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(57) ABSTRACT 

An interconnect architecture for connecting a plurality of 
closely-spaced electrical elements on a ?rst integrated cir 
cuit fabricated structure With operative circuits on a second 
integrated circuit fabricated structure. In one embodiment, 
the ?rst integrated circuit fabricated structure comprises a 
plurality of photo sensors. Conductive interconnect elements 
on the ?rst integrated circuit fabricated structure provide 
electrical connection betWeen individual photo sensors and 
the operative circuitry on the second integrated circuit 
fabricated structure. 
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HIGH-DENSITY INTER-DIE INTERCONNECT 
STRUCTURE 

FIELD OF THE INVENTION 

[0001] The present invention is directed to an interconnect 
structure for semiconductor die and, more speci?cally, the 
invention relates to an interconnect structure for die Where 
the circuits on at least one die are separately and indepen 
dently operable and closely spaced. 

BACKGROUND OF THE INVENTION 

[0002] Various types of imagers or image sensors are in 
use today, including charge-coupled device (CCD) image 
sensors and complementary metal-oxide semiconductor 
(CMOS) image sensors. These semiconductor-based image 
sensors are Widely used in many image input devices 
because they can be mass produced using advanced ?ne 
patterning lithographic techniques. Applications include 
digital cameras, computer peripherals for document capture, 
visual communications, and facsimile machines. 

[0003] A CCD image sensor utiliZes an array of photo 
sensors to form charge packets proportional to the received 
light intensity. These photo sensors are typically photo 
transistors or photo diodes located on the image sensor 
surface. Each charge packet constitutes a piXel of the com 
posite image. The image data is read out from the CCD array 
by shifting these analog charge packets from the CCD array 
interior to the periphery in a piXel-by-piXel manner. To begin 
the readout process, the charges on the ?rst roW are trans 
ferred to a readout register and from there the signals are 
input to an ampli?er and in most applications to an analog 
to-digital converter. Once a roW has been read, its charges on 
the readout register roW are deleted. The neXt roW then 
enters the readout register and all the roWs above move 
doWn one roW. In this Way, each roW is read, one roW at a 
time. Because all the piXels in a roW of piXels are read 
simultaneously, the piXels of the CCD array are not indi 
vidually addressable. 

[0004] Due to voltage, capacitance and process con 
straints, CCD arrays are not Well suited to integration at the 
high levels of integration possible in CMOS integrated 
circuits. Hence, any supplemental signal processing cir 
cuitry required for the CCD image sensors (e.g., memory for 
storing information related to the sensor) is generally pro 
vided on one or more separate chips. As a result, the system 
cost and siZe are increased. It is also knoWn that CCD image 
sensors require a large poWer consumption and higher 
operating voltages, as compared With conventional CMOS 
signal processing circuitry. 

[0005] CMOS image sensors typically utiliZe an array of 
active piXel image sensors and a roW or register of ampli?ers 
to sample and hold the output of a given roW of piXel image 
sensors. The principle of a CMOS piXel’s operation is based 
on the modulation of a reverse biased pn junction capaci 
tance (of a diode, for example) due to impinging light. 
Photons absorbed in the depletion region of the reverse 
biased junction generate electron-hole pairs that discharge 
the reverse biased capacitance. Larger junctions collect 
more photons and are more sensitive to light, but larger 
junctions also reduce the resolution of a sensor because 
feWer piXels can be placed on the available surface area. 
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[0006] CMOS image sensors have several advantages 
over CCD image sensors. CMOS image sensors are formed 
With the same CMOS process technology used for the 
associated circuitry required to operate the CMOS image 
sensor and therefore the sensors and support circuitry are 
easily integratable into a single chip. Single chip integration 
eases miniaturiZation, loWers manufacturing costs, and 
boosts reliability. Using CMOS image sensors, it is possible 
to create a monolithic integrated circuit providing not only 
the sensor but also control logic and timing, image process 
ing, and signal-processing circuitry. Thus the CMOS image 
sensors can be manufactured at loWer cost, relative to CCD 
image sensors, using conventional CMOS integrated circuit 
fabrication processes. Also, the CMOS image sensors oper 
ate at a loWer operating voltage and consume less poWer, 
alloWing the system into Which the sensors are incorporated 
to operate longer on batteries, Which is a major advantage 
for hand-held imaging products. Finally, each CMOS image 
sensor is accessible over a grid of X-y lines, instead of using 
the shift register process of charged coupled devices. The 
column and roW addressability of the CMOS image sensor, 
Which is similar to the conventional RAM readout process, 
alloWs WindoWing of the image. CMOS image sensors 
require only a single poWer supply to drive both the image 
sensor and the associated circuitry. By contrast, CCD image 
sensors typically require three different input voltages. Also, 
CCD image sensors lack a consistent dark level voltage due 
to fabrication processing imperfections. CMOS image sen 
sors are also knoWn to exhibit inconsistent dark levels, but 
the associated CMOS signal processing circuitry can track 
the dark level for each CMOS image sensor and provide a 
compensation factor during the signal processing function so 
that a uniform dark level is achievable across the CMOS 
image sensor array. 

