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(57) ABSTRACT 
A loW-cost ceramic package, in land-grid array or ball-grid 
array con?guration, for micromechanical components is 
fabricated by coating the Whole integrated circuits Wafer 
With a protective material, selectively etching the coating for 
solder ball attachment, singulating the chips, ?ip-chip 
assembling a chip onto the opening of a ceramic substrate, 
under?lling the gaps betWeen the solder joints With a poly 
meric encapsulant, removing the protective material form 
the components, and attaching a lid to the substrate for 
sealing the package. 

It is an aspect of the present invention to be applicable to a 
variety of different semiconductor micromechanical 
devices, for instance actuators, motors, sensors, spatial light 
modulators, and deformable mirror devices. In all applica 
tions, the invention achieves technical advantages as Well as 
signi?cant cost reduction and yield increase. 
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FLIP-CHIP ASSEMBLY OF PROTECTED 
MICROMECHANICAL DEVICES 

FIELD OF THE INVENTION 

[0001] The present invention is related in general to the 
?eld of semiconductor devices and processes and more 
speci?cally to the design and fabrication of a land-grid 
array/ball-grid array package based on ?ip-chip assembly 
generally of micromechanical devices and speci?cally of 
digital mirror devices. 

DESCRIPTION OF THE RELATED ART 

[0002] Micromechanical devices include actuators, 
motors, sensors, spatial light modulators (SLM), digital 
micromirror devices or deformable mirror devices (DMD), 
and others. The technical potential of these devices is 
especially evident When the devices are integrated With 
semiconductor circuitry using the miniaturiZation capability 
of semiconductor technology. 

[0003] SLMs are transducers that modulate incident light 
in a special pattern pursuant to an electrical or other input. 
The incident light may be modulated in phase, intensity, 
polariZation or direction. SLMs of the deformable mirror 
class include micromechanical arrays of electronically 
addressable mirror elements or pixels, Which are selectively 
movable or deformable. Each mirror element is movable in 
response to an electrical input to an integrated addressing 
circuit formed monolithically With the addressable mirror 
elements in a common substrate incident light is modulated 
in direction and/or phase by re?ection from each element. 

[0004] As set forth in greater detail in commonly assigned 
US. Pat. No. 5,061,049, issued on Oct. 29, 1991 (Hornbeck, 
“Spatial Light Modulator and Method”), deformable mirror 
SLMs are often referred to as DMDs in three general 
categories: elastometric, membrane, and beam. The latter 
category includes torsion beam DMDs, cantilever beam 
DMDs, and ?exure beam DMDs. Each movable mirror 
element of all three types of beam DMD includes a relatively 
thick metal re?ector supported in a normal, unde?ected 
position by an integral, relatively thin metal beam. In the 
normal position, the re?ector is spaced from a substrate 
supported, underlying control electrode, Which may have a 
voltage selectively impressed thereon by the addressing 
circuit. 

[0005] When the control electrode carries an appropriate 
voltage, the re?ector is electrostatically attracted thereto and 
moves or is de?ected out of the normal position toWard the 
control electrode and the substrate. Such movement or 
de?ection of the re?ector causes deformation of its support 
ing beam storing therein potential energy Which tends to 
return the re?ector to its normal position When the control 
electrode is de-energiZed. The deformation of a cantilever 
beam comprises bending about an axis normal to the beam’s 
axis. The deformation of a torsion beam comprises defor 
mation by tWisting about an axis parallel to the beam’s axis. 
The deformation of a ?exure beam, Which is a relatively 
long cantilever beam connected to the re?ector by a rela 
tively short torsion beam, comprises both types of deforma 
tion, permitting the re?ector to move in piston-like fashion. 

[0006] A typical DMD includes an array of numerous 
pixels, the re?ectors of each of Which are selectively posi 

May 6, 2004 

tioned to re?ect or not to re?ect light to a desired site. In 
order to avoid an accidental engagement of a re?ector and its 
control electrode, a landing electrode may be added for each 
re?ector. It has been found, though, that a de?ected re?ector 
Will sometimes stick or adhere to its landing electrode. It has 
been postulated that such sticking is caused by intermolecu 
lar attraction betWeen the re?ector and the landing electrode 
or by high surface energy substances adsorbed on the surface 
of the landing electrode and/or on the portion of the re?ector 
Which contacts the landing electrode. Substances Which may 
impart such high surface energy to the re?ector-landing 
electrode interface include Water vapor or other ambient 
gases (e.g., carbon monoxide, carbon dioxide, oxygen, nitro 
gen) and gases and organic components resulting from or 
left behind folloWing production of the DMD. A suitable 
DMD package is disclosed in commonly assigned US. Pat. 
No. 5,293,511 issued on Mar. 8, 1994 (Poradish et al., 
“Package for a Semiconductor Device”). 

