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Complementary metal oxide semiconductor (CMOS) imaging devices may be formed using
conventional logic semiconductor fabrication processes. These devices can be made at high
speed and at relatively low cost, producing devices with advanced electronic functions, in
addition to the imaging functions.

A variety of photosensitive devices increase their fill factors with microlens arrays.
The fill factor is a measure of the amount of incident light which actually makes its way onto
the image sensing array. The microlens operates as a mimature lens, focusing light on each
pixel making up the image sensing array.

Microlenses may be made of positive photoresist or sol gel. These microlens arrays
may be formed directly on top of the image sensor, for example, by positioning the microlens
array on top of a color filter array (CFA) which is situated over the image sensing array.
Alternatively, the microlenses may be spaced over the image sensing array. In any case, the
microlenses are generally heat sensitive and therefore have not been used, so far as the
present inventors are aware, with surface mount packaging. It is believed that conventional

surface mount packaging, which involves temperatures on the order of 225°C for a matter of

minutes adversely affects conventional microlens arrays.



present inventors are aware, wth surface nount packaging. It is believed
that conventional surface nount packaging, which involves tenperat greyois
the order of 225C for a matter of mnutes adversely affects conventi onal
mcrolens arrays. 1 1 NOV 2003 -2 Therefore, there is a continuing need for
techni ques for enabling | ow cost packagi_ag techniques to be applied to
phot osensitive devices with acceptable fi'll factors achi eved using
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device is eh expos 5 aPurface mount mass reflow. Descri ption of the
Drawi ngs midypless drrdys. a perspective view of one enbodi ment of a microlens
array in accordance wth one enbodi nent of the present invention; Figure 2
is a flow di agram show ng the steps used in one enbodi nent of the present

I nventi orcw,é&o form m crol enses using nass reflow techniques; Figure 3 is a
Cross-se view of the array shown in Figure 2 after a heat-
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t he process of being fabricated; and Figure 5 shows a device in use in
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Referringto Fig. 1. a mcrolens arra may i.ncl ude-.a plurality of
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of the present invention. Wth the illustrated mcrol enses 12, the
rectangul ar or square shape decreases the anount of space wasted by the
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with one embodiment of the present invention;
Figure 2 is a flow diagram showing the steps used in one embodiment of the present
invention to form microlenses using mass reflow technigues;
Figure 3 is a cross-sectional view of the array shown in Figure 2 after a heat-
processing step;
Figure 4 is a cross-sectional view of a microlens array in the process of being

fabricated; and

Figure 5 shows a device in use in accordance with one embodiment of the invention.

Detailed Description

Referring to Fig. 1, a microlens array 10 may include a plurality of microlenses 12
separated by channels 14 in accordance with one embodiment of the present invention. With
the illustrated microlenses 12, the rectangular or square shape decreases the amount of space
wasted by the channels 14 and thereby improves the fill factor. The precise dome shape of
the microlenses 12 may be adjusted by increasing or decreasing the curvature compared to
that shown. In addition to rectangular microlenses, other conventional shapes may be used as
well including circular, hemisphencal microlenses.

The microlens array 10 can be formed of a substantially light transmissive, positive
photoresist, such as novalac. The array 10 may withstand the mass reflow temperature steps
involved in coupling surface mount packages to circuit boards. With conventional

microlenses, the optical characteristics of the microlens would be degraded when exposed the



that shown. In addition to rectangul ar m crol enses, other conventi onal
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of aboul0 @ Ifgc2.ons. The bl ocks are patterned using conventional techniques
such as phot presl St RoRETREhy! HetMAE I8 whfcn M $RbAY nibroRnSed mids take
the shape shown in Fig. 3 in one embodiment of the invention. In such case, the blocks are
separated from one another by a trough 18 which may have a width of about 3.5 microns.
Walls may be formed with a slope of about 3. In the embodiment illustrated, each of the
blocks 16 has a length of about 9 microns. The blocks are patterned using conventional
techniques such as photoresist processing techniques, as indicated at block 32.

The microlens blocks 16 are then bleached as indicated in block 34. The bleaching
process is useful in preventing degradation of the microlenses when exposed to higher
temperatures and to improving transmissivity.

