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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a highly sensi-
tive electron tube for quantitatively measuring an ex-
tremely weak light.

BACKGROUND ART

[0002] For measuring an extremely weak light, con-
ventionally known is an electron tube as a light detector
in which a charge coupled device (CCD) is used as an
anode. Particularly in an electron tube described in Jap-
anese Patent Publication No. Hei-7-95434, electron
emitted from a photo-cathode in response to anincidence
of light is directed into a rear side of a device formation
surface to detect a signal. Such electron tube is widely
used because of high sensitivity and high imaging quality.
[0003] An electron tube using a rear side irradiation
type CCD generally includes a sleeve having two open-
ings, an input plate provided with a photo-cathode adapt-
ed for emitting electron corresponding to the incident
light, and a stem provided with the CCD. The input plate
and the stem are adhered to the sleeve to plug the open-
ings, and a vacuum is provided in an interior defined by
the sleeve, the input plate and the stem. Further, the CCD
is fixed to the stem in such a manner that the rear surface
of the CCD is in confrontation with the input plate, and
the entire CCD is positioned in the interior of the electron
tube. Ata front side of the rear irradiation type CCD, there
are provided, on asemiconductor substrate, a SiO, layer,
charge storage electrode layer and a charge transmis-
sion electrode layer. The charge incident on the rear sur-
face of the CCD is capable of being accumulated and
transferred.

[0004] Here, since the photocathode can be formed
only in a vacuum condition, in a process for making the
electron tube, alkali metal such as Na, K and Cs is intro-
duced into an interior of the electron tube in a vacuum
condition, and the metal is acted on the input plate to
form the photocathode. However if the alkali metal may
be entered into the charge transmission portion on the
substrate of the CCD which is a semiconductor element,
and if the alkali metal reaches a gate SiO, film, fixed
charge and interface state may be increased, and there-
fore, the CCD characteristic is extremely degraded.
[0005] In order to eliminate the above-described prob-
lem, the presentinventors have investigated the following
methods. That is, a glass is bonded to the surface of the
CCD by anodic bonding to protect the CCD against the
alkali metal. However, due to the significant difference in
thermal expansion coefficient between the glass and sil-
icon which is the basic material of the CCD, high stress
isimparted onthe CCD in a subsequent hightemperature
process, and as a result, the CCD is damaged.

[0006] Inanalternative method, the surface ofthe CCD
is covered with a resin to protect the CCD against the

10

15

20

25

30

35

40

45

50

55

alkali metal. However, the resin cannot withstand the
subsequent high temperature process, and a gas is gen-
erated from the resin to degrade vacuum condition in an
interior of the electron tube.

[0007] Further, a vacuum is normally provided in an
inside of the electron tube, and insulation material in the
electron tube is easily chargeable because of the appli-
cation of high negative voltage to the photocathode for
operation. Therefore, highly insulative SiO, layer at the
surface of the CCD and the insulation material in the tube
are extremely strongly charged. Here, the electron tube
employing rear surface irradiation type CCD is adapted
for detecting extremely weak signal such as a charge of
about several tens of electrons, and therefore, the charg-
ing on the surface of CCD and on the ambient insulation
material may become a large noise source to excessively
lower the detection accuracy.

[0008] In view of the above-described problems, it is
an object of the present invention to provide a highly sen-
sitive electron tube capable of avoiding degradation of
CCD characteristic due to the internally introduced alkali
metal with preventing the CCD from being subjected to
excessive thermal stress during manufacture of the elec-
tron tube, and avoiding gas discharge and capable of
moderating charging on the surface of the semiconductor
element and its ambient components.

[0009] US 4,044,374 describes a disk shaped ceramic
support having a mounted surface provided as a unitary
part of the support with conductors extending generally
outward from the mounting surface through the thickness
dimension of the support, the outer ends of the conduc-
tive leads being connected to a ring of thermal leads. A
charge coupled device (CCD) image chip is secured to
the mounting surface to leave a backside illumination sur-
face of the chip unobstructed and electrical interconnec-
tions are made from terminal pads on the front surface
of the chip to the ends of the conductive leads adjacent
the mounting surface. A cover plate attached to the in-
sulating support outwardly of the interconnections en-
closes the front surface of the chip. In a preferred struc-
ture the chip is mounted non an apertured molybdenum
disk unitarily attached to the support with the illumination
surface of the CCD chip facing the aperture. A peripheral
tube flange can be brazed to the periphery of the insu-
lating support and a tubular enclosure vacuum sealed to
the tube flange for accommodating a photo-cathode
source which faces the illumination surface of the imager
chip. In a further embodiment, the front side of the chip
is attached directly to a mounting surface provided by
the insulating supportitself, connections between the ter-
minal pads on the chips and the conductive leads of the
support being effected through apertures in the support
located adjacent corners of the chip.

[0010] JP 06 029506 describes a semiconductor en-
ergy detector whose sensitivity to an energy beam such
as short-wavelength or the like is high. A P-type epitaxial
layer provided with a CCD is formed on a silicon wafer.
A P*layeris formed in the P-type epitaxial layer. A silicon
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wafer is installed on the upper side of the P-type epitaxial
layer. In the silicon wafer, only a region to photodetect
short-wavelength light incident from a window member
in a package is etched and removed, and an opening is
fanned. In a rear-irradiation type semiconductor energy
detector provided with the above-mentioned structure,
an accumulation state is maintained. Consequently, the
detector is made a stable detector whose sensitivity to
the short-wavelength light is uniform all over its inside.

DISCLOSURE OF INVENTION

[0011] According tothe presentinvention, there is pro-
vided an electron tube as defined in appended claim 1.
[0012] According to the present invention there is also
provided a method of forming an electron tube as defined
in appended claim 6.

[0013] As a result of the formation of the device, the
front surface side of the rear side irradiation type semi-
conductor device becomes irregular, which involves high
stress. By forming the flattened film over the device form-
ing portion such as the charge transmission portion at
the front surface side, the front surface becomes flat-
tened, to protect the semiconductor device from applica-
tion of excessive stress. Further, by the flattened surface
at the front surface side of the semiconductor device, an
electrical lead and a thin film mainly composed of silicon
nitride can be easily formed.