[0007] Sticking of the re?ector to the landing electrode has 
been overcome by applying selected numbers, durations, 
shapes and magnitudes of voltage pulses to the control 
electrode. Detail can be found in US. Pat. No. 5,096,279, 
issued on Mar. 17, 1992 (Hornbeck et al., “Spatial Light 
Modulator and Method”). Further improvement of the stick 
ing problem is disclosed in commonly assigned US. Pat. 
No. 5,331,454, issued on Jul. 19, 1994 (Hornbeck, “LoW 
Reset Voltage Process for DMD”). This patent describes a 
technique for passivating or lubricating the portion of the 
landing electrode engaged by the deformed re?ector, and/or 
the portion of the deformed re?ector Which engages the 
landing electrode. Passivation is effected by loWering the 
surface energy of the landing electrode and/or the re?ector, 
Which is, in turn, effected by chemically vapor-depositing on 
the engageable surfaces a monolayer of a long-chain ali 
phatic halogenated polar compound, such as per?uoroalkyl 
acid. Objects do not easily, if at all, stick or adhere to loW 
energy surfaces, Which are also usually expected to be 
resistant to sorption thereonto of high surface-energy 
imparting substances such as Water vapor. 

[0008] Re?nements of the passivation method are dis 
closed in US. Pat. No. 5,939,785, issued on Aug. 17, 1999 
(Klonis et al., “Micromechanical Device including Time 
release Passivant”), and US. Pat. No. 5,936,758, issued on 
Aug. 10, 1999 (Fisher et al., “Method of Passivating a 
Micromechanical Device Within a Hermetic Package”). The 
method an enclosed source time-releasing a passivant, pref 
erably a molecular sieve or binder impregnated With the 
passivant. Further, the method is placing a predetermined 
quantity of the passivant in the package just after device 
activation, and is then immediately Welding a hermetic lid 
(free of passivant during the Welding process) to the pack 
age. 

[0009] The described sensitivity of most micromechanical 
devices Would make it most desirable to protect them against 
dust, particles, gases, moisture and other environmental 
in?uences during all process steps involved in device assem 
bly and packaging. It is, therefore, especially unfortunate 
that conventional assembly using gold Wire bonding does 
not permit the removal of any protective material from the 
micromechanical devices after Wire bonding completion, so 
that the devices have to stay unprotected through these 
process steps. As a consequence, yield loss is almost 
unavoidable. 
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[0010] Furthermore, today’s overall package structure for 
micromechanical devices, based on multi-level metalliZa 
tion ceramic materials, and method of fabrication is eXpen 
sive. This fact con?icts strongly With the market require 
ments for many applications of micromechanical devices, 
Which put a premium at loW device cost and, therefore, loW 
package cost. 

[0011] An urgent need has therefore arisen for a coherent, 
loW-cost method of encapsulating micromechanical chips 
and for a loW cost reliable package structure. The structure 
should be ?exible enough to be applied for different micro 
mechanical product families and a Wide spectrum of design 
and process variations. Preferably, these innovations should 
be accomplished While shortening production cycle time and 
increasing throughput. 

SUMMARY OF THE INVENTION 

[0012] According to the present invention, a loW-cost 
ceramic package, in land-grid array or ball-grid array con 
?guration, for micromechanical components is fabricated by 
coating the Whole integrated circuits Wafer With a protective 
material, selectively etching the coating for solder ball 
attachment, singulating the chips, ?ip-chip assembling a 
chip onto the opening of a ceramic substrate, under?lling the 
gaps betWeen the solder joints With a polymeric encapsulant, 
removing the protective material form the components, and 
attaching a lid to the substrate for sealing the package. 

[0013] The package structure disclosed is ?exible With 
regard to solder and under?ll materials and geometrical 
detail such as storage space for chemical compounds Within 
the enclosed cavity of the package. 

[0014] It is an aspect of the present invention to be 
applicable to a variety of different semiconductor microme 
chanical devices, for instance actuators, motors, sensors, 
spatial light modulators, and deformable mirror devices. In 
all applications, the invention achieves technical advantages 
as Well as signi?cant cost reduction and yield increase. 

[0015] In a key embodiment of the invention, the micro 
mechanical components are micromirrors for a digital mirror 
device. In this case, the lid is a plate made of glass or any 
other material transparent to light, and the protective mate 
rial is a photoresist as used in photolithographic processes. 

[0016] It is another aspect of the present invention to keep 
the sensitive micromechanical components safely protected 
until the ?nal attachment of the lid, resulting in signi?cantly 
higher assembly and process yield and enhanced device 
quality and reliability. 

[0017] Another aspect of the invention is to use Well 
controlled solder ball attachment and solder joint under?ll 
processes, providing a package With loW mechanical stress 
and necessary control for providing planarity requirements. 

[0018] Another aspect of the invention is to be applicable 
to single-level metal ceramic substrates, Which can be manu 
factured at loW cost. 

[0019] Another aspect of the invention is to provide 
assembly and packaging designs and processes With ?eX 
ibility to produce land-grid array or ball-grid array packages. 

