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57 ABSTRACT 
A process for making a backside illuminated image 
sensor fabricated upon a thinned silicon layer bonded to 
a quartz wafer is described. A borosilicate glass (BSG) 
layer interposed between the thinned silicon device 
layer and quartz support serves as a doping source for 
the back-surface accumulating electrostatic potential 
and serves to minimize stress associated with the ther 
mal expansion differences associated with quartz and 
silicon. 
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1. 

PROCESS FOR MAKNG BACKSDE 
LLUMINATED IMAGE SENSORS 

FIELD OF THE INVENTION 
The present invention relates to fabrication of back 

side illuminated image sensors. 
BACKGROUND OF THE INVENTION 

There is a need for image sensors to be sensitive to 
ultraviolet and far ultraviolet radiation. Image sensors 
of the frame transfer type cannot be used with frontside 
illumination due to the absorption of the short wave 
length radiation by polysilicon gate electrodes. Interline 
type imagers, while sensitive to the radiation, provide 
only 30-35% of their surface area for sensing, and are 
thereby limited. 

Presently, a number of investigators are pursuing the 
development of backside illuminated image sensors by 
removing silicon from the backside of the devices. The 
thinned backside is treated to provide an electrical po 
tential which forces electrons generated at or near the 
backside towards potential wells under the image gates. 
See J. Janesick et al. "CCD Pinning Technologies', 
SPIE Optical Sensors and Electronic Photography, 
Vol. 1071-15, Los Angeles, Jan. 16-18, (1989); C. M. 
Huang et al. Abstract No. 481, 174th Electrochemical 
Society Mtg., 88-2, 705 (1988); T. W. Edwards and R. S. 
Pennypacker, U.S. Pat. No. 4,266,334, May 21, 1981; 
and M. Blouke et al., Optical Engineering, Vol. 26, No. 
9, 837, (1987). These methods involve operations which 
can degrade the silicon quality, such as mechanical 
lapping, ion implantation, and laser annealings. The loss 
of silicon quality results in high surface recombination 
velocity values. To shield the back surface from recom 
bination losses, very high doping gradients are required 
to form an adequate backside electrical potential. See R. 
A. Stern et al., Optical Engineering, Vol. 26, No. 9,875 
(1987) and C. Huang, Proceedings 1991 IEEE CCD 
Workshop, University of Waterloo (1991). 
A technique for bonding quartz wafers to silicon 

wafers has been reported. See G. Goetz and A. Fa 
thimulla, Abstract No. 309, 177th Electrochemical So 
ciety Meeting, 90-1, 462 (1990). This method requires 
that the silicon bonded to the quartz be etched into 
islands prior to high temperature processes in order to 
avoid damage associated with thermal expansion in 
duced stress. 
Methods for providing silicon etch stops have been 

disclosed. For example, see W. P. Maszara et al., J. 
Applied Physics, 64(10) 4943 (1988); H. Seidel et al., J. 
Electrochemical Society, Vol. 137, No. 11,3626 (1990); 
and H. Muraoka et al. "Controlled Preferential Etching 
Technology', in Semiconductor Silicon 1973, edited by 
H. R. Huff and R. R. Burgess, Electrochemical Society, 
Princeton, N.J. 327, (1973). 
The diffusion of boron into silicon from doped oxide 

surfaces has been modeled by Barry. See Barry and 
Olofsen, J. Electrochemical Soc., Vol. 16, No. 6, 854, 
(1969) and Barry and Manoliu, J. Electrochemical Soci 
ety, Vol. 117, No. 2, 258, (1970). 

Calculations of image sensor quantum efficiency have 
been made by several groups. For example see: C. M. 
Huang et al., "Future Development for Thinned Back 
Illuminated CCD Imager Devices', 1991 IEEE CCD 
Workshop, University of Waterloo, Canada (1991); J. 
Janesick and D. Campeu, IEEE Int. Electron Devices 
Meeting, 350 (1986); M. M. Blouke, Proc. SPIE, 1439 
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2 
(1990); and R. Stern et al. in Instrumentation in Astron 
omy VI, D. C. Crawford, Ed., Proc. SPIE 627, 583 
(1986). 
The deposition and properties of borosilicate glasses 

have also been studied. See W. Kern and R. C. Heim, J. 
Electrochemical Soc., Vol. 117, No. 4, 562 and 568, 
(1970). The use of a borosilicate glass layer to support a 
silicon wafer undergoing a thinning process is reported 
in U.S. Pat. No. 4,946,716, Aug. 7, 1990 to Brian L. 
Corrie. 

