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57 ABSTRACT 
A method for fabricating thinned, back-illuminated, 
solid state image sensors 10 includes steps of positively 
doping a bottom surface 22 of a top semiconductor 
wafer 24, and bonding the bottom surface 22 of the top 
semiconductor wafer 24 to a top surface 26 of a bottom 
semiconductor wafer 28 with a silicon dioxide passiv 
ation layer 34 in between. The top wafer 24 is thinned 
and an insulating layer of silicon dioxide 36 and a 
polysilicon gate structure 38 are formed thereover. 
Individual dies 40 are then formed, which are bonded to 
a substrate 42 along each pixel face. The bottom semi 
conductor wafer layer 28 is etched away to expose the 
silicon dioxide passivation layer 34, which acts to pro 
tect the thinned top wafer layer 24. The dies 40 are then 
etched to expose bonding pads within the gate structure 
38, and sized to create thinned, back-illuminated, solid 
state image sensors 10. 

23 Claims, 4 Drawing Sheets 
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1. 

METHOD OF FABRICATING HIGH QUANTUM 
EFFICIENCY SOLID STATE SENSORS 

BACKGROUND OF THE INVENTION 
The present invention generally relates to methods 

for fabricating solid state image sensors and, more par 
ticularly, to a method for fabricating thinned, back 
illuminated, solid state image sensors that have an inher 
ently high quantum efficiency over a broad spectral 
range. 
Thinned solid state image sensors, such as charge 

coupled devices (CCD's), are widely used in the field of 
image processing. These sensors are generally used to 
provide electrical signal representations of incident 
electromagnetic radiation intensities over a particular 
spectral band. Of course, the most common spectral 
band used for image processing is the visible band. 
Thinned solid state image sensors, particularly 

CCD's, are typically made of silicon to take advantage 
of the properties of the silicon crystal lattice. In crystal 
line form, each atom of silicon is covalently bonded to 
its neighboring silicon atoms resulting in an energy band 
gap of approximately 1.12 eV. To break one of the 
covalent bonds, and thus create an electron-hole pair, 
an energy greater than the energy band gap is required. 
Incident electromagnetic radiation in the form of pho 
tons having wavelengths shorter than 1 um possess 
such energy. 
The wavelength of an incoming photon (light), and 

the depth to which an incoming photon penetrates into 
a piece of silicon are directly related; the shorter the 
wavelength, the shorter the penetration depth. Silicon 
becomes transparent to light at a wavelength of approx 
imately 1100 nm and is essentially opaque to light at 
wavelengths shorter than 400 nm. Thus, when design 
ing solid state image sensors, the thickness of a silicon 
base layer, as well as many other parameters, can be 
chosen to optimize performance over a specific spectral 
band. 

In order to measure the electronic charge produced 
by incident photons in, for example, a CCD, a means for 
collecting this charge is required. Thus, potential wells 
are formed, wherein a thin insulating layer of silicon 
dioxide is grown on a silicon base layer, and a conduc 
tive gate structure is formed over the silicon dioxide 
layer. The gate structure is formed in an array of col 
umns and rows, thus making it possible, by applying a 
positive electrical potential to the various gate elements, 
to create depletion regions, or potential wells, in the 
silicon base layer where free electrons generated by the 
incoming photons can be stored. 
By controlling the electrical potential applied to adja 

cent gates, depletion regions, or potential wells, con 
taining free electrons can be caused to migrate along a 
column, or row, so that a signal may eventually be 
output at the edge of the array. Typically, the gate 
structure is arranged using multiple phases, usually 
three phases, so that the potential wells may be succes 
sively migrated through the silicon to the array edge. It 
should be noted, however, that since the charge in the 
potential wells located far from the array edge must 
undergo hundreds of transfers, the charge transfer effi 
ciency of the CCD is a critical parameter, as is the 
quantum efficiency and the spectral response. These 
considerations are of particular importance when ex 
tremely low light levels are to be sensed. 