[0020] These aspects have been achieved by the teachings 
of the invention concerning structure and methods suitable 
for mass production. 
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[0021] The technical advances represented by the inven 
tion, as Well as the aspects thereof, Will become apparent 
from the folloWing description of the preferred embodiments 
of the invention, When considered in conjunction With the 
accompanying draWings and the novel features set forth in 
the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1A is a schematic top vieW of a semiconduc 
tor Wafer having a plurality of integrated circuits With 
micromechanical components. 

[0023] FIGS. 1B to 10 illustrate the ?ip-chip assembly 
process steps according to the invention for fabricating a 
land-grid array package and a ball-grid array package for a 
chip having micromechanical components. 

[0024] FIG. 1B is a schematic cross section of a portion 
of the semiconductor Wafer in FIG. 1A. The cross sectional 
vieW illustrates a plurality of micromechanical components 
coated by a protective material according to the invention. 

[0025] FIG. 2 is a schematic cross section of the portion 
of the semiconductor Wafer shoWn in FIG. 1B after selective 
etching of the protective coating. 

[0026] FIG. 3 is a schematic cross section of the portion 
of the semiconductor Wafer shoWn in FIG. 2 after depositing 
the solder balls. 

[0027] FIG. 4 is a schematic cross section of a discrete 
chip having micromechanical components and solder balls, 
after separation from the composite Wafer shoWn in FIG. 3. 

[0028] FIG. 5 is a schematic top vieW of the insulating 
substrate, its central opening and tWo pluralities of metallic 
contact pads. 

[0029] FIG. 6 is a schematic cross section of the substrate 
shoWn in FIG. 5 after mounting the chip shoWn in FIG. 4 
according to the invention. 

[0030] FIG. 7 is a schematic cross section of the mounted 
chip shoWn in FIG. 6 after ?lling the gap spacing the chip 
and the substrate With a polymeric encapsulant according to 
the invention. 

[0031] FIG. 8 is a schematic cross section of the 
assembled chip shoWn in FIG. 7 after removing the protec 
tive material from the micromechnical components. 

[0032] FIG. 9 is a schematic cross section of the 
assembled chip shoWn in FIG. 8 after attaching the lid, 
completing the land-grid array package according to the 
invention. 

[0033] FIG. 10 is a schematic cross section of the com 
pleted device of FIG. 9 after attaching a plurality of solder 
balls to the substrate and creating a ball-grid array package. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] FIG. 1A schematically shoWs a semiconductor 
(usually silicon) Wafer, generally designated 100, With a 
plurality of devices 101 not yet singulated from the Wafer. A 
cross section along line A-A is partially reproduced in FIG. 
1B in schematic and simpli?ed manner. 
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[0035] As FIG. 1B indicates, the semiconductor (silicon) 
basic material 102 supports a number of devices of length 
104. Each device consists of an integrated circuit (not shoWn 
in FIG. 1B) and a plurality of micromechanical components 
103. The plurality of components 103 occupies a length 105 
located in the central portion of the total device length 104. 
Furthermore, the plurality of components 103 is con?gured 
in a plane. In the peripheral portions of each device, there is 
a plurality of metallic terminals 106, Which serve as elec 
trical inputs/outputs of the integrated circuit and the micro 
mechanical components. Terminals 106 are typically metal 
lic; commonly used metals in the semiconductor industry are 
aluminum, copper, and gold. Often, refractory metals such 
as chromium, molybdenum, titanium, or titanium-tungsten 
alloy are used over nickel, copper, or gold; they may have a 
surface layer of solder-compatible metal such as palladium 
or platinum. 

[0036] The dashed lines designated “B” in FIG. 1B indi 
cate the locations Where the rotating saWs Will eventually 
separate each device from the Wafer in a singulation step 
before assembly. 

[0037] The micromechanical components 103 may 
include actuators, motors, sensors, spatial light modulators, 
and deformable mirror devices. By Way of example and 
purposes of illustration, micromechanical components 103 
are digital micromirror devices (DMD), as manufactured by 
Texas Instruments Incorporated, Dallas, Tex., USA. 

[0038] The semiconductor basic material is usually silicon 
in single-crystalline form. The material may also be silicon 
germanium, gallium arsenide, or any other semiconductor 
material used for device production. 

[0039] The fabrication process How steps of the preferred 
embodiment are illustrated in FIGS. 1B through 9 and 10. 

[0040] Process Step 1: Coating Wafer Surface. 

[0041] For the full bene?t of the present invention, it is 
pivotally important that the surface of the Whole Wafer 
including the plurality of micromechanical components 103 
is coated With a protective material 107; see FIG. 1B. By 
Way of example, material 107 may be a layer of photoresist 
material as used in semiconductor photolithographic pro 
cesses. This layer is able to Withstand the elevated tempera 
tures employed later in solder re?oW and under?ll curing. 
The protective layer prevents any deposition of dust or 
environmental particles on the micromechanical devices and 
protects the devices against process-related damages (such 
as scratches), until all process steps are completed. Conse 
quently, the protective layer contributes signi?cantly to 
process yield and device quality improvement. 

