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CLAIMS
A pixel cell comprising:
a pholQ-conversion device at a surface of a substrate;
a plurality R transistors, each comprising a gate and a source/drain region;

a first dielectric\material over the photo-conversion device and over and in direct contact
with the source/drain regidus, and a second dielectric material in direct contact with a surface of
the photo-conversion device Wud below the first dielectric material, the first dielectric material
comprising tetraethyl orthosilicag; the first and second dielectric materials having an opening

over a portion of one of the sourceMrain regions;

at least one conductor through th opening and in direct contact with at least one of the
source/drain regions underneath the opening, wherein the at least one conductor comprises a

polysilicon comprising material;

a conductive material over and in contact wth the polysilicon comprising material, the

conductive material comprising at least one of a silici¥g and a refractory metal;

a third dielectric material in contact with the first d¥¢lectric material, the second dielectric
material comprising at least one of borophosphosilicate glass,\ilicon dioxide, borosilicate glass,

or phosphosilicate glass; and

a fourth dielectric material in contact with the second dielectry material, the third
dielectric material comprising at least one of borophosphosilicate glass, Nlicon dioxide,

borosilicate glass, or phosphosilicate glass.
2. The pixel cell of claim 1, wherein the conductive material comprNes a silicide.

3. The pixel cell of claim 2, wherein the silicide is selected from the gro
consisting of tungsten silicide, titanium silicide, cobalt silicide, molybdenum silicide, akd

tantalum silicide.
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4, The pixel cell of claim 1, wherein the conductive material comprises a barrier

metN/refractory metal layer.

The pixel cell of claim 4, wherein the conductive material comprises a tungsten

nitride/tungXen layer.

6. The pixel cell of claim 4, wherein the conductive material comprises a titanium
nitride/tungsten lay
7. The pixelgell of claim 1, wherein the conductive material comprises a tungsten

nitride layer.

8. The pixel cell of Naim 1, wherein the polysilicon comprising material has a top

surface on a same plane as a top suface of at least one of the dielectric materials.

9. The pixel cell of claim 1,\yherein a top surface of the polysilicon comprising

material is over a top surface of at least oneN\of the dielectric materials.
10.  The pixel cell of claim 1:

further comprising a plurality of openings in ¥e first and second dielectric materials over

each of the source/drain regions; and

a plurality of conductors, each conductor being in coiXact with a respective source/drain

region through a respective opening,

11.  The pixel cell of claim 1, wherein the conductor exterkls into a top portion of at

least one of the source/drain regions.

12.  The pixel cell of claim 1, wherein a top end of the conductor

opening in a direction parallel to the substrate.
13. A pixel cell comprising:

a photo-conversion device at a surface of a substrate;
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a plurality of transistors, each comprising a gate region;
floating diffusion region;

a firyg dielectric material over and in contact with a surface of the photo-conversion
device and theN{oating diffusion region, the first dielectric material comprising tetraethyl
orthosilicate, whexein a portion of the first dielectric material over and in contact with the photo-
conversion device isthicker than a portion of the first dielectric material over and in direct

contact with the floatiny, diffusion region;

the first dielectric m&erial having an opening over a portion of the floating diffusion

region;

at least one conductor through the opening and in direct contact with the floating

diffusion region, wherein the at least ohg conductor comprises a polysilicon material;

a conductive material over and in chatact with the polysilicon material, the conductive

material comprising at least one of a silicide ang a refractory metal; and

a second dielectric material covering the cohductive material, the second dielectric
material comprising at least one of borophosphosilicatg glass, silicon dioxide, borosilicate glass,

or phosphosilicate glass.
14. A pixel cell comprising;:
a photo-conversion device at a surface of a substrate;
a plurality of transistors, each comprising a gate and a source/drgin region;

a first dielectric having two parts, a first part which is over the gate, §yer the photo-
conversion device, and over and in direct contact with at least one source/drainxegion, and a

second part which is between and in contact with the first part and the photo-convsion device;

a second dielectric in contact with the first dielectric;
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the first and second dielectrics having an opening over the at least one source/drain

regiog; and

ateast one conductive plug provided in the opening and in direct contact with the at least

one source/dgain region.

15. e pixel cell of claim 14, wherein the first part of the first dielectric and the

second part of the fist dielectric comprise different materials.

16.  The pixeNgell of claim 14, further comprising a third dielectric in contact with the

second dielectric.

17.  The pixel cell of \Jaim 14, wherein the first dielectric comprises tetraethyl

orthosilicate, silicon dioxide, silicoy nitride, or oxynitride.

18.  The pixel cell of claim ¥, further comprising a conductive material over and in

contact with the at least one conductive pl

19.  The pixel cell of claim 14, wherkin the at least one conductive plug has a top

surface on a same plane as a top surface of at leash\one of the dielectrics.