s 

10 

2 
In a front-illuminated solid state image sensor, such as 

the CCD described above, light normally enters the 
silicon base layer by passing through the gates formed 
on the silicon dioxide layer. The gates are usually fabri 
cated of very thin polysilicon, which is reasonably 
transparent to long wavelengths but becomes opaque at 
wavelengths shorter than 400 nm. Thus, at short wave 
lengths, the gate structure greatly attenuates incoming 
light. 
To overcome the attenuation problems of front 

illuminated solid state image sensors, it has become 
common practice to uniformly thin the silicon base 
layer to a thickness on the order of 10 um using conven 
tional chemical etching techniques. After thinning, it 

5 becomes possible to focus an image on the back silicon 
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surface of a CCD, where there is no gate structure to 
attenuate the incoming light. Thus, a thinned, back 
illuminated, solid state image sensor is formed having an 
improved quantum efficiency and spectral response. 
These devices have been found to exhibit high sensitiv 
ity to radiation from the soft X-ray to the near infrared 
regions of the electromagnetic spectrum. 
Although the conventional chemical etching tech 

niques used to thin the silicon base layer as described 
above are sufficient in their prescribed functions, they 
nevertheless result in several unwanted consequences. 
First, the chemical etchants used leave the back silicon 
surface roughened with surface variations on the order 
of 500 Angstroms and frequent etch pits. Thus, the 
resulting surface is severely wrinkled, and even if flat 
tened by attaching to a support structure, significant 
non-planarity remains. Such non-planarity degrades 
performance, especially when used in fast (small f-num 
ber) optical systems. Secondly, the chemical etching 
techniques used require the active CCD circuitry on 
each pixel face to be protected during the etching pro 
cess. Typically, each pixel face is waxed to a support 
substrate during the etching process and transferred to 
a second, optically transparent, substrate thereafter. 
This approach results in excessive handling of the 
CCD's, and thus significantly increases the possibility of 
damage thereto. 
Although not previously addressed, another problem 

exists with the above-described method of fabricating 
thinned, back-illuminated, solid state image sensors. 
Due to the fact that the thinned silicon surface is left 
bare after the etching process, it is subject to surface 
charging, surface state formation, and other contamina 
tion problems all of which are detrimental to device 
performance. The fundamental problem is that no fully 
effective method has been found to passivate the back 
silicon surface after the thinning process is completed. 
Thermal oxidation of the back silicon surface, the estab 
lished technique for high quality passivation of silicon 
surfaces, is not possible because the high temperatures 
involved (greater than 900 degrees Celsius) would de 
stroy the active CCD circuitry. Accordingly, it is desir 
able to overcome this passivation problem, and the 
other above-mentioned shortcomings associated with 
fabricating thinned, back-illuminated solid state image 
SCSOS. 

SUMMARY OF THE INVENTION 

The present invention contemplates a method for 
fabricating thinned, back-illuminated, solid state image 
sensors, such as CCD's, wherein the above-mentioned 
problems and shortcomings of the prior art are over 
come. This method is realized by utilizing a starting 
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substrate that has a structure similar to that commonly 
used for silicon-on-insulator (SOI) devices. Such a sub 
strate consists of two silicon wafers that are thermally 
bonded together with a layer of silicon dioxide therebe 
tween. The silicon dioxide layer later acts as a passiv 
ation layer for the finished devices. 

Prior to thermally bonding the two silicon wafers 
together, the top wafer, upon which active CCD cir 
cuitry will later be formed, is prepared by first ion im 
planting or thermally diffusing a positive dopant onto 
its bottom surface. This positively doped bottom sur 
face of the top wafer and the top surface of the bottom 
wafer are then subject to a thermal oxidation process 
for the purpose of growing a silicon dioxide passivation 
layer over each surface. The two wafers are then ther 
mally bonded together, forming a single passivation 
layer between them, and the top wafer is thinned to a 
desired thickness of approximately 10 um using stan 
dard techniques. Fabrication of the active CCD cir 
cuitry then proceeds in a conventional manner with the 
formation of a silicon dioxide insulating layer and a 
polysilicon gate structure. It should be noted that the 
bottom surface of the top wafer is furnished with a 
p-type dopant so as to provide a built-in electric field 
that will drive photo-electrons away from the bottom 
surface and toward the signal collecting potential wells 
of the active CCD circuitry. 
An alternative method of achieving a layered struc 