[0014] Further, the thin film mainly composed of silicon
nitride and formed over the flattened film and the lead
can prevent alkali metal from being entered into the sem-
iconductor device, the alkali metal being used for acti-
vating the photocathode surface. Thus, degradation of
characteristic of the semiconductor device can be avoid-
ed. By the formation of the silicon nitride film over the
uppermost surface of the semiconductor device serving
as an anode, the alkali metal introduced into the tube
cannot be entered into the semiconductor device. Con-
sequently, high sensitivity can be obtained.

[0015] Furthermore, the flattened film formed below
the silicon nitride film can avoid peeling of the silicon ni-
tride film, and can moderate stress at the boundary ther-
ebetween.

[0016] Preferably, a SiO, layer is formed over the sur-
face of the charge transmission portion. The flattened
film is made from a phosphosilicate glass and is formed
between the SiO, layer and the thin film.

[0017] By providing the flattened film made from phos-
phosilicate glass between the thin film mainly composed
of silicon nitride and the SiO, layer forming the surface
of the semiconductor device, any stress due to the dif-
ference in thermal expansion coefficient among the con-
ductive lead, the thin film mainly composed of silicon ni-
tride and the SiO, layer can be moderated. Further, by
forming, over the topmost surface of the semiconductor
device, the thin film mainly composed of silicon nitride
having an electrical conductivity higher than SiO,, charg-
ing to the surface of the semiconductor device and its
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ambient portion can be moderated. As a result, any affect
due to unwanted electrical charge imparted on the sem-
iconductor device can be moderated, and highly sensitive
device can be obtained.

[0018] Preferably, the charge transmission portion has
a terminal portion, and a through hole is formed in the
flattened film at a position above the terminal portion.
The lead is electrically connected to the terminal portion
through the through hole. With this arrangement, signal
at the charge transmission portion can be easily trans-
mitted to the lead.

[0019] Further, preferably, the lead has a bonding pad,
and a through hole is formed in the thin film at a position
above the bonding pad so as to expose the bonding pad,
and an electrically conductive member is arranged in the
through hole for connection to the bonding pad. With this
arrangement, signal transmission between an external
device and the lead can be easily performed.

BRIEF DESCRIPTION OF DRAWINGS

[0020] In the drawings:

Fig. 1is a cross-sectional view showing a CCD used
in an electron tube according to an embodiment of
the present invention;

Fig. 2 is a cross-sectional view showing the electron
tube according to the embodiment of the present in-
vention;

Fig. 3(a) is a cross-sectional view showing a bonding
portion of the CCD in the electron tube according to
the embodiment of the present invention;

Fig. 3(b) is a cross-sectional view showing a con-
ductive lead terminal portion and a through hole of
a thin film in the electron tube according to the em-
bodiment of the present invention;

Fig. 4 is a plan view showing the bonding portion of
the CCD in the electron tube according to the em-
bodiment of the present invention;

Fig. 5 is a plan view and a side view showing the
CCD used in the electron tube according to the em-
bodiment of the present invention;

Fig. 6 is an enlarged view showing the CCD used in
the electron tube according to the embodiment of
the present invention;

Fig. 7 is a perspective view showing a bonding pad
used in the electron tube according to the embodi-
ment of the present invention;

Fig. 8 is a cross-sectional view showing a first proc-
ess for producing the CCD used in the electron tube
according to the embodiment of the present inven-
tion;

Fig. 9 is a cross-sectional view showing a second
process for producing the CCD used in the electron
tube according to the embodiment of the present in-
vention;

Fig. 10is a cross-sectional view showing a third proc-
ess for producing the CCD used in the electron tube
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according to the embodiment of the present inven-
tion;

Fig. 11 is a cross-sectional view showing a fourth
process for producing the CCD used in the electron
tube according to the embodiment of the present in-
vention;

Fig. 12 is a cross-sectional view showing a fifth proc-
ess for producing the CCD used in the electron tube
according to the embodiment of the present inven-
tion; and

Fig. 13is across-sectional view showing a sixth proc-
ess for producing the CCD used in the electron tube
according to the embodiment of the present inven-
tion.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] An electron tube according to one embodiment
of the present invention will be described with reference
to Figs. 1 through 7. Fig. 2 shows a cross-section of the
electron tube according to the embodiment. The electron
tube 10 includes a sleeve 12 having two open ends. A
generally disc shaped input plate 14 is bonded to one
open end and a generally disc shaped stem 16 is bonded
to the other open end, to provide a sealed structure in
which a vacuum space is provided in an interior. A pho-
tocathode 18 is formed at a vacuum side surface of the
input plate 14, and a CCD 20, which is a semiconductor
device, is fixed to a vacuum side surface of the stem 16,
to thus function as the electron tube.

[0022] The sleeve 12 includes a cylindrical upper tube
22, acylindrical lower tube 24 and an annular disc shaped
flange 26. These upper and lower tubes 22 and 24 have
outer diameter of 43 mm and are formed of a ceramic
material. The annular disc shaped flange 26 isinterposed
between the upper and lower tubes 22 and 24 and has
an outer diameter approximately equal to that of the up-
per and lower rubes and is formed of a metal. These are
integral with each other by brazing. The upper tube 22
has an opening 12a (hereinafter simply referred to as
"first opening 12a") provided with an annular disc shaped
upper electrode 28. The lower tube 24 has an opening
12b (hereinafter simply referred to as "second opening
12b") provided with an annular disc shaped lower elec-
trode 30. These electrodes are adapted for supplying a
bias voltage to the photocathode 18. The upper electrode
28 is in a gutter shape so as to inject an indium (In) 32
thereinto, the indium serving as an adhesive agent for
bonding the sleeve 12 to the input plate 14 and as a
hermetic member for creating the vacuum space. Further
a getter 34 is electrically connected between the flange
26 and the lower electrode 30 for absorbing therein a
residual gas in the tube.