20.  The pixel cell of claim 14, wherein the ¢ least one conductive plug has a top

surface that is above a top surface of at least one of the diylectrics.
21. A method of forming a pixel cell, the method cymprising the acts of:
forming a photo-conversion device at a surface of a substra
forming at least one contact area;

forming at least a first insulating layer over the photo-conversion deWce and directly over
and in contact with the at least one contact area, and a second insulating materiy] (233) in contact

with a surface of the photo-conversion device and below the first insulating mate

forming at least one opening in the first insulating layer;
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forming a polysilicon comprising material within the at least one opening and in contact

with the at least one contact area; and

ing a conductive material layer over and in contact with the polysilicon comprising
material, of forming the conductive material layer comprising forming at least one of a

silicide layer . a refractory metal layer.

22, ethod of claim 21, wherein the act of forming the at least one contact area

comprises forming a ; electrode.

23.  The methodvof claim 22, wherein the act of forming the at least one contact area
comprises forming a gate elerode of one of a transfer, reset, row select, and source-follower

transistor.

24.  The method of claimR]1, wherein the act of forming the at least one contact area

comprises forming a floating diffusion Yggion.

25.  The method of claim 21, wein the act of forming the at least one contact area

comprises forming a source/drain region of a tansistor.

26. The method of claim 21, wherein s ¢ act of forming the conductive material layer

comprises forming a silicide layer.

27.  The method of claim 26, wherein the silicMe layer comprises a silicide selected
from the group consisting of a tungsten silicide, titanium siligjde, cobalt silicide, molybdenum

silicide, and tantalum silicide layer.

28.  The method of claim 21, wherein the act of fonnin e conductive material layer

comprises forming a barrier metal/refractory metal layer.

29.  The method of claim 28, wherein the act of forming the co ductive material layer

comprises forming a tungsten nitride/tungsten layer.
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30.  The method of claim 28, wherein the act of forming the conductive material layer

comyrises forming a titanium nitride/tungsten layer.

The method of claim 21, further comprising the act of forming a third insulating

layer over the photo-conversion device and below the first insulating layer.

32. e method of claim 21, further comprising the act of planarizing the polysilicon
comprising materialand the first insulating layer such that the polysilicon comprising material

has a top surface on a ame plane as a top surface of the first insulating layer.

33.  The method\qf claim 32, further comprising the act of forming a conductive
material layer over and in contgct with the polysilicon comprising material, wherein the act of
forming the conductive material lgyer comprises forming a polysilicon/barrier metal/refractory

metal layer.

34.  The method of claim 32, Ruther comprising the act of forming a conductive
material layer over and in contact with the pQlysilicon comprising material, wherein the act of

forming the conductive material layer comprisag forming a polysilicon/silicide layer.

35.  The method of claim 21, further comprising the acts of forming a plurality of
contact areas and forming a plurality of openings, each\opening formed to expose a respective
contact area, wherein the polysilicon comprising layer is formed within each of the openings and

in contact with a respective contact area.
36.  The method of claim 21, further comprising the ac{s of:

forming at least one line coupled to the polysilicon comprisingymaterial; and coupling the

at least one line to circuitry external to the pixel cell.
37. A method of forming a pixel cell, the method comprising the axts of:

forming a photo-conversion device at a surface of a substrate;
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forming a first transistor coupled to the photo-conversion device, the first transistor

haviyg a gate electrode and a gate insulator over the gate electrode;

ing at least one insulating layer over the photo-conversion device and over and in
contact witt\the first transistor, wherein a portion of the at least one insulating layer over the
photo-conversign device is thicker than a portion of the at least one insulating layer over the first

transistor;

forming a first\gpening in the at least one insulating layer and the gate insulator, the first

opening extending to the'gate electrode;

providing a polysilicol comprising layer in the first opening and in contact with the gate

electrode.
38.  The method of claim 3], further comprising the acts of:

providing a conductive layer overynd in contact with the polysilicon comprising layer,

the conductive layer comprising at least one yf a silicide and a refractory metal.

39.  The method of claim 37, further comprising the acts of: forming a floating

diffusion region coupled to the first transistor; and

forming a second opening in a second insulating dayer, the second opening extending to
the floating diffusion region, wherein the act of forming the\polysilicon comprising Jayer

comprises forming the polysilicon comprising layer in the secogd opening,.

40. The method of claim 37, further comprising the act df forming first and second

insulating layers over the photo-conversion device.

41.  The method of claim 37, wherein the act of forming the at Idast one insulating

layer comprises forming a borophosphosilicate glass layer.

