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An image sensor package includes an image sensor, a win 
Related U.S. Application Data dow, and a molding, where the molding includes a lens holder 

extension portion extending upwards from the window. The 
(63) Continuation of application No. 1 1/706,726, filed on lens holder extension portion includes a female threaded 

Feb. 14, 2007, now Pat. No. 7,332,712, which is a 
continuation of application No. 1 1/526,168, filed on 
Sep. 21, 2006, now Pat. No. 7,199,359, which is a 
continuation of application No. 1 1/119.234, filed on 
Apr. 28, 2005, now Pat. No. 7,126,111, which is a 
continuation of application No. 10/928,475, filed on 

aperture extending from the window such that the window is 
exposed through the aperture. A lens is Supported in a 
threaded lens support. The threaded lens support is threaded 
into the aperture of the lens holder extension portion. The lens 
is readily adjusted relative to the image sensor by rotating the 
lens Support. 
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METHOD OF USINGA CAMERAMODULE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 11,706,726, filedon Feb. 14, 2007, which 
is a continuation of U.S. patent application Ser. No. 1 1/526, 
168, filed on Sep. 21, 2006, now U.S. Pat. No. 7,199,359, 
issued Apr. 3, 2007, which is a continuation of U.S. patent 
application Ser. No. 1 1/119,234, filed on Apr. 28, 2005, now 
U.S. Pat. No. 7,126,111, issued Oct. 24, 2006, which is a 
continuation of U.S. patent application Ser. No. 10/928,475, 
filed on Aug. 26, 2004, now U.S. Pat. No. 6,956,201, issued 
Oct. 18, 2005, which is a continuation of U.S. patent appli 
cation Ser. No. 10/286,589, filed on Oct. 31, 2002, now U.S. 
Pat. No. 6,791,076, issued Sep. 14, 2004, which is a continu 
ation of U.S. patent application Ser. No. 09/457.513, filed on 
Dec. 8, 1999, now U.S. Pat. No. 6,483,101, issued Nov. 19, 
2002. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to the pack 
aging of electronic components. More particularly, the 
present invention relates to an image sensor package. 

BACKGROUND OF THE INVENTION 

0003 Image sensors and assemblies are well known to 
those of skill in the art. In these assemblies, an image sensor 
was located within a housing which Supported a window. 
Radiation passed through the window and struck the image 
sensor which responded to the radiation. For the image sensor 
to function properly, the image sensor had to be positionally 
aligned with the window to within tight positional tolerances. 
0004 Beaman et al., U.S. Pat. No. 5,821,532, hereinafter 
Beaman, which is herein incorporated by reference in its 
entirety, sets forth a printed circuit board which included a 
pair of apertures used as alignment features for mounting the 
image sensor and for mounting the optics which included the 
window. More particularly, the pair of apertures were used as 
the mounting reference for the image sensor and then were 
used as the mounting reference for the optics. 
0005 Formation of the assembly using the pair of aper 
tures in the Substrate as the alignment features resulted in at 
least three tolerance accumulations. First, a certain tolerance 
was associated with the formation, or patterning, of the metal 
lic traces on the printed circuit board (see reference pads 14 
and substrate 10 of Beaman FIG. 1). Second, a certain toler 
ance was associated with the placement of the image sensor 
on the substrate (see images sensor 32 and substrate 10 of 
Beaman FIG.3). Third, a certain tolerance was associated the 
placement of the optics on the substrate (see Beaman FIG. 4). 
0006 After the image sensor assembly was constructed, 
the lens assembly was placed over the image sensor assembly. 
The lens assembly was used to focus light on the image 
sensor. Typically, the lens assembly was attached directly to 
the Substrate after the image sensor assembly was attached to 
the substrate. After attachment, the lens assembly was 
adjusted, for example with adjustment screws, to move the 
lens assembly until the proper focus was attained. This very 
rough adjustment was labor intensive. Further, a large toler 
ance was associated with this very rough adjustment. 
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0007 Disadvantageously, the image sensor assembly had 
to accommodate the tolerances discussed above. However, as 
the art moves to Smaller, lighter and less expensive devices, 
the acceptable tolerances for image sensor assemblies dimin 
ishes. 

0008. In conventional image sensor assemblies, a housing 
was used to support the window and to hermetically seal the 
image sensor (see housing 24 and window 25 of Beaman FIG. 
4 for example). This housing was typically formed of ceramic 
which advantageously had excellent resistance to moisture 
transmission to protect the image sensor from the ambient 
environment. Further, the ceramic housing was formed with a 
shelf which held the window and facilitated proper height 
positioning of the window (see shelf 29 and window 25 of 
Beaman FIG. 4 for example). However, ceramic is relatively 
expensive compared to other conventional packaging mate 
rials and it is important to form the image sensor assembly at 
a low cost. 

0009. In addition, mounting this housing at the printed 
circuit board level was inherently labor intensive and made 
repair or replacement of the image sensor difficult. In particu 
lar, removal of the housing exposed the image sensor to the 
ambient environment. Since the image sensor was sensitive to 
dust as well as other environmental factors, it was important 
to make repairs or replacement of the image sensor in a 
controlled environment such as a clean room. Otherwise, 
there was a risk of damaging or destroying the image sensor. 
Since neither of these alternatives are desirable and both are 
expensive, the art needs an image sensor assembly which is 
simple to manufacture and service so that costs associated 
with the image sensor assembly are minimized. 

SUMMARY OF THE INVENTION 

0010. In accordance with the present invention, a plurality 
of image sensor packages are fabricated simultaneously to 
minimize the cost associated with each individual image sen 
Sor package. To fabricate the image sensor packages, a plu 
rality of windows are placed in a mold. Molding compound is 
transferred to the mold to form a plurality of moldings, each 
of the moldings enclosing a corresponding window. The 
moldings are integrally connected together by bridge sec 
tions. After molding the windows in the molding compound, 
a molded window array, which includes the windows molded 
in corresponding moldings, is removed from the mold. 
0011. A substrate includes a plurality of individual sub 
strates integrally connected together in an array format. 
Image sensors are attached to corresponding individual Sub 
strates. Bond pads of the image sensors are electrically con 
nected to corresponding traces of the individual Substrates. 
0012 The molded window array is aligned with the sub 
strate Such that each molding is precisely positioned with 
respect to the corresponding image sensor. After alignment, 
the molded window array is brought into abutting contact 
with an upper surface of the substrate such that an adhesive 
layer attaches the molded window array to the substrate. In 
one embodiment, the moldings are marked and a lower Sur 
face of the substrate is populated with interconnection balls. 
The Substrate and attached molded window array are singu 
lated into a plurality of individual image sensor packages. 
0013 By forming a plurality of image sensor packages 
simultaneously, several advantages are realized. One advan 
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tage is that it is less labor intensive to handle and process a 
plurality of image sensor packages simultaneously rather 
than to handle and process each image sensor package on an 
individual basis. Another advantage is that usage of materials 
is more efficient when a plurality of image sensor packages 
are fabricated simultaneously. By reducing labor and using 
less material, the cost associated with each image sensor 
package is minimized. 
0014. Of importance, the molding of the image sensor 
package is a low cost molded part. Advantageously, the mold 
ing is significantly less expensive than housings of the prior 
art which were typically ceramic. Accordingly, the image 
sensor package in accordance with the present invention is 
significantly less expensive to manufacture than image sensor 
assemblies of the prior art. 
0015. By forming the molding of the image sensor pack 
age as a molded part, a distance, sometimes called the Z 
height, between the window and the image sensor is precisely 
controlled to within tight tolerance. 

0016 Recall that in the prior art, the window was placed 
on a shelf of a housing after the housing was fabricated. Since 
a significant tolerance was associated with the window place 
ment, the distance between the window and the image sensor 
had significant variations from assembly to assembly. How 
ever, to insure optimum operation of the image sensor, it is 
important that the distance between the window and the 
image sensor be precise. Since the tolerance in this distance is 
reduced in an image sensor package in accordance with the 
present invention, the performance of an image sensor pack 
age inaccordance with the present invention is Superior to that 
of the prior art. 

0017. In one embodiment, the molding of the image sensor 
package includes a plurality of alignment notches. These 
alignment notches are used to align a lens to the image sensor. 

0018 Use of the alignment notches facilitates alignment 
of the lens to the image sensor. As discussed above, the 
molding is precisely aligned to the image sensor. Advanta 
geously, this allows the lens to be precisely aligned to the 
image sensor in a single operation by aligning the lens to the 
alignment notches. Accordingly, alignment of the lens to the 
image sensor in accordance with the present invention is 
relatively simple. This is in contrast to the prior art, which 
required a first alignment of the image sensor to the larger 
Substrate and a second alignment of the optics to the larger 
substrate. 

0.019 Enviro-hermetically sealing the image sensor in 
accordance with the present invention also reduces complex 
ity and cost in the event the image sensor must be replaced 
compared to the prior art. As used herein, the term “enviro 
hermetically sealed' means sealed sufficiently to prevent 
environmental degradation, e.g., from dust or moisture, of the 
image sensor package and, more particularly, of the image 
SSO. 

0020 Recall that in the prior art, the housing which her 
metically sealed the image sensor was mounted directly to the 
larger Substrate. Thus, removal of the housing necessarily 
exposed the image sensor to the ambient environment and to 
dust. For this reason, the image sensor had to repaired or 
replaced in a cleanroom or else there was a risk of damaging 
or destroying the image sensor. 
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0021. In contrast, the image sensor is enviro-hermetically 
sealed as part of the image sensor package inaccordance with 
the present invention. The image sensor package is mounted 
to the larger Substrate, for example, by reflowing intercon 
nection balls. To replace the image sensor, the image sensor 
package is simply removed and a new image sensor package 
is mounted to the larger Substrate. At no time is the image 
sensor exposed to the ambient environment during this pro 
cedure. Advantageously, this procedure can be performed in 
any facility with or without a cleanroom. The old image 
sensor package is discarded or shipped to a central facility for 
repair. Since the image sensor package is simple to manufac 
ture and service, the costs associated with the image sensor 
package are minimized compared to the prior art. 

