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CLAIMS

What is claimed is:

1. An image sensor pixel, comprising:
a substrate;
a photoelectric conversion unit suppoyfed by the
substrate;
an protection film extending over/and across the
substrate; and,
a cascaded light guide wherejyn a first portion of
said cascaded light guide is befween the protection film

and the substrate and a secopd portion extends above the

protection film.

2. The pixel of £laim 1, wherein each cascaded

light guide includeg/ a transparent portion and a color

filter that is coptiguous with said transparent portion

and extends abofe said insulator.

pixel of claim 1, wherein the second portion

includes /a color filter.

The pixel of claim 3, wherein the color filters

frpm cascaded light guides of adjacent pixels are
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separated by a first air gap that has a width no more

than 0.45um.

5. The pixel of claim 4, wherein said first/air gap

has a depth at least 1.0 times a wavelength of Light.

6. The pixel of claim 5, where said gravelength of

light is 450nm.

7. The pixel of claim 3, wheyein the color filter

self-aligns within the cascaded Aight guide.

8. The pixel of clainy 3, wherein the top surface of

the color filter is an ayr interface.

9. The pYxel of claim 1, wherein all optical
interfaces ong the vertical axis of the cascaded light

guide and/above the protection film are flat and parallel.
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10. The pixel of claim 1, wherein at least two
cascaded light guides from two different pixels hay

different cross-sectional profiles.

11. The pixel of claim 1, wherein the vArtical
centerlines of the first and second portigfis are mutually

offset.

12. The pixel of claim 11, whefein the cascaded
light guide is configured so that/light exits and re-

enters said cascaded light guigle.

13. A method for fabrfcating an image sensor pixel,
comprising:

forming a support/ film with an opening and over a
substrate that suppprts a photoelectric conversion unit;
and,

forming a

olor filter in the opening of the support

film.

14./ The method of claim 11, further comprising
formifg a protection film between the color filter and

substrate.
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15. The method of claim 13, further comprising
removing at least a portion of the support film betwken

two adjacent color filters.

16. The method of claim 13, further com
forming a transparent light guide in the opfning of the

support film.

17. The method of claim 16, fupyther comprising
removing a portion of the support/film adjacent the

transparent light guide.

18. The method of clafm 16, further comprising
forming a lower transparfknt light guide between the

transparent light guigle and the substrate.

19. The method of claim 18, where the vertical

centerline of e lower transparent light guide is offset

from the verfical centerline of the opening of the

support f]

The method of claim 16, wherein the forming of
color filter creates a flat air interface on a top

urface of the color filter.
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21. A method for fabricating an image sensor pixe
array, comprising:

forming an insulator over a substrate that s
photoelectric conversion unit;

forming a plurality of walls adjacent to/fthe
insulator;

forming a plurality of light guides/between the
walls;

forming a plurality of color fj)lters adjacent to the
light guides; and,
of the walls so that

removing at least a porti

there is an air gap between Adjacent color filters.

22. The method of Zlaim 21, wherein the walls are
formed by forming a spipport film and creating openings

within the support /film.

23. The thod of claim 21, further comprising

forming a pybtection film over the insulator.

24, method of claim 21, wherein a portion of the
suppoft film is removed so that a portion of each light

gujde has an air interface.
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25. An image sensor pixel, comprising:

a substrate;

a photoelectric conversion unit supported by fgaid
substrate;

a light guide coupled to said photoelec
conversion unit;
eflection between

anti-reflection means for reducing

said light guide and said photoelectrfc conversion unit.

26. The pixel of claim 25, erein said anti-
reflection means includes a fifst anti-reflection film
and a second anti-reflectior film, said first anti-
reflection film having an/index of refraction lower than
an index of refraction Lf said second anti-reflection
film and an index of/refraction of said light guide, and
lection film located between the

said first anti-r

second anti-ref)ection film and the light guide.

27. pixel of claim 26, wherein said anti-
reflectignh means includes a third anti-reflection film
which fias an index of refraction lower than an index of

refyaction of said second anti-reflection film and

wherein said second anti-reflection film is between said
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first anti-reflection film and said third anti-reflection

film.

28. The pixel of claim 26, wherein a first pi
a thinner anti-reflection film than a corresponging anti-

reflection film of a second pixel having a cofor filter

of a different color.

29. The pixel of claim , wherein said second anti-

reflection film is a conta etch stop.

30. The pixel of £laim 26, wherein said second anti-

reflection film inc}Yudes silicon nitride.

31. The pykel of claim 25, further comprising a

light-guide ¢tch-stop layer between said light guide and

said anti—feflection means.

A method for fabricating an image sensor pixel,

rising:
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forming an anti-reflection stack on a photoelectric
conversion unit supported by a substrate; and,
forming a light guide adjacent to the photoelectfic

conversion unit.

33. A method for forming a portfon of an image
sensor pixel, comprising:

forming a first anti-reflegfion film over a substrate
that supports a photoelectric/conversion unit;
forming an insulator er said first anti-reflection
film;

etching an openi in the insulator with an etchant
that etches the insfilator faster than the first anti-
reflection film;

forming a/second anti-reflection film within the

opening; an

formyng light guide material within the opening.
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34. The method of claim 33, further comprising
etching a vertical sidewall portion of the second a

reflection film.

35. A method for fabricating a coloy filter for an
image sensor pixel, comprising:

forming at least one wall;

forming a color filter within/the wall;

removing at least a portiopf of the wall.
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