42. The method of claim 37, the act of forming the at least one insulating layer

comprises forming a tetraethyl orthosilicate layer.
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CLAIMS
1. A pixel cell (200) comprising:
a photo-conversion device (21) at a surface of a substrate (11);
a plurality of transistors, each comprising a gate and a source/drain region (60);

a first dielectric material (234) over the photo-conversion device and over and in direct
contact with the source/drain regions, and a second dielectric material (233) in direct contact
with a surface of the photo-conversion device and below the first dielectric matenal, the first
dielectric material comprising tetraethyl orthosilicate; the first and second dielectric materials

having an opening over a portion of one of the source/drain regions;

at least one conductor (271) through the opening and in direct contact with at least one of
the source/drain regions underneath the opening, wherein the at least one conductor comprises a

polysilicon comprising material;

a conductive material (272) over and in contact with the polysilicon comprising material,

the conductive material comprising at least one of a silicide and a refractory metal;

a third dielectric material (250) in contact with the first dielectric material, the second
dielectric material comprising at least one of borophosphosilicate glass, silicon dioxide,

borosilicate glass, or phosphosilicate glass; and

a fourth dielectric material (251) in contact with the second dielectric material, the third
dielectric material comprising at least one of borophosphosilicate glass, silicon dioxide,

borosilicate glass, or phosphosilicate glass.
2. The pixel cell of claim 1, wherein the conductive material comprises a silicide.

3. The pixel cell of claim 2, wherein the silicide is selected from the group
consisting of tungsten silicide, titanium silicide, cobalt silicide, molybdenum silicide, and

tantalum silicide.
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4, The pixel cell of claim 1, wherein the conductive material comprises a barrier

metal/refractory metal layer.

5. The pixel cell of claim 4, wherein the conductive material comprises a tungsten

nitride/tungsten layer.

6. The pixel cell of claim 4, wherein the conductive material comprises a titanium

nitride/tungsten layer.

7. The pixel cell of claim 1, wherein the conductive material comprises a tungsten

nitride layer.

8. The pixel cell of claim 1, wherein the polysilicon comprising material has a top

surface on a same plane as a top surface of at least one of the dielectric materials.

9. The pixel cell of claim 1, wherein a top surface of the polysilicon comprising

material is over a top surface of at least one of the dielectric materials.
10.  The pixel cell of claim 1:

further comprising a plurality of openings in the first and second dielectric materials over

each of the source/drain regions; and

a plurality of conductors, each conductor being in contact with a respective source/drain

region through a respective opening.

11.  The pixel cell of claim 1, wherein the conductor extends into a top portion of at

least one of the source/drain regions.

12.  The pixel cell of claim 1, wherein a top end of the conductor extends beyond the

opening in a direction parallel to the substrate.
13. A pixel cell (200) comprising:

a photo-conversion device (21) at a surface of a substrate (11);
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a plurality of transistors, each comprising a gate region;
a floating diffusion region (25);

a first dielectric material over and in contact with a surface of the photo-conversion
device and the floating diffusion region, the first dielectric material comprising tetraethyl
orthosilicate, wherein a portion of the first dielectric material over and in contact with the photo-
conversion device is thicker than a portion of the first dielectric material over and in direct

contact with the floating diffusion region;

the first dielectric material having an opening over a portion of the floating diffusion

region;

at least one conductor (271) through the opening and in direct contact with the floating

diffusion region, wherein the at least one conductor comprises a polysilicon material;

a conductive material (272) over and in contact with the polysilicon material, the

conductive material comprising at least one of a silicide and a refractory metal; and

a second dielectric material covering the conductive material, the second dielectric
material comprising at least one of borophosphosilicate glass, silicon dioxide, borosilicate glass,

or phosphosilicate glass.
14. A pixel cell (200) comprising:
a photo-conversion device (21) at a surface of a substrate (11);
a plurality of transistors, each comprising a gate and a source/drain region;

a first dielectric having two parts, a first part (234) which is over the gate, over the photo-
conversion device, and over and in direct contact with at least one source/drain region, and a
second part (233) which is between and in contact with the first part and the photo-conversion

device;

a second dielectric in contact with the first dielectric;
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the first and second dielectrics having an opening over the at least one source/drain

region; and

at least one conductive plug provided in the opening and in direct contact with the at least

one source/drain region.

15.  The pixel cell of claim 14, wherein the first part of the first dielectric and the

second part of the first dielectric comprise different materials.

16.  The pixel cell of claim 14, further comprising a third dielectric in contact with the

second dielectric.

17.  The pixel cell of claim 14, wherein the first dielectric comprises tetraethyl

orthosilicate, silicon dioxide, silicon nitride, or oxynitride.

18.  The pixel cell of claim 14, further comprising a conductive material over and in

contact with the at ieast one conductive plug.