[0007] HoWever, CMOS image sensors are not Without 
disadvantages. The use of state-of-the-art CMOS integrated 
circuit fabrication techniques for the associated signal pro 
cessing circuitry, and the CMOS image sensor Would com 
promise the construction of the CMOS photo sensors, 
thereby reducing the image signal quality. For eXample, 
typical substrate and source/drain doping levels (or retro 
grade doped tubs Where the doping level at the surface is 
loWer than the doping level beloW the surface) convention 
ally used in CMOS processes are higher than the doping 
levels that provide optimal image sensor quality. Reducing 
the doping levels to achieve better sensor sensitivity, 
dynamic range, or color balance, Would signi?cantly 
degrade the performance of the CMOS processing circuitry. 
Therefore, higher levels of component integration (i.e., 
image sensors and operative signal processing circuitry on 
the same chip) are therefore not practical. 

[0008] Further, in those situations Where the CMOS image 
sensor and its signal processing circuitry are co-located on 
the same integrated circuit, the associated circuits consume 
a portion of the available piXel area, resulting in a larger 
overall chip area and reducing the image ?ll factor (the ratio 
of the active piXel area to the total piXel area). The ef?ciency, 
resolution and sensitivity of the CMOS image sensor array 
is in turn disadvantageously reduced. Also, certain CMOS 
material layers (e.g., salicide layers) may be partially or 
completely opaque, reducing the image sensor sensitivity. In 
an effort to overcome the disadvantages created When using 
state-of the-art CMOS process technology in conjunction 
With CMOS image sensors, certain modi?ed CMOS pro 
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cesses have been created that remove processing steps or 
alter device physical characteristics to improve the image 
sensor signal quality. Although removal of these process 
steps improves image sensor signal quality, the CMOS 
technology is generally compromised. In summary, it can be 
said that state-of-the-art CMOS image sensor processing 
technology lags by several generations the current state of 
the CMOS processing art. 

SUMMARY OF THE INVENTION 

[0009] To overcome the disadvantages discussed above 
relative to the use of CMOS image sensors and associated 
CMOS operative circuitry, the present invention provides an 
interconnect system betWeen a ?rst integrated circuit struc 
ture having a plurality of image sensors fabricated therein 
and a second CMOS (or other integrated circuit type, for 
example, BiCMOS) integrated circuit structure having sig 
nal processing circuitry operative in conjunction With the 
image sensors. With the separation of the image sensor 
structure and the operative signal processing circuitry, the 
image sensor structure can be fabricated With processing 
techniques that are speci?cally optimiZed for the image 
sensors, and the signal processing circuitry can also be 
fabricated With uniquely optimal fabrication techniques and 
device characteristics. The interconnect system comprises 
electroless nickel plated bumps, solder bumps or other 
Well-knoWn die interconnect structures, especially ?ne pitch 
interconnect structures. The bumps are provided on the 
image sensor structure for interconnecting each image sen 
sor or pixel element With its associated signal processing 
circuitry located on a separate structure. Mating die inter 
connect structures are also included on the signal processing 
circuitry for connection to each of the pixel elements of the 
image sensor structure. After fabrication of the tWo indi 
vidual structures, the image sensor structure is bonded to the 
signal processing structure by Way of the mating die inter 
connect structures. According to the teachings of the present 
invention, the use of separate image sensor and signal 
processing structures alloWs the functional characteristics 
and processing methodology of each structure to be opti 
miZed by use of the most favorable fabrication processing 
steps and device characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present invention can be more easily under 
stood and the further advantageous and uses thereof more 
readily apparent, When considered in vieW of the description 
of the preferred embodiments and the folloWing ?gures in 
Which: 

