
SOLID STATE IMAGING DEVICE BACKGROUND OF THE INVENTION (1) Field of the
Invention This invention relates to a solid state imaging device, such as
charge coupled device (CCD) imager, performing electrical shuttering on
application of a pulse voltage to a substrate. (2) Description of the Prior
Art In some of the solid state imaging devices, the output. circuit has its
source follower constituted by MOS transistors. Fig. 5 shows the
diagrammatic cross-section of the output circuit of the solid state imaging
device. Briefly, a p-type well region 52 is formed on an n-type silicon
substrate 51 fed with a substrate voltage Vsub.  On the surface of the
p-type well region 52, there are formed a channel stop region 53, a source
drain region 54 fed with a ground voltage Vss, a source drain region 55 for
taking out an output voltage VOUT, and a source drain region 56 fed with a
power source voltage Vdd.  Gate electrodes 57, 58 are formed on
channel-forming regions 59, 60 between the adjacent source drain regions 54
to 56. Thus the source drain regions 54, 55 and the gate electrode 57 fed
with a constant voltage VGG make up a load transistor while the source
drain regions 55, 56 and the gate electrode 58 fed    with an input voltage
Vi  make up a driving MOS transistor. The p-type well region 52 has the
junction depth of ca. [err] 



m and the surface impurity concentration of 1 x 1015 to 1016 cm-2 In the
above described solid state imaging device, there exist parasitic
capacitance between each of the source drain regions 54 to 56 and the well
region 52 or between the well region 52 and the substrate 51. There are
also holes h in deeper portions of the p-type well-region, as shown in Fig.
6. The region of these holes h present a larger resistance because the
impurity concentration and the hole mobility are both low. Fig. 7 shows an
equivalent circuit of the output circuit of the solid state imaging device.
By the resistance component of the holes h, resistances r11 to r16 are
formed equivalently in the well region 52, whereas there are parasitic
capacitances Cl  to C   between the substrate and the well and parasitic
capacitances C21 to C25 between the well region and each electrode. When
electronical shuttering in performed with the use of the well region where
there are the parasitic capacitances C11 to C15 and C21 to C25 and
resistance r11 to r16 under application of a pulse voltage to the
substrate, the pulse .response waveform becomes blunt due to there
capacitances and resistances.  More specifically, electronic shuttering is
2    3 usually performed by sweeping out useless electrical charges from
the pixels to the substrate during the horizontal or 



vertical blanking periods, depending on the shuttering speed. Should the
time constants defined by the parasitic 5   capacitances C11 to C15 and C21
to C25 and by the resistances r11 to r16 exceed the horizontal (H) blanking
period, the pulse voltage affects the output circuit to give rise to gain
change or level fluctuations at the driving MOS transistor to affect the
produced image. 10             In view of the above mentioned technical
difficulties, it is an object of the present invention to provided a solid
state imaging device which will prevent adverse effects on the output
circuit at the time of the electronic shuttering operation. 15
According to the present invention, there is provided a solid state imaging
device for carrying out electronic shuttering in a blanking period,
comprising: a first conductivity type semiconductor substrate to which, in
use, is applied a pulse voltage of 20   predetermined duration for
electronic shuttering; a second conductivity type semiconductor region
formed on said first conductivity type semiconductor substrate, said
semiconductor region having such an impurity concentration and depth of
junction with said substrate that 25   the time constant defined by the
resistance and the parasitic capacitance of said second conductivity
semiconductor region becomes shorter than the time period which elapses
between the application of said pulse voltage and the expiration of the
blanking period; 30             an output circuit including a MIS
transistor, and a channel of said MIS transistor being formed in said
second conductivity type semiconductor region; and 