Existing fabrication methods thin the device wafer 
after the devices have received most of the steps in 
volved in their manufacture. Yield losses incurred due 
to thinning and backside accumulation operations are 
expensive since a great deal of processing has been 
invested in the devices prior to thinning. In addition, 
some methods require contacting of the device bond 
pads from the wafer backside. This involves aligning 
backside masks to the frontside device structures and 
etching contact holes to the bond pads. This is a com 
plex and expensive process. 

SUMMARY OF THE INVENTION 

This invention involves a process by which a back 
side illuminated image sensor is fabricated upon a 
thinned silicon layer bonded to a quartz wafer. Aboro 
silicate glass (BSG) layer interposed between the 
thinned silicon device layer and quartz support serves 
to minimize stress associated with the thermal expan 
sion differences associated with quartz and silicon. The 
BSG layer also acts as a source of boron atoms which 
diffuses into the silicon device during thermal processes 
involved in sensor fabrication. The sensor backside 
boron doping creates the required potential in the 
thinned silicon which forces electrons photogenerated 
at or near the back surface towards potential wells 
under the imager gates located at the frontside of the 
device. 

In accordance with the doping process of this inven 
tion, silicon damage is minimized. Reduced silicon dam 
age permits the use of the simplified doping method 
involving BSG source diffusion. Athermal oxide inter 
posed between the BSG layer and the silicon device is 
found necessary to obtain optimized sensor quantum 
efficiency (QE). Additionally, the thinning and bonding 
operations are performed prior to device fabrication, 
which has the advantage of less costly yield loss at the 
thinning stage. Less processing effort has been invested 
in the wafers when they are thinned than alternative 
technologies which thin the silicon after most of device 
fabrication is completed. 
BRIEF OESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a polished clear fused quartz support 
wafer which has been coated with a silicon nitride layer 
on one surface and a borosilicate glass layer on the 
other surface; 

FIG. 2 shows a p-type silicon wafer which has been 
epitaxially overcoated with a p-- etch stop layer, and a 
p-type device layer. The device layer surface is ther 
mally oxidized to form a thin oxide layer; 
FIG. 3 shows the configuration of the composite 

wafer formed from the wafers in FIG. 1 and FIG. 2 
after an oxide bonding process; 

FIG. 4 shows the composite wafer of FIG. 3 after 
selective etching using KOH or EDP; 
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3 
FIG. 5 shows the composite wafer of FIG. 4 after 

additional etching to remove the p -- layer; 
FIG. 6 shows the composite wafer of FIG. 5 after 

CCD fabrication; the schematic view of the bond pad 
region is shown; 
FIG. 7 shows the composite wafer of FIG. 6 after 

opening of bond pad contacts and removal of the silicon 
nitride layer; 
FIGS. 8–9 models the electrostatic potential of the 

silicon device layer versus distance for various fixed 
oxide charge levels without boron doping of the back 
side; 
FIGS. 10-11 models the electrostatic potential of the 

silicon device layer versus distance for various fixed 
oxide charge levels with boron doping of the backside; 
FIG. 12 models sensor quantum efficiency versus 

incident radiation wavelength for various fixed oxide 
charge levels; 

FIG. 13 models boron surface concentration of the 
backside of the silicon device layer versus B2O3 concen 
tration in the borosilicate glass layer for various thermal 
oxide layer thicknesses; 

FIG. 14 models quantum efficiency versus thermal 
oxide layer thickness for various values of surface re 
combination velocity and fixed oxide charge; 
FIGS. 15-19 depict models of quantum efficiency 

versus B2O3 concentration in borosilicate glass for vari 
ous levels of surface recombination velocity and fixed 
oxide charge for thermal oxide thicknesses varying 
from 0 to 120 A; and 
FIG. 20 models the boron profile in a sensor with a 

linearly varying B2O3 concentration in the borosilicate 
glass layer. The boron profile is shown before and after 
thermal processing. 
MODE OF CARRYING OUT THE INVENTION 

