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(52) Index at acceptance HIK  11A3 l1D1 l1D  11Y 1C1 lC7F1 1C7FY 2S1B 2S20
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4F20 4F2P 4G3Y 5B2 5BX 5C3A 5CY 7E 8P CC (54) IMPROVEMENTS IN OR RELATING
TO SEMICONDUCTOR CHARGE COUPLED DEVICE STRUCTURES (71)   We, FAIRCHILD
CAMERA   wells within a semiconductor substrate. The  45 AND  INSTRUMENT
CORPORATION,  potential well is employed for storing, or ac- of 464 Ellis
Street, Mountain View, Califor-  cumulating, packets of charge. The ac- nia
94042, United States of America, a Cor-  cumulated packets of charge
comprise 5  poration organized and existing under the   carriers which are
minority in relation to laws of the State of Delaware, United States  the
conductivity type of the predominant 50 of America, do hereby declare the
inven-  impurity in the substrate containing the tion, for which we pray
that a patent may be   potential wells. In one embodiment, granted to us,
and the method by which it is  barriers are implanted periodically in the
10  to be performed, to be particularly  surface of the substrate at
intervals which described in and by the following   define the lateral
extremities of the poten-  55 statement:-                            tial
wells. The barriers make possible un- This invention relates to a
semiconduc-  idirectional flow of the charge packets. In tor charge-coupled
device structure and to  some prior-art CCD structures, the size of 15  a
process of fabricating 'such a structure.   the implanted barriers and the
size of the W. S. Boyle and G. E. Smith describe the  potential well
between adjacent barriers  60 basic concept of charge-coupled semicon-
varies. This restricts the charge-handling ductor devices in an article
published in the  capabilities and the packing density of the April 19,
1970 Bell System Technical Journal,  CCD structure. 20  page 587, entitled
"Charge Coupled    A need existed to develop a process and a Semiconductor
Devices". As described by  CCD  structure that would have self-  65 Boyle
and Smith, a charge-coupled device  alignment features which would permit
the consists of a metal-insulation-  gate electrodes of the two-phase CCD
to be semiconductor (MIS) structure in which  in substantial self-alignment
with the im- 25  minority carriers are stored in a "spatially - planted
barrier regions cooperatively defined depletion region", also called a
coupled to the overlying gate electrodes.  70 "potential well" at the
surface of the  Also, a need existed for a process and a semiconductor
material. The charge is  resultant CCD structure that would provide moved
along the surface by moving the  uniformity of implanted barrier size and
un- 30  potential minimum. A paper on page 593 of  iformity of potential
well size. In addition, it the same volume of the Bell System  is desirable
that this process be compatible  75 Technical Journal, by Amelio, et al,
entitled  with large-scale integration processing "Experimental
Verification of the Charge  techniques for MOS circuits. Coupled Device
Concept" describes ex-   The importance of extremely accurate 35periments
carried out to demonstrate  processing to yield devices ivth predictable,
feasibility of the charge-coupled device  reproducible  characteristics in
charge-  80 concept.                             coupled devices for use in
two-phase As discussed by Boyle and Smith, charge-  operation was pointed
out in one of the first coupled devices are potentially useful as  papers
on the subject, an article by 40  shift registers, delay lines, and, in two
Krambeck, Walden and Pickar entitled dimensions, as imaging devices or
display  "Implanted Barrier Two-Phase Charge- 85 devices.
Coupled Device" published in Applied A CCD (or charge coupled device)
struc-  Physics Letters, Vol. 19, No. 12, pp. ture comprises a multiplicity
of potential  520-522, in 1971.    2
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In Patent Application 32719/74 (Serial  located  on  the surface of said
No. l461 ,644),  a  charge-coupled   semiconductor substrate; semiconductor
device having self-aligned   a plurality of first gate electrodes located
implanted barriers and the process of  in spaced-apart relation on the
uppermost 5 . making much a device is described.          surface of the at
least one layerof insulation  70 Also, in Patent Application 3986474
material; and (Sel No. 1,480359), an improved method      a plurality of
second gate electrodes of manufacturing a CCD is disclosed in  located on
the uppermost surface of the at which the implanted barrier regions are
least one layer of insulation  material 10  self-aligned with corresponding
edges of the   between the plurality of first gate electrodes  75 gate
electrodes and in which the gaps above and aligned with said barrier
regions, between  the  electrodes  are  relatively'  one  of the  second
gate  electrodes narrow.                                   substantially
occupying the space between As pointed out in, Patent Application   each of
the plurality of first gate electrodes 15  32719(74 (Serial No..
1,461,644), efficient   and having a width that is substantially  80 CCD
operation is hindered when sizable  equal to the width of the implanted
barrier gaps exist between adjacent electrodes.   regions. These gaps are
wasteful in that they     The invention will be more readily consume
material which could be used for  understood from the following
illustrative 20  other portions of the structure. Also, these  description
and accompanying drawings, in  85 gaps are undesirable since they must be
which: passivated during operation.                FIG. I is an
elevational. cross-sectional In U.S. Patent No. 3,756,924 entitled   view
of a semiconductor substrate with a "Method of Fabricating a Semiconductor
first insulating oxide layer formed on one 25  Device" by D. R. Collins et
al, a method for  surface of the substrate, a second insulating  go forming
a structure having adjacent closely  nitride layer formed on top of the
first spaced electrodes is  disclosed. The  insulating layer, and a first
polycrystalline structure and process disclosed in this  silicon layer
formed on top of the second Patent are distinct from the structure and
insulating layer; 30  process disclosed in this aplication, as will    FIG.
