For example, the circuitry shoWn in the above 
noted incorporated patents can be used. In particular, if the 
MEMS device 10 is an accelerometer, then the circuitry 
shoWn in US. Pat. No. 5,939,633 can be used to sense 
electrostatic changes in the MEMS die 12. It should be noted 
that in illustrative embodiments, the MEMS die 12, cap 18 
and circuit die 14 each are formed as one of an array of 
identical elements on a single Wafer. 

[0033] Conventional processes then may metaliZe the bot 
tom side of the cap 18 (step 306). For example, a layer of 
platinum 40 may be sputter deposited onto the bottom side 
of the cap 18. The metaliZed cap 18 then may be placed on 
the MEMS die 12 so that the MEMS rim 36 directly contacts 
the cap rim 22. 

[0034] At this point in the process, the MEMS die 12 and 
cap 18 are not secured together. Accordingly, to fuse them 
together, this intermediate apparatus is subjected to rela 
tively high temperatures and pressures (at step 308) suffi 
cient to form a silicide bond in the intersection region 38. 
Those skilled in the art should be able to select the appro 
priate temperatures and pressures. By Way of example only, 
subjecting the intermediate apparatus to temperatures of 
betWeen about 280-450 degrees C. and pressures of about 
tWo atmospheres for about forty to ?fty minutes should 
provide satisfactory results. 

[0035] This step in the process thus produces platinum 
silicide in the intersection region 38. As knoWn by those in 
the art, because of the inter-diffusion of the platinum into the 
polysilicon, the outer portions of the tWo rims and the 
platinum betWeen the tWo rims cooperate to form a substan 
tially integral and conductive connector. The concentration 
of platinum thus is highest in the center of the intersection 
region 38 (e.g., ?fty percent platinum and ?fty percent 
polysilicon), While it reduces to Zero as a function of 
distance from the center. 

[0036] Materials other than platinum may be used to 
produce the silicide bond. For example, tungsten or titanium 
may be used. Use of such noted materials, hoWever, typi 
cally requires higher temperatures to form their respective 
silicide bonds than those required of platinum. Accordingly, 
use of tungsten or titanium With embodiments that have 
circuitry 30 on the intermediate apparatus (e.g., see FIGS. 
4-6, discussed beloW) may not be recommended because 
such high temperatures may adversely affect the circuitry 30. 
In other Words, the material selected to form the silicide 
bond should interdilfuse (and/ or melt) at a temperature that 
is loWer than temperatures that can adversely impact the 
circuitry 30 or other temperature sensitive portions of the 
MEMS device 10. 

[0037] Other types of bonds can be used. For example, 
rather than form a silicide bond, a solder-based bond can be 
used. Use of this type of bond, hoWever, requires additional 
process steps. In particular, in addition to metaliZing at least 
the cap rim 22 (as discussed above), the MEMS rim 36 also 
is metaliZed. Continuing With the above example, in a 
manner similar to the cap rim 22, the MEMS rim 36 also 
may be sputter deposited With platinum or other solderable 
material. Solder then can be applied and cured at relatively 
loW temperatures. 
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[0038] As noted above, the conductive rim 28 illustra 
tively completely encircles the MEMS structure 24 to pro 
vide both a hermetic seal and a conductive path betWeen the 
cap 18 and circuitry 30. In some embodiments, the conduc 
tive rim 28 forms a circular ring around the structure 24. In 
other embodiments, the conductive rim 28 forms some other 
shape (e.g., oval, rectangular, or an irregular shape) around 
the MEMS structure 24. 

[0039] After the silicide bond is formed, the process 
continues to step 310, in Which the bottom portion of the 
MEMS die 12 (or Wafer, as the case may be) is subjected to 
a thinning process (e.g., backgrinding or etch back pro 
cesses) that exposes the vias 32. Conductive contacts 34 then 
can be mounted to the bottom of the vias 32 (step 312), 
Which then can be mounted to corresponding contacts on the 
top surface of the circuit die 14 (step 314). The Wafers then 
can be diced, thus completing the process. As noted above, 
after it is fully formed, the resulting MEMS device 10 may 
be mounted in a package, ?ip chip mounted on a circuit 
board (after contacts are formed on one side), or used in any 
conventional manner. 