Referring to FIG. 1, a polished clear fused quartz 
wafer 100 is coated with a silicon nitride layer 110 on 
one side and a borosilicate glass (BSG) layer 120 on the 
other side. The coatings can be applied using conven 
tional low pressure chemical vapor deposition 
(LPCVD) methods. The silicon nitride coating thick 
ness is not critical, with a typical range of 500-1200 A. 
The BSG layer thickness is 500-5000 A. The BSG 
layer may have a uniform B2O3 concentration between 
2 mole percent and 17 mole percent or a linear concen 
tration increasing from 0% at the quartz interface to a 
predetermined maximum value ranging from 2 mole 
percent to 17 mole percent at the other side of the coat 
ling. 
The purpose of silicon nitride is to provide the quartz 

wafer protection from a subsequent thinning etch and to 
provide a diffusion barrier for impurities during the 
subsequent device fabrication process. The purpose of 
the BSG layer is to provide a source of boron atoms for 
diffusion into the silicon device to be fabricated. Addi 
tionally, the BSG provides a stress minimization layer 
between the quartz substrate and the silicon device 
layer. 

Referring to FIG. 2, a p-type silicon wafer 200 with 
boron content less than 1018/cm3 is epitaxially coated 
with an etch stop layer 210. The etch stop can be, but is 
not limited to boron (1x1020/cm3) and germanium 
(1x1021/cm) co-doped in silicon. Use of this etch stop 
allows a high etch selectivity and a high quality silicon 
device layer to be epitaxially grown over it. The etch 
stop is epitaxially overcoated with a silicon device layer 
220 which is designed specifically for the image sensor 
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to be fabricated. A preferred doping level is 3x10 
boron/cm, and a preferred thickness is 15 microns. A 
thermally oxidized silicon dioxide layer 230 of thickness 
in the range of 40-110A is formed on the wafer and 
removed from the side opposite the device layer by 
conventional masking and etching processes. 

Referring to FIG. 3, the quartz wafer shown in FIG. 
1 and the silicon wafer shown in FIG.2 are joined by a 
conventional wafer bonding method. See, for example, 
Maszara et al., J. Applied Physics 64(10) 4943 (1988). 
The Maszara et al. technique involves bonding of oxides 
which have been hydrated by exposure to ammonium 
hydroxide solutions and/or water rinses. The wafers to 
be bonded are subjected to a cleaning process in a clean 
room environment to remove surface particulates. The 
cleaning process may involve mechanical removal 
using commercial scrubbers followed by an exposure to 
1:1:5 mixture of hydrogen peroxide (30%), ammonium 
hydroxide (30%), and deionized water at 80 C. for 20 
minutes. Following a deionized water rinse and a dry 
ing operation the wafers are aligned so that surface 120 
of the quartz wafer contacts surface 230 of the silicon 
wafer. The peripheral regions of the wafers and the 
flatted regions are also aligned so that after bonding, the 
composite will appear as a single double thick wafer 
with a major flat. The bonding is initiated by the appli 
cation of pressure from a point source at one edge of the 
aligned wafers. Following the initial bonding process, 
the composite wafer is subjected to a thermal process to 
strengthen the bond. The thermal process is non-criti 
cal, with parameters ranging from 10 minutes at 300 C. 
to 30 seconds at 1000 C. or higher. During heating, the 
hydrogen bonds formed from the interaction of surface 
hydroxyl groups react to eliminate water and begin to 
form Si-O-Si bonded structures. 
Following bonding, the composite wafer is etched in 

a solution designed to slow its etch rate dramatically 
upon reaching the etch stop layer 210 shown in FIG. 4. 
For the boron and germanium doped etch stop, an aque 
ous alkaline etch such as 10% KOH or ethylenediamine 
pyrocatechol (EDP) is preferred. The silicon nitride 
layer 110 protects the quartz layer from attack by the 
KOH etchant at this stage. The surface of layer 210 is 
composed of highly boron and germanium doped sili 
con. This layer is removed as shown in FIG. 5, by a 
second etchant designed to etch highly boron doped 
silicon rapidly, but to etch silicon, boron doped at less 
than 1018/cm, slowly. Such an etch is composed of 1 
part by volume hydrofluoride acid (49%), 3 parts by 
volume nitric acid. (70%) and 8 parts by volume acetic 
acid (100%) (1:1:8). Depending on the boron concentra 
tion of the highly doped layer, the selectivity of this 
etch is reported to be in the range of 25:1 to 100:1. 
This etch is performed at room temperature in an 

