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embodiments are to be considered as illustrative and not 
restrictive, and the body of work described herein is not to 
be limited to the details given herein, which may be modi­
fied within the scope and equivalents of the appended 
claims. 

What is claimed is: 
1. A device converting light photons to electrons, com­

prising: 
a silicon (Si) substrate and a laterally extending array of 

pillars formed therein that are elongated in up-down 10 
directions; 

wherein each of a plurality of the pillars in the array: 
has a rectangular laterally extending cross-section; 
comprises an undoped or low-doped Si absorption 

region, an upper doped Si region over the Si absorp- 15 
tion region, and a lower doped Si region under the Si 
absorption region; 

has one or more dielectric-filled, pyramid-shaped, in­
pillar holes extending down into the pillar from a top 
surface of said upper doped Si region of the pillar; 

has a top electrical contact electrically coupled with 20 

said upper doped Si region of the pillar; and 
has a bottom electrical contact electrically coupled with 

the lower doped Si region of the pillar; 
wherein said top and bottom electrical contacts are 

configured to provide reverse-bias from an external 25 

source to said pillar for operation of said device in a 
photodetector mode to convert light photons incident 
on said pillar to electrons; 

pillar-separating regions filled with dielectric that sur­
round and laterally separate at least portions of said 30 

pillars from each other; 
a dielectric region under said Si substrate; 
wherein said pillars: 

are laterally spaced from each other, center to center, by 
100-2,000 nanometers; and 35 

have up-down lengths of said absorption Si regions in 
the range of 100-5000 nanometers; 

wherein said pillars, in-pillar holes, and pillar-separating 
regions: 
increase photon absorption of said device by a factor of 

1.1 or more at infrared wavelength of incident light 40 

compared to a like device lacking said one or more 
in-pillar holes; and 

facilitate operation of said device with infrared incident 
light; and 

wherein said device is CMOS compatible for mass pro- 45 

duction using CMOS foundries. 
2. The device of claim 1, in which said pillar separating 

regions extend down only partway into said Si absorbing 
region. 
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11. The device of claim 1, in which one of said upper and 

lower doped Si regions is doped to more than 5x1017/cm3
, 

the other is doped to more than 5xl018/cm3 and said Si 
absorption region is doped to less than 5x1016/cm3

. 

12. A device converting light photons to electrons, com­
prising: 

a silicon (Si) substrate and a laterally extending array of 
pillars formed therein that are elongated in up-down 
directions; 

wherein each of a plurality of the pillars in the array: 
comprises an undoped or low-doped Si absorption 

region, an upper doped Si region over the Si absorp­
tion region, and a lower doped Si region under the Si 
absorption region; 

has one or more dielectric-filled, in-pillar holes extend­
ing down into the pillar from a top surface of said 
upper doped Si region of the pillar; 

has a top electrical contact electrically coupled with 
said upper doped Si region of the pillar; and 

has a bottom electrical contact electrically coupled with 
the lower doped Si region of the pillar; 

wherein said top and bottom electrical contacts are 
configured to provide reverse-bias from an external 
source to said pillar for operation of said device in a 
photodetector mode to convert light photons incident 
on said pillar to electrons; 

pillar-separating regions filled with dielectric that sur­
round and laterally separate at least portions of said 
pillars from each other; 

a dielectric region under said Si substrate; 
wherein said pillars: 

are laterally spaced from each other, center to center, by 
100-2,000 nanometers; and 

have up-down lengths of said absorption Si regions in 
the range of 100-5000 nanometers; 

wherein said pillars, in-pillar holes, and pillar-separating 
regions: 
increase photon absorption of said device by a factor of 

1.1 or more at infrared wavelength of incident light 
compared to a like device lacking said one or more 
in-pillar holes; and 

facilitate operation of said device with infrared incident 
light. 

13. The device of claim 12, in which a plurality of said 
one or more in-pillar holes are pyramid-shaped. 

14. The device of claim 12, in which a plurality of said 
one or more in-pillar holes are round in lateral cross-section. 

15. The device of claim 12, in which each of a plurality 
of said pillars has a plurality of said one or more in-pillar 
holes. 

16. The device of claim 12, in which said top electrical 
contact extends over said one or more in-pillar holes. 

3. The device of claim 1, in which said one or more 50 

in-pillar holes have bottom ends with a non-zero lateral 
cross-sectional area. 17. The device of claim 12, in which said pillar-separating 

regions extend down at least to the lower doped Si region. 
18. The device of claim 12, in which one of said upper and 
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lower doped Si regions is doped to more than 5x10 7 /cm3

, 

the other is doped to more than 5xl018/cm3 and said Si 
absorption region is doped to less than 5x1016/cm3

. 

4. The device of claim 1, further including an antireflec­
tion coating. 

5. The device of claim 1, in which each of a plurality of 
said pillars has a plurality of said one or more in-pillar holes. 

6. The device of claim 1, in which each of a plurality of 
said pillars has only a single in-pillar hole. 

7. The device of claim 1, in which said top electrical 
contact extends over said one or more in-pillar holes. 

8. The device of claim 1, in which said top electrical 60 

contact comprises a transparent, electrically conducting 
region over said pillar. 

9. The device of claim 1, in which said pillar-separating 
regions extend down at least to the lower doped Si region. 

10. The device of claim 1, in which at least one of said top 65 

electrical contact and bottom electrical contact is electrically 
coupled to a plurality of said pillars. 

19. A device converting light photons to electrons, com­
prising: 

a silicon (Si) substrate and a laterally extending array of 
pillars formed therein that are elongated in up-down 
directions; 

wherein each of a plurality of the pillars in the array: 
has a rectangular laterally extending cross-section; 
comprises an undoped or low-doped Si absorption 

region, an upper doped Si region over the Si absorp­
tion region, and a lower doped Si region under the Si 
absorption region; 
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