[0042] Process Step 2: Selectively Etching. 

[0043] As shoWn in FIG. 2, the protective layer 107 is 
etched selectively in order to expose the terminals 106 of 
each device. The portions 107a of the protective coating, 
hoWever, must remain over the plurality of micromechanical 
components 103 of each device. 

[0044] Process Step 3: Depositing Solder Balls. 

[0045] In the next process step, illustrated in FIG. 3, 
solder balls 301 are deposited onto the exposed terminals 
106 so that one solder ball is deposited onto each terminal. 
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[0046] As used herein, the term solder “ball” does not 
imply that the solder contacts are necessarily spherical; they 
may have various forms, such as semispherical, half-dome, 
truncated cone, or generally bump, or a cylinder With 
straight, concave or convex outlines. The exact shape is a 
function of the deposition technique (such as evaporation, 
plating, or prefabricated units) and re?oW technique (such as 
infrared or radiant heat), and the material composition. 
Generally, a mixture of lead and tin is used; other materials 
include indium, alloys of tin/indium, tin silver, tin/bismuth, 
or conductive adhesive compounds. The melting tempera 
ture of the solder balls 310 may be different (usually higher) 
from the melting temperature of the solder balls used for 
connecting the device to the outside World. 

[0047] Several methods are available to achieve consis 
tency of geometrical shape by controlling amount of mate 
rial and uniformity of re?oW temperature. Typically, the 
diameter of the solder balls ranges from 0.1 to 0.5 mm, but 
can be signi?cantly larger. Commercial suppliers for pre 
fabricated solder balls are, for example, Indium Metals, 
Utica, NY, USA; Alpha Metals, Jersey City, N.J., USA. 

[0048] More technical detail about depositing solder balls 
on a Whole Wafer, Without ball duplication or missing a ball, 
can be found, for instance, in US. patent application Ser. 
No. 09/186,973, ?led Nov. 5, 1998 (Heinen et al., “Wafer 
Scale Assembly of Chip-SiZe Packages”), and # 60/066,268, 
?led Nov. 20, 1997 (Amador et al., “Wafer-scale Assembly 
of Chip-SiZe Packages”), to Which the present invention is 
related. 

[0049] Process Step 4: Separating Composite Structure. 

[0050] Lines 302 in FIG. 3 extend through surface por 
tions freed from the protective coating; hoWever, they indi 
cate the same positions as lines “B” in FIG. 1B. The rotating 
saWs, moving along the saW (or “scribe”) streets of the 
semiconductor Wafer, separate each chip along line 302 from 
the original Wafer. 

[0051] One such singulated chip is depicted schematically 
in the cross section of FIG. 4. The plurality of microme 
chanical components 103, protected by coating 107, is 
con?gured in a plane in the center portion of the chip. The 
plurality of terminals 106, With solder balls 301 attached, is 
con?gured in peripheral portions of the chip. The chip With 
the micromechanical devices is thus readied for assembly 
onto a substrate using the so-call-d “?ip-chip” technology. 

[0052] Process Step 5: Providing Substrate. 

[0053] The preferred embodiment of the present invention 
uses a loW-cost electrically insulating substrate made of 
ceramic having ?rst and second surfaces, a central opening, 
and single-level metalliZation. As an example, FIG. 5 shoWs 
the schematic top vieW of a substrate, generally designated 
500, With square outline 501 and a central opening 502 With 
square-shaped outline 503. The vieW of FIG. 5 is on the ?rst 
surface 504 of the substrate. 

[0054] First surface 504 exhibits the single-level metalli 
Zation of the substrate. This metalliZation provides a ?rst 
plurality of contact pads 505 in proximity of the outline 503 
of the opening. By Way of example, these contact cads 505 
are shoWn in FIG. 5 having circular shape. They may, 
hoWever, have square shape or any other shape. The contact 
pads are connected to a netWork of routing lines, integral 
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With the substrate and also portion of the single-level 
metalliZation, yet not shown in FIG. 5. 

[0055] Further, ?rst surface 504 has a second plurality of 
contact pads 506 remote from opening 502. In FIG. 5, the 
pads 506 are shoWn in square shape arranged in arrays of 
contact lands positioned along the outline 501 of the sub 
strate 500. Different geometrical shapes and arrangements 
are acceptable. Contact pads 506 are also electrically con 
nected to the routing lines (not shoWn in FIG. 5). Commonly 
used metals for both contact pads 505 and 506 include 
nickel, copper, and gold. They may have a surface layer of 
solder-compatible metal such as palladium or platinum. 