ultrasonically agitated solution. In order to maintain 
optimum selectivity H2O2 is added dropwise to the etch 
bath as a yellowing is observed. The H2O2 oxidizes the 
HNO2 formed as an etch byproduct, creating a yellow 
coloration. HNO2, if present, would attack the p 
layer, reducing the selectivity. The etch stop is ob 
served as the formation of a bright, smooth, silvery 
layer in contrast to the p-- layer being etched. There 
are, however, dark stained regions that are formed as 
well. These stained regions are removed by a brief ex 
posure to a destaining solution composed of one gram 
potassium permanganate dissolved in a mixture of 150 
cm3 of 49% HF and 150 cm3 of glacial (100%) acetic 
acid. The 1:1:8 etch and the destaining etch have re 
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moved the highly boron and germanium doped silicon 
etch stop layer, typically 6 microns thick, stopping at 
surface 220 which is doped with boron in the range of 
107-1018/cm3. 
The boron concentration is reduced from surface 220 

to the device epitaxial (EPI) layer value of approxi 
mately 3x105 boron/cm3 within a several hundred 
nanometer thickness. This layer is removed with an 
etch process which removes silicon at a constant rate 
independent of the boron concentration variation in the 
range below 1018/cm3. An etchant such as 10% KOH at 
40' C. which dissolves silicon at 100 nanometers per 
minute can be used on a timed basis to etch the silicon to 
its bulk EPI value of 3x105 boron/cm3. 

Following the thinning process, an image sensor is 
fabricated on the device EPI layer 220, by standard 
procedures. FIG. 6 schematically represents the layer 
structures following the image sensor fabrication. Dur 
ing the thermal processing steps of fabrication, boron 
diffuses from the borosilicate glass layer 120 through 
the thin thermal oxide layer 230 (shown on FIG. 5), into 
the epitaxial silicon device layer 220. A thin p-- silicon 
layer 225 is thereby formed between layer 120 and 220. 
Layer 230 (shown on FIG. 5) has become part of the 
borosilicate glass layer 120 due to the effects of the 
boron diffusion. Referring to FIG. 6, the device super 
structure is schematically shown in the bond pad re 
gions of the image sensor. Layer 240 is a field oxide 
layer, regions 250 are aluminum bond pads and layer 
260 represents a passivation coating of deposited silicon 
dioxide which acts as a scratch coat and etch mask. 
Next, layer 110 is removed with a hot phosphoric acid 
etch with layer 260 protecting the device on the oppo 
site side of the wafer, as shown on FIG. 7. Also shown 
is the opening of bond pad contacts in layer 260, which 
is accomplished by standard procedures. The wafer is 
now ready for dicing and packaging operations. 
Modeling studies have been made to relate the image 

sensor quantum efficiency to the system variables. A 
numerical model (see J. L. Gray, Phd. Thesis, Purdue 
University, West Lafayette, Ind., Aug. 1982) has been 
used which solves Poisson's equation and the carrier 
continuity equations in two dimensions. The model 
takes into account photogeneration, carrier drift and 
diffusion, bulk and surface recombination, fixed oxide 
charge and permits the entry of impurity profiles pro 
duced by the SUPREM-III process model. The latter 
model, see C. P. Ho et al., Technical Report No. SEL 
84-001, Stanford Electronics Laboratory, Stanford Uni 
versity, Stanford, Calif., Jul. 1984, simulates the boron 
diffusion from the borosilicate glass source into the 
silicon. Because of the self consistent treatment of the 
electric field, fixed oxide charge, Q, and the surface 
recombination velocity, S, the device model used in 
the calculations offers significant advantages in design 
over the approximate models for the calculation of the 
quantum efficiency employed by other workers, cited 
previously. The internal quantum efficiency, QE, de 
fined as the fractional collection of radiation incident on 
the layers 225 and 220 of FIG. 6, is calculated by the 
model and shown in FIGS. 12, 14-19. External sensor 
loss mechanisms such as interfacial reflectivity and ab 
sorption effects due to the BSG and quartz are not 
included in the model. The system variables investi 
gated were B2O3 content of the BSG layer, thickness of 
the thermal oxide layer (230 in FIG. 2) separating the 
BSG layer from the silicon device layer (T), the sili 
con surface recombination velocity (S) and the fixed 
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6 
oxide charge in the thermal oxide layer (Qi). Qris also 
referred to as Qss in earlier literature. 
The effect of Q? on the electrostatic field at the back 