[0023] As shown in Fig. 2, the input plate 14 mainly
includes a disc shaped plate 36 formed of a Koval glass.
The disc shaped plate 36 has a major surface area having
a protruded portion at its center. A photocathode surface
18 formed of an alkali metal is formed over the protruded
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surface. Further, a thin metallic film 38 formed of Cr is
formed in a region from a contour of the photocathode
surface 18 toward an outer peripheral end of the disc
shaped plate 36. The input plate 14 is fixed to the first
opening 12a of the sleeve 12 in such a manner that the
protruded portion is positioned inside of the sleeve 12.
The radially outer portion of the surface area of the disc
shaped plate 36 is bonded to and sealed with the upper
electrode 28 of the sleeve 12 by the "In" material 32 in-
jected into the gutter shaped upper electrode 28. Further,
the photocathode surface 18 and the upper electrode 28
is electrically connected to each other by the metallic thin
film 38 formed over the disc shaped plate 36, so that high
voltage can be applied to the photo-cathode surface 18.
[0024] AsshowninFig. 2, the stem 16 includes a thick-
ened base stack plate 40 including four disc shaped ce-
ramic plates 40a through 40d. The base stack plate 40
has a peripheral surface fixed with a metallic annular
flange 42 by brazing. The flange 42 is in electrical contact
with the sleeve 12 and forms the vacuum space in the
tube. A base substrate 44 formed of a silicon is bonded
to an upper portion of an uppermost ceramic plate 40a
by an adhesive agent 43 (Fig. 3) for fixing the CCD 20
to the base substrate. The lowermost ceramic plate 40d
is provided with a plurality of stem pins 46 for transmitting
an output signal from the CCD 20. An internal wiring or
lead (not shown) is provided in the base stack plate 40
for transmitting the output signal from the CCD 20 to the
stem pins 46. These internal wiring are provided for each
ceramic plate such that a wire pitch is gradually altered
with respect to neighboring ceramic plates in order to
provide a proper electrical connection between the neigh-
boring ceramic plates and to the stem pins 46. The stem
16 is fixed to the second opening 12b of the sleeve 12
such that the base substrate 44 is positioned inside of
the sleeve 12. The metallic flange 42 and the lower elec-
trode 30 of the sleeve 12 are welded for bonding and
sealing together.

[0025] The CCD 20 is a semiconductor device (see
Fig. 1) inwhich device layers such as a storage electrode
layer and a transmission electrode layer are formed on
a silicon substrate. As shown in Fig. 2, the CCD 20 is
fixed onto the base substrate 44 such that the device
forming surface (hereinafter simply referred to as a "front
surface A") faces the base substrate 44, and an opposite
surface (hereinafter simply referred to as a "rear surface
B") faces the photocathode surface 18. The CCD 20 has
a center portion 20a to which electron is directed. A part
of the silicon substrate is cut away from the rear surface
B to provide the center portion 20a whose thickness is
smaller than an ambient area 20b. Incidentally, in Fig. 2,
the reference numeral 50 designates an insulative filler,
52 designates a groove formed in the base substrate 44,
54 designates a lead connecting the base substrate 44
to the base stack plate 40, and 56 designates a shielding
electrode, those will be described detail with reference
to Fig. 3(a).

[0026] Fig. 3(a) shows a cross-section of a bonding
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portion between the CCD 20 and the base substrate 44.
At the radially outer portion 20b of the surface A of the
CCD 20, a plurality of bumps 47 mainly composed of Au
are provided along with a bonding pad 48 formed of alu-
minum. At an upper surface of the base substrate 44, a
bonding pad 49 is provided by Au deposition at a position
corresponding to the bonding position to the bump 47.
The CCD 20 and the base substrate 44 are mechanically
and electrically connected to each other by the bonding
pads 48, 49 and the bump 47.

[0027] Because the base substrate 44 and the base
substrate of the CCD 20 are formed of silicon, thermal
stress does not occur during baking process in the pro-
duction. On the other hand, bonding strength of the bump
47isloweredin accordance with increase in temperature.
To avoid this, insulative filler 50 such as insulative resin
is injected around the bonding portion of the bump 47,
thereby maintaining stable connection between the CCD
20 and the base substrate 44.

[0028] The grooves 52 are formed on the base sub-
strate 44 at radially inner side of the bonding portion of
the bump 47. Surplus insulative filler 50 can be flowed
into the grooves 52 or can be stopped at an edge of the
grooves because of surface tension during injection of
the insulative filler 50. Thus, the grooves 52 can prevent
the insulative filler 50 from being adhered onto the sur-
face of the center portion 20a of the CCD 20.

[0029] Fig. 4 shows a plan view of bonding portion be-
tween the CCD 20 and the base substrate 44. Electrical
connection from the bump 47 to the stem pin 46 is es-
tablished by aluminum lead 53 formed on the base sub-
strate 44, a lead 54 connecting the base substrate 44 to
the base stack plate 40, and the internal wiring provided
in the base stack plate 40. The shielding electrode 56 is
attached to the stem 16 by resistance welding. An upper
portion of the lead 54 is positioned immediately below
the shielding electrode 56 in order to improve withstand
voltage between the CCD 20 and the photocathode sur-
face 18 imparted with high voltage.

[0030] As shown in Fig. 5, the center portion 20a is
extremely thinner than the ambient portion 20b surround-
ing the center portion. The rear surface B side of the
center portion 20b serves as an electron incident portion
59. The front surface A side of the center portion 20b
includes a horizontal charge transmission portion 60 and
a vertical charge transmission portion 62 for reading the
charge incident on the electron incident portion 59 and
transmitting the charge to an external circuit. Incidentally,
in Fig. 5, the reference numeral 82 designates an FET
portion, 86 designates an electrically conductive alumi-
num lead, 96 designates a substrate plate connecting
portion, 98 designates a reset gate terminal, 100 desig-
nates a reset drain terminal, 102 designates an output
drain terminal, and 104 designates an output source ter-
minal. These are known in the semiconductor device,
and further explanation will be omitted.