[0056] FIG. 6 illustrates a cross sectional vieW of sub 
strate 500 along lines C-C in FIG. 5. The cross section 
through the ceramic material is designated 601. In addition 
to ?rst substrate surface 504, FIG. 6 shoWs the second 
surface 602. First surface 504 and second surface 602 are 
substantially parallel to each other. Further shoWn in FIG. 6 
are cross sections through the ?rst plurality of contact pads 
505 and the second plurality of contact pads 506. 

[0057] Process Step 6: Aligning Chip and Substrate. 

[0058] An individual chip With solder balls 301, as shoWn 
in FIG. 4, is ?ipped and aligned With the ?rst plurality of 
contact pads 505 of substrate 500. Since the con?guration of 
solder balls 301 mirror images the con?guration of contact 
pads 505, each solder ball 301 can be placed into vertical 
alignment With its respective contact pad 505. TWo cameras 
supply the vision system for alignment so that the alignment 
can be performed automatically; hoWever, a microscope for 
visual inspection may be substituted. Alignment may be 
accomplished, for example, by rotating and translating the 
chip. Flip-chip alignment to substrates is performed rou 
tinely in industry. More detail of alignment techniques can 
be found, for instance, in the US. patent applications cited 
above. 

[0059] Process Step 7: Forming Solder Joints. 

[0060] As illustrated in FIG. 6, chip 610 having solder 
balls 301 is brought into contact With the substrate 601 
having contact pads 505 so that the solder balls 301 impact 
their respective contact pads 505 on the substrate. Next, 
thermal energy is applied to chip and substrate, preferably 
rapidly regulated radiant heat. The heating step may be 
performed, for example, in an inert gas environment, such as 
dry nitrogen or ?ltered gases, to provide for additional 
process control and to prevent excess particulates from 
settling on the chip surface. Non-contact or contact style 
thermocouples With closed-loop feedback to the heating 
source may monitor the temperature on both the chip and the 
substrate. 

[0061] For some micromechanical devices such as micro 
mirrors, it may be important to perform the solder re?oW 
process step using control features as described in the 
above-cited US. patent applications Ser. No. 09/186,973 
and # 60/066,268. One important feature is to perform the 
alignment and heating steps in a single apparatus and in a 
single operation Without moving and Without the risk of 
losing the alignment, as could easily occur in a conventional 
chain furnace heating operation. The heating step folloWs 
and is combined With the alignment step, and does not just 
represents the heating of pre-assembled parts. In addition, 
the use of radiant energy sources, as opposed to furnaces, 
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alloWs rapid temperature ramping or pro?ling, and also 
more uniform and more easily controllable heating and 
cooling cycles. Radiant heating alloWs a smooth transition 
from ambient temperature to the desired hot temperature, 
and rapid thermal response. The radiant energy is preferably 
provided by an optical heat source emitting near infrared 
light, such as incandescent to lamps (halogen lamps With 
tungsten ?lament and xenon ?lling). 

[0062] Furthermore, by using selected re?ective surfaces 
on non-active areas exposed to the near-infrared light, the 
assembly of chip and substrate can be heated While the 
remainder of the surfaces stay at a much loWer temperature. 
Consequently, the assembly rapidly heats up to a tempera 
ture at Which solder balls 301 begin to melt or re?oW. Th-s 
temperature is typically about 183° C. During the re?oW, the 
solder Will form a metallurgical bond (so-called “solder 
joint”) With the top metal of the contact pads 505. 

[0063] Another control feature, especially important for 
micromechanical devices such as micromirrors, concerns 
the uniformity of the height of the molten solder balls. It is 
advantageous to employ controls similar to the mechanisms 
described in the above-cited US. Patent Application # 
60/066,268. In this apparatus, three ultra-precision, indepen 
dent Z axes are arranged 120° apart and together control the 
Z height; Pitch and Roll of the substrate. The ?rst step is to 
move the substrate toWards the solid solder balls using all 
three axes, until the substrate makes contact With the balls. 
The coplanarity (pitch and roll) of the Wafer to the balls is 
obtained by alloWing each of the Z motors to independently 
“bottom out” against the plane of the solder balls. The 
“touchdoWn” of the Wafer on the balls can be detected by the 
Z motor controller as a sudden change in the speed of 
descent of the axis. Next, the pre-determined temperature 
pro?le is carried out. During the pro?le, at the time by Which 
all the solder balls should be molten, the Z axis position is 
reduced to a height Which is equal to the ball diameter minus 
the knoWn variation of the ball diameters. This action 
guarantees that even the smallest diameter ball is in contact 
With the Wafer. The diameter of the smallest ball is contained 
in the statistical variation and the ball diameter consistency 
as supplied by the vendor of the balls. Once it has been 
established that all balls are in contact With the Wafer and 
suf?cient time has passed so that all balls should be molten, 
the Z height is raised to the level at Which the solder balls 
are desired to be solidi?ed, the ?nal ball stand-off height. At 
this height the temperature is reduced to beloW the solder 
re?oW temperature and the solder balls all solidify. The 
height of all the solder balls Will noW be equal, independent 
of the shape and volume of the balls. The preferred height of 
the solidi?ed solder bumps is betWeen 25 and 150 pm, often 
approximately 100 pm. 