of the silicon device layer is shown in FIGS. 8-11. 
Referring to FIGS. 8 and 9, the backside potential is 
shown for varying Qflevels with no boron doping. It is 
seen that large potential wells at the back surface are 
formed with Q/- 1 x 1011 q/cm2 and 1x1012 q/cm2, 
where q is the value of the electron charge. If an elec 
tron is photogenerated within these potential wells, 
extending 0.4–0.6 microns into the silicon device layer, 
it will be retained at the backside of the device and not 
collected at the frontside potential well as required. 
Referring to FIGS. 10 and 11, the backside potential is 
shown for a specific boron doping condition, namely 17 
mole percent B2O3 in a 500A BSG layer with a 75A 
thick thermal oxide layer between the BSG and the 
silicon device layer. It is seen that potential wells very 
close to the back surface (0.02 microns) are formed for 
Q=5x1011 q/cm2 and 1x1012 q/cm2, but not for 
Q = 1 x 1011 q/cm2 or lower. Therefore, the effects of 
Qf levels of 1x1011 q/cm2 or less are eliminated by 
introducing a suitable concentration of boron in the 
backside of the silicon device layer. Thus, photogene 
rated electrons, particularly those in the ultraviolet 
range, will be forced by the potential field to the front 
side potential wells where they will be collected. Deal 
et al., J. Electrochemical Society, Vol. 114, 267(1967) 
reports Qs (Q) levels of 2x100 q/cm2 in oxides grown 
on < 100) oriented silicon such as used for imaging 
devices. 