ture that is similar to the one described above is to 
initially subject the bottom surface of the top wafer and 
the top surface of the botton wafer to a thermal oxida 
tion process and then thermally bond the two wafers 
together, forming a single silicon dioxide passivation 
layer between them. The top wafer is then thinned to a 
thickness of approximately 0.5um and ion implanted or 
thermally diffused with a p-type dopant. An epitaxial 
layer of silicon is then formed over this positively doped 
wafer, or, more appropriately, layer, to achieve a total 
silicon thickness of approximately 10 um. Fabrication 
of the active CCD circuitry then proceeds in the con 
ventional manner. 

After fabrication of the CCD circuitry, devices from 
either of the above-described layered structures can be 
used with no further processing as conventional, front 
illuminated, CCD's. For back illuminated CCD's, how 
ever, the active circuitry side of each device is mounted 
or bonded to a substrate having a thermal coefficient of 
expansion that is matched to that of the device. This 
bonding process is thoroughly characterized and de 
scribed in a related and copending patent application 
having a Ser. No. 07/670,841, entitled, Thinned 
Charge-Coupled Devices and Method for Making the 
Same, filed on Mar. 18, 1991, and assigned to the as 
signee hereof, and is hereby incorporated by reference. 
Once a device has been bonded to a substrate, the 

bottom silicon wafer layer is etched away using stan 
dard chemical etching techniques. This etching process 
is simplified by the presence of the passivation layer, 
since it acts as a stop etch layer. Thus, the presence of 
the passivation layer makes this etching process a non 
critical procedure of simply etching away the bottom 
silicon wafer layer with no need to precisely control its 
final thickness or its uniformity. Furthermore, after the 
bottom silicon wafer layer has been etched away, the 
presence of the passivation layer protects the bottom 
surface of the thinned device from surface charging, 
surface state formation, and other contamination prob 
lems all of which are detrimental to device perfor 
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4. 
mance, particularly with respect to quantum efficiency 
and spectral response. 
From the above descriptive summary it is thus appar 

ent how the present invention fabrication method over 
comes the problems and shortcomings associated with 
the above-mentioned prior art. 

Accordingly, one objective of the present invention 
is to provide a method for fabricating thinned, back 
illuminated, solid state image sensors that have an inher 
ently high quantum efficiency over a broad spectral 
range. 
Other objectives and advantages of the present inven 

tion will become apparent to those skilled in the art 
upon reading the following detailed description and 
claims, in conjunction with the accompanying drawings 
which are appended hereto. 

BRIEF DESCRIPTION OF THE ORAWENG 

The drawing, not drawn to scale, includes: 
FIG. 1 is a cross-sectional view of a portion of a 

thinned, back-illuminated, CCD having a desired layer 
structure that is achievable by following the fabrication 
method of the present invention. 
FIGS. 2a to 2fillustrate the initial basic steps of the 

fabrication method of the present invention. 
FIGS.3a to 3g illustrate initial basic steps of the fabri 

cation method of the present invention that are alternate 
to the steps illustrated in FIG. 2. 

FIGS. 4a to 4e illustrate the final basic steps of the 
fabrication method. 