[0031] Fig. 1 shows the cross-section taken along the
line X-X of Fig. 5. The CCD 20 is formed on the semi-
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conductor substrate 64. The semiconductor substrate 64
is formed of P-type or N-type silicon. An epitaxial layer
63 whose density of impurities is different from that of
the semiconductor substrate 64 is formed on the front
surface side of the semiconductor substrate 64. The CCD
20 is formed at the side of the epitaxial layer 63. The
semiconductor substrate 64 has a central portion thinner
than a surrounding portion. A buried layer 66, which is
the different conduction type against the semiconductor
substrate 64, is formed on the semiconductor substrate
64. Barrier regions 68 are formed in the predetermined
positions of the buried layer 66 by incorporating impuri-
ties thereinto. Thus, the density of impurity in the barrier
layer 66 is different from that of the remaining portion of
the buried layer 66. On the buried layer 66, a storage
electrode layer 72, a transmission electrode layer 74 and
abarrier electrode layer 76 are formedin a predetermined
stacking fashion with interposing SiO, layer 70 between
the layers.

[0032] APSG film (flattened film) made from phospho-
silicate glass (hereinafter simply referred to as "PSG") is
formed over the entire front surface A side of the CCD
20, so that the surface of the CCD 20 is flattened. A con-
tact hole 84 is formed in the PSG film 78 at a portion
above terminals such as electrodes 80 of the vertical
charge transmission portion 62 and the horizontal charge
transmission portion 80 and terminals of the FET 82, etc.
These terminals are electrically connected to the electri-
cally conductive aluminum lead 86 formed on the PSG
film 78 through the contact hole 84. To be more specific
with reference to Fig. 1, the PSG film 78 is formed with
athrough hole serving as the contact hole 84 at a position
above the electrode 80 which serves as a terminal of the
charge transmission portion. Thus, the electrically con-
ductive aluminum lead 86 is electrically connected to the
terminal through the conductive material in the through
hole. A SiN film (thin film) 106 is formed on the upper
surface of the PSG film 78 as described later in detail.
[0033] Fig. 6 is a schematic illustration showing the
aluminum lead 86 and the contact hole 84 at the horizon-
tal charge transmission portion. The aluminum lead 86
is provided to overlap with the contact hole 84, so that
the terminal of the charge transmission portion and the
aluminum lead 86 can be electrically connected. The ter-
minal mentioned herein is the connecting portion of the
part of the horizontal charge transmission portion 60 and
the vertical charge transmission portion 62 to the alumi-
num lead passing through a contact hole 84.

[0034] The aluminum lead 86 formed on the PSG film
78 provides electrical connection to the horizontal charge
transmission portion 60, the vertical charge transmission
portion 62, the substrate plate connecting portion 96, the
reset gate terminal 98, the reset drain terminal 100, the
output drain terminal 102, and the output source terminal
104, etc. Further, at a connection terminal portion be-
tween the base substrate 44 and the CCD 20, a bonding
pad 48 having an area larger than the aluminum lead 86
is provided as shown in Fig. 7, and a protruded bump 47
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made from Au is provided on the bonding pad 48.
[0035] The SiN film 106 is mainly composed of SiN,
and is formed over an entire front surface A, i.e., formed
over the PSG film 78 and the aluminum lead 86. The SiN
film 106 formed above the various terminal portion is part-
ly removed to provide electrical connection between the
CCD 20 and the base substrate 44, so that the bonding
pad 48 is exposed to function as an electrode. To be
more specific, as shown in Fig. 3(b), a through hole is
formed in the SiN film 106 at a position above the bonding
pad 48 serving as a terminal of the electrically conductive
aluminum lead 86. In the through hole, the bonding pad
48 is exposed, and in the through hole the bump 47 is
disposed in contact with the bonding pad 48.

[0036] Next, a method for producing the electron tube
10 according to the embodiment will be described. First,
the CCD 20is produced. Figs. 8 through 13 show various
process for producing the CCD 20. These figures are
schematic and do not show accurate dimension.

[0037] Inafirst process shown in Fig. 8, is prepared a
semiconductor substrate 64 made from one of P-type
and N-type single conductive type semiconductor silicon.
The semiconductor substrate has an upper surface side
formed with an epitaxial layer 63 whose density of impu-
rities is different from that of the remaining portion. A
buried layer 66 is formed on the epitaxial layer. The buried
layer is a different conduction type against the semicon-
ductor substrate 64. Then, a SiO, layer 70 is formed over
the surface of the buried layer 66. Further, a storage elec-
trode layer 72 made from a polycrystalline silicon is
formed on the SiO, layer 70, and then, SiO, layer 70 is
again formed over the storage electrode layer 72.
[0038] Inasecond process shown in Fig. 9, impurities
are implanted to one side of the buried layer 66, the one
side being facing the storage electrode layer 72, by ion
implantation using a photoresist in order to form barrier
regions 68 whose density of impurities is different from
that of the buried layer 66.

[0039] In athird process shown in Fig. 10, a transmis-
sion electrode layer 74 is formed over the barrier regions
68 such that one end of the layer 74 is overlapped with
the storage electrode layer 72 and other end of the layer
72 is not overlapped with the storage electrode layer 72
but is spaced away therefrom. Then, SiO, layer 70 is
again formed over the transmission electrode layer 74.
Further, impurities are implanted into the buried layer 66
at a spacing position between the storage electrode layer
72 and the transmission electrode layer 74 by ion implan-
tation in order to form additional barrier regions 68 whose
density of impurities is different from that of the buried
layer 66.

[0040] In a fourth process shown in Fig. 11, a barrier
electrode layer 76 made from polycrystalline silicon is
formed over the barrier regions 68 formed in the third
process such that the barrier electrode layer 76 is partly
overlapped with neighboring storage electrode layer 72
andthe transmission electrode layer 74. Then, SiO, layer
70 is formed over the barrier electrode layer 76.
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[0041] In afifth process shown in Fig. 12, PSG film 78
are formed over an entire surface of the CCD 20 in order
to flatten the CCD surface. Then, PSG is re-flowed (heat-
ed and melted) to smoothen the surface to obtain a flat-
tened surface of the PSG film 78. Further, the aluminum
lead 86 is arranged on the surface of the PSG film 78,
and contact holes 84 are formed in the PSG film 78 at
positions above the terminal portions such as electrodes
80 of the horizontal charge transmission portion 60 and
the vertical charge transmission portion 62 and the ter-
minal of FET 82, etc. Thus, the storage electrode layer
72, the transmission electrode layer 74 and the barrier
electrode layer 76, etc. are electrically connected to the
aluminum lead 86. Moreover, bonding pads 48 are
formed at each terminal portion for connecting to the ex-
ternal circuit.

