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(57) Abstract

A charge-coupled device (CCD) (30) of the two-phase type is disclosed. The CCD (30) comprises two polysilicon levels
which are electrically connected to form one clock phase. In order to provide a CCD of improved transfer efficiency, two im-
planted regions (48-51) of different dopant levels are provided under each polysilicon level. When the CCD is clocked, a four-tier

potential profile is produced.
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HARGE— PLED DEVICE

The present invention relates to a
charge—coupled device (CCD), and more particularly,
to such a device which has improved transfer
efficiency.

It is known in two—phase CCD devices to
employ either a true two-phase structure with two
distinct potential levels under a single gate
electrode or a pseudo two-phase structure in which
there is a uniform, but distinct, potential level
under each of two electrically—connected gate
electrodes which form one clock phase. 1In
applications involving long device cells and in
high—-speed applications, the transfer efficiency of
these conventional structures is not entirely
satisfactory. Thus, ways have been sought to improve
the transfer efficiency in CCD's while at the same
time not unduly complicating the process of making
the device.

U.S. Patent No. 3,767,983, is directed to
improving the transfer efficiency in a charge
transfer device of the bucket brigade type. The
device disclosed in this patent includes two
different threshold voltages in the transfer region
between each pair of successive storage sites. There
is a substantially abrupt transition between the two
different threshold voltages in the transfer region.
The abrupt transition is provided to improve the
transfer efficiency of the device by solving the
problem of feedback voltage which occurs between the
transferor zone (source) and the transferee zone
(drain). Such a problem does not exist in CCD's,
however, and thus, this patent does not provide a
solution to the problem of increasing the transfer
efficiency in a CCD.
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It is an object of the present invention to
overcome the problems in the prior art discussed
above and to provide an improved CCD.

In accordance with one aspect of the
invention, there is provided a charge-coupled device
for storage and transfer in a predetermined direction
of varying amounts of mobile charge carriers, the
device having a plurality of phases, the device
comprising: a substrate of a first conductivity type;
a layer of a second conductivity type on the
substrate; an insulating layer on the layer of a
second conduétivity type; electrode means for each
phase of said device, said electrode means including
a pair of gate electrodes on said insulating layer,
said pair of gate electrodes being electrically
connected together, a plurality of the electrode
means being disposed to form a path in the
predetermined direction; and at least three implanted
regions of different dopant levels under each of the
electrode means.

In accordance with another aspect of the
invention, there is provided a method of making a
charge-coupled device, the method comprising the
steps of: implanting a buried channel of a first
conductivity type on a substrate of a second
conductivity type; defining an area on the substrate
by means of photoresist and polysilicon for the
electrode means of one phase of the device;
implanting the area with the first and second ,
conductivity types to form at least three regions of
different dopant levels under the area.

In one embodiment of the present invention,
two polysilicon levels are used for each clock phase
of a two-phase CCD. The polysilicon levels are
electrically connected to form the gate electrodes of
one phase of the device, and two dopant levels are
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provided under each polysilicon level. When the CCD
is clocked, a four—tier potential profile is produced
beneath each phase.

The CCD of the present invention has a very
high transfer efficiency, and thus, it is
particularly suitable for use in high speed
applications and in devices having relatively long
cells. The high transfer efficiency results from the
multiple potential levels and the resulting increased
electric fields which are formed when the CCD is
being clocked. A further advantage of the present
invention is the method disclosed herein of making a
CCD in which two levels of polysilicon are used in a
manner to minimize the number of mask steps and
provide self-aligned profiles. In the practice of
this method, the effective number of potential steps
per phase in a CCD can be doubled with only one
additional implant.