DETALED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, there is shown a cross-sectional 
view of a portion of a thinned, back-illuminated, CCD 
10 having a desired layer structure that is achievable by 
following the fabrication method of the present inven 
tion. The desired layer structure of the CCD 10 com 
prises a silicon dioxide passivation layer 12, a layer of 
silicon 14 having a p-type doped region 16, a silicon 
dioxide insulating layer 18, an active circuitry layer 20, 
and a substrate 21 having a thermal coefficient of expan 
sion that is matched to that of the prior layers 
12,14,18,20. As previously described in the prior art 
section, the active circuitry layer 20 is generally con 
structed in an array of columns and rows so as to form 
a gate structure, which, when a positive electrical po 
tential is applied thereto, allows depletion regions, or 
potential wells, to be formed in the silicon layer 14. 
Also, as previously described in the summary section, 
the p-type region 16 of the silicon layer 14 provides a 
built-in electric field that drives photo-electrons toward 
the signal collecting potential wells formed by the CCD 
active circuitry 20. Furthermore, the silicon dioxide 
passivation layer 12 is essential to protect the silicon 
layer 14 from contamination problems that are detri 
mental to device performance, particularly with respect 
to quantum efficiency and spectral response. 
The desired layer structure described above is real 

ized, according to the present invention, by first ion 
implanting or thermally diffusing a p-type doping onto 
a bottom surface 22 of a top silicon wafer 24, as shown 
in step 1 of FIG. 2. It should be noted that the exact 
thickness and doping concentration of this bottom sur 
face 22 can be chosen to optimize device performance 
over a specific spectral band. This is possible, for exam 
ple, since an increase in thickness and doping concentra 
tion will result in an increase in electric field, thereby 
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expanding the spectral region over which photo-elec 
trons are capable of being detected. For purposes of this 
description, we will assume a doping thickness of 0.5 
um and a doping concentration equal to or greater than 
1018 atoms/cm3. 5 

Referring to step 2 of FIG. 2, the positively doped 
bottom surface 22 of the top wafer 24 is next subjected 
to a thermal oxidation process along with a top surface 
26 of a botton silicon wafer 28. This thermal oxidation 
process results in a silicon dioxide passivation layer 10 
30,32 being grown over each surface 22,26, respec 
tively. After the thermal oxidation process is complete, 
the top wafer 24 and the bottom wafer 28 are thermally 
bonded together forming a single silicon dioxide passiv 
ation layer 34 between them, as shown in step 3. It 15 
should be noted that both the thermal oxidation process 
and the thermal bonding process are performed using 
standard procedures that are well known in the art of 
integrated circuit fabrication. 

After the top 24 and bottom 28 wafers are bonded 20 
together, the top wafer 24 is thinned to a thickness of 
approximately 10 um using standard techniques, as 
shown in step 4 of FIG. 2. This step is followed by a 
conventional fabrication of active CCD circuitry, 
wherein an insulation layer of silicon dioxide 36 is 25 
formed followed by a polysilicon gate structure 38, as 
shown in steps 5 and 6. At this point, devices from the 
above-described layered structure could be used with 
no further processing as conventional, front 
illuminated, CCD's. For back-illuminated CCD's, how- 30 
ever, a series of additional processing steps are required, 
without which there would be little justification for the 
present invention fabrication method. 

Prior to describing the additional processing steps 
mentioned above, it should be noted that there are alter- 35 
native methods for achieving a layered structure that is 
similar to the one described above. One alternative 
method that is particularly noteworthy is shown in 
FIG. 3. 

Referring to step 1 of FIG. 3, a bottom surface 50 of 40 
a top silicon wafer 52 and a top surface 54 of a bottom 
silicon wafer 56 are both subject to a thermal oxidation 
process wherein a silicon dioxide passivation layer 58,60 
is grown over each surface 50,54, respectively. The two 
wafers 52.56 are then thermally bonded together form- 45 
ing a single passivation layer 61 between them, as 
shown in step 2 of FIG, 3. This thermal bonding process 
results in a substrate having a silicon/silicon-dioxide/- 
silicon sandwich structure, a substrate that is commonly 
used as a starting substrate for silicon-on-insulator (SOI) 50 
devices. Thus the reason that this alternate method is 
particularly noteworthy. Of course, this substrate is 
different from the one shown in step 3 of FIG. 2, since 
it has not yet been doped. 