[0042] Inasixth process shown in Fig. 13, the SiN film
106 is formed by CVD method over the entire surface of
the CCD 20, i.e., over the PSG film 78. Then, the SiN
film is partly removed at positions corresponding to the
terminal portions to expose the bonding pads 48 thereby
forming the electrodes.

[0043] In a seventh process (not shown), the radially
outer surface portion 20b of the rear surface B of the
CCD 20 is covered with a SIN mask, and a chemical
etching is performed. As aresult, thickness of the radially
inner portion of the CCD 20 is reduced to 20 w.m, to pro-
vide the center portion 20a, i.e., the electron incidence
portion 59. KOH solution, a solution of mixture of hydro-
gen fluoride, nitric acid and acetic acid. Then, impurities
are doped into the electron incidence portion 59 at the
rear surface B by ion implantation to form an accumula-
tion layer. Therefore, any charged signal created at or
around the boundary of the rear surface B can be easily
flowed into a potential well of the CCD 20.

[0044] The thus produced CCD 20 is bonded to the
base substrate 44. That is, the bump 47 on the bonding
pad 48 formed at the radially outer surface portion 20b
of the CCD 20 is thermally pressed onto the bonding pad
49 formed on the base substrate 44 at the temperature
of about 300°C. In this case, in the base substrate 44,
are already formed the grooves 52 and the aluminum
lead 53 which provides electrical connection between the
bonding pad 49 and the wire 54. The grooves 52 are
formed by etching with KOH solution.

[0045] Then, insulative filler 50 is injected to the bond-
ing portion and the filler is cured. In this case, when the
insulative filler 50 is injected from the opposing two sides
of the groove 52, the insulative filler 50 can be desirably
filled into the space between the CCD 20 and the base
substrate 44 because of the capillary action. Further, be-
cause the groove 52 is formed, a confined air space is
not provided. Therefore, any damage to the CCD 20 due
to the expansion of an confined air can be avoided. More-
over, excess insulative filler 50 can be flowed into the
groove 52, or can be stopped at the edge of the groove
52 because of the surface tension. Accordingly, the in-
sulative filler 50 does not adhere to the center portion 20
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at the front surface of the CCD 20. Consequently, any
deformation of the center portion 20a of the CCD 20 can
be obviated during curing phase of the insulative filler 50.
[0046] Afterthe CCD 20 and the base substrate 44 are
mechanically connected to each other, the base sub-
strate 44 and the base stack plate 40 are bonded to each
other by an adhesive agent 43, and the aluminum lead
53 on the base substrate 44 and the base stack plate 40
are electrically connected to each other by the wire 54.
Thereafter, the shielding electrode 56 is welded to the
base stack plate 40 by the resistance welding.

[0047] Next, the input plate 14 formed with thin Cr dep-
osition layer at a vacuum side and an assembly of the
sleeve 12 and the stem 16 connected thereto by the
flange etc. are set in a transfer device, and baking is
performed at the temperature of about 300°C in the trans-
fer device after evacuation thereof.

[0048] After baking, K, Cs and Na are applied to the
input plate 14 to form the photocathode surface 18. Al-
ternatively, activation of semiconductor crystal of 11I1B-VB
family such as GaAs and GaAsP previously bonded to
the input plate 14 can form the photocathode surface 18
by applying Cs and O, to the surface. Stable production
of the electron tube 10 is achievable, since the SiN film
106 formed over the surface of the CCD 20 does not
release gas in the vacuum condition even heated at the
temperature of about 300°C.

[0049] The input plate 14 is hermetically connected to
the sleeve 12 with In material 32 to thus provide the re-
sultant electron tube 10. In this case, a gap between the
photocathode surface 18 and the CCD 20 is approxi-
mately 2 mm. After fabrication of the electron tube 10,
voltage is applied to the flange 26 to activate the getter
34 in order to absorb therein the residual gas in the tube.
[0050] Next, function and effect of the electron tube
according to the present embodiment will be described.
The photo-cathode 18 of the electron tube 10 is applied
with high voltage such as -8kV, and electron incidence
portion 59 of the CCD 20 is grounded. Accordingly, the
electron emitted to the vacuum region of the electron
tube 10 from the photo-cathode 18 is accelerated by an
electric field, and is impinged onto the electron incidence
portion 59 of the CCD 20 in accordance with the optical
intensity incident into the photocathode 18. The acceler-
ated electron generates a multiple numbers of pairs of
electron/hole, when energy is lost in the silicon semicon-
ductor substrate 64. If the applied voltage is -8kV, about
2000 times as large as gain can be obtained. The multi-
plied electron is read to provide an image pickup.
[0051] Here, in case of a conventional electron tube,
alkali metal such as Na, K, Cs, etc. is introduced into the
tube for forming the photocathode surface, and therefore,
the CCD 20 is also exposed to the alkali metal. As a
result, the alkali metal may be invaded into the charge
transmission portion on the substrate of CCD. If the alkali
metal reaches the gate SiO, film, fixed charge and inter-
face state at the mixed portion is increased to excessively
lower the characteristic of the CCD. On the other hand,
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according to the electron tube 10 of the present embod-
iment, alkali metal introduced into the tube cannot enter
the CCD 20 because of the formation of SiN film 106 at
the entire uppermost surface of the CCD 20. As a result,
highly sensitive electron tube can be provided without
any degradation of CCD characteristic because invasion
of alkali metal into the SiO, film 70 does not occur.
[0052] Further, SiN which forms SiN film 106 is known
to have electrical conductivity higher thanthat of the SiO,.
Therefore, the SiN film can avoid charging at the surface
of the CCD 20 due to floating free electron, etc. Conse-
quently, highly sensitive electron tube can be provided
by moderating affection to the charge transmission por-
tion or reading portion due to the unwanted charging at
the CCD surface 20 and ambient elements.