[0064] As a consequence of the uniform height of the 
solder joints, the substrate 601 in FIG. 6 is positioned in a 
plane parallel to the plane of the micromechanical compo 
nents 103. Speci?cally, the second surface 602 of substrate 
601 is in a plane parallel to the components plane. 

[0065] As a further consequence of the uniform height of 
the solder balls, a gap is spacing apart chip 610 and substrate 
601. The height of the gap is equal to the height of the solder 
balls, and the Width of the gap is equal to the distance 
betWeen the solder balls. 
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[0066] Process Step 8: Filling Gap. 
[0067] In order to form a continuous frame of material 
around the perimeter of opening 502 of the substrate the gap 
spacing apart chip 610 and substrate 601 has to be ?lled. As 
indicated in FIG. 7, the ?lling is accomplished by a poly 
meric encapsulant 701, commonly referred to as the “under 
?ll” material. In the preferred process, care is taken to 
produce not only a continuous frame of material, but con 
currently to reduce the mechanical stress at the solder joints. 
As an example, a process may be used as described in US. 
Patent Applications # 60/084,440, ?led May 6, 1998 (Tho 
mas, “LoW Stress Method and Apparatus of Under?lling 
Flip-Chip Electronic Devices”) and # 60/084,472, ?led May 
6, 1998 (Amador et al., “LoW Stress Method and Apparatus 
of Under?lling Flip-Chip Electronic Devices”), to Which the 
present invention is related. 

[0068] In the preferred process, the melting temperature of 
183° C. for the eutectic lead/tin mixture is overshot to about 
220° C. (for about 60 to 120 s Within the 20 min of the solder 
re?oW period). For alternative solder selections, times and 
temperatures are suitably modi?ed. During re?oW, the stress 
in the solder joint is at level Zero. During the folloWing 
cooling, the solder solidi?es, but the assembly is kept at an 
elevated temperature betWeen 80 and 140° C., preferably 
betWeen 90 and 100° C. In this time period, the stress 
increases slightly from its Zero level to a non-critical value, 
Well beloW any level Which could pose a risk to structurally 
Weak dielectric layers of the chip or to the solder joints. 

[0069] It is pivotal that the assembly not be alloWed to 
continue the cooling process doWn to ambient temperature, 
but is maintained at a constant elevated temperature 
throughout the under?ll period, Which may last up to 20 min. 
In the under?ll process, the polymeric precursor is dispensed 
onto the ?rst surface 504 of substrate 601 adjacent to the 
perimeter of chip 610. The force of surface tension pulls the 
viscous polymer into the spaces betWeen the solidi?ed 
solder bumps surrounding opening 502 and forms the menis 
cus 701a toWards the opening and the meniscus 701b 
toWards the array of contact pads 506 (see FIG. 7). 

[0070] Suitable polymeric precursors are formed of a 
material curable by thermal or radiation energy, and are 
preferably composed of an anhydride-hardened prepolymer 
such as an epoxy resin. They usually contain a catalyst such 
as an amine compound, and ?llers such as silica or alumina. 
Polymeric precursors are commercially available; one 
example is by the Dexter Hysol Corporation, USA, under 
brand name FP 4527. 

[0071] After completing the under?ll process, the assem 
bly proceeds directly from the elevated temperature men 
tioned above to the increased temperature needed for poly 
meriZing (“curing”) the under?ll precursor. During this to 
time span (about 60 to 120 min), the stress falls to very loW 
levels. After the encapsulant his fully cured, the temperature 
is alloWed to drop to ambient temperature in the cool doWn 
period, While the stress increases only slightly, Well beloW 
any risk for damage to structurally Weak dielectric ?lms or 
solder joints. As intended, the stress throughout the assem 
bly is approximately uniformly distributed and for the most 
past absorbed by the encapsulant. 

[0072] Process Step 9: Removing Protective Material. 

[0073] As indicated in FIG. 7, the protective material 107 
still remains over the surface of the micromechanical com 
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ponents during the under?lling process. After ambient tem 
perature is reached, this protective material can be safely 
removed (see FIG. 8) so that the surfaces 103a of the 
components 103 are exposed. When the protective material 
consists of photoresist as commonly used in semiconductor 
technology, the step of removing comprises dissolving the 
photoresist layer in standard practice. 

[0074] In the case of micromirror components, this pro 
cess step also consists of removing the photoresist under the 
micromirrors and activating the components using plasma 
etch or a combination of a plasma etch/UV cure process to 
remove any residual contaminants from the mirror surfaces. 

[0075] Process Step 10: Inserting Passivant. 