[0011] 
array; 

[0012] FIG. 2 illustrates a prior art CMOS image sensor 
circuit; 

[0013] FIG. 3 is a time line shoWing the operational 
phases of the CMOS image sensor circuit of FIG. 2; 

[0014] FIG. 4 is a cross-sectional vieW of ?rst and second 
integrated circuit structures interconnected according to the 
teachings of the present invention; and 

[0015] FIG. 5 illustrates doping regions for the CMOS 
image sensor circuit. 

FIG. 1 illustrates a typical CMOS image sensor 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] The processing steps and hardWare components of 
the present invention have been represented by conventional 
processes and elements in the draWings, shoWing only those 
speci?c details that are pertinent to the present invention so 
as not to obscure the disclosure With details that Will be 
readily apparent to those skilled in the art having the bene?t 
of the description herein. Exemplary device layers are not 
shoWn to scale. Like reference characters represent like 
structures elements throughout. 

[0017] Bulk semiconductor materials can be used as photo 
conductors (also referred to as photo sensors or image 
sensors) based on the change in the semiconductor resis 
tance as a function of the Wavelength and intensity of the 
impinging light Waves. Electrons in bound states in the 
valence band (for intrinsic semiconductor material) or in 
doping-determined energy levels Within the forbidden band 
gap (for extrinsic semiconductor materials) absorb energy 
from the incident light photons and are excited into free 
states in the conduction band. The electrons remain in the 
excited state for a characteristic lifetime. The conduction of 
electrical current takes place as a result of movement of the 
electrons in the conduction band or movement of the posi 
tive holes formed in the valence band. The resistance of the 
semiconductor material is thus inversely proportional to the 
illumination and this resistance change is translated into a 
change in the current that ?oWs through the device output 
circuit. 

[0018] In lieu of simple semiconductor bulk photo sen 
sors, photo sensor junction devices can be used to improve 
the speed of response and the sensitivity of the detector to 
optical radiation. Such tWo-terminal devices designed to 
respond to photon absorption are referred to as photodiodes. 
In a conventional reverse-biased diode, carriers generated 
Within the depletion region drift aWay from the depletion 
region due to the electric ?eld; electrons are therefore 
collected in the n region and holes in the p region. These 
carriers form the reverse current. Also, minority carriers 
generated thermally Within a diffusion length of the edge of 
the transition region diffuse to the depletion region and are 
sWept to the other side by the electric ?eld. If the junction 
is also uniformly illuminated by photons having an energy 
greater than the semiconductor material band gap, then these 
electron-hole pairs also participate in the reverse current. 
This is the basic principle by Which a reverse-biased diode 
detects light. Although electron-hole pairs are also generated 
outside the depletion region, they do not result in current 
?oW. 

[0019] Generally, a CMOS image sensor, to Which the 
teachings of the present invention can be applied, is an 
integrated circuit that measures incident light by detecting a 
voltage change produced by a photo sensor. Speci?cally, a 
photo sensor is charged to a pre-determined voltage and then 
integrates the incident light, the result of Which is a higher 
voltage across the device. The voltage value of the photo 
sensor is then read out by a readout circuit, Wherein this 
voltage value is representative of the incident light. 

[0020] FIG. 1 illustrates a block diagram of a conven 
tional CMOS image sensor array 100. Each element in the 
array (such as array elements 161, 162 and 163) is an 
individual CMOS image sensor circuit, the details of Which 
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Will be discussed below in conjunction With FIG. 2. The 
individual CMOS image sensor circuits are also referred to 
as pixel circuits or pixel elements. 

[0021] The CMOS image sensor array 100 is controlled by 
a roW decoder 110 and a column decoder 120, Which are 
individually activated to select a speci?c CMOS image 
sensor circuit for activation. The output of the activated 
CMOS image sensor circuit is carried doWn a column output 
line 164 to a sense and hold circuit 130. The sense and hold 
circuit 130 senses the voltage value of the activated CMOS 
image sensor circuit. Finally, the sensed voltage value is 
converted to a digital value by an analog to digital converter 
140. The output signal from the analog to digital converter 
140 is a digital signal representative of the light intensity. 