Referring now to step 3 of FIG. 3, the top wafer 52 is 55 
thinned to a thickness of approximately 0.5 um using 
known techniques. The top wafer 52, or, more appro 
priately, layer, is then ion implanted or thermally dif 
fused with a positive doping, as shown in step 4. An 
epitaxial layer of silicon 62 is then formed over the 60 
positively doped layer 52 to achieve a total silicon 
thickness of approximately 10 um, as shown in step 5. 
Fabrication of active CCD circuitry then proceeds in a 
conventional manner with the formation of an insula 
tion layer of silicon dioxide 64, followed by a polysili- 65 
con gate structure 66, as shown in steps 6 and 7. 
As with the layered structure shown in step 6 of FIG. 

2, devices from the layered structure shown in step 7 of 

6 
FIG. 3 could be used with no further processing as 
conventional front-illuminated, CCD's. Furthermore, 
devices from the layered structure shown in step 7 of 
FIG. 3 also require a series of additional processing 
steps if they are to be used as back-illuminated CCD's. 
These required additional processing steps are identical 
for devices from the layered structures shown in both 
FIGS. 2 and 3, although they will now be described 
with reference to FIG. 2 only. 

Referring to step 1 of FIG. 4, the layered structure 
shown in step 6 of FIG. 2 is diced to form individual 
CCD dies 40. However, it is not necessary to first dice 
into individual CCD dies. The process at this point 
could, for example, continue at the full wafer level with 
dicing carried out after the entire bottom silicon wafer 
is removed. For illustration, the process will be de 
scribed assuming that dicing takes place first. The active 
circuitry side of each of these individual CCD dies 40 
are then mounted or bonded to a substrate 42 having a 
thermal coefficient of expansion that is matched to that 
of the die 40, as shown in step 2. This bonding process 
is thoroughly characterized and described in the co 
pending patent application previously incorporated 
herein by reference. 
Once a die 40 has been bonded to a substrate 42, the 

bottom silicon wafer layer 28 is removed using standard 
techniques, as shown in step 3. This etching process is 
simplified by the presence of the passivation layer 34, 
since it acts as a stop etch layer. Thus, the presence of 
the passivation layer 34 makes this etching process a 
non-critical procedure of simply etching away the bot 
tom silicon wafer layer 28 with no need to precisely 
control its final thickness or its uniformity. Further 
more, after the bottom silicon wafer layer 28 has been 
etched away, the presence of the passivation layer 34 
protects the bottom surface 22 of the thinned top silicon 
wafer layer 24 from surface charging, surface state 
formation, and other contamination problems all of 
which are detrimental to device performance, particu 
larly with respect to quantum efficiency and spectral 
response. 

After completion of the etching process of step 3, it is 
required that bonding pads to the active CCD circuitry 
be exposed. Since the CCD die 40 is mounted to the 
substrate 42 at its pixel face, the bonding pads are buried 
under several layers of material 34,28,36, and thus must 
be exposed by etching through these layers 34,28,36. 
This final etching process, shown in step 4, is performed 
using conventional etching techniques, and is followed 
by step 5, wherein the individual devices are cut to their 
final size. Both steps 4 and 5 are thoroughly character 
ized and described in the copending patent application 
previously incorporated by reference. An alternative 
method for accessing the bond pads makes use of a 
metallized layer on the support substrate 42. This metal 
lized layer is patterned to contact individual bond pads 
and to bring those electrical contacts out beyond the 
dice edges. The electrical contact between the metal 
lized leads and the bond pads is assisted by use of indium 
bumps. 
With the present invention fabrication method now 

fully described, it can thus be seen that the primary 
objective set forth above is efficiently attained and, 
since certain changes may be made to the above 
described fabrication method without departing from 
the scope of the invention, it is intended that all matter 
contained in the above description or shown in the 
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accompanying drawings shall be interpreted as illustra 
tive and not in a limiting sense. 
What is claimed is: 
1. A method for fabricating thinned, back 

illuminated, solid state image sensors, said method com- 5 
prising the steps of: 

positively doping a bottom surface of a top semicon 
ductor wafer so as to create an electric field within 
said top wafer; 

oxidizing said bottom surface of said top wafer and a 
top surface of a bottom semiconductor wafer to 
create a passivation oxide layer over each said 
surface; 