Embodiments of the present invention will
now be described, by way of example, with reference
to the accompanying drawings in which:

Fig. 1 is a sectional view of a prior—art
CCD of the pseudo two—phase type;

Fig. 2 is a potential profile of the CCD
shown in Fig. 1;

Fig. 3 is a sectional view of the CCD of the
present invention;

Fig. 4 is a potential profile of the CCD
shown in Fig. 3; '

Figs. 5-9 show the steps performed in making
the CCD of the present invention;

Fig. 10 is a graph showing horizontal field
versus cell length for a conventional two-phase CCD;
and

Fig. 11 is a graph showing horizontal field
versus cell length for the CCD of the present
invention.
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With reference to Fig. 1, there is shown a
prior—art CCD which is designated 10. CCD 10 is of
the pseudo two-phase type, and comprises a P-type
substrate 12. A N-type buried channel 14 is formed
in substrate 12, and an insulating layer 16 is formed
over buried channel 14. P-type implants are made as
shown at 18, and polysilicon gate electrodes 20 and
22 are formed on layer 16. Electrodes 20 and 22 are
electrically connected by a conductor 24 to form
either phase one (¢1) or phase two ($2) of the
device 10. '

A potential diagram of prior—art device 10
is shown in Fig. 2 in which electrodes 20 and 22 are
indicated schematically. As shown in Fig. 2, the
resulting potential profile 26 of device 10 when it
is being clocked is a two-tier profile in which, for
example, tiers at 2V and 4V occur in a phase which is
turned off and tiers at 6V and 8V occur when a phase
is turned on. The two tiers for each phase are
required for uni—-directional charge transfer. A
disadvantage of the device 10 is that the electric
field across the cell, as illustrated by the diagram
in Fig. 10, is less than adequate for charge transfer
in long device cell applications and for high-speed
applications. _

A CCD 30 which is constructed in accordance
with the present invention is shown in Fig. 3. CCD
30 is a two—-phase device and comprises a P-type
substrate 32 having a N-type buried channel 34 formed
therein. A gate oxide 36 is formed over the buried
channel 34, and polysilicon gate electrodes 38 and 40
are formed on oxide 36. Electrodes 38 and 40 are
electrically connected by a conductor 42 to form
either ¢ 1 or ¢2 of device 30. As shown in Fig.

3, electrodes 38 and 40 have different levels of
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polysilicon; electrode 40 is generally planar, and
electrode 38 is formed with portiomns which overlap
adjacent electrodes 40.

As noted above, two polysilicon levels are
used for each phase in device 30. It is also a
feature of the present invention to provide two
implanted regions of different dopant levels under
each electrode 38, 40, such that there are two
potentials formed under each polysilicon level.

Thus, as shown in Fig. 3, a P-type implant 44 is made
under each of the electrodes 38, 40, and an N-type
implant 46 is made under each of the electrodes 40.
As a result of implants 44 and 46, there are formed
under electrodes 38 and 40 a first region 48 having a
P-type implant in the N-type buried channel 34, a
second region 49 having no implant in the buried
channel 34, a third region 50 having a P—type implant
and an N—type implant in the buried channel 34, and a
fourth region 51 having an N-type implant in the
buried channel 34.

A potential diagram for device 30 is shown
in Fig. &4, and as can be seen therein, a four-tier
potential profile 50 is produced in device 30 when
the device 30 is being clocked. As a result of
increasing the number of tiers, or steps, under each
electrode 38, 40, and thereby increasing the drift
field across the cell, as shown in Fig. 11, the
transfer efficiency of device 30 is substantially
increased. Using two—dimensional electrostatics
modeling, the electric field for the CCD structure,
under typical operating conditiomns, can be
calculated. The magnitude of this field is shown for
a prior—art structure in Fig. 10 and for the
structure of the present invention in Fig. 11. The
peaks in Figs. 10 and 11 represent the change from
one potential tier to the next; the valleys in these
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figures show the drop in the field across a given
tier. A higher field value speeds—up charge
transport. It can be seen in Fig. 11 that there is a
greater number of high field peaks and the field
value across each tier remains at a higher level than
in Figure 10. The net result is more field-aided
transport of charge across the cell resulting in

‘lower transfer times and improved charge transfer

efficiency.