[0022] A CMOS image sensor array, such as the array 100, 
is similar to a dynamic random access memory array except 
that instead of individual memory cells that are set and later 
read out, a CMOS image sensor array has individual CMOS 
image sensor circuits that are set to an initial voltage value 
and then sensed after exposure to incident light. Furthermore 
a CMOS image sensor array differs from a dynamic random 
access array in that analog values are stored Within each 
CMOS image sensor and then quantitiZed by conversion in 
the analog to digital converter 140. 

[0023] FIG. 2 illustrates an exemplary CMOS image 
sense circuit 161, comprising a reset transistor 230, a photo 
sensor 220, a source folloWer transistor 240 and a roW select 
transistor 250. Also illustrated in FIG. 2 is an exemplary 
output circuit for processing the output signal of the CMOS 
image sense circuit 161. In particular, the output circuit 
comprises a current source transistor 280 and a sensor circuit 
290. 

[0024] The CMOS image sense circuit 161 operates in 
three different phases: reset, integration and readout. The 
operational phases of the CMOS image sense circuit 161 are 
described beloW With reference to FIG. 3, Which displays 
the gate voltage of the source folloWer transistor 240 during 
operation of the CMOS image sense circuit 161. 

[0025] Initially, during a reset phase 310 (see FIG. 3) the 
photo sensor 220 is charged, i.e., reverse biased, by the 
voltage source VDD, to a reset voltage level via the reset 
transistor 230. The actual voltage at the cathode terminal of 
the photo sensor 220 is VDD—VTN, Where VTN is the voltage 
drop across the reset transistor 230. This charge voltage level 
is referred to as the “reference blac ” voltage level (VRB). 

[0026] Next, during an integration phase 330 (FIG. 3) the 
photo sensor 220 is exposed to incident light that is to be 
measured. As discussed above, photons striking the deple 
tion region of the photo sensor 220, cause an increase in the 
reverse current ?oWing to the gate terminal of the source 
folloWer 240. The voltage of the remaining charge on the 
photo sensor 220 is proportional to the number of photons 
that strike the photo sensor 220. Thus, during the integration 
phase 330, the voltage on the gate of the source folloWer 240 
drops. A White reference level is reached as the cathode 
terminal of the photo sensor 220 approaches the negative 
poWer supply voltage, in this case ground. A black level 
occurs When no photons are integrated, such that the photo 
sensor voltage essentially remains at the original reference 
black voltage level of VRB=VDD—VTN. 
[0027] Finally, during a readout phase 350 (see FIG. 3) the 
roW select transistor 250 is activated such that the gate 
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voltage of the source folloWer transistor 240 is measured by 
the sensor circuit 290. In one embodiment, measurement of 
the photo sensor voltage is performed using a correlated 
double sampling circuit. First, the integrated photo sensor 
voltage signal is sampled. Then the CMOS image sensor 
circuit 161 is reset and the reset voltage is sampled to obtain 
the reference black value. The desired signal representing 
the incident light is the difference betWeen the integrated 
photo sensor voltage and the photo sensor reset voltage. 

[0028] According to the teachings of the present inven 
tion, it is advantageous to separate the photo sensor 220 
from the related circuitry such as the transistors illustrated in 
FIG. 2 and the sensor circuit 290. In this Way, the fabrication 
processes required to optimiZe the characteristics of the 
photo sensor 220 can be employed during the fabrication of 
the photo sensor array. Similarly, the fabrication processes 
required to optimiZe the functionality of the related circuitry 
can be employed as the circuitry is fabricated. The tWo 
structures are then interconnected as taught by the present 
invention. 

[0029] Flip chip interconnect technology employs the use 
of bead-like terminals formed on one surface of a chip or 
monolithic semiconductor device to bond the ?ip chip to 
another electronic device, such as a circuit board. The 
bead-like terminals, also referred to as bumps, serve both to 
mechanically secure the ?ip chip to the circuit board and 
electrically interconnect the ?ip chip circuitry to the circuit 
board conductor pattern. 