0022. In one embodiment, an image sensor package 
includes a molding having an interior locking feature and an 
exterior locking feature. The molding is integral, i.e., is one 
piece and not a plurality of separate pieces connected 
together. The image sensor package further includes a win 
dow having an interior Surface and an exterior Surface. The 
exterior locking feature of the molding contacts a periphery of 
the exterior surface of the window and the interior locking 
feature of the molding contacts a periphery of the interior 
surface of the window. 

0023. By having the molding extend over the peripheries 
of the exterior and interior surfaces of the window, the dis 
tance which moisture must travel along the interface between 
the molding and the window to reach the image sensor is 
maximized thus essentially eliminating moisture ingress into 
the image sensor package. 

0024. In another embodiment, an image sensor package 
includes a window and a molding, where the molding 
includes a lens holder extension portion extending upwards, 
e.g., in a first direction perpendicular to the exterior Surface of 
the window, from the window. The lens holder extension 
portion includes a female threaded aperture extending 
upwards from the window such that the window is exposed 
through the aperture. 

0025. A lens is supported in a lens support. The lens sup 
port has a threaded exterior Surface. The lens Support is 
threaded into the aperture of the lens holder extension por 
tion. 

0026 Advantageously, the lens is readily adjusted relative 
to the image sensor by rotating the lens Support. More par 
ticularly, the lens Support is rotated around alongitudinal axis 
of the lens Support in a first direction, e.g., clockwise looking 
down at the lens Support, to move the lens Support and the lens 
towards the image sensor. Conversely, the lens Support is 
rotated around the longitudinal axis in a second direction 
opposite the first direction, e.g., counterclockwise looking 
down at the lens Support, to move the lens Support and the lens 
away from the image sensor. In this manner, the lens Support 
is rotated until radiation passing through the lens is properly 
focused on an active area of the image sensor. Once proper 
focus is attained, the lens Support is prevented from uninten 
tional rotation. For example, adhesive is applied to secure the 
lens Support to the molding. 

0027 Recall that in the prior art, the lens assembly was 
typically attached directly to the larger Substrate. Such as a 
printed circuit mother board, after the image sensor assembly 
was attached to the larger Substrate. A large tolerance was 
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associated with attachment of the lens assembly in this man 
ner. However, it is important to reduce tolerance buildup to 
optimize performance of the image sensor assembly. 
0028. Further, the lens assembly of the prior art typically 
had to be adjusted by moving the lens assembly relative to the 
larger Substrate, for example with adjustment screws. Unde 
sirably, this was labor intensive which increased the cost of 
the electronic device which used the image sensor assembly. 
0029. In addition, the lens assembly of the prior art was 
Sometimes inadvertently moved relative to the image sensor 
which caused defocusing and defective operation of the 
image sensor. For example, the lens assembly was sometimes 
bumped during assembly or servicing of the electronic device 
which used the image sensor assembly. As another example, 
the lens assembly moved due to warpage of the larger Sub 
Strate. 

0030 Advantageously, the image sensorpackage in accor 
dance with the present invention eliminates these problems of 
the prior art. In particular, since the molding including the 
lens holder extension portion is precisely positioned with 
respect to the image sensor, the position of the lens with 
respect to the image sensor is also precise to within tight 
tolerance. Reducing tolerance in the position of the lens with 
respect to the image sensor improves performance of the 
image sensor package compared to prior art image sensor 
assemblies. 

0031 Further, the lens is adjusted relative to the image 
sensor simply by rotating the lens support thus readily allow 
ing focusing of radiation on the active area of the image 
sensor. Advantageously, this focusing is performed during 
fabrication of the image sensor package before assembly to 
the larger Substrate. Thus, the prior art requirement of focus 
ing the lens assembly during assembly of the larger Substrate 
is eliminated. As a result, the costs associated with the image 
sensor package is lower than that associated with prior art 
image sensor assemblies. 
0032. Further, since the lens support and the lens are inte 
grated into the image sensor package, there is essentially no 
possibility of inadvertently moving the lens relative to the 
image sensor. Thus the prior art possibility of bumping the 
lens assembly or otherwise having the lens assembly move 
and defocus the radiation is eliminated. 

0033. In another embodiment, an image sensor package 
includes a molding having a locking feature. The package 
further includes a snap lid having a tab, where the tab is 
attached to the locking feature of the molding. 
0034. To form the image sensor package, after the molding 

is fabricated, a window is placed in a pocket of the molding. 
A shelf of the molding contacts and Supports a peripheral 
region of an interior surface of the window. The snap lid is 
secured in place. Once secured, the Snap lid presses against a 
peripheral region of an exterior surface of the window. 
0035. Of importance, the window is sandwiched between 
the molding and the Snap lid. In this manner, the window is 
held in place. Advantageously, use of the Snap lid allows the 
window to be kept in a protective wrapper until the window is 
needed. For example, the window is kept in a protective 
wrapper to avoid contamination or scratching of the window. 
0036. As a further advantage, use of the snap lid allows the 
window to be easily removed. Once removed, the window is 
easily cleaned, treated or replaced with a different window. 
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0037 Also in accordance with the invention, a molded 
window array includes a plurality of moldings integrally con 
nected together and a plurality of windows. Each window of 
the plurality of windows is Support in a corresponding mold 
ing of the plurality of moldings. 
0038. These and other features and advantages of the 
present invention will be more readily apparent from the 
detailed description set forth below taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039 FIG. 1 is an exploded perspective view of an image 
sensor package in accordance with the present invention. 
0040 FIG. 2 is a cross-sectional view of the package taken 
along the line II-II of FIG. 1. 
0041 FIG. 3 is an upper perspective view of windows in 
cavities of a lower mold half of a mold in accordance with the 
present invention. 
0042 FIG. 4 is a cross-sectional view along the line IV-IV 
of FIG. 3. 

0043 FIG. 5 is a cross-sectional view of the mold of FIGS. 
3, 4 at a later stage of fabrication. 
0044 FIG. 6 is a cross-sectional view of the mold of FIG. 
5 at a later stage of fabrication. 
004.5 FIG. 7A is an enlarged cross-sectional view of the 
region VII of FIG. 6 in accordance with one embodiment of 
the present invention. 
0046 FIG. 7B is an enlarged cross-sectional view of the 
region VII of FIG. 6 in accordance with another embodiment 
of the present invention. 
0047 FIG. 7C is an enlarged cross-sectional view of the 
region VII of FIG. 6 in accordance with yet another embodi 
ment of the present invention. 
0048 FIG. 8 is a cross-sectional view of an array of image 
sensor packages during assembly in accordance with the 
present invention. 
0049 FIG.9 is a cross-sectional view of the array of image 
sensor packages of FIG. 8 at a later stage of fabrication in 
accordance with the present invention. 
0050 FIG. 10A is an enlarged cross-sectional view of the 
region X of FIG. 6 in accordance with one embodiment of the 
present invention. 
0051 FIG. 10B is an enlarged perspective view, partially 
in cross-section, of the region X of FIG. 6 in accordance with 
an alternative embodiment of the present invention. 
0052 FIG. 11 is a perspective view, partially cutaway and 
partially exploded, of an image sensor package in accordance 
with another embodiment of the present invention. 
0053 FIG. 12 is a cross-sectional view of the package 
taken along the line XII-XII of FIG. 11. 
0054 FIG. 13 is a cross-sectional view of a molded win 
dow array in accordance with one embodiment of the present 
invention. 

0055 FIG. 14 is an enlarged cross-sectional view of the 
region XIV of FIG. 13. 
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0056 FIG. 15 is an exploded perspective view of an image 
sensor package in accordance with another embodiment of 
the present invention. 
0057 FIG. 16 is a cross-sectional view of the package 
taken along the line XVI-XVI of FIG. 15. 
0.058 FIG. 17 is a cross-sectional view of the package of 
FIGS. 15 and 16 illustrating the attachment of a snap lid to a 
molding. 

0059 FIG. 18A is an enlarged cross-sectional view of the 
region XVIII of the package of FIG. 16 in accordance with 
one embodiment of the present invention. 
0060 FIG. 18B is an enlarged cross-sectional view of the 
region XVIII of the package of FIG.16 in accordance with an 
alternative embodiment of the present invention. 
0061. In the following description, similar elements are 
labeled with similar reference numbers. 

DETAILED DESCRIPTION 

0062. In accordance with the present invention, a plurality 
of image sensor packages 100 (FIGS. 1, 2) are fabricated 
simultaneously to minimize the cost associated with each 
individual package 100. To fabricate packages 100, a plurality 
of windows 122 are placed in a mold which includes upper 
and lower mold halves 300,500 (FIG.5). Molding compound 
is transferred to the mold to form a plurality of moldings 124 
(FIG. 6), each of moldings 124 enclosing a corresponding 
window 122. Moldings 124 are integrally connected together 
by bridge sections 602. After molding windows 122 in the 
molding compound, a molded window array 802 (FIG. 8), 
which includes windows 122 molded in corresponding mold 
ings 124, is removed from the mold. 
0063 A substrate 810 (FIG. 8) includes a plurality of 
individual substrates 102 integrally connected together in an 
array format. Image sensors 106 are attached to correspond 
ing substrates 102. Bond pads 112 of image sensors 106 are 
electrically connected to corresponding traces 104 of corre 
sponding substrates 102 with corresponding bond wires 114. 
0064 Molded window array 802 is aligned with substrate 
810 such that each molding 124 is precisely positioned with 
respect to a corresponding image sensor 106. After align 
ment, molded window array 802 is brought into abutting 
contact with an upper surface 810U of substrate 810 such that 
an adhesive layer 126 attaches molded window array 802 to 
substrate 810 as shown in FIG. 9. In one embodiment, mold 
ings 124 are marked and a lower surface 810L of substrate 
810 is populated with interconnection balls 218. Substrate 
810 and attached molded window array 802 are singulated 
into a plurality of individual packages 100. 
0065 Referring to FIGS. 1 and 2 together, by forming a 
plurality of packages 100 simultaneously, several advantages 
are realized. One advantage is that it is less labor intensive to 
handle and process a plurality of packages 100 simulta 
neously rather than to handle and process each package 100 
on an individual basis. Another advantage is that usage of 
materials is more efficient when a plurality of packages 100 
are fabricated simultaneously. By reducing labor and using 
less material, the cost associated with each package 100 is 
minimized. 