A manufacturing process for producing device
30 is shown in Figs. 5-9. As shown in Fig. 5, the
process is carried out using a P-type substrate 32

" having an N-type buried channel 34 implanted therein

in a known manner. A gate oxide 36 is grown on the
substrate 32 over buried channel 34, followed by the
deposition of a layer 37 of polysilicon, a layer 39
of silicon nitride, and a layer 41 of silicon dioxide.
As shown in Fig. 5, a first gate electrode
area 53 is defined by a photoresist 43, and the
silicon nitride layer 39 and the silicon dioxide
layer 41 are removed in the areas 53. A N-type
material is implanted through the polysilicon 37 and
gate oxide 36 in the areas 53. Photoresist 43 is
then stripped off, and a photoresist 45 is applied to
define the width of a stepped potential region with 7
respect to the edge of a first gate electrode. A
P-type implant is then made, as shown in Fig. 6,
which provides for the decrease in the channel
potential in the stepped potential region. Resist 45
is then stripped off, as well as the remaining
deposited oxide, and the exposed polysilicon is
locally oxidized by a conventional LOCOS (Local
Oxidation of Silicon) process as shown in Fig. 7.
The remaining silicon nitride layer 39 is then
removed by etching, and the polysilicon layer 37 is
removed in the areas not locally oxidized.

PCT/US89/03637
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As shown in Fig. 8, a photoresist 47 is
applied to define the width of a second
stepped-potential region with respect to the edge of
the first gate electrode. In a next step, a P-type
material is implanted to provide for the necessary
shift in channel potential in the second
stepped—-potential region. Resist 47 is then
stripped, and a second polysilicon layer is deposited
and patterned to form second gate electrodes 38. The
two gate electrodes are tied together by conductor 42
so that the electrodes can be simultaneously clocked.

It will be apparent that modifications can
be made in the process disclosed herein for making a
CCD device without departing from the scope of the
present invention. For example, the N-type offset
implant (Fig. 5), which is made prior to the implant
for the first stepped-potential region, can be
replaced with an unmasked P-type implant; this
results in a lower offset for the the first gate
electrode channel potential and requires that the
order of the gate electrodes within the phase be
interchanged. Another alternative is to replace the
N-type (or P-type) implant, which is made prior to
the first stepped—ﬁotential implant, with an unmasked
implant piior to the deposition of the second layer
of polysilicon; this implant can be either N-type or
P-type depending on the order of the gate
electrodes. It is also possible to substitute either
or both P-type stepped-potential implants with N-type
implants, which are aligned to the trailing edge
(right edge as shown in Figs. 5-9) of the gate
electrode; this modification can be used with any of
the above configurations depending on the order the
gate electrodes or on implant preference. Further,
the process disclosed herein can be extended to
processes with more than two layers of polysilicon
and/or more than two-phase CCD architectures.
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laims:

1. A charge—coupled device for storage and
transfer in a predetermined direction of varying
amounts of mobile charge carriers, said device having
a plurality of phases, said device comprising:

a substrate (32) of a first conductivity

type;

a layer (34) of a second conductivity type

on said substrate (32);

an insulating layer (36) on said layer of a

second conductivity type;

electrode means (38, 40)for each phase of

said device, said electrode means including a
pair of gate electrodes (38, 40) on said
insulating layer (36), said pair of gate
electrodes (38, 40) being electrically connected
together, a plurality of said electrode means
(38, 40) being disposed to form a path in said
predetermined direction; and

' at least three implanted regions (48-51) of
different dopant levels under each of said
electrode means (38, 40).

2. A charge-coupled device, as defined in
claim 1, wherein the gate electrodes (38, 40) in each
phase are formed from polysilicon, and the
polysilicon level of one of the electrodes (38) in
said pair of gate electrodes is different from the
polysilicon level of the other electrode (40).

3. A charge-coupled device, as defined in
claim 2, wherein there are at least two implanted
regions (48-51) of different dopant levels under each
of said electrodes (38, 40).