19.  The pixel cell of claim 14, wherein the at least one conductive plug has a top

surface on a same plane as a top surface of at least one of the dielectrics.

20.  The pixel cell of claim 14, wherein the at least one conductive plug has a top

surface that is above a top surface of at least one of the dielectrics.
21. A method of forming a pixel cell, the method comprising the acts of:
forming a photo-conversion device (21) at a surface of a substrate (11);
forming a[[t least one]] plurality of contact areas;

forming at least a first insulating layer (234) over the photo-conversion device and over
and in direct contact with [[the]] at least one of the contact areas, and a second insulating
material (233) in direct contact with a surface of the photo-conversion device and below the first

insulating material;
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forming at least one opening in the first (234) and second (233) insulating layers;

forming a polysilicon comprising material within the at least one opening and in direct

contact with the at least one of the contact areas; and

forming a conductive material layer over and in contact with the polysilicon comprising
material, the act of forming the conductive material layer comprising forming at least one of a

silicide layer and a refractory metal layer,

22.  The method of claim 21, wherein the act of forming the plurality of contact areas

comprises forming a gate electrode.

23, The method of claim 22, wherein the act of forming the plurality of contact areas
comprises forming a gate electrode of one of a transfer, reset, row select, and source-follower

transistor.

24.  The method of claim 21, wherein the act of forming the plurality of contact areas

comprises forming a floating diffusion region.

25. The method of claim 21, wherein the act of forming the plurality of contact areas

comprises forming a source/drain region of a transistor.

26. The method of claim 21, wherein the act of forming the conductive material layer

comprises forming a silicide layer.

27.  The method of claim 26, wherein the silicide layer comprises a silicide selected
from the group consisting of a tungsten silicide, titanium silicide, cobalt silicide, molybdenum

silicide, and tantalum silicide layer.

28.  The method of claim 21, wherein the act of forming the conductive material layer

comprises forming a barrier metal/refractory metal layer.

29.  The method of claim 28, wherein the act of forming the conductive material layer

comprises forming a tungsten nitride/tungsten layer.
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30.  The method of claim 28, wherein the act of forming the conductive material layer

comprises forming a titanium nitride/tungsten layer.

31.  The method of claim 21, further comprising the act of forming a third insulating

layer over the photo-conversion device and below the first insulating layer.

32.  The method of claim 21, further comprising the act of planarizing the polysilicon
comprising material and the first insulating layer such that the polysilicon comprising material

has a top surface on a same plane as a top surface of the first insulating layer.

33.  The method of claim 32, further comprising the act of forming a conductive
material layer over and in contact with the polysilicon comprising material, wherein the act of
forming the conductive material layer comprises forming a polysilicon/barrier metal/refractory

metal layer.

34.  The method of claim 32, further comprising the act of forming a conductive
material layer over and in contact with the polysilicon comprising material, wherein the act of

forming the conductive material layer comprises forming a polysilicon/silicide layer.

35.  The method of claim 21, further comprising the actof forming a plurality of
openings, each opening formed to expose a respective contact area, wherein the polysilicon
comprising layer is formed within each of the openings and in contact with a respective contact

area.
36.  The method of claim 21, further comprising the acts of:

forming at least one line coupled to the polysilicon comprising material; and coupling the

at least one line to circuitry external to the pixel cell.
37. A method of forming a pixel cell, the method comprising the acts of:

forming a photo-conversion device (21) at a surface of a substrate (11);



22
forming a first transistor coupled to the photo-conversion device, the first transistor
having a gate electrode and a gate insulator over the gate electrode;

forming a floating diffusion region coupled to the first transistor;

forming at least one insulating layer over and in contact with a surface of the photo-
conversion device and the floating diffusion region, wherein a portion of the at least one
insulating layer over the photo-conversion device is thicker than a portion of the at least one

insulating layer over and in direct contact with the floating diffusion region;

forming a first opening in the at least one msulating layer and the gate insulator, the first

opening extending to the gate electrode;

forming a second opening in the at least one insulating layer over a portion of the floating

diffusion region;

providing a polysilicon comprising layer in the first opening and in contact with the gate

electrode

forming a conductor through the opening and in direct contact with the floating diffusion

region, wherein the conductor comprises a polysilicon material.
38.  The method of claim 37, further comprising the acts of:

providing a conductive layer over and in contact with the polysilicon comprising layer,

the conductive layer comprising at least one of a silicide and a refractory metal.

39.  The method of claim 37, further comprising the act of forming first and second

insulating layers over the photo-conversion device.

40.  The method of claim 37, wherein the act of forming the at least one insulating

layer comprises forming a borophosphosilicate glass layer.

4]1.  The method of claim 37, the act of forming the at least one insulating layer

comprises forming a tetraethyl orthosilicate layer.