[0076] For some micromechanical devices such as micro 
mirrors, it is advantageous to have ridge-like protrusions 
formed in the ceramic substrate near the components (not 
shoWn in FIGS. 6 to 10). These protrusions serve the 
purpose of storing chemical compounds intended to remain 
inside the package volume after closure by the covering lid. 
These chemicals are typically supplied as pills or granular 
material and are suitable for releasing passivants continu 
ously for the lifetime of the device in order to coat all 
contacting surfaces of the micromechanical devices. More 
detail about composition, operation and method of metered 
deposition can be found in the above-quoted US. Pat. Nos. 
5,939,785 and 5,936,758. 

[0077] Process Step 11: Attaching Lid. 

[0078] Right after the deposition of any chemical com 
pound, a lid 901 is attached to close the package, as shoWn 
in FIG. 9. Typically, lid 901 has to be cleaned from 
impurities and dehydrated by baking in reduced-pressure 
environment before attachment. AfterWards, it is attached to 
the second surface 602 of the substrate 601, preferably using 
an epoxy adhesive. Temperature and time needed to poly 
meriZe the adhesive also serve to sublimate an amount of the 
passivant Within the package so that the active surfaces of 
the micromechanical components are coated With at least a 
monolayer of the passivant. 

[0079] For micromirror devices, lid 901 is a plate made of 
glass or any other material transparent to light in the visible 
range of the electromagnetic spectrum. Requirements or 
optical ?atness of the plate are described in quoted US. Pat. 
No. 5,939,785. Care has to be taken that attached lid 901 is 
in a plane parallel to the plane of the plurality of micromir 
rors 103. 

[0080] By attaching lid 901, the second level of opening 
502 is closed. The ?rst level of the opening is closed by 
solder attaching chip 610; all sides of the opening are closed 
by the frames of the solder bumps and the under?ll material. 
The micromechanical components are thus in a fully 
enclosed package. 

[0081] Process Step 12: Marking. 

[0082] The enclosed micromechanical devices are marked 
With identi?cation such as device type and number, fabri 
cation information, country of origin, etc. 

[0083] Process Step 13: Attaching Solder Balls 

[0084] The package as depicted in FIG. 9 is a so-called 
“land-grid array” package With contact pads 506 designed 
for pressure contacts serving many customer needs. If a 
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so-called “ball-grid array” package is desired, solder 
“balls”1001 may be attached to the substrate terminals 506 
in FIG. 10. The solder balls may be a conventional lead/tin 
alloy, or a lead-free mixture as described above. The diam 
eter can vary Widely; typical siZes range from 0.5 to 1.5 mm. 

[0085] After electrical testing the land grid array/ball grid 
array device, the ?nished micromechanical device is ready 
for packing and shipping. 

[0086] While this invention has been described in refer 
ence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations and combinations of the illustrative embodiments, 
as Well as other embodiments of the invention, Will be 
apparent to persons skilled in the art upon reference to the 
description. As an example, the thickness of substrate and 
lid, as Well as the height consumed for ?ip-chip assembly 
can be minimiZed in order to reduce the overall thickness of 
the device as needed for speci?c applications. As another 
example, the invention can be extended to batch processing, 
further reducing packaging costs. As another example, the 
location of the substrate contacts to the “outside World” can 
be changed from the chip attachment surface to the lid 
attachment surface of the substrate. It is therefore intended 
that the appended claims encompass any such modi?cations 
or embodiments. 

We claim: 
1. A packaged micromechanical device comprising: 

a semiconductor chip having an integrated circuit includ 
ing a plurality of micromechanical components con?g 
ured in a plane in the central portion of said chip, and 
a plurality of metallic terminals disposed in peripheral 
portions, surrounding said chip; 

an electrically insulting substrate having ?rst and second 
surfaces and an opening, said surfaces being substan 
tially parallel to each other; 

a plurality of electrically conductive routing lines integral 
With said substrate; 

a ?rst plurality of metallic contact pads disposed on said 
?rst surface, in proximity to said opening and electri 
cally connected With said routing lines; 

a second plurality of metallic contact pads disposed on 
said ?rst surface, remote from said opening and elec 
trically connected With said routing lines; 

a plurality of solder balls electrically connecting said 
terminals to said ?rst plurality of contact pads, mount 
ing said chip onto said substrate spaced apart by a gap, 
Whereby one level of said opening is closed, and 
positioning said substrate in a plane parallel to said 
components plane; 

a polymer encapsulant ?lling said gap, surrounding said 
opening With a continuous frame of polymer; and 

a lid adhered to said second surface in a plane parallel to 
said components plane, Whereby a second level of said 
opening is closed. 

2. The packaged device according to claim 1 Wherein said 
micromechanical device is a digital micromirror device. 

3. The packaged device according to claim 1 Wherein said 
micromechanical components are micromirrors. 
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4. The packaged device according to claim 1 Wherein said 
insulating substrate is made of ceramic having a single level 
metalliZation. 

5. The packaged device according to claim 4 Wherein said 
single level metalliZation is structured into said conductive 
routing lines and said ?rst and second pluralities of contact 
pads. 