0066. Of importance, molding 124 is a low cost molded 
part. Advantageously, molding 124 is significantly less 

May 8, 2008 

expensive than housings of the prior art which were typically 
ceramic. Accordingly, package 100 in accordance with the 
present invention is significantly less expensive to manufac 
ture than image sensor assemblies of the prior art. 
0067 By forming molding 124 as a molded part, a dis 
tance ZH, sometimes called the Z height, between window 
122 and image sensor 106 is precisely controlled to within 
tight tolerance. 

0068 Recall that in the prior art, the window was placed 
on a shelf of a housing after the housing was fabricated. Since 
a significant tolerance was associated with the window place 
ment, the distance between the window and the image sensor 
had significant variations from assembly to assembly. How 
ever, to insure optimum operation of the image sensor, it is 
important that the distance between the window and the 
image sensor be precise. Since the tolerance in this distance is 
reduced in package 100, the performance of package 100 is 
superior to that of the prior art. 

0069. In one embodiment, molding 124 of package 100 
includes a plurality of alignment notches 130. Alignment 
notches 130 are used to align a lens (not shown) to image 
sensor 106. 

0070 Use of alignment notches 130 facilitates alignment 
of the lens to image sensor 106. As discussed above, molding 
124 is precisely aligned to image sensor 106. Advanta 
geously, this allows the lens to be precisely aligned to image 
sensor 106 in a single operation by aligning the lens to align 
ment notches 130. Accordingly, alignment of the lens to 
image sensor 106 is relatively simple. This is in contrast to the 
prior art, which required a first alignment of the image sensor 
to the larger Substrate and a second alignment of the optics to 
the larger Substrate. 
0071 Enviro-hermetically sealing image sensor 106 in 
accordance with the present invention also reduces complex 
ity and cost in the event image sensor 106 must be repaired or 
replaced compared to the prior art. Recall that in the prior art, 
the housing which hermetically sealed the image sensor was 
mounted directly to the larger substrate. Thus, removal of the 
housing necessarily exposed the image sensor to the ambient 
environment and to dust. For this reason, the image sensor had 
to be repaired or replaced in a cleanroom or else there was a 
risk of damaging or destroying the image sensor. 

0072 In contrast, image sensor 106 is enviro-hermetically 
sealed as part of package 100. Package 100 is mounted to the 
larger Substrate, for example, by reflowing interconnection 
balls 218. To repair or replace image sensor 106, package 100 
is simply removed and a new package 100 is mounted to the 
larger Substrate. At no time is image sensor 106 exposed to the 
ambient environment during this procedure. Advantageously, 
this procedure can be performed in any facility with or with 
out a cleanroom. The old package 100 is discarded or shipped 
to a central facility for repair. Since package 100 is simple to 
manufacture and service, the costs associated with package 
100 are minimized compared to the prior art. 

0073. In one embodiment, molding 124 has an interior 
locking feature 225I and an exterior locking feature 225E. 
Molding 124 is integral, i.e., is one piece and not a plurality of 
separate pieces connected together. Window 122 has an inte 
rior surface 122I and an exterior surface 122E. Exterior lock 
ing feature 225E of molding 124 contacts a periphery of 
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exterior surface 122E of window 122 and interior locking 
feature 225I of molding 124 contacts a periphery of interior 
surface 122I of window 122. 

0074 By having molding 124 extend over peripheries of 
exterior and interior surfaces 122E, 122I of window 122, the 
distance which moisture must travel along the interface 
between molding 124 and window 122 to reach image sensor 
106 is maximized thus essentially eliminating moisture 
ingress into package 100. 
0075. In another embodiment, an image sensor package 
1100 (FIGS. 11, 12) includes window 122 and a molding 
124C, where molding 124C includes a lens holder extension 
portion 1102 extending upwards, e.g., in a first direction, 
from window 122. Lens holder extension portion 1102 
includes a female threaded aperture 1106 extending upwards 
from window 122 such that window 122 is exposed through 
aperture 1106. 
0.076 A lens 1210 is supported in a lens support 1112. 
Lens support 1112 has a threaded exterior surface 1120. Lens 
support 1112 is threaded into aperture 1106 of lens holder 
extension portion 1102. 
0.077 Advantageously, lens 1210 is readily adjusted rela 

tive to image sensor 106 by rotating lens support 1112. More 
particularly, lens Support 1112 is rotated around a longitudi 
nal axis 1218 of lens support 1112 in a first direction, e.g., 
clockwise looking down at lens Support 1112, to move lens 
support 1112 and lens 1210 towards image sensor 106. Con 
versely, lens Support 1112 is rotated around longitudinal axis 
1218 in a second direction opposite the first direction, e.g., 
counterclockwise looking down at lens Support 1112, to move 
lens support 1112 and lens 1210 away from image sensor 106. 
In this manner, lens support 1112 is rotated until radiation 
passing through lens 1210 is properly focused on an active 
area 110 of image sensor 106. Once proper focus is attained, 
lens support 1112 is prevented from unintentional rotation. 
For example, adhesive is applied to secure lens support 1112 
to molding 124C. 
0078 Recall that in the prior art, the lens assembly was 
typically attached directly to the larger Substrate. Such as a 
printed circuit mother board, after the image sensor assembly 
was attached to the larger Substrate. A large tolerance was 
associated with attachment of the lens assembly in this man 
ner. However, it is important to reduce tolerance to optimize 
performance of the image sensor assembly. 

0079. Further, the lens assembly of the prior art typically 
had to be adjusted by moving the lens assembly relative to the 
larger Substrate, for example with adjustment screws. Unde 
sirably, this was labor intensive which increased the cost of 
the electronic device which used the image sensor assembly. 
0080. In addition, the lens assembly of the prior art was 
Sometimes inadvertently moved relative to the image sensor 
which caused defocusing and defective operation of the 
image sensor. For example, the lens assembly was sometimes 
bumped during assembly or servicing of the electronic device 
which used the image sensor assembly. As another example, 
the lens assembly moved due to warpage of the larger Sub 
Strate. 

0081 Advantageously, package 1100 in accordance with 
the present invention eliminates these problems of the prior 
art. In particular, since molding 124C including lens holder 
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extension portion 1102 is precisely positioned with respect to 
image sensor 106, the position of lens 1210 with respect to 
image sensor 106 is also precise to within tight tolerance. 
Reducing tolerance in the position of lens 1210 with respect 
to image sensor 106 improves performance of package 1100 
compared to prior art image sensor assemblies. 
0082 Further, lens 1210 is adjusted relative to image sen 
sor 106 simply by rotating lens support 1112 thus readily 
allowing focusing of radiation on active area 110 of image 
sensor 106. Advantageously, this focusing is performed dur 
ing fabrication of package 1100 before assembly to the larger 
Substrate. Thus, the prior art requirement of focusing the lens 
assembly during assembly of the larger Substrate is elimi 
nated. As a result, the costs associated with package 1100 are 
lower than those associated with prior art image sensor 
assemblies. 

0083. Further, since lens support 1112 and lens 1210 are 
integrated into package 1100, there is essentially no possibil 
ity of inadvertently moving lens 1210 relative to image sensor 
106. Thus, the prior art possibility of bumping the lens assem 
bly or otherwise having the lens assembly move and defocus 
the radiation is eliminated. 

0084. In another embodiment, an image sensor package 
1500 (FIGS. 15, 16) includes a molding 124D having a lock 
ing feature 1508. Package 1500 further includes a snap lid 
1502 having a tab 1612, where tab 1612 is attached to locking 
feature 1508 of molding 124D. 
0085 To form package 1500, after molding 124D is fab 
ricated, a window 122C is placed in a pocket 1800 (FIG. 18A) 
of molding 124D. A shelf 1804 of molding 124D contacts and 
supports a peripheral region 122IPR of an interior surface 
122I of window 122C. Snap lid 1502 is secured in place. Once 
secured, Snap lid 1502 presses against a peripheral region 
122EPR of an exterior Surface 122E of window 122C. 

0086 Of importance, window 122C is sandwiched 
between molding 124D and snap lid 1502. In this manner, 
window 122C is held in place. Advantageously, use of Snap 
lid 1502 allows window 122C to be kept in a protective 
wrapper until window 122C is needed. For example, window 
122C is kept in a protective wrapper to avoid contamination 
or scratching of window 122C. 
0087 As a further advantage, use of snap lid 1502 allows 
window 122C to be easily removed. Once removed, window 
122C is easily cleaned, treated or replaced with a different 
window. 

0088 More particularly, FIG. 1 is an exploded perspective 
view of an image sensor package 100 in accordance with the 
present invention. FIG. 2 is a cross-sectional view of package 
100 taken along the line II-II of FIG. 1. Referring to FIGS. 1 
and 2 together, package 100 includes a substrate 102 such as 
an alumina-based ceramic Substrate, a printed circuit board 
Substrate, a plastic glass laminated Substrate, or a tape-based 
substrate. Attached to an upper, e.g., first, surface 102U of 
substrate 102 is an image sensor 106. Illustratively, image 
sensor 106 is a CMOS image sensor device, a charge coupled 
device (CCD), or a pyroelectric ceramic on CMOS device 
although other image sensors are used in other embodiments. 

0089. In this embodiment, a lower, e.g. first, surface 106L 
of image sensor 106 is attached by an adhesive layer 108 to 
upper surface 102U of substrate 102 although other attach 
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ment techniques and/or materials, such as solder, are used in 
other embodiments. A metallization 109 on upper surface 
102U defines a die attach area of substrate 102 to which image 
sensor 106 is attached. 

0090. Image sensor 106 includes an active area 110 on an 
upper, e.g., second, Surface 106U of image sensor 106. Gen 
erally, active area 110 is responsive to radiation, e.g., electro 
magnetic radiation, as is well known to those of skill in the art. 
For example, active area 110 is responsive to infrared radia 
tion, ultraviolet light, and/or visible light. 
0.091 Image sensor 106 further includes a plurality of 
bond pads 112 on upper surface 106U of image sensor 106. 
Bond pads 112 are connected to internal circuitry of image 
sensor 106. 