[0053] The electron tube 10 according to the present
invention can provide a high gain as described above.
Thus, amount of imaging signals are far greater than
noise components of the CCD 20. Thus, high S/N ratio
can be provided, thereby enabling image pickup of a sin-
gle photon. Further, in comparison with an electron tube
installing a conventional MCP (micro channel plate),
open area ratio is improved, and non uniformity of a flu-
orescent surface can be reduced, and no conversion loss
is provided at a FOP (fiber optical plate) where a fiber
coupling is effected.

[0054] By the formation of the SiN film 106, any dam-
age to the CCD 20 with alkali or acid material can be
reduced during production process of the CCD 20 and
invasion of alkali metal into the CCD 20 can be avoided
during employment of the alkali etching liquid.

[0055] Further, the PSG film 78 formed immediately
below the SiN film 106 flattens the surface of the CCD
20 thereby facilitating formation of SiN film 106 over the
PSG film. The PSG film can avoid peeling of SiN film
therefrom. Furthermore, the flat PSG film 78 can moder-
ate stress which may be generated atthe bonding surface
due to temperature change.

[0056] While the invention has been described in detail
and with reference to the specific embodiments thereof,
itwould be apparent to those skilled in the art that various
changes and modifications may be made therein. For
example, in the depicted embodiment, the SiN film 106
is formed as an uppermost layer of the CCD 20. However,
instead of the SiN film, SiON film is available. Here, SION
is a material by bonding a predetermined rate of oxygen
to SiN, under the condition that the resultant SiON does
not transmit alkali metal therethrough, and can provide
higher electrical conductivity than SiO,. Also available is
SiON where rate of oxygen is not uniform in the SiON
film, but is gradually changed spacially. Incidentally,
SiON belongs to silicon nitride.

[0057] Further, intheillustrated embodiment, PSG film
78 is formed below the SiN film 106. Instead of PSG,
borophosphosilicate glass (BPSG), spin-onglass (SOG),
and polyimide film are also available.

[0058] Furthermore, aluminum lead 86 is used as a
lead wire. However, Al-Si, Al-Si-Cu and other metal hav-
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ing high melting point are also available as a lead wire.

INDUSTRIAL APPLIABILITY

[0059]

The electron tube according to the present in-

vention can be widely used as an image pick-up device
for low illuminance region, such as a monitor camera, etc.

Claims

1.

An electron tube including

a vacuum container, a cathode (28) sealed in the
vacuum container and having a photocathode sur-
face (18) containing an alkali metal, and an anode
(30) sealed in the vacuum container and having a
rear side irradiation type semiconductor device (20)
formed with a charge transmission portion
(60,62,74), the anode (30) having arear surface side
(B) in confrontation with the photocathode surface
(18); characterized in that:

the rear side irradiation type semiconductor de-
vice (20) includes a flattened film (78), an elec-
trically conductive lead (86), and a thin film
(106), the flattened film (78) covering the charge
transmission portion (60,62,74) and having a
flattened top surface, the flattened film (78) hav-
ing been re-flowed to obtain the flattened top
surface;

the lead (86) being formed on the flattened film
(78) and electrically connected to the charge
transmission portion (60,62,74); and

the thin film (106) being formed over the flat-
tened film (78) and the lead (86), and being
mainly composed of a silicon nitride.

The electron tube as claimed in claim 1, wherein the
flattened film (78) is made from phosphosilicate
glass (PSG).

The electron tube as claimed in claim 1, character-
ized by a SiO, layer(70) formed over the surface of
the charge transmission portion (60,62,74), the flat-
tened film (78) being made from a phosphosilicate
glass and formed between the SiO, layer (70) and
the thin film (106).

The electron tube as claimedin claim 1, 2 or 3, char-
acterized in that the charge transmission portion
(60,62) has a terminal portion (80), and a through
hole (84) is formed in the flattened film (78) at a po-
sition above the terminal portion (80), the lead (86)
being electrically connected to the terminal portion
(80) through the through hole (84).

The electron tube as claimed in any one of claims 1
through 4,
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characterized in that the lead (86) has a bonding
pad (48), and a through hole is formed (Fig. 3b) in
the thin film (106) at a position above the bonding
pad (48) so as to expose the bonding pad, and an
electrically conductive member (47) is arranged in
the through hole for connection to the bonding pad
(48).

A method of forming an electron tube including a
vacuum container, a cathode (28) sealed in the vac-
uum container and having a photocathode surface
(18) containing an alkali metal, and an anode (30)
sealed in the vacuum container and having a rear
side irradiation type semiconductor device (20)
formed with a charge transmission portion (60, 62,
74), the anode (30) having a rear surface side (B) in
confrontation with the photocathode surface (18);
the method including:

using an alkali metal for actuating the photocath-
ode surface (18);

characterised by:

covering the charge transmission portion (60,
62, 74) with a film (78) and reflowing the film (78)
to obtain a flattened film (78) having a flattened
top surface;

forming an electrically conductive lead (86) on
the flattened top surface of the flattened film (78)
so as to be electrically connected to the charge
transmission portion (60, 62, 74); and

forming a thin film (106) mainly composed of a
silicon nitride over the flattened top surface of
the flattened film (78) and the lead (86) so as to
prevent the alkali metal from being entered into
the semiconductor device (20).

The method as claimed in claim 6 wherein the flat-
tened film (78) is made from phosphosilicate glass
(PSG).

The method as claimed in claim 6 characterised by
forming a SiO, layer (70) over the surface of the
charge transmission portion (60, 62, 74), making the
flattened film (78) from a phosphosilicate glass and
forming the flattened film (78) between the SiO, layer
(70) and the thin film (106).

The method as claimed in claim 6, 7 or 8, charac-
terised by providing the charge transmission portion
(60, 62) with a terminal portion (80), and forming a
through hole (84) in the flattened film (78) at a posi-
tion above the terminal portion (80), the lead (86)
being electrically connected to the terminal portion
(80) through the through hole (84).