bonding said bottom surface of said top wafer and 
said top surface of said bottom wafer together so as 
to create a single layer of passivation oxide be 
tween said wafers; 

thinning said top wafer along a top surface; 
oxidizing said top surface of said thinned top wafer to 

create an insulating oxide layer; 
fabricating active electronic circuitry on said insulat 

ing oxide layer to form a layered structure compris 
ing a layer of said bottom wafer, said single layer of 
passivation oxide, a layer of said thinned top wafer, 
said insulating oxide layer, and a layer of said ac 
tive electronic circuitry; 

dicing said layered structure to create a plurality of 
individual layered structure dies; 

bonding said layer of active electronic circuitry of 30 
each of said plurality of layered structure dies to a 
Substrate; 

etching said bottom wafer layer from each of said 
plurality of bonded, layered structure dies to ex 
pose said single layer of passivation oxide; 

etching through said single layer of passivation oxide, 
said thinned top wafer layer, and said insulating 
oxide layer in each of said plurality of bonded, 
layered structure dies to expose a plurality of bond 
ing pads located within said layer of active elec 
tronic circuitry; and 

sizing each of said plurality of bonded, layered struc 
ture dies to create a plurality of thinned, back 
illuminated, solid state image sensors, wherein im 
ages that are irradiated onto said single layer of 45 
passivation oxide produce photo-electrons in said 
thinned top wafer layer which are driven toward 
said layer of active electronic circuitry by said 
electric field and whereby said active electronic 
circuitry can be controlled to sense said photo 
electrons, and hence said images. 

2. The method as defined in claim 1, wherein said step 
of positively doping comprises ion implanting said bot 
tom surface of said top wafer with a p-type dopant 

10 
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3. The method as defined in claim 1, wherein said step 

of positively doping comprises thermally diffusing said 
bottom surface of said top wafer with a p-type dopant 
material. 

4. The method as defined in claim 1, wherein said step 
of performing an oxidation process on said bottom sur 
face of said top wafer and said top surface of said bot 
tom wafer comprises performing a thermal oxidation 
process to create a silicon dioxide passivation layer over 

65 
5. The method as defined in claim 1, wherein said step 

of bonding said bottom surface of said top wafer and 
said top surface of said bottom wafer comprises ther 

8 
mally bonding said wafers to create a single silicon 
dioxide passivation layer between them. 

6. The method as defined in claim 1, wherein said step 
of thinning said top wafer along said top surface com 
prises thinning said top wafer using chemical etching 
techniques. 

7. The method as defined in claim 1, wherein said step 
of performing an oxidation process on said thinned top 
surface of said top wafer comprises performing a ther 
mal oxidation process to create a silicon dioxide insulat 
ing layer. 

8. The method as defined in claim 1, wherein said step 
of fabricating active electronic circuitry comprises fab 
ricating a conductive gate structure using conventional 
integrated circuit fabrication techniques. 

9. The method as defined in claim 1, wherein said step 
of bonding said layer of active electronic circuitry of 
each of said plurality of layered structure dies to a sub 
strate comprises epoxy bonding said layer of active 
electronic circuitry to a substrate having a thermal 
coefficient of expansion that is matched to that of said 
layered structure die. 

10. The method as defined in claim 1, wherein said 
step of etching said bottom wafer layer comprises 
chemical etching said bottom wafer layer. 

11. The method as defined in claim 1, wherein said 
step of etching through said single layer of passivation 
oxide, said thinned top wafer layer, and said insulating 
oxide layer in each of said plurality of bonded, layered 
structure dies comprises chemical etching said layers. 