0092 Substrate 102 includes a plurality of electrically 
conductive traces 104 formed on upper surface 102U of sub 
strate 102. Bond pads 112 are electrically connected to cor 
responding traces 104 by bond wires 114. 
0093. As shown in FIG. 2, traces 104 are electrically con 
nected to corresponding electrically conductive vias 215 
which extend from upper surface 102U to a lower, e.g., sec 
ond, surface 102L of substrate 102. Vias 215 are electrically 
connected to corresponding electrically conductive traces 
216 on lower surface 102L of substrate 102. Formed on traces 
216 are corresponding electrically conductive pads 217. 
Formed on pads 217 are corresponding electrically conduc 
tive interconnection balls 218 such as solder balls. Intercon 
nection balls 218 are used to electrically connect package 100 
to a larger Substrate (not shown) such as a printed circuit 
mother board. 

0094. To illustrate, a first bond pad 112A of the plurality of 
bond pads 112 is electrically connected to a first trace 104A of 
the plurality of traces 104 by a first bond wire 114A of a 
plurality of bond wires 114. Trace 104A is electrically con 
nected to a first via 215A of the plurality ofvias 215. Via 215A 
is electrically connected to a first trace 216A of the plurality 
of traces 216. A first conductive pad 217A of the plurality of 
conductive pads 217 is formed on trace 216A. Formed on pad 
217A is a first interconnection ball 218A of the plurality of 
interconnection balls 218. 

0.095 As set forth above, an electrically conductive path 
way between bond pad 112A and interconnection ball 218A 
is formed by bond wire 114A, trace 104A, via 215A, trace 
216A and pad 217A. The other bond pads 112, bond wires 
114, traces 104, vias 215, traces 216, pads 217 and intercon 
nection balls 218 are electrically connected to one another in 
a similar fashion so are not discussed further to avoid detract 
ing from the principals of the invention. 
0096 Although a particular electrically conductive path 
way between interconnection ball 218A and bond pad 112A 
is described above, in light of this disclosure, it is understood 
that other electrically conductive pathways can be formed. 
For example, substrate 102 is a multi-layered laminated sub 
strate and, instead of straight-through vias 215, a plurality of 
electrically conductive traces on various layers in Substrate 
102 are interconnected by a plurality of electrically conduc 
tive vias to form the electrical interconnections between 
traces 104 and 216. 

0097 As a further example, vias 215 extend along sides 
102S of substrate 102 and traces 104 and 106 extend to sides 
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102.S. As another alternative, interconnection balls 218 are 
distributed in an array format to form a ball grid array type 
package. Alternatively, interconnection balls 218 are not 
formed, e.g., to form a metal land array type package or a 
leadless chip carrier (LCC) package. Other electrically con 
ductive pathway modifications will be obvious to those of 
skill in the art. 

0098. Further, although a particular number of bond pads 
112, traces 104 and bond wires 114 are illustrated in FIG. 1, 
i.e., twenty of each, it is understood that more or less bond 
pads 112, traces 104, bond wires 114, vias 215, traces 216, 
pads 217 and interconnection balls 218 are typically used 
depending upon the particular input/output requirements of 
image sensor 106. 
0099 Package 100 further includes an optical lid 120, 
which includes a window 122 and a molding 124. Generally, 
window 122 is transparent to the radiation of interest, e.g. to 
the radiation to which active area 110 of image sensor 106 is 
responsive. In this embodiment, window 122 is optical glass, 
germanium or silicon but can be formed of other materials 
depending upon the application. 

0100. In one embodiment, window 122 includes one or 
more filters such as an infrared filter, although in other 
embodiments window 122 does not include a filter. Window 
122 is typically planar and has no optical power, although in 
one embodiment, window 122 has optical power, e.g., is a 
lens. Window 122 is located above active area 110 of image 
sensor 106. It is understood that the term “above' and similar 
terms are used generally and are not necessarily related to a 
gravitational reference, e.g., package 100 can be inverted 
without affecting the operation of package 100. 
0101 Window 122 is supported by molding 124. Molding 
124 is formed of a molding material having excellent adhe 
sion to window 122. To mechanically lock window 122 in 
place, molding 124 extends inwards beyond sides 122S of 
window 122. More particularly, an exterior locking feature 
225E of molding 124 extends over and contacts a periphery of 
an exterior surface 122E of window 122 and an interior lock 
ing feature 225I of molding 124 extends over and contacts a 
periphery of an interior surface 122I of window 122. As used 
herein, the periphery of exterior surface 122E, interior surface 
122I is the portion of exterior surface 122E, interior surface 
122I, respectively, directly adjacent sides 122S of window 
122. Sides 122S extend between exterior surface 122E and 
interior surface 122I. 

0102 Thus, molding 124 mechanically locks window 122 
in place both top and bottom. Although molding 124 extends 
over the peripheries of exterior and interior surfaces 122E, 
122I, in alternative embodiments, molding 124 extends over 
and contacts a periphery of only exterior surface 122E or, 
alternatively, only interior surface 122I. As a further alterna 
tive, molding 124 contacts sides 122S only and does not 
extend over either interior surface 122I or exterior surface 
122E. 

0.103 Optical lid 120, and more particularly, a base 226 of 
molding 124 is attached to a periphery of upper surface 102U 
of substrate 102 by adhesive layer 126. Thus, image sensor 
106 is located and enviro-hermetically sealed in an enclosure 
formed by substrate 102, optical lid 120 and adhesive layer 
126. As used herein, the term “enviro-hermetically sealed' 
means sealed Sufficiently to prevent environmental degrada 
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tion, e.g., from dust or moisture, of package 100 and, more 
particularly, of image sensor 106. By enviro-hermetically 
sealing image sensor 106, image sensor 106 is protected from 
the ambient environment, e.g., dust and moisture. 
0104. To further enhance moisture protection of image 
sensor 106, molding 124 is formed of a material which is 
highly resistant to moisture. In addition, by having molding 
124 extend over the peripheries of exterior and interior sur 
faces 122E, 122I of window 122, the distance which moisture 
must travel along the interface between molding 124 and 
window 122 to reach image sensor 106 is maximized thus 
further preventing moisture ingress into package 100. 
0105 Of importance, molding 124 is a low cost molded 
part formed of molding compound. Advantageously, molding 
124 is significantly less expensive than housings of the prior 
art which were typically ceramic. Accordingly, package 100 
is significantly less expensive to manufacture than image 
sensor assemblies of the prior art. 
0106 By forming molding 124 as a molded part, a dis 
tance ZH, sometimes called Z height ZH, between interior 
surface 122I of window 122 and upper surface 106U of image 
sensor 106 is precisely controlled. In one embodiment, dis 
tance ZH is 0.040 inches (1.016 mm) and the tolerance asso 
ciated with distance ZH is 0.001 inches (0.025 mm). 
0107 Recall that in the prior art, the window was placed 
on a shelf of a housing after the housing was fabricated. Since 
a significant tolerance was associated with the window place 
ment, the distance between the window and the image sensor 
had significant variations from assembly to assembly. How 
ever, to insure optimum operation of the image sensor, it is 
important that the distance between the window and the 
image sensor be precise. Since the tolerance in this distance is 
reduced in package 100 compared to the prior art, the perfor 
mance of package 100 is superior to that of the prior art. 
0108. As best shown in FIG. 1, molding 124 includes a 

plurality of alignment notches 130 which are used to align an 
optical axis of a lens (not shown) to the optical center of active 
area 110 of image sensor 106. This alignment is generally 
referred to as aligning a lens to image sensor 106. Although 
three alignment notches 130 are illustrated, more or less than 
three alignment notches 130 are used in alternative embodi 
mentS. 

0109 Use of alignment notches 130 facilitates alignment 
of the optical axis of the lens to the optical center of active 
area 110. As discussed further below, molding 124 is aligned 
to image sensor 106 and, more particularly, to the optical 
center of active area 110, to within tight positional tolerances. 
Advantageously, this allows the optical axis of the lens to be 
aligned to within tight positional tolerances, e.g., 0.001 
inches (0.025 mm), to the optical center of active area 110 in 
a single operation by aligning the optical axis of the lens to 
alignment notches 130. Accordingly, alignment of the optical 
axis of the lens to the optical center of active area 110 is 
relatively simple compare to the prior art, which required a 
first alignment of the image sensor to the larger Substrate and 
a second alignment of the optics to the larger Substrate. 
0110 Enviro-hermetically sealing image sensor 106 also 
reduces complexity and cost in the event image sensor 106 
must be repaired or replaced. Recall that in the prior art, the 
housing which hermetically sealed the image sensor was 
mounted directly to the larger substrate. Thus, removal of the 
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housing necessarily exposed the image sensor to the ambient 
environment and to dust. As a result, the image sensor had to 
repaired or replaced in a cleanroom or else there was a risk of 
damaging or destroying the image sensor. 
0111. In contrast, image sensor 106 is enviro-hermetically 
sealed as part of package 100. Package 100 is mounted to the 
larger Substrate, for example, by reflowing interconnection 
balls 218 as is well known to those of skill in the art. To repair 
or replace image sensor 106, package 100 is simply removed 
and a new package 100 is mounted to the larger Substrate. At 
no time is image sensor 106 exposed to the ambient environ 
ment during this procedure. Advantageously, this procedure 
can be performed in any facility with or without a cleanroom. 
The old package 100 is discarded or shipped to a central 
facility for repair. Since package 100 is simple to manufacture 
and service, the costs associated with package 100 are mini 
mized compared to the prior art. 
0.112. In one embodiment, package 100 is fabricated 
simultaneously with a plurality of packages 100 to minimize 
the cost associated with each individual package 100. In 
accordance with this embodiment, FIG.3 is an upperperspec 
tive view of a plurality of windows 122 in a plurality of 
cavities 302 of a lower, e.g., first, mold half300 of a mold and 
FIG. 4 is a cross-sectional view along the line IV-IV of FIG. 
3. 

0113 Referring to FIGS.3 and 4 together, lower mold half 
300 defines a three by three (3X3) array of cavities 302 for a 
total of nine cavities 302, all of which are similar. Although a 
mold having a three by three array of cavities 302 is set forth, 
in light of this disclosure, it is understood that a mold having 
more or less than a three by three array of cavities 302 is used 
to form more or less, respectively, than nine packages simul 
taneously. 