[0030] Turning to FIG. 4 there is shoWn a cross-section of 
a CMOS image sensor array 370 having a plurality of bumps 
or terminals 372 bonded to a surface 390 of the CMOS 
image sensor array 370. The bumps 372 interconnect cir 
cuitry on the CMOS image sensor array 370 to signal 
processing circuits of an integrated circuit 374. In one 
embodiment, the integrated circuit 374 includes circuitry 
employing CMOS technology. Incident light is received by 
the CMOS image sensor array 370 at a surface 380 thereof. 
In one embodiment, the CMOS image sensor array includes 
the photo sensor diode 220 illustrated in FIG. 2, the location 
of Which is shoWn generally by reference character 382. The 
remaining FIG. 2 components (and other circuit elements as 
needed) are fabricated into the integrated circuit 374. 

[0031] Optical ?lters can be placed adjacent the incident 
surface of the CMOS image sensor array 370 (that is, the 
surface 380) to ?lter out speci?c Wavelengths of light as 
determined by the characteristics of the ?lter. For example, 
a ?rst plurality of photo sensors 220 in the CMOS image 
sensor array 370 can be made responsive to only red light by 
placement of a ?lter blocking other spectral colors on the 
surface 380. In a similar manner, other photo sensors 220 
can be made to respond only to blue or green light by 
appropriate spectral ?ltering. Signals derived from the 
respective photo sensors representing the red, green and blue 
light intensities can be combined Within the circuitry of the 
substrate 374 for producing a color signal. 

[0032] In one embodiment, the pitch of the pixels of the 
CMOS image sensor array 370 is on the order of microns, 
and therefore to individually access each image sensor, the 
pitch of the connections, if con?gured to provide individual 
pixel access, must have the same pitch. In another embodi 
ment of the present invention, adjacent or grouped pixels 
may be fabricated With different properties, for example 
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each pixel in a group of n pixels may have an optimal 
frequency response to a selected Wavelength. In such an 
embodiment it may not be necessary to access individual 
pixels, but instead, the group of n pixels can be accessed by 
a single interconnect bump. In yet another embodiment, the 
teachings of the present invention can be applied to a 
plurality of image sensors arranged in a line, rather than the 
tWo dimensional array illustrated in FIG. 1. 

[0033] The array of bumps 372 can be formed using 
several different techniques, all presenting trade-offs 
betWeen bump pitch, cost and fabrication simplicity. In one 
embodiment the bumps can be formed by a silk screening 
process or by the selective removal of a conductive material, 
typically using lithographic techniques. Familiar silk screen 
ing processes can also be used to form the bump array. 

[0034] The bumps can also be selectively formed by 
electroplating or electrolessly over previously exposed 
metal or conductive regions in a semiconductor substrate. A 
mask, Which is a transparent silica plate bearing the bump 
pattern, is used to expose the regions Where the bumps are 
to be formed. The blank mask is coated With an ultraviolet 
light absorbing layer, such as iron oxide, making the entire 
mask opaque to ultraviolet light. A thin layer of electron 
beam sensitive resist material is placed on the plate and 
selective portions are exposed to an electron beam; the 
exposed portions undergo a chemical change. After expo 
sure, the exposed portions of the resist are removed by 
developing in a chemical solution. The iron oxide material 
is then selectively etched from the mask in those regions 
Where the exposed resist has been removed 

[0035] To prepare the integrated circuit, the surface 390 of 
the image sensor 370 is covered With an ultraviolet light 
sensitive organic material, referred to as photoresist. The 
mask is then placed in contact With the photoresist-covered 
Wafer and the assembly is exposed to ultraviolet light. The 
ultraviolet light shines through those portions of the mask 
devoid of iron oxide and acidi?es the exposed photoresist. 
The image sensor array 370 is developed in a basic solution 
of sodium-hydroxide, causing the exposed photoresist to 
etch aWay. In this Way, the pattern on the mask has been 
transferred to the surface 390. The remaining photoresist is 
cured through a heat process. 