10. The method as claimed in any one of claims 6
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through 9 characterised by providing the lead (86)
with a bonding pad (48), and forming a hole (Fig. 3b)
in the thin film (106) at a position above the bonding
pad (48) so as to expose the bonding pad, and ar-
ranging an electrically conductive member (47) in
the through hole for connection to the bonding pad
(48).

Patentanspriiche

1.

Eine Elektronenréhre, die enthalt

einen Vakuumbehélter, eine Kathode (28), die in
dem Vakuumbehélter hermetisch eingeschlossen
ist und eine Fotokathodenoberflache (18) hat, die
ein Alkalimetall enthalt, und eine Anode (30), die in
dem Vakuumbehélter hermetisch eingeschlossen
ist und eine Ruckseitenbestrahlungs-Halbleitervor-
richtung (20) hat, die mit einem Ladungstransmissi-
onsabschnitt (60, 62, 74) ausgebildet ist, wobei die
Anode (30) eine Riickseitenflache (B) in Gegeniiber-
stellung mit der Fotokathodenflache (18) hat;
dadurch gekennzeichnet, dass:

die Ruckseitenbestrahlungs-Halbleitervorrich-
tung (20) einen abgeflachten Film (78), einen
elektrisch leitenden Leiter (86) und einen dun-
nen Film (106) enthélt, wobei der abgeflachte
Film (78) den Ladungstransmissionsabschnitt
(60, 62, 74) bedeckt und eine abgeflachte Deck-
flache hat, und der abgeflachte Film (78) wie-
deraufgeschmolzen wurde, um die abgeflachte
Deckflache zu erhalten;

der Leiter (86) auf dem abgeflachten Film (78)
ausgebildet ist und elektrisch mit dem Ladungs-
transmissionsabschnitt (60, 62, 74) verbunden
ist; und

der dunne Film (106) Uber dem abgeflachten
Film (78) und dem Leiter (86) ausgebildet ist,
und hauptséachlich aus Siliziumnitrid besteht.

Die Elektronenrdhre gemaf Anspruch 1, wobei der
abgeflachte Film (78) aus Phosphosilikatglas (PSG)
besteht.

Die Elektronenréhre gemaf Anspruch 1, gekenn-
zeichnet durch eine SiO,-Schicht (70), die Gber der
Oberflache des Ladungstransmissionsabschnitts
(60, 62, 74) ausgebildet ist, wobei der abgeflachte
Film (78) aus Phosphosilikatglas besteht und zwi-
schen der SiO,-Schicht (70) und dem dinnen Film
(106) ausgebildet ist.

Die Elektronenréhre gemaR Anspruch 1, 2 oder 3,
dadurch gekennzeichnet, dass der Ladungstrans-
missionsabschnitt (60, 62) einen Anschlussab-
schnitt (80) hat, und ein Durchgangsloch (84) indem
abgeflachten Film (78) an einer Position oberhalb

10

15

20

25

30

35

40

45

50

55

des Anschlussabschnitts (80) ausgebildet ist, wobei
der Leiter (86) elektrisch mit dem Anschlussab-
schnitt (80) durch das Durchgangsloch (84) verbun-
den ist.

Die Elektronenréhre gemaf einem der Anspriiche 1
bis 4, dadurch gekennzeichnet, dass der Leiter
(86) eine Kontaktflache (48) hat, und ein Durch-
gangsloch (Fig. 3b) in dem dinnen Film (106) an
einer Position oberhalb der Kontaktflache (48) aus-
gebildet ist, um die Kontaktflache freizulegen, und
wobei ein elektrisch leitendes Glied (47) in dem
Durchgangsloch zur Verbindung mit der Kontaktfl&-
che (48) angeordnet ist.

Ein Verfahren zum Ausbilden einer Elektronenréhre,
die einen Vakuumbehaélter, eine Kathode (28), die in
dem Vakuumbehélter hermetisch eingeschlossen
ist und eine Fotokathodenflache (18) hat, die ein Al-
kalimetall enthalt, und eine Anode (30), die in dem
Vakuumbehélter hermetisch eingeschlossen ist und
eine Ruckseitenbestrahlungs-Halbleitervorrichtung
(20) hat, die mit einem Ladungstransmissionsab-
schnitt (60, 62, 74) ausgebildet ist, enthalt, wobei die
Anode (30) eine Riickseitenflache (B) in Gegeniiber-
stellung mit der Fotokathodenflache (18) hat; wobei
das Verfahren enthalt:

Verwenden eines Alkalimetalls zum Auslésen
der Fotokathodenflache (18);

gekennzeichnet durch:

Bedecken des Ladungstransmissionsab-
schnitts (60, 62, 74) mit einem Film (78) und
Wiederaufschmelzen des Films (78), um einen
abgeflachten Film (78) zu erhalten, der eine ab-
geflachte Deckflache hat;

Ausbilden eines elektrisch leitenden Leiters (86)
aufder abgeflachten Deckflache des abgeflach-
ten Films (78), dergestalt, dass er elektrisch mit
dem Ladungstransmissionsabschnitt (60, 62,
74) verbunden ist; und

Ausbilden eines diinnen Films (106), der haupt-
sachlich aus Siliziumnitrid besteht, tiber der ab-
geflachten Deckflache des abgeflachten Films
(78) und dem Leiter (86), um das Alkalimetall
am Eintreten in die Halbleitervorrichtung (20) zu
hindern.

Das Verfahren gemaR Anspruch 6, wobei der abge-
flachte Film (78) aus Phosphosilikatglas (PSG) be-
steht.

Das Verfahren gemafl? Anspruch 6, gekennzeich-
net durch Ausformung einer SiO,-Schicht (70) tber
der Oberflaiche des Ladungstransmissionsab-
schnitts (60, 62, 74), wobei der abgeflachte Film (78)
aus einem Phosphosilikatglas gemacht wird und der
abgeflachte Film (78) zwischen der SiO,-Schicht
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(70) und dem duinnen Film (106) ausgebildet wird.