0114 Positioned in a first cavity 302A of the plurality of 
cavities 302 is a first window 122A of a plurality of windows 
122. Each of the other windows 122 is similarly placed in a 
corresponding cavity 302 so that each of the nine cavities 302 
contains one of windows 122. The placement of an article into 
a mold cavity is well known to those of skill in the art. 
0115 A plurality of tabs 304A protrude from lower mold 
half300 into first cavity 302A. In this embodiment, three tabs 
304A exist, but only one tab 304A is visible in the views of 
FIGS.3 and 4. A set of tabs 304 protrude into each of the other 
cavities 302 in a similar manner. Tabs 304 which include tabs 
304A result in the formation of alignment notches 130 (see 
FIGS. 1, 2) as discussed further below. 
0116 FIG. 5 is a cross-sectional view of the mold of FIGS. 
3, 4 at a later stage of fabrication. After windows 122 are 
positioned in cavities 302 in lower mold half 300, an upper, 
e.g., second, mold half 500 (FIG. 5) is brought down on lower 
mold half 300 and into the closed position. 
0117. As shown in FIG. 5, upper mold half 500 includes a 
plurality of extensions 502, all of which are similar, including 
a first extension 502A. Extension 502A is substantially the 
inverse shape of cavity 302A and extends downwards from 
the main body 501 of upper mold half 500. Thus, when upper 
mold half 500 is in a closed position adjacent lower mold half 
300 as illustrated in FIG. 5, extension 502A extends into 
cavity 302A and presses against window 122A. More particu 
larly, a base 504A of extension 502A presses against interior 
surface 122I of window 122A and a base 306A which defines 



US 2008/0106624 A1 

cavity 302A of lower mold half 300 presses against exterior 
surface 122E of window 122A. The other extensions 502 
similarly press against the other windows 122. 

0118 Further, when upper mold half 500 is in the closed 
position as illustrated in FIG. 5, upper mold half 500 and 
lower mold half 300 define a space 506 between upper mold 
half 500 and lower mold half300 which is filled with molding 
compound as shown in FIG. 6. 

0119 FIG. 6 is a cross-sectional view of the mold of FIG. 
5 at a later stage of fabrication. As shown in FIG. 6, molding 
compound is transferred into space 506 (FIG. 5) to form 
moldings 124. The transfer of molding compound into a mold 
is well known to those of skill in the art. As an example, a 
molding compound is heated to a melt and then forced 
between upper mold half 500 and lower mold half 300. After 
being transferred to the mold, i.e., upper mold half 500 and 
lower mold half 300, the molding compound is allowed to 
cool and solidify. 
0120 Generally, the molding compound should be 
mechanically stable over all temperatures to which package 
100 may be heated. For example, the molding compound 
should be mechanically stable at the temperature which pack 
age 100 is heated during attachment to the larger substrate 
Such as the printed circuit motherboard. As an illustration, the 
molding compound is mechanically stable when heated to 
220° C. for one minute. Suitable molding compounds are 
available from Amoco Performance Products, Inc. located in 
Atlanta, Ga., e.g., A-100, A-200, A-300, R-5000, R-5100, 
R-5700 resins. 

0121 A first molding 124A of the plurality of moldings 
124 encloses window 122A and surrounds extension 502A. 
The other moldings 124 similarly enclose corresponding win 
dows 122 and surround corresponding extensions 502. Of 
importance, by molding windows 122 in moldings 124 using 
upper and lower mold halves 500, 300, windows 122 are 
precisely positioned in moldings 124 to within tight toler 
ance, e.g., to within 0.001 in. (0.025 mm). As discussed above 
in reference to FIG. 2, this allows the Z height ZH to be 
precisely controlled which ensures optimum performance of 
package 100. This is in contrast to the prior art where place 
ment of the window on the shelf of the housing after the 
housing was fabricated resulted in significant variations in the 
position of the window from assembly to assembly. 
0122 The plurality of moldings 124 are integrally con 
nected together. More particularly, bridge sections 602 of 
molding compound integrally connect adjacent moldings 
124. To illustrate, a first bridge section 602A of the plurality 
of bridge sections 602 integrally connects first molding 124A 
to an adjacent second molding 124B of the plurality of mold 
ings 124. 

0123 FIG. 7A is an enlarged cross-sectional view of the 
region VII of FIG. 6 in accordance with one embodiment of 
the present invention. As shown in FIG. 7A, base 504A 
presses directly on interior surface 122I of window 122A and 
base 306A presses directly on exterior surface 122E of win 
dow 122A. In this manner, molding compound is prevented 
from contacting either interior surface 122I or exterior sur 
face 122E of window 122A. Accordingly, molding 124A 
contacts only sides 122S of window 122A and does not 
extend over interior surface 122I or exterior surface 122E of 
window 122A. 
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0.124 FIG. 7B is an enlarged cross-sectional view of the 
region VII of FIG. 6 in accordance with another embodiment 
of the present invention. This embodiment is substantially 
similar with the embodiment illustrated in FIG. 7A with the 
exception that molding 124A includes exterior locking fea 
ture 225E and interior locking feature 225I. 
0.125. As shown in FIG. 7B, exterior locking feature 225E 
extends over and contacts a periphery of exterior Surface 
122E of window 122A. Similarly, interior locking feature 
225I extends over and contacts a periphery of interior surface 
122I of window 122A. Exterior and interior locking features 
225E, 225I are flash, i.e., molding compound which is forced 
between base 306A and exterior surface 122E and between 
base 504A and interior surface 122I, respectively, during the 
transfer of the molding compound to the mold. However, 
control offlash may be difficult depending upon the particular 
application. 

0.126 FIG. 7C is an enlarged cross-sectional view of the 
region VII of FIG. 6 in accordance with yet another embodi 
ment of the present invention. In accordance with this 
embodiment, base 504A includes a pad 710 and base 306A 
includes a pad 712. Pads 710, 712 are typically a compliant 
material such a silicone. In one embodiment, pads 710, 712 
are each 0.25 millimeters (mm) thick. 
0127. As shown in FIG. 7C, pad 710 contacts a central 
region 122ICR of interior surface 122I of window 122. Cen 
tral region 122ICR is surrounded by peripheral region 
122IPR of interior Surface 122I of window 122A. In one 
embodiment, interior surface 122I is 8.5 mm square and 
peripheral region 122IPR extends inward 1.0 mm from sides 
122S of window 122A, i.e., central region 122ICR is located 
1.0 mm from sides 122S of window 122. 

0.128 Similarly, pad 712 contacts a central region 122ECR 
of exterior surface 122E of window 122A. Central region 
122ECR is surrounded by peripheral region 122EPR of exte 
rior surface 122E of window 122A. In one embodiment, 
exterior Surface 122E is 8.5 mm square and peripheral region 
122EPR extends inward 1.0 mm from sides 122S of window 
122A, i.e., central region 122ECR is located 1.0 mm from 
sides 122S of window 122. 

0129. Use of pads 710,712 creates spaces between periph 
eral regions 122IPR, 122EPR and bases 504A, 306A, respec 
tively. Advantageously, molding compound fills these spaces 
during the transfer of the molding compound into the mold. 
As a result, interior locking feature 225I is formed between 
peripheral region 122IPR and base 504A and exterior locking 
feature 225E is formed between peripheral region 122EPR 
and base 306A. Further, since molding 124A, including inte 
rior and exterior locking features 225I, 225E, is formed dur 
ing a single molding step, molding 124A including interior 
and exterior locking features 225I, 225E is integral, i.e., 
molding 124A, interior locking feature 225I and exterior 
locking feature 225E are all the same piece and are not a 
plurality of separate pieces connected together. 

0130. In FIGS. 7B, 7C, both interior and exterior locking 
features 225I, 225E are illustrated. However, in an alternative 
embodiment, only interior locking feature 225I or exterior 
locking feature 225E is formed. As an example, referring to 
FIG. 7C, only pad 710 or pad 712 is used resulting in the 
formation of only interior locking feature 225I or exterior 
locking feature 225E, respectively. 



US 2008/0106624 A1 

0131 Although in FIGS. 7A, 7B and 7C, molding of first 
window 122A of the plurality of windows 122 in first molding 
124A of the plurality of moldings 124 is discussed, in light of 
this disclosure, it is understood that the other windows 122 are 
molded in corresponding moldings 124 simultaneously and 
in a similar manner. 

0132 FIG. 8 is a cross-sectional view of an array 800 of 
image sensor packages 100 during assembly in accordance 
with the present invention. After molding windows 122 in 
molding compound, a molded window array 802 is removed 
from the mold, i.e., is removed from lower mold half 300 and 
upper mold half 500 (see FIG. 6). Molded window array 802 
includes windows 122, which, in this embodiment, are Sup 
ported by and molded in corresponding moldings 124. For 
example, first window 122A of the plurality of windows 122 
is supported by and molded in first molding 124A of the 
plurality of moldings 124. Each of the other windows 122 is 
similarly Supported by and molded in a corresponding mold 
ing 124. 
0133. Each of moldings 124 include a plurality of align 
ment notches 130. For example, molding 124A includes three 
alignment notches 130A of the plurality of alignment notches 
130 although only one alignment notch 130A is shown in the 
view of FIG.8. Alignment notches 130 are formed by, and 
correspond to, tabs 304 of lower mold half 300 (see FIGS. 3 
and 4). 
0134. As shown in FIG. 8, array 800 includes a substrate 
810. Substrate 810 includes a plurality of individual sub 
strates 102 integrally connected together in an array format. 
Each of substrates 102 is delineated and separated by a sin 
gulation street 812 which is located between adjacent sub 
strates 102. For example, a first singulation street 812A of a 
plurality of singulation streets 812 separates a first substrate 
102A of the plurality of substrates 102 from a second sub 
strate 102B of the plurality of substrates 102. The other sub 
strates 102 are similarly separated from adjacent substrates 
102 by corresponding singulation streets 812. 
0135 Substrates 102 include traces 104 and metalliza 
tions 109 on upper surfaces 102U of substrates 102. Sub 
strates 102 also includes vias 215 extending through sub 
strates 102 and traces 216, pads 217 on lower surfaces 102L 
of substrate 102 which are not illustrated in FIG. 8 for pur 
poses of clarity. See vias 215, traces 216 and pads 217 of FIG. 
2 for example. In one embodiment, metalized vias along 
singulation streets 812 are combined with conductive lands to 
provide LCC footprints. 
0136 Image sensors 106 are attached to corresponding 
Substrates 102, and more particularly, to corresponding met 
allizations 109, by corresponding adhesive layers 108. For 
example, a first image sensor 106A of the plurality of image 
sensors 106 is attached to substrate 102A, and more particu 
larly, to metallization 109A, by adhesive layer 108A. The 
other image sensors 106 are similarly attached. 
0137. During attachment, image sensors 106 are aligned 