means for applying said pulse voltage to the first conductivity type
semiconductor substrate during the 35   blanking period.    4 The above
mentioned impurity concentration and the junction depth of the second
conductivity type semiconductor region may be optionally selected as a
function of the impurity concentration of the substrate, substrate voltage,
5 pulse voltage applied to the substrate, the pulse timing during the
blanking period, characteristics of the MIS transistors or the like. For
example, the impurity concentration or the depth of junction may be
selected to render all or part of the second conductivity type 10
semiconductor region into a depletion layer.  The second conductivity type
semiconductor region may have an impurity concentration and a depth of
junction different from those of the well region of the imaging area. In
the solid imaging device of the present 15   invention, it is possible to
suppress fluctuations in level or gain of the MIS transistor at the output
circuit to prevent adverse effects on output signals accompanying pulse
application to the substrate at the time of the electronic shuttering. 20
The invention will be further described by way of non-limitative example
with reference to the accompanying drawings, in which:- Figure 1 is a
schematic sectional view showing 



essential parts of a solid state imaging device of the 25   present
invention. Fig. 2 is a circuit diagram showing essential parts thereof.
Fig. 3 shows the potential at the essential parts. Fig. 4 shows an
equivalent circuit corresponding. to the cross-section of Fig. 1. Fig. 5 is
a schematic sectional view showing essential parts of an example of the
conventional solid-state imaging device. Fig. 6 shows the potential of an
example of the prior art device. Fig. 7 shows an equivalent circuit
corresponding to the cross-section of Fig. 5. DETAILED DESCRIPTION OF THE
INVENTION In the present illustrative embodiment, a longitudinal overflow
drain type CCD imager having an electronic shuttering function is
explained, in which useless electrical charges are eliminated in the
longitudinal direction by application of a pulse voltage to the substrate
during the horizontal  blanking  period.   The CCD imager of the
illustrative embodiment features a specific structure of the well in its
output circuit. Fig. 1 shows the output circuit in a cross-sectional view,
in which a p-type well region 2 is formed on an n-type silicon substrate 1.
A pulse voltage of, for example, 30 V, 



5    is applied to the n-type silicon substrate 1 to sweep out the [err]ess
charges in an imaging part, not shown.  The p-type well region 2 is
reserved for forming nMOS transistors on its major surface,  and has such
impurity concentration and junction depth that the time constant determined
by the resistances and the parasitic capacitance of the p-type well region
2 becomes shorter than the time which elapses since application of the
pulse voltage until expiration of the blanking period. Thus the junction
depth x1 is shorter than in the conventional device and is of the order of
5 J m, whereas the impurity concentration on the surface of the well region
has a lower value of 1015 [err] On the surface of the p-type well region 2,
which has the shallower depth of junction x1 and the lower impurity
concentration, the channel stop region 3 maintained at a predetermined
potential is formed for encircling an area on the well region 2.  In this
area encircled by the channel stop regin 3, there are formed a source drain
region 4, fed with a voltage [err]of ca. 2 V, a source drain region 5
connecting to the next stage follower to output a voltage VOUT and a source
drain region 6 fed with a voltage Vdd of ca. 15 V. A gate electrode-8 is
formed on a channel-forming region 7 between the source drain regions 4 and
5 via an insulating layer, and is fed with a voltage [err]  The nMOS
transistor including this channel forming region 7 functions 6 



as an active load. On the channel-forming region 9 between the source drain
regions 5 and 6, a gate electrode 10 is formed via an insulating layer, and
is fed with an output signal VIN from the preceding stage.  The nMOS
transistor including this channel-forming region 9 functions as a driving
nMOS transistor.  Because of the above described impurity concentration and
depth of junction xi, the region directly below the driving nMOS transistor
is completely depleted to result in prevention of adverse effects on the.
output signal. Below the source drain regions 4, 5, 6, there are formed p+
type second well regions 11, 12, 13, respectively. The p+ type second well
region 11 is aimed at lowering the values of resistances r1 and r2 of Fig.
4, as later described, whereas the p+ type second well regions 12,  13 are
formed for assuring the punch through withstand voltage between the source
drain regions 4 to 6 and the substrate 1.  It is because  the  junction of
depth  x1  and  the  impurity concentration of the p-type well region 2 are
selected to have lower values in the solid state imaging device of the
illustrative embodiment.  Should the withstand voltage be assured, there is
no necessity providing the p+ type second well regions 12, 13. Fig. 2 shows
a wiring connection of the output circuit, to which a signal from a
photodiode PD is supplied via a gate 7  