[0036] The bumps 372 are then formed in the patterned 
surface 390 by electroplating or electrodepositing a conduc 
tive material into the exposed areas. In the conventional 
electrodeposition technique, a quantity of metal (e. g., nickel) 
is accurately electrodeposited at the mask opening points. If 
solder is used as the material for the bumps, the solder is 
placed in the openings and heated above its melting tem 
perature to form solder bumps. The ?nal shape of the bumps 
is dependent on the techniques used to form them and the 
material of Which they are composed. Solder bumps are 
characteristically hemispherical. Bumps deposited by elec 
troplating or electrolessly are likely to have a rectangular 
cross section. After the bumps 372 are formed, the mask is 
removed and a corrosion inhibitor applied to the entire 
surface 390, including the bumps 372. For example, solder 
bumps are coated With gold to inhibit corrosion. 

[0037] The type of bumps formed on the surface 390 also 
determine the technique employed to attach the bumps 372 
to the substrate 374. When the bumps are formed of solder, 
a solder re?oW attachment process is employed to electri 
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cally interconnect and securely bond the individual solder 
bumps 372 to the conductive pattern on the substrate 374. 
The re-?oW process involves ?rst registering the solder 
bumps 372 With their respective mating conductive areas on 
the substrate 374 and re-heating or re-?oWing the solder so 
as to metallurgically bond and thereby electrically intercon 
nect the solder bumps 372 With the corresponding conduc 
tors of the substrate 374. If the bump material is nickel, 
electrolessly or electrodeposited, a conductive adhesive, 
applied by a screen printing process, can be used to attach 
the tWo surfaces. An anisotropic adhesive (i.e., conductive in 
substantially one direction) can also be used. The adhesive 
is applied over the entire surface, but conducts only in the 
regions Where a crushing force has been applied, as for 
instance, When the bump and its mating surface are brought 
into physical contact. 

[0038] It may be necessary to polish doWn and etch back 
the surface 380 so that incident light can pass therethrough 
and reach the doped semiconductor regions forming the 
photo sensors 220. If the CMOS image sensor array 370 is 
fabricated using a silicon substrate material, then the CMOS 
image sensor array 370 responds to those frequencies to 
Which silicon is transparent, i.e., Wavelengths in the infrared 
segment of the spectrum. As is knoWn to those skilled in the 
art, the band gap of the semiconductor material in Which the 
photo sensors 220 are formed determines the Wavelengths to 
Which the semiconductor photo sensor 220 responds, and 
thus the frequency sensitivity of the CMOS image sensor 
array 370. 

[0039] According to the teachings of the present inven 
tion, the interconnect structure illustrated in FIG. 4 accom 
modates individual access and control over each pixel 
element or photo sensor 220. As a result, optical special 
effects can be implemented in the photo sensor array 370. 
Also, anomalies in the fabrication process may create varia 
tions among the various photo sensors 220. In particular, 
slight variations in doping level can affect the output photo 
sensor voltage for identical incident light energy. After 
fabrication, the individual photo sensors can be calibrated 
With knoWn incident light and thereafter the signal process 
ing circuitry associated With each pixel can be designed to 
compensate for variations in output voltage for identical 
input incident light. 

[0040] FIG. 5 illustrates three exemplary spaced-apart 
doped regions representative of the photo sensor 220. In 
particular, the pn junctions comprise p-type substrate mate 
rial 400 having spaced-apart n+ regions 402 and n- regions 
404 formed therein along a surface 403. Use of the n- region 
affords a larger depletion region for the collection of incident 
photons. The same structure can be fabricated With an n-type 
substrate and p-type doped regions formed therein. 

[0041] In addition to the CMOS image sensors as dis 
cussed above, the photo sensors of the present invention can 
also be implemented as Schottky-barrier diodes, metal 
semiconductor-metal photodiodes, p-i-n diodes, avalanche 
photodiodes, and heterojunction phototransistors. Also, 
?eld-effect and bipolar junction devices can also be 
employed as the image sensors. 

[0042] While the invention has been described With ref 
erence to a preferred embodiment, it Will be understood by 
those skilled in the art that various changes may be made and 
equivalent elements may be substituted for the elements 
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thereof Without departing from the scope of the invention. 
The scope of the present invention further includes any 
combination of the elements from the various embodiments 
set forth herein. In addition, modi?cations may be made to 
adapt a particular situation to the teachings of the invention 
Without departing from. In particular, the invention may be 
practiced in a variety of Ways in a variety of circuit struc 
tures including structures formed With III-IV compounds 
and other semiconductor materials. Therefore, it is intended 
that the invention not be limited to the particular embodi 
ments disclosed, but that the invention Will include all other 
constructions, not eXpressly identi?ed herein, Which fall 
Within the scope of the appended claims. 