Referring to FIG. 12, sensor quantum efficiency (QE) 
is shown as a function of incident radiation wavelength 
for varying levels of Sn and Q?. The backside doping 
conditions are again fixed by specifying a B2O3 concen 
tration of 17 mole percent and a thermal oxide thickness 
of 90A. The thermal process to effect boron diffusion 
was taken as the thermal load involved in the fabrica 
tion of an image sensor. It is seen that the QE for any 
given value of Sn and Qf is relatively uniform in the 
wavelength range 0.20-0.36 microns. The value of QE 
in subsequent figures is defined to be the value in this 
wavelength region. It is to be noted that QE for values 
of S in the range 1 x 103-1x10 cm/sec are 298% 
over the wavelength range 0.2-0.6 microns for values of 
Qup to 1x1011 q/cm2. R. R. King et al., IEEE Trans. 
on Electron Devices, Vol. 38, 1399 (1991) has reported 
Sn values of 1.6X 10-cm/s for silicon devices doped 
with boron diffusions in the concentration range 
1x1017-1x1019/cm3. The boron concentrations associ 
ated with the backside of the image sensors for varying 
values of B2O3 concentration in BSG and for varying 
thermal oxide thickness are shown in FIG. 13 to be in 
the same concentration range described by King. Ac 
cording to standard references (for example, A. S. 
Grove, Physics and Technology of Semiconductor 
Devices, John Wiley, New York, 1967, pp. 144-145) the 
theoretical value for the surface recombination velocity 
on thermally oxidized silicon surfaces can be as low as 
1 to 10 cm-sec, orders of magnitude below the values 
encountered thus far in this discussion. In contrast, a 
value of Sn of 1 x 106 cm/s has been estimated for sen 
sors modeled by Huang, Proceedings of 1991 IEEE 
CCD Workshop, University of Waterloo (1991). The 
data modeled by Huang was obtained from sensors with 
backsides accumulated using ion implantation and laser 
annealings. These processes create extensive silicon 
damage which is manifested by high Sn values. By com 
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parison, thermally diffused doping results in less silicon 
damage and is characterized by low Sn values allowing 
the use of a substantially broader range of doping levels 
than encountered in ion implantation, as illustrated in 
FIGS. 14-19. Referring to FIG. 14, QE is shown as a 
function of thermal oxide thickness for various values of 
Sn and Q?. The B2O3 concentration is fixed at 17 mole 
percent in the BSG layer. It is seen that for Sn= 1 x 10 
cm/s a range of thermal oxide thicknesses of 50-100A 
gives near 100% QE. For S= 1 x 10 cm/s a QE maxi 
mum is obtained at 99% with a thermal oxide of 100A. 
At a higher Sn value of 1x10 cm/s QE is limited to 
88% with a thermal oxide thickness of 90A. Sensor QE 
is shown as a function of B2O3 in BSG for various S, 
and Qrin FIGS. 15-19. The thermal oxide thickness is 
fixed at 0, 30, 60,90, and 120A, respectively, in FIGS. 
15, 16, 17, 18, and 19. For the practical ranges of S and 
Qrchosen in this study, the highest values of QE and the 
broadest useful ranges of B2O3 concentration in BSG 
are found when using a thermal oxide thickness of 90A 
as shown in FIG. 18. Referring to FIG. 18, it is seen that 
100% OE is obtained with B2O3 in the range of 2-17% 
with Sn fixed at 1X 103 cm/s. As Sn is increased to 
1x10 cm/s the optimum B2O3 range is reduced to 
approximately 4-17%. With Sn increased to 1 x 10 
cm/s the optimum B2O3 concentration range shrinks to 
8-17 mole percent for Q= 1 x 1010/cm2 and the QE 
maximum is reduced to 88%. It can be seen in FIG. 15 
that the absence of a thermal oxide layer results in lower 
relative QE values. This effect is related to high boron 
surface concentrations as can be seen in FIG. 13 which 
result in recombination of photogenerated electrons and 
holes. Conversely, it can be seen that when the thermal 
oxide thickness is increased to 120A very little boron is 
diffused into the silicon surface regardless of B2O3 con 
centration. This results in poor QE response and high 
sensitivity to Qf levels, as shown in FIG. 19. 

Referring to FIG. 20, the pre- and post-diffusion 
boron distribution is modeled for a BSG layer of 500A 
thickness and a B2O3 concentration which linearly in 
creases in 10 steps from 0 to 17 mole percent. All of the 
boron diffusing into the silicon is sourced from a 50A 
region of the BSG layer closest to the silicon. There 
fore, such a linearly varying BSG layer will not be 
greatly affected by the diffusion process, but can be 
used to advantage to reduce stress due to thermal ex 
pansion as well as to remove optical absorption effects 
due to boron in the BSG layer. 

In summary, modeling studies show that Sn values in 
the range 1X 10-1x10 cm/s allow the fabrication of 
thinned image sensors with nearly 100% internal quan 
tum efficiency using BSG sourced backside doping. A 
thin thermal oxide, optimally 90A in thickness, inter 
posed between the BSG and silicon device layer, in 
proves sensor QE and the acceptable range of B2O3 
concentration in the BSG. A linearly varying B2O3 
concentration in the BSG does not affect the diffusion 
characteristics of the source. 
The thermal expansion coefficient of quartz is mea 