PG.  The output signal of the CCD is issued via two source lower stages,
each consisting of a series connection of an active load AL and a driving
MOS transistor DT, as shown in Fig. 1 The potential at the output circuit
of the solid state imaging device of the above described illustrative
embodiment is as shown in Fig. 3. Comparing this with the potential of the
prior-art example shown in Fig. 6, the potential peak P0 becomes low in
height because of the low impurity concentration of the p-type well region
2.  The potential peak P0 also becomes shallow in depth because of the low
depth of junction x1 of the p-type well region 2.  As a result, the holes h
that exist in the conventional device at the potential peak may be
eliminated, and the layer of the p- type well region 2 becomes depleted.
Fig. 4 shows an equivalent circuit for one source follower stage of the
output circuit, which is similar to Fig. 7 showing the conventional device.
As shown in this figure,  the layer of the p-type well region 2 becomes
partially depleted, so that the parasitic capacitances between the source
drain regions 5, 6 and the parasitic capacitances between the p-type well
region 2 and the n-type silicon substrate 1 are combined to form sole
capacitances C3 to C5, while the resistances corresponding to the
resistances [err] to r16 are eliminated. As a result, the time constant 8



defined, by the resistance and the capacitance is lowered and the substrate
pulse exhibits satisfactory response at the time of electronic shuttering.
Should the time constant be selected to be shorter than the period which
elapsed since the application of the pulse voltage until the expiration of
the blanking period,  it becomes possible to suppress fluctuations in the
gain or level of the driving MOS transistor. In the above described
embodiment of the solid state imaging device, the well region 2 becomes
completely depleted in the channel-forming region 9 and the source drain
regions 5, 6 of the driving MOS transistor of the output circuit. Also, in
the p-type well region 2, directly below the source drain region 4, since
the time constant defined by the resistances r1, r2 and the capacitances
C1, C2 become shorter, it becomes possible to prevent the level or gain of
the driving MOS transistor from being fluctuated even when the pulse
voltage is applied to the substrate at the time of the electronic
shuttering operation. Although the output circuit is of the source follower
type in the above explained illustrative embodiment, it may also be of any
circuit configuration. The p and n types may be reversed. 9    [err] * C
L    M    S * 



10 CLAIMS A solid state imaging device for carrying out electronic
shuttering in a blanking period, comprising: a first conductivity type
semiconductor substrate 5   to which, in use, is applied a pulse voltage of
predetermined duration for electronic shuttering; a second conductivity
type semiconductor region formed on said first conductivity type
semiconductor substrate, said semiconductor region having such an impurity
10   concentration and depth of junction with said substrate that the time
constant defined by the resistance and the parasitic capacitance of said
second conductivity semiconductor region becomes shorter than the time
period which elapses between the application of said pulse voltage 15   and
the expiration of the blanking period; an output circuit including a MIS
transistor, and a channel of said MIS transistor being formed in said
second conductivity type semiconductor region; and means for applying said
pulse voltage to the first 20   conductivity type semiconductor substrate
during the blanking period. 2.        The solid state imaging device
according to claim 1, wherein 25            said second conductivity type
semiconductor region has such impurity concentration and depth of junction
that the second conductivity type semiconductor region as a whole becomes a
depleted layer. 30   3.        The solid state imaging device according to
claim 1 or 2, wherein 



said first conductivity type is n type and the second conductivity is p
type. 35   4.        The solid state imaging device according to claims 1
or    2, wherein said output circuit has a source follower configuration.
5.   The solid state imaging device according to claim 3 wherein holes are
not stored at a potential peak of the p- type semiconductor region. 6.   A
solid state imaging device constructed and arranged to operate
substantially as hereinbefore described with reference to and as
illustrated in Figures 1 to 4 of the accompanying drawings. [err]    