Das Verfahren gemafl Anspruch 6, 7 oder 8, ge-
kennzeichnet durch Vorsehen des Ladungstrans-
missionsabschnitts (60, 62) mit einem Anschlussa-
bschnitt (80), und Ausbilden eines Durchgangslochs
(84) in dem abgeflachten Film (78), an einer Position
oberhalb des Anschlussabschnitts (80), wobei der
Leiter (86) elektrisch mit dem Anschlussabschnitt
(80) durch das Durchgangsloch (84) verbunden ist.

Das Verfahren gemafR einem der Anspriiche 6 bis
9, gekennzeichnet durch Versehen des Leiters
(86) mit einer Kontaktflache (48) und Ausbilden ei-
nes Lochs (Fig. 3b) in dem diinnen Film (106) an
einer Position oberhalb der Kontaktflache (48), so
dass die Kontaktflache freiliegt, und Anordnen eines
elektrisch leitenden Glieds (47) in dem Durchgangs-
loch zur Verbindung mit der Kontaktflache (48).

Revendications

Tube électronique incluant

une enceinte sous vide, une cathode (28) enfermée
hermétiguement dans I'enceinte sous vide et com-
portant une surface de photocathode (18) contenant
un métal alcalin, et une anode (30) enfermée her-
métiqguement dans I'enceinte sous vide et compor-
tant un dispositif a semiconducteur du type a irradia-
tion par l'arriére (20) formé avec une partie de trans-
mission de charge (60, 62, 74), I'anode (30) ayant
un c6té de surface arriere (B) disposé en face de la
surface de photocathode (18) ;

caractérisé en ce que :

le dispositif a semiconducteur du type a irradia-
tion parl'arriere (20) comporte un film aplati (78),
un fil électriguement conducteur (86) et un film
mince (106), le film aplati (78) recouvrant la par-
tie de transmission de charge (60, 62, 74) et
ayant une surface supérieure aplatie, le film
aplati (78) ayant fait I'objet d’'une refusion pour
obtenir la surface supérieure aplatie ;

le fil (86) étant formé sur le film aplati (78) et
électriquement connecté ala partie de transmis-
sion de charge (60, 62, 74) ; et

le film mince (106) étant formé au-dessus du
film aplati (78) et du fil (86), et étant principale-
ment constitué de nitrure de silicium.

Tube électronique selon la revendication 1, dans le-
quel le film aplati (78) est fait de verre phosphosili-
cate (PSG).

Tube électronique selon la revendication 1, carac-
térisé par une couche de SiO, (70) formée au-des-
sus de la surface de la partie de transmission de
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10

charge (60, 62, 74), le film aplati (78) étant fait de
verre phosphosilicate et formé entre la couche de
SiO, (70) et le film mince (106).

Tube électronique selon la revendication 1, 2 ou 3,
caractérisé en ce que la partie de transmission de
charge (60, 62) comporte une partie terminale (80)
etun trou traversant (84) est formé dans le film aplati
(78) dans une position au-dessus de la partie termi-
nale (80), le fil (86) étant électriquement connecté a
la partie terminale (80) par I'intermédiaire du trou
traversant (84).

Tube électronique selon I'une quelconque des re-
vendications 1 a 4, caractérisé en ce que le fil (86)
comporte un plot de connexion (48) et un trou tra-
versant est formé (figure 3b) dans le film mince (106)
dans une position au-dessus du plot de connexion
(48) de facon a laisser apparaitre le plot de con-
nexion et un élément électriquement conducteur
(47) est agencé dans le trou traversant pour la con-
nexion avec le plot de connexion (48).

Procédé de formation d'un tube électronique in-
cluant une enceinte sous vide, une cathode (28) en-
fermée hermétiquement dans I'enceinte sous vide
et comportant une surface de photocathode (18)
contenant un métal alcalin, et une anode (30) enfer-
mée hermétiquement dans I'enceinte sous vide et
comportant un dispositif a semiconducteur du type
a irradiation par I'arriére (20) formé avec une partie
de transmission de charge (60, 62, 74), I'anode (30)
ayant un c6té de surface arriere (B) disposé en face
de la surface de photocathode (18) ;

le procédé incluant :

I'utilisation d’'un métal alcalin pour activer la sur-
face de photocathode (18) ;

caractérisé par :

le recouvrement de la partie de transmission de
charge (60, 62, 74) par un film (78) et la refusion
du film (78) pour obtenir un film aplati (78) ayant
une surface supérieure aplatie ;

la formation d’un fil électriquement conducteur
(86) sur la surface supérieure aplatie du film
aplati (78) de fagon a étre électriquement con-
necté a la partie de transmission de charge
(60,62, 74) ; et

la formation d’'un film mince (106) principale-
ment constitué de nitrure de silicium au-dessus
de la surface supérieure aplatie du film aplati
(78) et du fil (86) de fagon a empécher la péné-
tration du métal alcalin dans le dispositif a semi-
conducteur (20).

Procédé selon la revendication 6, dans lequel le film
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aplati (78) est fait de verre phosphosilicate (PSG).

Procédé selon la revendication 6, caractérisé par
la formation d'une couche de SiO, (70) au-dessus
de la surface de la partie de transmission de charge
(60, 62, 74), la réalisation du film aplati (78) a partir
de verre phosphosilicate et la formation du film aplati
(78) entre la couche de SiO, (70) et le film mince
(106).

Procédé selon la revendication 6, 7 ou 8, caracté-
risé par la fourniture d’'une partie terminale (80) a la
partie de transmission de charge (60, 62) et la for-
mation d'un trou traversant (84) dans le film aplati
(78) dans une position au-dessus de la partie termi-
nale (80), le fil (86) étant électriquement connecté a
la partie terminale (80) par l'intermédiaire du trou
traversant (84).

Procédé selon I'une quelconque des revendications
6 a9, caractérisé par la fourniture d'un plot de con-
nexion (48) au fil (86) et la formation d’un trou (figure
3b) dans le film mince (106) dans une position au-
dessus du plot de connexion (48) de facon a laisser
apparaitre le plot de connexion et I'aménagement
d’'un élément électriquement conducteur (47) dans
le trou traversant pour la connexion avec le plot de
connexion (48).
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