sured at 5x 10-7 cm/cm-' C. while that of silicon is 
measured at 26X 10-7 cm/cm-' C. The mismatch of the 
thermal expansion coefficient results in a stress which 
increases with temperature and contact area. Excessive 
stress can result in delamination of bonded layers or 
damage to the silicon or quartz in the form of disloca 
tions or cracks. Goetz and Fathimula reported bonding 
of quartz to silicon, but they had to delineate the silicon 
into islands in order to control thermally induced 
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8 
stresses to manageable levels. This method thereby 
limits the size of imaging devices to the size of the is 
lands of silicon. Use of a borosilicate glass layer inter 
posed between the quartz and silicon layer reduces 
thermally induced stress to manageable levels by pro 
viding a material with an expansion coefficient interme 
diate between that of quartz and silicon. Kern and Heim 
reported that the thermal expansion and contraction 
match of borosilicate glass and silicon improve with 
increasing boron content up to 30 mole percent. In their 
experiments, a 17 mole percent B2O3 BSG layer of 12 
micron thickness was deposited crack-free on a silicon 
substrate. The lateral expansion mismatch in layers 
disclosed in this patent application are quite similar 
except the thin layer is silicon and the thicker layer is 
quartz. In addition, the graded application of BSG 
through the linearly increasing boron content as shown 
in FIG. 20 minimizes the stress by distributing the ther 
mal expansion difference across the BSG layer. The 
ability of BSG to flow at elevated temperatures used in 
the fabrication of image sensors provides an additional 
mechanism for relief of stresses associated with the 
mismatch of thermal expansion coefficients of the de 
vice layers. Kern and Heim report the softening temper 
ature of 17 mole percent B2O3 BSG is in the range of 
800-850 C. Therefore, the higher stress levels associ 
ated with the processes in excess of 800-850 C. will be 
eliminated, if similarly high levels of boron is present in 
the BSG used. 

Referring to FIG. 7, it is seen that incident radiation 
must pass through quartz wafer 100 and BSG layer 120 
in order to be absorbed in silicon layer 225. Any absorp 
tion associated with these layers will reduce the sensor 
quantum efficiency. 
The external transmittance of fused quartz is in excess 

of 90% for most of the ultraviolet range down to 0.2 
microns. See Handbook of Optics, Optical Society of 
America, McGraw Hill 6-94 (1978). The effect of 
boron absorption from 12 mole percent B2O3 in BSG 
has been estimated at 1% for a 500A thick layer. The 
calculation was made by substracting the transmission 
data taken from SiO3 glasses doped with boron and 
phosphorous (BPSG) and phosphorous (PSG), using 
equivalent phosphorous doping. An assumption was 
made that the spectral difference is associated with 
absorptive effects of boron in the SiO2 matrix. There 
fore, absorptive effects of the quartz support and BSG 
layers as discussed will reduce the overall QE by at 
most 10%. 
The invention has been described in detail with par 

ticular reference to certain preferred embodiments 
thereof, but it will be understood that variations and 
modifications can be effected within the spirit and scope 
of the invention. 
We claim: 
1. A process for making backside illuminated image 

sensors comprising the steps of: 
(a) forming a doped etch stop layer on a silicon wafer; 
(b) forming a device layer on the etch stop layer; 
(c) forming an oxide layer having a controlled thick 

ness on the device layer; 
(d) forming a borosilicate glass layer on one side of a 

quartz support wafer; 
(e) forming a silicon nitride layer on the other side of 

the quartz support wafer; 
(f) bonding the borosilicate glass surface of the sup 

port wafer to the oxide layer on the device layer of 
the silicon wafer, forming a composite wafer; 
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(g) etching the bonded composite wafer up to the 

device layer; 
(h) forming devices including bond pads in the device 

layer; 
(i) etching the silicon nitride layer from the quartz 5 

support wafer to eliminate optical absorption of 
ultraviolet radiation by the silicon nitride layer; 
and 

(j) etching the devices to uncover the bond pads. 
2. The method of claim 1 wherein the oxide layer on 

the device layer has a range of thickness from 40 to 
110A. 

3. The method of claim 2 wherein the oxide layer on 
the device layer has a range of thickness from 80-100A. 15 

O 
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4. The method of claim 1 wherein the B2O3 concen 
tration in the borosilicate glass is in the range of 2 to 17 
mole percent. 

5. The method of claim 4, wherein useful ranges of 
B2O3 concentration and thermal oxide thickness are 
dependent on Sn values and are expanded as Sn is re 
duced. 

6. The method of claim 1 wherein the borosilicate 
glass layer has a gradation of boron concentration with 
a minimum value in contact with the quartz support 
wafer and a maximum value at its top surface. 

7. The method of claim 1 wherein the etch stop layer 
is silicon co-doped with 1x1020 boron atoms/cm3 and 
1 x 102 germanium atoms/cm3. 

sk k is 
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