to substrate 810 using any one of a number of conventional 
alignment techniques, e.g., are optically or mechanically 
aligned. In one embodiment, a pick and place machine Such as 
a MRSI 505 by MRSI Corp. of Chelmsford, Mass. is used to 
align image sensors 106 to substrate 810. Of importance, this 
allows image sensors 106 to be precisely aligned to Substrate 
810 to within tight positional tolerances, e.g., to within 0.001 
inches (0.025 mm). 
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0.138 Bond pads 112 of image sensors 106 are electrically 
connected to corresponding traces 104 by corresponding 
bond wires 114. For example, a bond pad 112B of the plural 
ity of bond pads 112 is electrically connected to a correspond 
ing trace 104B of the plurality of traces 104 by a bond wire 
114B of the plurality of bond wires 114. The other bond pads 
112 are similarly connected. 
0.139. An adhesive layer 126 is applied to bases 226 of 
each of moldings 124 and to bridge sections 602. Adhesive 
layer 126 is applied using any one of a number of conven 
tional techniques, e.g., a B stage epoxy is applied by Screen 
printing or needle dispensing or, alternatively, a double sided 
laminate adhesive tape is applied by pressure. 
0140 Instead of applying adhesive layer 126 directly to 
bases 226 of moldings 124 and to bridge sections 602 as 
illustrated in FIG. 8, in an alternative embodiment, adhesive 
layer 126 is applied to selective portions of an upper Surface 
810U of substrate 810, and more particularly, is applied over 
and extends slightly beyond singulation streets 812 and is 
applied over a periphery 814 of substrate 810. 
0.141. After application of adhesive layer 126, molded 
window array 802 is aligned with substrate 810 using any one 
of a number of conventional alignment techniques, e.g., is 
optically or mechanically aligned of importance, molded 
window array 802 is precisely aligned with substrate 810, and 
hence image sensors 106, to within tight positional tolerance, 
e.g., to within 0.001 inches (0.025 mm). 
0142. After alignment, molded window array 802 is 
moved and brought into abutting contact with substrate 810 
such that adhesive layer 126 contacts both molded window 
array 802 and substrate 810. If necessary, e.g., if adhesive 
layer 126 is a B staged epoxy, adhesive layer 126 is cured. In 
this manner, molded window array 802 is attached to sub 
strate 810 by adhesive layer 126. 
0143 FIG. 9 is a cross-sectional view of array 800 of 
image sensor packages 100 of FIG. 8 at a later stage of 
fabrication in accordance with the present invention. After 
molded window array 802 is attached to substrate 810, in one 
embodiment, each molding 124 or substrate 102 is marked, 
for example with ink, to identify the part number associated 
with image sensor package 100. In accordance with this 
embodiment, a lower surface 810L of substrate 810 is popu 
lated with interconnection balls 218, e.g., on traces (not 
shown). 
0.144 Array 800 is then singulated into a plurality of indi 
vidual image sensor packages 100 (see FIGS. 1, 2) by sepa 
rating array 800 along singulation streets 812. Singulation 
can be accomplished using any one of a number of conven 
tional singulation techniques, e.g. by laser cutting or 
mechanical sawing through substrate 810, adhesive layer 126 
and bridge sections 602. In one embodiment, periphery 814 
and the overlying adhesive layer 126 and overlying section of 
molded window array 802 are also trimmed during singula 
tion. 

0145 Inaccordance with an alternative embodiment of the 
present invention, Substrate 810 is a Snap straight Substrate, 
i.e., is a Substrate designed to Snap along singulation Streets 
812 on bending of substrate 810. Snap straight substrates, 
typically ceramic, are well known to those of skill in the art 
and are not discussed further to avoid detracting from the 
principles of the invention. 
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0146 In accordance with this embodiment, bridge sec 
tions 602 of molded window array 802 and adhesive layer 126 
are also designed to Snap along with Substrate 810 along 
singulation streets 812. Bridge sections 602 are formed of a 
molding compound which is sufficiently brittle to Snap. In 
other embodiments, bridge sections 602 are fabricated to 
have less strength than the remainder of molded window array 
802 to facilitate snapping of bridge sections 602 as discussed 
in greater detail below with respect to FIGS. 1A, 10B. 
0147 FIG. 10A is an enlarged cross-sectional view of the 
region X of FIG. 6 in accordance with this embodiment of the 
present invention. As shown in FIG.10A, upper mold half500 
includes a tab 1002 which extends from upper mold half 500 
downwards towards lower mold half 300. Similarly, lower 
mold half 300 includes a tab 1004 which extends from lower 
mold half 300 upwards towards upper mold half 500. 
0148 Tabs 1002 and 1004 are located directly across from 
one another and define a narrow portion 1006 of bridge sec 
tion 602A. Narrow portion 1006 has a width WNP less thana 
width. WWP of a second wide portion 1008 of bridge section 
602A. Since narrow portion 1006 has less width than wide 
portion 1008, narrow portion 1006 has less mechanical 
strength than wide portion 1008. Thus, referring to FIGS. 9 
and 10A together, bridge section 602A preferentially snaps 
apart at narrow portion 1006 when substrate 810 is snapped 
along a singulation street 812. 
014.9 FIG. 10B is an enlarged perspective view, partially 
in cross-section, of the region X of FIG. 6 in accordance with 
an alternative embodiment of the present invention. In FIG. 
10B, upper and lower mold halves 500,300 are not illustrated 
for purposes of clarity. 

0150. In this embodiment, bridge section 602A includes a 
finger portion 1010, which is sometimes called webbing. 
Finger portion 1010 includes a plurality of fingers 1012 
extending between body portions 1014 and 1016 of bridge 
section 602A. A space 1018 exists between each of fingers 
1012 along the depth of bridge section 602A (i.e. along the Z 
axis of FIG. 10B) and between body portions 1014, 1016 in 
the horizontal direction (i.e., along the X axis of FIG. 10B). 
To illustrate, a first space 1018A of the plurality of spaces 
1018 exists between first and second fingers 1012A, 1012B of 
the plurality offingers 1012 and between body portions 1014, 
1016. 

0151. In one embodiment, each offingers 1012 has a width 
WFP (along the Y axis of FIG. 10B) less thana width WBP of 
body portions 1014, 1016. By forming finger portion 1010 
with fingers 1012 and spaces 1018, finger portion 1010 has 
less mechanical strength than body portions 1014, 1016. 
Thus, referring to FIGS. 9 and 10B together, bridge section 
602A preferentially snaps apart at finger portion 1010 when 
substrate 810 is snapped along a singulation street 812. 
0152 Although only a single bridge section 602A of the 
plurality of bridge sections 602 is described and illustrated in 
each of the embodiments of FIGS. 10A, 10B, the other bridge 
sections 602 are similar in structure and function so are not 
described further. 

0153. By forming a plurality of packages 100 simulta 
neously, several advantages are realized. One advantage is 
that it is less labor intensive to handle and process a plurality 
of packages 100 simultaneously rather than to handle and 
process each package 100 on an individual basis. Another 
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advantage is that usage of materials is more efficient when an 
array of packages 100 is fabricated. By reducing labor and 
using less material, the cost associated with each package 100 
is minimized. However, in light of this disclosure, those of 
skill in the art will recognize that packages 100 can also be 
manufactured on an individual basis if desired. 

0154 FIG. 11 is a perspective view, partially cutaway and 
partially exploded, of an image sensor package 1100, some 
times called a camera module, in accordance with another 
embodiment of the present invention. FIG. 12 is a cross 
sectional view of package 1100 taken along the line XII-XII 
of FIG. 11. Referring to FIGS. 11 and 12 together, package 
1100 is similar in many respects with package 100 of FIGS. 1 
and 2 and the discussion above in reference to package 100 is 
incorporated herein. To avoid detracting from the principals 
of the invention, only the relevant differences between pack 
ages 1100 and 100 are discussed below. 
0.155 Molding 124C, sometimes called a lens mount, of 
package 1100 includes a lens holder extension portion 1102. 
Molding 124C including lens holder extension portion 1102 
is integral, i.e., is one piece and not a plurality of separate 
pieces connected together. Lens holder extension portion 
1102 extends upwards, e.g. in a first direction perpendicular 
to exterior surface 122E of window 122, from window 122. 
Lens holder extension portion 1102 includes an interior cylin 
drical surface 1104 which defines an aperture 1106. A longi 
tudinal axis 1208 of aperture 1106 is perpendicular to a plane 
parallel to window 122 and, more particularly, is perpendicu 
lar to exterior and interior surfaces 122E, 122I of window 122 
in this embodiment. Aperture 1106 extends upward from 
window 122 such that window 122 is exposed through aper 
ture 1106. 

0156 To facilitate attachment of an optical element 1210 
such as a lens (hereinafter lens 1210), interior cylindrical 
surfaced 1104 is threaded. Stated another way, aperture 1106 
is a female threaded aperture. 
0157 Lens 1210 is supported in a support 1112, hereinaf 
ter lens support 1112. Lens support 1112 is a cylindrical 
annulus having an interior cylindrical Surface 1214 which 
defines an aperture 1216. Lens 1210 is positioned in aperture 
1216 such that lens 1210 and lens support 1112 have a com 
mon longitudinal axis 1218. 
0158 Lens support 1112, sometimes called a lens barrel, 
has an exterior cylindrical surface 1120, which is threaded. 
Stated another way, lens support 1112 is male threaded. Of 
importance, the threading of exterior cylindrical surface 1120 
corresponds with the threading of interior cylindrical surface 
1104 allowing threaded attachment of lens support 1112 to 
molding 124C. 
0159. To attach lens support 1112 to molding 124C, lens 
support 1112 is positioned above molding 124C such that 
longitudinal axes 1208, 1218 are substantially aligned as best 
shown in FIG. 12. Lens support 1112 is threaded into aperture 
1106 so that exterior cylindrical surface 1120 is threadedly 
attached to interior cylindrical surface 1104 of molding 124C. 
0.160 Advantageously, lens 1210 is readily adjusted rela 
tive to image sensor 106 by rotating lens support 1112. More 
particularly, lens Support 1112 is rotated around longitudinal 
axis 1218 in a first direction, e.g., clockwise looking down at 
lens support 1112, to move lens support 1112 and lens 1210 
towards image sensor 106. Conversely, lens support 1112 is 
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rotated around longitudinal axis 1218 in a second direction 
opposite the first direction, e.g., counterclockwise looking 
down at lens support 1112, to move lens support 1112 and 
lens 1210 away from image sensor 106. In this manner, lens 
Support 1112 is rotated until radiation passing through lens 
1210 is properly focused on active area 110 of image sensor 
106. Once proper focus is attained, lens support 1112 is 
prevented from unintentional rotation. For example, adhesive 
is applied to secure lens support 1112 to molding 124C. 