What is claimed is: 
1. An integrated circuit device comprising: 

a ?rst integrated circuit comprising a plurality of dis 
cretely operable electrical elements and a plurality of 
conductive interconnect elements in electrical commu 
nication With one or more of said plurality of discretely 
operable electrical elements; and 

a second integrated circuit comprising operative circuitry 
and a plurality of connection pads formed on a surface 
thereof and in electrical communication With said plu 
rality of conductive interconnect elements. 

2. The integrated circuit device of claim 1 Wherein the 
number of discretely operable electrical elements is equal to 
the number of interconnect elements. 

3. The integrated circuit device of claim 1 Wherein the 
pitch of the plurality of interconnect elements is equal to the 
pitch of the plurality of connection pads. 

4. The integrated circuit device of claim 1 Wherein the 
operative circuitry of the second integrated circuit operates 
in conjunction With the plurality of electrical elements of the 
?rst integrated circuit. 

5. The integrated circuit device of claim 1 Wherein the 
plurality of interconnect elements is equal to the plurality of 
discretely operable electrical elements. 

6. The integrated circuit device of claim 1 Wherein the 
plurality of interconnect elements comprise a plurality of 
conductive bumps. 

7. The integrated circuit device of claim 6 Wherein the 
plurality of conductive bumps are formed by forming a 
conductive layer over the plurality of electrical elements and 
selectively removing regions of the conductive layer such 
that the remaining regions form the conductive bumps. 

8. The integrated circuit of claim 7 Wherein the selective 
removal of regions of the conductive layer is controlled by 
a lithographic process using a mask to identify the regions 
to be removed. 

9. The integrated circuit of claim 1 Wherein each one of 
the plurality of discretely operable electrical elements com 
prises operative circuitry and a conductive pad in electrical 
communication With said operative circuitry, and Wherein 
each one of said plurality of conductive pads is further in 
electrical communication With one of the plurality of inter 
connect elements, and Wherein each one of said plurality of 
conductive pads is eXposed through a lithographic process 
operative on the surface of the ?rst integrated circuit to 
provide for the formation of the plurality of interconnect 
elements in electrical communication thereWith. 
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10. The integrated circuit of claim 1 Wherein each one of 
the plurality of conductive interconnect elements is af?Xed 
to one of the plurality of connection pads by the use of a 
conductive adhesive. 

11. The integrated circuit device of claim 1 Wherein the 
plurality of electrical elements are arranged in an array. 

12. The integrated circuit device of claim 1 Wherein the 
plurality of electrical elements are arranged in a linear 
pattern. 

13. The integrated circuit device of claim 1 Wherein the 
area devoted to the plurality of electrical elements on the 
?rst integrated circuit is maXimiZed. 

14. An integrated circuit device comprising: 

a ?rst integrated circuit including a plurality of discretely 
operable photo sensors, Wherein an operational param 
eter of each of the plurality of photo sensors is related 
to the light incident on said ?rst integrated circuit, and 
Wherein said ?rst integrated circuit further comprises a 
plurality of conductive interconnect elements each one 
in electrical communication With one or more of said 

plurality of photo sensors; and 
a second integrated circuit having a plurality of connec 

tion pads formed on a surface thereof and in electrical 
communication With said plurality of conductive inter 
connect elements. 

15. The integrated circuit device of claim 14 Wherein the 
second integrated circuit comprises operative circuitry for 
determining the operational parameter of a photo sensor 
related to the incident light. 

16. The integrated circuit device of claim 14 Wherein the 
surface of the ?rst integrated circuit eXposed to the incident 
light is processed so as to maXimiZe the light received by the 
plurality of photo sensors. 