12. A method for fabricating thinned, back 
illuminated, solid state image sensors, said method com 
prising the steps of: 
performing an oxidation process on a bottom surface 
of a top semiconductor wafer and on a top surface 
of a bottom semiconductor wafer to create a pas 
sivation oxide layer over each said surface; 

bonding said bottom surface of said top wafer and 
said top surface of said bottom wafer together to 
create a single layer of passivation oxide between 
them; 

thinning said top wafer along a top surface; 
positively doping said thinned top wafer; 
depositing a semiconductor epitaxial layer on said top 

surface of said thinned top wafer such that an elec 
tric field is created within said semiconductor epi 
taxial layer and said thinned top wafer due to said 
positive doping; 

performing an oxidation process on said semiconduc 
tor epitaxial layer to create an insulating oxide 
layer; 

fabricating active electronic circuitry on said insulat 
ing oxide layer to form a layered structure compris 
ing a layer of said bottom wafer, said single layer of 
passivation oxide, a layer of said thinned top wafer, 
said semiconductor epitaxial layer, said insulating 
oxide layer, and a layer of said active electronic 
circuitry; 

dicing said layered structure to create a plurality of 
individual layered structure dies; 

bonding said layer of active electronic circuitry of 
each of said plurality of layered structure dies to a 
substrate; 

etching said bottom wafer layer from each of said 
plurality of bonded, layered structure dies to ex 
pose said single layer of passivation oxide; 

etching through said single layer of passivation oxide, 
said thinned top wafer layer, said semiconductor 
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epitaxial layer, and said insulating oxide layer in 
each of said plurality of bonded, layered structure 
dies to expose a plurality of bonding pads located 
within said layer of active electronic circuitry; and 

sizing each of said plurality of bonded, layered struc 
ture dies to create a plurality of thinned, back 
illuminated, solid state image sensors, wherein im 
ages that are irradiated onto said single layer of 
passivation oxide produce photo-electrons in said 
thinned top wafer layer and said semiconductor 
epitaxial layer which are driven toward said layer 
of active electronic circuitry by said electric field, 
and whereby said active electronic circuitry can be 
controlled to sense said photo-electrons, and hence 
said images. 

13. The method as defined in claim 12, wherein said 
step of performing an oxidation process on said bottom 
surface of said top wafer and said top surface of said 
bottom wafer comprises performing a thermal oxidation 
process to create a silicon dioxide passivation layer over 
each said surface. 

14. The method as defined in claim 12, wherein said 
step of bonding said bottom surface of said top wafer 
and said top surface of said bottom wafer comprises 
thermally bonding said wafers to create a single silicon 
dioxide passivation layer between them. 

15. The method as defined in claim 12, wherein said 
step of thinning said top wafer along said top surface 
comprises thinning said top wafer using chemical etch 
ing techniques. 

16. The method as defined in claim 12, wherein said 
step of positively doping comprises ion implanting said 
thinned top wafer with a p-type dopant material. 
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17. The method as defined in claim 12, wherein said 

step of positively doping comprises thermally diffusing 
said thinned top wafer with a p-type dopant material. 

18. The method as defined in claim 12, wherein said 
step of depositing a semiconductor epitaxial layer on 
said top surface of said thinned top wafer comprises 
performing an epitaxial process on said top surface to 
form said semiconductor epitaxial layer. 

19. The method as defined in claim 12, wherein said 
step of performing an oxidation process on said semi 
conductor epitaxial layer comprises performing a ther 
mal oxidation process to create a silicon dioxide insulat 
ing layer. 

20. The method as defined in claim 12, wherein said 
step of fabricating active electronic circuitry comprises 
fabricating a conductive gate structure using conven 
tional integrated circuit fabrication techniques. 

21. The method as defined in claim 12, wherein said 
step of bonding said layer of active electronic circuitry 
of each of said plurality of layered structure dies to a 
substrate comprises epoxy bonding said layer of active 
electronic circuitry to a substrate having a thermal 
coefficient of expansion that is matched to that of said 
layered structure die. 

22. The method as defined in claim 12, wherein said 
step of etching said bottom wafer layer comprises 
chemical etching said bottom wafer layer. 

23. The method as defined in claim 12, wherein said 
step of etching through said single layer of passivation 
oxide, said thinned top wafer layer, said semiconductor 
epitaxial layer, and said insulating oxide layer in each of 
said plurality of bonded, layered structure dies com 
prises chemical etching said layers. 

k . . . 
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