0161 Recall that in the prior art, the lens assembly was 
typically attached directly to the larger Substrate. Such as a 
printed circuit mother board, after the image sensor assembly 
was attached to the larger Substrate. A large tolerance was 
associated with attachment of the lens assembly in this man 
ner. However, it is important to reduce tolerances to optimize 
performance of the image sensor assembly. 

0162 Further, the lens assembly of the prior art typically 
had to be adjusted by moving the lens assembly relative to the 
larger Substrate, for example with adjustment screws. Unde 
sirably, this was labor intensive which increased the cost of 
the electronic device which used the image sensor assembly. 

0163. In addition, the lens assembly of the prior art was 
Sometimes inadvertently moved relative to the image sensor 
which caused defocusing and defective operation of the 
image sensor. For example, the lens assembly was sometimes 
bumped during assembly or servicing of the electronic device 
which used the image sensor assembly. As another example, 
the lens assembly moved due to warpage of the Substrate. 

0164 Advantageously, package 1100 in accordance with 
the present invention eliminates these problems of the prior 
art. In particular, since molding 124C is precisely positioned 
to within tight tolerance of image sensor 106, the position 
both horizontally and vertically in the view of FIG. 12 of lens 
1210 with respect to image sensor 106 is also precise to within 
tight tolerance, e.g., to within 0.001 in. (0.025 mm). More 
particularly, the optical axis of lens 1210 is precisely aligned 
with the optical center of active area 110 of image sensor 106. 
Reducing tolerance in the position of lens 1210 with respect 
to image sensor 106 improves performance of package 1100 
compared to prior art image sensor assemblies. 

0165. Further, lens 1210 is adjusted relative to image sen 
sor 106 simply by rotating lens support 1112 thus readily 
allowing focusing of radiation on active area 110 of image 
sensor 106. Advantageously, this focusing is performed dur 
ing fabrication of package 1100 before assembly to the larger 
Substrate. Thus, the prior art requirement of focusing the lens 
assembly during assembly of the larger Substrate is elimi 
nated. As a result, the costs associated with package 1100 are 
lower than those associated with prior art image sensor 
assemblies. 

0166 Further, since lens support 1112 and lens 1210 are 
integrated into package 1100, there is essentially no possibil 
ity of inadvertently moving lens 1210 relative to image sensor 
106. Thus, the prior art possibility of bumping the lens assem 
bly or otherwise having the lens assembly move and defocus 
the radiation is eliminated. 

0167 Fabrication of package 1100 is similar in many 
respects with fabrication of package 100 of FIGS. 1 and 2 and 
the discussion above regarding the fabrication of package 100 
is incorporated herein. To avoid detracting from the principals 
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of the invention, only the relevant differences between the 
fabrication of package 1100 and the fabrication of package 
100 are discussed below. 

0168 FIG. 13 is a cross-sectional view of a molded win 
dow array 1300 in accordance with one embodiment of the 
present invention. Molded window array 1300 is formed 
using a multi-piece mold, e.g., a three or four piece mold. In 
one particular embodiment, apertures 1106 are formed by 
molding around threaded plugs, which are then unscrewed 
from molded window array 1300. 
0169 Molded window array 1300 of FIG. 13 is substan 
tially similar to molded window array 802 of FIG. 8 except 
that each molding 124C of molded window array 1300 
includes a lens holder extension portion 1102 and a pocket 
1302 for supporting a window 122. For example, a first mold 
ing 124C1 of the plurality of moldings 124C includes a first 
lens holder extension portion 1102A of the plurality of lens 
holder extension portions 1102 and a first pocket 1302A of 
the plurality of pockets 1302. The other moldings 124C have 
similar corresponding lens holder extension portions 1102 
and pockets 1302 so are not discussed further. 
0170 FIG. 14 is an enlarged cross-sectional view of the 
region XIV of FIG.13 in accordance with this embodiment of 
the present invention. Referring to FIG. 14, pocket 1302A is 
shaped to fit and support a window 122B1 (window 122B1 is 
not illustrated in FIG. 13 for purposes of clarity). More par 
ticularly, pocket 1302A is essentially the same size and shape 
as window 122B1. Pocket 1302A is defined by sides 1404 of 
molding 124C1 which correspond to sides 122S of window 
122B1. Pocket 1302A is further defined by a shelf 1406 of 
molding 124C1, which is perpendicular to sides 1404 and 
extends inwards from sides 1404. Shelf 1406 corresponds to 
a peripheral region 122EPR of an exterior surface 122E of 
window 122B1. 

0171 In accordance with this embodiment, after molded 
window array 1300, and in particular molding 124C1, is 
fabricated, window 122B1 is secured in pocket 1302A. As an 
illustration, window 122B1 is placed into pocket 1302A and 
an adhesive is applied to secure window 122B1 in place. 
Advantageously, this allows window 122B1 to be kept in a 
protective wrapper until just before the assembly of molded 
window array 1300 to the substrate, for example, to substrate 
810 of FIG. 8. By waiting to secure window 122B1 to mold 
ing 124C1 just before the assembly of molded window array 
1300 to the substrate, possible contamination of window 
122B1, for example during shipment of molded window 
array 1300, is avoided. 
0172 Although securing of a first window 122B1 of a 
plurality of windows 122 to first pocket 1302A of the plurality 
of pockets 1302 is discussed above, in light of this disclosure, 
it is understood that the other windows 122 are secured in 
corresponding pockets 1302 in a similar manner. 
0173 Referring again to FIG. 13, in an alternative embodi 
ment, instead of forming pockets 1302, windows 122 are 
molded into molded window array 1300 during the fabrica 
tion of molded window array 1300. Molding of windows 122 
in accordance with this embodiment is substantially similar to 
molding of windows 122 as discussed in reference to the 
embodiments of FIGS. 7A, 7B and 7C, the discussion of 
which is incorporated herein. 
0.174 FIG. 15 is an exploded perspective view of an image 
sensor package 1500 in accordance with another embodiment 
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of the present invention. FIG. 16 is a cross-sectional view of 
package 1500 taken along the line XVI-XVI of FIG. 15. 
Referring to FIGS. 15 and 16 together, package 1500 is simi 
lar in many respects with package 100 of FIGS. 1 and 2 and 
the discussion above in reference to package 100 is incorpo 
rated herein. To avoid detracting from the principals of the 
invention, only the relevant differences between packages 
1500 and 100 are discussed below. 

0175 Package 1500 includes a snap lid 1502 which snaps 
onto a molding 124D of package 1500 to hold a window 122C 
in place. In one embodiment, snap lid 1502 is a low cost 
molded part. Snap lid 1502 includes a plurality of alignment 
notches 130 used to align the lens (not shown) to image sensor 
106. 

0176 Snap lid 1502 includes a compression ring section 
1504 which presses against window 122C to hold window 
122C in place as discussed further below. Snap lid 1502 
further includes a snap 1506 extending downwards from 
compression ring section 1504. Snap 1506 snaps onto a cor 
responding locking feature 1508 of molding 124D to attach 
snap lid 1502 to molding 124D. 
0177. In this embodiment, compression ring section 1504 

is rectangular and includes a rectangular central aperture 
1510. A central region of window 122C (see central region 
122CR of FIGS. 18A and 18B for example) is exposed to the 
ambient environment through aperture 1510. During use, 
radiation passes through aperture 1510, though window 122C 
and strikes active area 110 of image sensor 106. 
0178 Snap 1506 extends downwards from edges of com 
pression ring section 1504 towards molding 124D, perpen 
dicular to a plane defined by compression ring section 1504. 
As shown in FIG.16, snap 1506 includes an inwardly extend 
ing tab 1612, e.g., a hook-like feature, which is attached to 
locking feature 1508 of molding 124D. 

0179. In this embodiment, locking feature 1508 of mold 
ing 124D is shaped as a rectangular bar extending outward in 
a plane parallel to compression ring section 1504 from mold 
ing 124D along all four sides of molding 124D. Locking 
feature 1508 includes a lip 1614. Tab 1612 is in abutting 
contact with lip 1614 such that snap 1506 encompasses and 
holds locking feature 1508 thus securing snap lid 1502 to 
molding 124D. 

0180 FIG. 17 is a cross-sectional view of package 1500 
illustrating the attachment of snap lid 1502 to molding 124D 
in accordance with this embodiment of the present invention. 
After window 122C is placed in molding 124D, snap lid 1502 
is aligned with molding 124D. Once aligned, snap lid 1502 is 
at a position 1700. At position 1700, snap 1506 is laterally 
aligned to extend around locking feature 1508. Further, at 
position 1700, snap lid 1502 is in its relaxed state, i.e., is not 
stressed. 

0181. After alignment, snap lid 1502 is snapped onto 
molding 124D. To facilitate this snapping, snap lid 1502 is 
pressed towards molding 124D. This causes snap 1506 to 
slide against locking feature 1508. To facilitate this sliding, 
snap 1506 includes a taper 1702 which slides against locking 
feature 1508. 

0182. As taper 1702 slides against locking feature 1508, 
snap 1506 is distorted and bent away from compression ring 
section 1504. This produces stress in snap lid 1502 which 
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causes tab 1612 to press inward against locking feature 1508. 
To illustrate, at a position 1704 (indicated in dashed lines for 
clarity), snap 1506 is distorted and bent and tab 1612 is 
pressing inward against locking feature 1508. 
0183 Snap lid 1502 is pressed towards molding 124D 
until tab 1612 reaches lip 1614 of locking feature 1508. Upon 
tab 1612 reaching lip 1614, stress in snap lid 1502 causes snap 
1506 to snap inwards such that tab 1612 engages lip 1614 as 
shown in FIG. 16. Advantageously, stress created in Snap lid 
1502 during attachment firmly presses snap 1506 around 
locking feature 1508 so that snap lid 1502 is securely attached 
to molding 124D. When attached, snap lid 1502 holds win 
dow 122 in place as discussed in reference to FIGS. 18A and 
18B. 