17. The integrated circuit device of claim 14 Wherein the 
?rst integrated circuit comprises a semiconductor substrate 
of a ?rst conductivity type and a plurality of spaced apart 
doped semiconductor regions of a second conductivity type 
formed in a surface of the semiconductor substrate, and 
Wherein a reverse bias potential is applied to the semicon 
ductor substrate and the doped regions so as to create a 
depletion region therebetWeen. 

18. The integrated circuit device of claim 14 Wherein the 
?rst integrated circuit comprises an image sensor array, and 
Wherein the ?ll factor of the image sensor array is maXi 
miZed. 

17. The integrated circuit device of claim 14 Wherein the 
plurality of conductive interconnect elements is equal in 
number to the plurality of photo sensors. 

18. The integrated circuit device of claim 14 Wherein each 
one of the plurality of conductive interconnect elements 
comprises a conductive surface extending above a surface of 
the ?rst integrated circuit. 

19. The integrated circuit device of claim 18 Wherein the 
conducting surface eXtending above the surface of the ?rst 
integrated circuit comprises a conductive bump. 

20. The integrated circuit of claim 19 Wherein the con 
ductive bumps are formed by forming a conductive layer 
over the plurality of electrical elements and selectively 
removing regions of the conductive layer such that the 
remaining regions form the conductive bumps. 

21. The integrated circuit of claim 20 Wherein the selec 
tive removal of regions of the conductive layer is controlled 
by a lithographic process using a mask to identify the 
regions to be removed. 
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22. The integrated circuit of claim 14 Wherein each one of 
the plurality of discretely operable photo sensors comprises 
operative circuitry and a conductive pad in electrical com 
munication With said operative circuitry, and Wherein each 
one of said plurality of conductive pads is further in elec 
trical communication With one of the plurality of intercon 
nect elements, and Wherein each one of said plurality of 
conductive pads is eXposed through a lithographic process 
operative on the surface of the ?rst integrated circuit to 
provide for the formation of the plurality of interconnect 
elements in electrical communication thereWith. 

23. The integrated circuit of claim 14 Wherein each one of 
the plurality of conductive interconnect elements is af?Xed 
to one of the plurality of connection pads using a conductive 
adhesive. 

24. The integrated circuit device of claim 14 Wherein the 
plurality of photo sensors are arranged in an array. 

25. The integrated circuit device of claim 14 Wherein the 
plurality of photo sensors are arranged in a linear pattern. 

26. A method for fabricating an integrated circuit device 
comprising: 

fabricating a ?rst integrated circuit including a plurality of 
discretely operable electrical elements; 

fabricating a plurality of conductive interconnect ele 
ments in electrical communication With one or more of 

said plurality of discretely operable electrical elements; 

fabricating a second integrated circuit having a plurality 
of connection pads formed on a surface thereof; and 

positioning each one of the plurality of conductive inter 
connect elements in electrical communication With one 
of the plurality of connection pads. 

27. The method of claim 26 Wherein the step of fabricat 
ing the plurality of conductive interconnect elements com 
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prises forming a conductive layer over the plurality of 
electrical elements and selectively removing regions of the 
conductive layer such that the remaining regions form the 
conductive interconnect elements. 

28. The method of claim 27 Wherein the step of selectively 
removing further comprises applying a lithographic mask to 
the surface of the conductive layer and removing regions of 
the conductive layer as controlled by the lithographic mask. 

29. The method of claim 26 Wherein each one of the 
plurality of electrical elements comprises operative circuitry 
and a conductive pad in electrical communication With said 
operative circuitry, and Wherein each one of said plurality of 
conductive pads is further in electrical communication With 
one of the plurality of interconnect elements, and Wherein 
the method further comprises eXposing each one of said 
plurality of conductive pads using a lithographic mask 
applied to the operative surface of the ?rst integrated circuit 
and forming the plurality of interconnect elements in elec 
trical communication thereWith through the mask. 

30. The method of claim 26 Wherein the step of position 
ing further comprises af?Xing each one of the plurality of 
conductive interconnect elements to one of the plurality of 
connection pads using a conductive adhesive. 

31. The method of claim 26 Wherein one of each of the 
plurality of discretely operable electrical elements com 
prises a photo sensor. 

32. The method of claim 26 Wherein the plurality of photo 
sensors are fabricated by the step of doping a substrate of a 
?rst conductivity type With a dopant of a second conduc 
tivity type. 