4. A charge—coupled device for storage and
transfer in a predetermined direction of information
represented by varying amounts of mobile charge
carriers, said device comprising:
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a substrate (32) of a first conductivity
type;

a layer (34) of a second conductivity type
on said substrate (32);

an insulating layer (36) disposed on said
layer (34) of a second conductivity type;

a plurality of gate electrodes (38, 40)
disposed over said insulating layer (36) so as to
form a path in said predetermined direction,
successive pairs of said electrodes (38, 40)
being electrically connected to form one phase of
said device, one of the electrodes (38, 40) in
each phase being formed of a first level of
material and the other electrode being formed of
a second level of material; and

at least two implante& regions (48—51) of
different dopant levels under each of said
electrodes (38, 40).

5. A charge—coupled device, as defined in
claim 4, wherein the dopant level in each of the
regions (48-51) under a pair of
electrically—-connected electrodes (38, 40) is
different whereby a four—tier potential profile (50)
is produced by a pair of electrodes (38, 40).

6. A charge-coupled device, as defined in
claim 4, wherein said first conductivity type is a
P-type.

7. A charge-coupled device, as defined in
claim &4, wherein said second conductivity type is an
N—-type. .
8. A charge-coupled device, as defined in
claim 4, wherein said gate electrodes (38, 40) are
formed of polysilicon.

9. A charge coupled device, as defined in
claim 4, wherein the implanted regions (48-51) under

PCT/US89/03637
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one of the electrodes in a phase are a first region
(48) of N-type and P-type and a second region (49) of
N-type.

10. A charge—coupled device, as defined in
claim 9, wherein the implanted regions under the
other electrodes are one region (50) of N-type and
P-type and another region (51) of N-type.

11. A charge—coupled device of the
two-phase type, said device comprising:

a semiconductor substrate (32);

two electrically—connected gate electrodes

(38, 40) for each of said phases formed on said
substrate (32), the electrodes(38, 40) in each
phase being formed from polysilicon and the
polysiiicon level of one of the electrodes (38)
being different from the level of the other
electrode (40); and 7

said substrate (32) having two regionms

(48-51) of different dopant levels under each of
said electrodes.

12. A method of making a charge—coupled
device, said method comprising the steps of:

implanting a buried channel of a first

conductivity type on a substrate of a second
conductivity type;

defining an area on said substrate by means

of photoresist and polysilicon for the electrode
means of one phase of said device;

implanting said area with said first and

second conductivity types to form at least three
regions of different dopant levels under said
area.

13. A method of making a charge—coupled
device, as defined in claim 12, wherein polysilicon
layers are deposited on said area to form two gate
electrodes which are electrically connected.

w¥

o
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14. A method of making a charge-coupled
device, as defined in claim 13, wherein said area is
implanted with said first and second semiconductor
types to form two regions of different dopant levels

5 wunder each of said electrodes.

15. A method of making a charge-coupled
device, as defined in claim 12, wherein a polysilicon
layer is deposited on said area, and an edge of said
polysilicon is used in the implanting of one of said

10 materials to define a boundary of one of said regionms.

16. A method of making a charge—coupled
device, said method comprising the steps of:

implanting a buried channel of a first

conductivity type on a substrate of a second

15 conductivity type;

growing a gate oxide on the substrate over

the buried channel;

depositing successive layers of polysilicon,

silicon nitride, and silicon dioxide over said

20 gate oxide;

defining a first gate electrode area by

means of photoresist and removing the nitride and
oxide layers in these areas to expose the
polysilicon layers; .

25 implanting a material of said second
conductivity type through the exposed polysilicon
and through the gate oxide;

defining a stepped potential region under

said first gate electrode area by means of

30 photoresist;

implanting a material of said second

conductivity type in said stepped potential
region;

locally oxidizing exposed polysilicon and

35 then etching to form a first gate electrode;
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defining a second stepped potential region
adjacent said first gate electrode by means of
photoresist and said first gate electrode;

implanting a material of said second
conductivity type in said second stepped
potential regionm;

depositing a second polysilicon layer to
form a second gate'electrode; and

electrically connecting the first and second
gate electrodes together.

>
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