[0040] Accordingly, as shoWn in FIG. 2 and discussed 
above, the cap 18 is electrically connected to the circuit die 
14 through the conductive rim 28, corresponding vias 32, 
and ball contact 34 on the bottom of the MEMS substrate 26. 
Circuitry 30 on the circuit die 14 can set the potential of the 
cap 18 to ground or any desired voltage level. Alternatively, 
the conductive path through the MEMS die 12 to the 
conductive rim 28 can terminate at an external pin that can 
be externally grounded or set to any desired potential, such 
as 0.2 volts. 

[0041] FIG. 4 shoWs an alternative embodiment of the 
MEMS device 10. Rather than have a separate circuit die 14, 
the MEMS die 12 may include both structure 24 and 
circuitry 30. In a manner similar to the MEMS die 12 shoWn 
in FIG. 2, the MEMS die 12 of this embodiment may be 
produced in a conventional manner, such as by using surface 
micromachining or SOI processes. 

[0042] FIG. 5 shoWs another embodiment in Which a 
“smart cap” is used. In particular, the cap 18 may have 
circuitry 30 that shares or compliments processing With the 
circuitry 30 in the MEMS die 12. Instead of, or in addition 
to, bias potentials, the conductive path betWeen the cap 18 
and MEMS die 12 also can transmit data messages. FIG. 6 
shoWs yet another embodiment in Which tWo MEMS die 12 
are mounted together. It should be noted that components of 
various of the embodiments shoWn in FIGS. 1-6 can be 
combined to form other embodiments. For example, instead 
of MEMS die 12 With integrated circuitry 30, the circuitry 
30 in FIG. 6 may be located on one or more separate circuit 
die 14 as in FIG. 2. 

[0043] Generally speaking, various embodiments of the 
invention have a conductive rim 28 that couples tWo Wafers 
together in a manner that seals an internal area (e.g., having 
sensitive structure 24) on at least one of the Wafers. In 
addition to (or instead of) other conductive paths, that 
conductive rim 28 also can be used to electrically commu 
nicate at least one of the Wafers With some other Wafer. 
Accordingly, unintended potential differences betWeen the 
cap 18 and MEMS structure 24 should be avoided. 

[0044] Different materials than those discussed above also 
may be used. Moreover, some embodiments are applicable 
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to devices other than MEMS devices. For example, inte 
grated circuits and other types of devices may implement 
aspects of the invention. Accordingly, discussion of MEMS 
devices is exemplary and thus, not intended to limit all 
embodiments of the invention. 

[0045] Although the above discussion discloses various 
exemplary embodiments of the invention, it should be 
apparent that those skilled in the art can make various 
modi?cations that Will achieve some of the advantages of 
the invention Without departing from the true scope of the 
invention. 

1. A method of forming a MEMS device, the method 
comprising: 

placing rim material betWeen a ?rst Wafer and a second 
Wafer to form an intermediate apparatus, the rim mate 
rial forming a closed loop de?ning an area on the ?rst 
Wafer; 

applying pressure to the intermediate apparatus; and 

heating the intermediate apparatus, 

after heating and applying pressure, the rim material 
cooperating With the ?rst and second Wafers to seal the 
area on the ?rst Wafer and electrically connect the ?rst 
and second Wafers. 
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2. The method as de?ned by claim 1 Wherein the second 
Wafer is substantially parallel With the ?rst Wafer. 

3. The method as de?ned by claim 1 Wherein the rim 
material cooperates With the ?rst and second Wafers by 
integrating With the ?rst and second Wafers to form a 
composite material comprising the rim material. 

4. The method as de?ned by claim 1 Wherein the rim 
material di?‘uses into the ?rst and second Wafers to form a 
silicide material. 

5. The method as de?ned by claim 1 further comprising: 

forming MEMS structure Within the area on the ?rst 
Wafer. 

6. The method as de?ned by claim 1 further comprising 
forming circuitry on the ?rst Wafer capable of applying a 
bias voltage to the second Wafer through the rim material. 

7. A MEMS device formed by the method de?ned by 
claim 1. 

8. The method as de?ned by claim 1 Wherein rim material 
cooperates With the ?rst and second Wafers to hermetically 
seal the area on the ?rst Wafer. 

9. The method as de?ned by claim 1 Wherein the closed 
loop forms an irregular shape. 