0.184 FIG. 18A is an enlarged cross-sectional view of the 
region XVIII of FIG. 16 in accordance with this embodiment 
of the present invention. As shown in FIG. 18A, window 
122C is supported in a pocket 1800 defined by sides 1802 and 
a shelf 1804 of molding 124D. Sides 1802 of molding 124D 
are substantially the same width (in the vertical direction of 
the view of FIG. 18A) as sides 122S of window 122C. Shelf 
1804 is perpendicular to sides 1802 and extends inward from 
sides 1802. 

0185. In accordance with this embodiment, after molding 
124D is fabricated, window 122C is placed in pocket 1800. 
After placement of window 122C in pocket 1800, shelf 1804 
contacts and supports a peripheral region 122IPR of interior 
surface 122I of window 122C. Snap lid 1502 is secured in 
place as described in reference to FIG. 17. Once secured, snap 
lid 1502, and more particularly compression ring section 
1504, contacts and presses against a peripheral region 
122EPR of exterior Surface 122E of window 122C. 

0186 Of importance, window 122C is sandwiched 
between molding 124D and snap lid 1502. In this manner, 
window 122C is held in place. Advantageously, use of Snap 
lid 1502 allows window 122C to be kept in a protective 
wrapper until window 122C is needed. For example, window 
122C is kept in a protective wrapper to avoid contamination 
or scratching of window 122C. 
0187. As a further advantage, use of snap lid 1502 allows 
window 122C to be easily removed. In light of this disclosure, 
those of skill in the art will understand that snap 1506 (FIG. 
16) is pulled away from molding 124D to unlock tab 1612 
from lip 1614 and thus allow removal of snap lid 1502 from 
molding 124D. Once removed, window 122C is easily 
cleaned, treated or replaced with a different window. As an 
example of a suitable window 122C, window 122C in FIG. 
18A includes a first layer 1810 such as planar glass and a 
second layer 1812 such as an infrared filter. However, in other 
embodiments, window 122C is a single layer Such a single 
piece of planar glass. 

0188 Further, in some applications, it may be desirable to 
prevent window 122C from being removable. To prevent 
window 122C from being removable, in one embodiment, 
window 122C is permanently secured to molding 124D. For 
example, adhesive is applied to adhere window 122C in 
pocket 1800 before snap lid 1502 is secured. 
0189 In reference to FIG. 17, the attachment of a single 
snap lid 1502 to a single molding 124D is described. How 
ever, in an alternative embodiment, molding 124D is fabri 
cated simultaneously with a plurality of moldings 124D as 
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part of a molded window array similar to molded window 
array 802 of FIG.8. Windows 122C and snap lids 1502 are 
attached to moldings 124D while moldings 124D are still part 
of the molded window array. This attachment occurs while 
the molded window array is separate from a Substrate, e.g., 
substrate 810 of FIG.8. Alternatively, this attachment occurs 
after the molded window array is attached to a substrate, e.g., 
substrate 810 of FIG. 9. As a further alternative, molding 
124D is singulated from the other moldings 124D of the 
molded window array, window 122 and snap lid 1502 
attached, and molding 124D attached to the individual sub 
strate, e.g. substrate 102 of FIG. 15. 
0190 FIG. 18B is an enlarged cross-sectional view of the 
region XVIII of package 1500 of FIG. 16 in accordance with 
an alternative embodiment of the present invention. The 
embodiment of FIG. 18B is substantially similar to the 
embodiment of FIG. 18A with the exception that sides 1802A 
of molding 124D1 are shorter than sides 122S of window 
122C and compression ring section 1504A of snap lid 1502A 
includes a pocket 1820. 
0191 Pocket 1820 of snap lid 1502A is symmetric with 
pocket 1800A of molding 124D1. Pocket 1820 is defined by 
sides 1822A and a shelf 1824 of snap lid 1502A. Shelf 1824 
is perpendicular to sides 1822A and extends inward from 
sides 1822A. Sides 1802A and 1822A lie on a common plane 
and the combined width (in the vertical direction in the view 
of FIG. 18B) ofsides 1802A and 1822A is substantially equal 
to the width of sides 122S of window 122C. Shelfs 1824, 
1804 press on peripheral regions 122EPR, 122IPR of exterior 
and interior surfaces 122E, 122I, respectively, of window 
122. In this manner, window 122C is supported in pockets 
1800A and 1820 and held in place. 
0192 This application is related to: Webster, U.S. patent 
application Ser. No. 09/457,505, filed Dec. 8, 1999, now U.S. 
Pat. No. 6,455,774, issued Sep. 24, 2002, entitled “MOLDED 
IMAGE SENSOR PACKAGE'; Glenn et al., U.S. patent 
application Ser. No. 09/457.516, filed Dec. 8, 1999, now U.S. 
Pat. No. 6,483,030, issued Nov. 19, 2002, entitled “SNAP 
LID IMAGE SENSORPACKAGE”. Glennet al., U.S. patent 
application Ser. No. 09/457.515, filed Dec. 8, 1999, now U.S. 
Pat. No. 6,526,653, issued Mar. 4, 2003, entitled “METHOD 
OFASSEMBLING ASNAPLID IMAGE SENSOR PACK 
AGE'; Glenn et al., U.S. patent application Ser. No. 09/458, 
033, filed Dec. 8, 1999, now U.S. Pat. No. 6,266,197, issued 
Jul. 24, 2001, entitled “MOLDED WINDOWARRAY FOR 
IMAGE SENSOR PACKAGES: and Glenn et al., U.S. 
patent application Ser. No. 09/457.517, filed Dec. 8, 1999, 
now U.S. Pat. No. 6,389,687, issued May 21, 2002, entitled 
METHOD OF FABRICATING IMAGE SENSOR PACK 
AGES IN AN ARRAY'; which are all herein incorporated by 
reference in their entirety. 
0193 The drawings and the forgoing description gave 
examples of the present invention. The scope of the present 
invention, however, is by no means limited by these specific 
examples. Numerous variations, whether explicitly given in 
the specification or not. Such as differences in structure, 
dimension, and use of material, are possible. The Scope of the 
invention is at least as broad as given by the following claims. 

1-13. (canceled) 
14. A method of using a camera module, the camera mod 

ule comprising: 
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a Substrate; 
an image sensor comprising an active area, the image sen 

sor being coupled to a first surface of the substrate; 
a lens mount coupled to the Substrate, the lens mount 

comprising a threaded aperture; 
a lens barrel comprising a threaded cylindrical Surface, the 

lens barrel inserted into the threaded aperture of the lens 
mount, the lens barrel comprising an optical element; 
and 

a ball grid array for electrically connecting the camera 
module to a larger Substrate, the method comprising: 

causing light to pass through the optical element and to 
contact the active area. 

15. The method of using a camera module of claim 14 
further comprising mounting the camera module on a larger 
substrate. 

16. The method of using a camera module of claim 15 
wherein the camera module is mounted to the larger Substrate 
by the ball grid array. 

17. The method of using a camera module of claim 14 
further comprising electrically connecting the camera mod 
ule to a larger Substrate. 

18. The method of using a camera module of claim 14 
wherein the active area is responsive to the light. 

19. The method of using a camera module of claim 14 
wherein the light comprises visible light. 

20. The method of using a camera module of claim 14 
wherein the light comprises infrared radiation. 

21. The method of using a camera module of claim 14 
wherein the light comprises ultraviolet light. 

22. The method of using a camera module of claim 14 
further comprising focusing the light on the active area. 

23. The method of using a camera module of claim 22 
wherein the focusing the light on the active area comprises 
moving the optical element relative to the image sensor. 

24. The method of using a camera module of claim 23 
wherein the moving the optical element relative to the image 
sensor comprises moving the optical element away from the 
image sensor. 

25. The method of using a camera module of claim 23 
wherein the moving the optical element relative to the image 
sensor comprises moving the optical element towards the 
image sensor. 

26. The method of using a camera module of claim 23 
wherein the optical element comprises at least one lens. 

27. The method of using a camera module of claim 23 
wherein rotation of the lens barrel moves the optical element 
relative to the image sensor. 

28. The method of using a camera module of claim 27 
further comprising mounting the camera module on a larger 
substrate. 

29. The method of using a camera module of claim 28 
wherein the focusing the light on the active area is performed 
prior to the mounting the camera module on a larger Substrate. 

30. The method of using a camera module of claim 29 
further comprising securing the lens barrel to the lens mount 
Subsequent to the focusing the light on the active area. 

31. The method of using a camera module of claim 30 
wherein the securing the lens barrel to the lens mount is 
performed prior to the mounting the camera module on a 
larger Substrate. 
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32. A method comprising: 
coupling an image sensor to a first Surface of a Substrate, 

the image sensor comprising an active area; 
coupling bond pads of the image sensor to traces on the first 

surface of the substrate, the traces being electrically 
connected to interconnection balls coupled to a second 
surface of the substrate; 

coupling a lens mount to the Substrate with an adhesive 
layer, the lens mount comprising a threaded aperture; 

inserting a lens barrel into the threaded aperture of the lens 
mount, the lens barrel comprising an optical element and 
a threaded cylindrical Surface; and 

focusing light passing through the optical element on to the 
active area. 

33. A method comprising: 
coupling an image sensor to a first Surface of a Substrate, 

the image sensor comprising an active area; 

14 
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coupling bond pads of the image sensor to traces on the first 
surface of the substrate, the traces being electrically 
connected to a means for electrically connecting 
coupled to a second Surface of the Substrate, the means 
for electrically connecting being selected from the group 
consisting of a ball grid array, a land grid array and a 
leadless chip carrier, 

coupling a lens mount to the Substrate with an adhesive 
layer, the lens mount comprising a threaded aperture; 

inserting a lens barrel into the threaded aperture of the lens 
mount, the lens barrel comprising an optical element and 
a threaded cylindrical Surface; and 

focusing light passing through the optical element on to the 
active area. 