6. The packaged device according to claim 1 further 
comprising ridge-like protrusions formed by said ceramic 
substrate and positioned under said lid, suitable or storing 
chemical compounds. 

7. The packaged device according to claim 6 Wherein said 
chemical compounds are formed as a pill or granular mate 
rial suitable for releasing passivants continuously to coat 
contacting surfaces of said micromechanical components. 

8. The packaged device according to claim 1 Wherein said 
solder balls are selected from a group consisting of lead/tin, 
indium, tin/indium, tin/silver, tin/bismuth, solder paste, con 
ductive adhesives, and solder-coated spheres. 

9. The packaged device according to claim 1 Wherein said 
polymer encapsulant comprises an epoxy-based material 
?lled With silica and anhydrides. 

10. The packaged device according to claim 1 Wherein 
said lid is a plate made of glass or any other material 
transparent to light in the visible range of the electromag 
netic spectrum. 

11. The packaged device according to claim 1 Wherein 
said lid is adhered to said second substrate surface by an 
epoxy adhesive. 

12. The packaged device according to claim 1 further 
having a plurality of solder balls disposed on said second 
plurality of contact pads. 

13. A method of fabricating land-grid array devices for 
semiconductor chips having an integrated circuit including a 
plurality of micromechanical components con?gured in a 
plane in the central portion of said chip and a plurality of 
metallic terminals disposed in peripheral portions encircling 
said chip, comprising: 

providing a Wafer having a surface including 

a plurality of said chips; 

coating said Wafer surface With a protective material; 

selectively etching said protective coating, exposing said 
terminals of each of said chips; 

depositing one solder ball on each of said exposed ter 
minals; 

separating the resulting composite structure into discrete 
chips; 

providing an electrically insulating substrate having ?rst 
and second surfaces and an opening, said surfaces 
being substantially parallel to each other, a ?rst plural 
ity of metallic contact pads disposed on said ?rst 
surface in proximity to said opening, and a second 
plurality of metallic contact pads disposed on said ?rst 
surface remote from said opening; 

mounting one of said discrete chips on said ?rst plurality 
of substrate contact pads by forming solder joints, 
spaced apart by a gap; 

controlling the height of said solder joints to maintain 
uniformity, thereby positioning said substrate in a plane 
parallel to said components plane; 
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?lling said gap With a polymeric encapsulant, surrounding 
said opening by a continuous frame of encapsulant; 

removing said protective material, thereby exposing the 
surfaces of said components; and 

attaching a lid to said second substrate surface, thereby 
positioning said lid in a plane parallel to said plane of 
said components. 

14. The method according to claim 13 Wherein said steps 
of mounting, controlling and ?lling comprise the steps of: 

aligning one of said discrete chips having said solder balls 
With said ?rst plurality of substrate contact pads so that 
each of said balls is placed into alignment With one of 
said contact pads; 

contacting said balls and said contact pads; 

supplying thermal energy to said chip and said substrate, 
Whereby said solder is re?oWed to form solder joints 
and said chip is mounted to said substrate spaced apart 
by a gap, forming an assembly; 

controlling the height of said solder joints to maintain 
uniformity, thereby positioning said substrate in a plane 
parallel to said components plane; 

cooling said assembly from the re?oW temperature to a 
temperature still elevated above ambient temperature 
and maintaining said elevated temperature at a substan 
tially constant level; 

?lling said gap With a polymeric precursor at said elevated 
temperature, thereby surrounding said opening by a 
continuous frame of precursor; 

supplying additional thermal energy for curing said poly 
meric precursor, thereby forming a polymeric encap 
sulant; and 

cooling said assembly to ambient temperature. 
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15. The method according to claim 14 Wherein said 
elevated temperature is betWeen 90 and 130° C. 

16. The method according to claim 14 Wherein said 
elevated temperature is approximately 100° C. 

17. The method according to claim 13 Wherein said step 
of controlling the height of said solder joints comprises the 
steps of: 

applying radiant energy to reach a liquid state of said 
solder balls; 

contacting the smallest ball; 

dWelling for metallurgical interaction; 

establishing desired connection height; and 

removing said radiant energy. 
18. The method according to claim 13 further comprising 

the step of disposing a plurality of solder balls onto said 
second plurality of contact pads, thereby transforming said 
land-grid array device into a ball-grid array device. 

19. The method according to claim 13 further comprising 
the step of depositing chemical compounds before attaching 
said lid to said second substrate surface. 

20. The method according to claim 13 Wherein said 
protective material is a layer of photoresist material as used 
in semiconductor photolithographic processes. 

21. The method according to claim 13 Wherein said step 
of selectively etching comprises the steps of masking, 
eXposing and selective etching in accordance With the char 
acteristics of said photoresist material employed. 

22. The method according to claim 13 wherein said step 
of separating said composite structure comprises saWing. 

23. The method according to claim 13 Wherein said step 
of removing said protective material comprises dissolving 
said layer of photoresist material. 

* * * * * 