The bleaching may be a quick bleach step on the order of 5 to 10 seconds, and in one
embodiment the duration is from 6 to 7 seconds. The bleaching is done using deep ultraviolet
(DUV) wavelength radiation that produces wavelengths of 350 to 430 nm., for example. A
UV filter passes wavelengths above about 400 nm. This permits the bleaching time to be
reduced compared to conventional bleaching, using broadband radiation, which may take on’
the order of thirty seconds. The DUV bieaching using wavelengths greater than 400 nm. is
very effective in removing photoactive material from the photoresist material. The
photoactive material is believed to be responsible for yellowing, transmissivity loss, and heat

instability.



The m crol ens blocks 16 are then bl eached as indicated in block 34. The
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225°C for at least one minute and in some cases at least two minutes. Not only is the

transmissivity substantially unchanged in some embodiments, but the shape of the lens may

be substantially unaffected as well.

Referring now to Fig. 5, a completed microlens array 44 may be positioned atop a
photosensitive device 46 contained in a surface mount package 48. An external refractive
lens 42 may focus light through the microlens array 44 onto the photosensitive device 46. In
one embodiment of the invention, a windowed quéd flat package 48 may be secured to a
circuit board 52 using the leads 50 in accordance with conventional surface mount packaging
techniques. Upon the application of heat, the leads 50 bond the package 48 to the circuit
board 52. This may be done without adversely affecting the optical performance of the
microlens array 44.

While the present invention has been described with respect to a limited number of
embodiments, those skilled in the art will appreciate numerous modifications and variations

therefrom. It is intended that the appended claims cover all such modifications and variations

as fall within the true spirit and scope of the present invention.



225C for at least one mnute and in sone cases at |east two m nutes. Not
only is the transmssivity substantially unchanged in sone enbodi nents,
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Referring nowto Fig. 5, a conpleted mtTrolens array 44 may be positioned
atop a photosensitive device 46 contained in a surface nount package 48.
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44 onto the photosensitive device 46. In one enbodi nent of the invention,
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packag®dtedalnine fderppiaayiplel iRt rmss reflow step. 2. The method of claim
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ultraviolet radiation. | NOV 2003 3. The nethod of claim]l includi ng
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nanometers.
4. The method of claim 3 including bleaching for about 10 seconds.
5. The method of claim 1 further including exposing said microlens forming

material to a series of processing steps of increasing temperature.

6. The method of claim § including exposing said microlens forming material to

three heat steps each having progressively higher temperatures for longer periods of time.

7. The method of claim 1 including using positive photoresist as the microlens

forming matenal.

8. The method of claim 1 including patterning a microlens forming matenal in a

first shape and exposing said material to heat to cause said material to change shape.

9. The method of claim 8 further including exposing said material to a first
thermal treatment of approximately 100°C, exposing said material to a second thermal
treatment of approximately 150°C and exposing said material to a third thermal treatment of

approximately 200°C.



4. The net hod of claim 3 including bleaching for about 10 seconds. 5. The
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met hod of claimb5 including exposing said mcrolens formng material to
three heat steps each having progressively higher tenperatures for |onger
periods of tine. 7. The nmethod of claim 1l including using positive
photoresist as the mcrolens formng material. 8. The gethod of claim!]l
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thermal treatnment of approxinmately 100C, exposing said material to a second
thermal treatnment of approximately 150C and exposing said terial to a
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for atime sufficient to enable said material to be heat stable at
tenperatures of over 200C for at least two mnutes. 12. A packaged
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secured to a circuit board using surface mount techniques.

13.  The device of claim 12 wherein said microlens is rectangular.
14.  The device of claim 12 wherein said microlens is formed of positive
photoresist.

15.  The device of claim 12 wherein said microlens is deep ultraviolet bleached.

16.  The device of claim 12 wherein said microlens is adapted to withstand a

temperature of at least 200°C for two minutes.

17.  The device of claim 12 wherein said package is a windowed quad flat
package.
18. A method of forming a heat stable microlens comprising:

bleaching a microlens forming material using deep ultraviolet radiation having
a wavelength above about 400 nanometers; and

hard baking said material at a temperature and time sufficient to enable said

material to be heat stable at temperatures on the order of 200°C for least two minutes.



15. The device of claim 12 wherein said mcrolens is deep ultraviolet
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of claim 12 wherein said package is a wi ndowed quad flat package. 18. A
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transmissive material, said lens element adapted to withstand a temperature of at least 200°C

for at least one minute.

22.  The microlens of claim 21 wherein said element is formed of positive

photoresist.

23.  The microlens of claim 21 wherein said element is deep ultraviolet bleached.

24.  The microlens of claim 21 wherein said element is rectangular.