2 is a view similar to FIG. I with a  95 be shown in greater detail
hereinbelow.   first photoresist attern formed on the top The present
invention provides a process  surface of the first polycrystalline silicon
ofabricating  a semiconductor charge  layer; coupled  device  structure
the  process    FIG. 3 is a view similar to FIG. 2 after 35  comprising the
steps of                 portions of the first polycrystalline silicon 100
selectivey applying at least one layer of  layer have been etched away in
the areas insulation material to a semiconductor  beneath the openings in
the lirst photoresist substrate;                              pattern;
selectivey forming a. plurality of spaced-    FIG. 4 is a view similar to
FIG. 3 after the 40  apart first gate electrodes on the uppermost  first
photoresist pattern has been removed  105 surface of the at least one layer
of insulation   and' after a second layer of silicon dioxide material;
has been formed over the surface of the forming ion implanted barrier
regions in  polycrystalline silicon layer, and after the the semiconductor
substrate in the intervals  formed structure has been irradiated with 45
between the plurality of spaced-apart first  ions so as to implant barrier
regions in the 110 gate electrodes, the edges of the implanted
semiconductor substrate; barrier regions being substantially aligned   FIG.
5 is a view similar to FIG. 4 with a with the respective first gate
electrodes; and   second polycrystalline layer formed over selectively
forming a plurality of second  the second silicon dioxide layer, and a 50
gate electrodes of the uppermost surface of  second photoresist pattern is
formed over 115 the at least one insulating layer between the  the second
polycrystalline silicon layer; plurality  of spaced-apart first gate
FIG.6 is a view similar to FIG. 5 after the electrodes above and aligned
with said  second polycrystalline silicon layer has barrier regions, one of
the second gate  been etched and the second photoresist 55 electrodes
substantially  occuying  the   pattern is removed;                      120
space between each of the plurality of first    FIG. 7 is a view similar.
to FIG. 6 with a gate electrodes..                         third insulating
silicon dioxide layer formed This invention  also  provides  a   over the
structure of FIG. 6, and a third semiconductor  charge  coupled  device
photoresist pattern is formed over the third 60 structure comprising
silicon dioxide layer.                   125 a semiconductor substrate
having a      FIG. 8 is a view similar to FIG. 7 afterthe  125 plurality of
ion-implanted barrier regions  second and third insulating silicon dioxide
formed in spaced-apart relation in the  layers have been etched away in the
areas 



surface of said substrate;                beneath  the  openings in  the
third 65  at least one layer of insulation material  photoresist pattern;
130    3                         1,481,364                            3
FIG.9 is a view similar to FIG. 8 after the  layer 26. The polycrystalline
silicon layer 28 third photoresist pattern has beeremoved,  is a doped
layer containing impurities and after conducting layer has been  (typically
phosphorous when layer 28 is selectively formed over the structure so as
doped with an [err]-type impurity) of a sufficient 5  to  electrically
connect the  remaining   quantity to permit the doped polycrystalline  70
portions  of the  first and  secon    silicon layer 28 to function as an
electrical polycrysta silicon layers.          conductor, or gate
electrode. In  one FIGS. 10 to 12 illustrate a structure and   example, the
doped polycrysta ine silicon process steps for another embodiment of  layer
28 has a thickness of about 3,000 to 10  this invention wherein portions of
the about 4,000 Angstroms.         75 second silicon dioxide layer are
removed to  Referring to FIG. 2, a photoresist layer effect an electrical
connection between the   32 is deposited by conventional deposition first
and second polycrystalline silicon   techniques  and  developed  (using
layers;                         photolithographic  masking  and  etching 15
FIG   13  illustrates  still  another  techniques) to  define  a  pattern
with  80 embodiment of this invention wherein a  openings, of which
openings 34, 36, 38 and metallic conductor is substituted in lieu of  40
are shown formed therein The openings the second polycrystalline silicon
layer.    in the photoresist layer 32 are employed Referring to FIG. 1, a
semiconductor  subsequently for defining barrier regions 20  substrate or
wafer 20 is used as the staring  that are to be implanted in the substrate
20.  85 material for the fabrication of the final    Referring to FIG. 3,
portions of the CCD structure of this invention. The  doped poycrystalline
silicon layer 28 are substrate 20 is a silicon slice of p-type  removed.
Typically this is done by etching conductivity comprising, for example, a
with an etchant suitable for use with 25   boron doped substrate. Although
the   polycrystalline silicon. For example, a  go described embodiment uses
a  silicon   suitable etchant may comprise a solution of semiconductor
substrate, it is evident to  hydrofluoric, acetic, and nitric acids; or a
those  skilled  in  the  art that other  Freon (a trade mark) gas in a
plasma state semiconductor materials may be used.  may  be suitable,
wherein  the plasma 30  Furthermore, the conductivity type regions  etcant
mitigates problems of the etchant  95 described in the embodiment shown in
the   undercutting  the. underlying  layers. Figures  can. be  of opposite
type   Openings 35,37,39 and 41 are formed in the conductivity, if desired,
in order to provide  layer 28 as a result of the etching process a CCD
structure using charge packets with  step, and. electrodes 43, 45, 47, 49
and 51 of 35  the opposite type  of minority carriers.   layer 28 remain
after this etching operation. 100 A first insulating layer 24, which may
for    Referring to FIG. 4, the photoresist example comprise silicon
dioxide, is formed   pattern layer 32 is removed with the use of on the
substrate surface by well-known   conventional photoresist removal
solutions. thermal oxidation  techniques. In  one   After the photoresist
is removed,. a thermal 40  example, the thermally-grown layer 24 has a
oxidation process step is carried out using 105 thickness of 1200 Angstrom
units. A second   standard thermal oxidation techniques to insulating layer
26 is formed on top.of the  form   an  oxide  of the  semiconductor first
insulating layer 24. The  second   material,. which in this case is silicon
insulating layer 26 is,-for example, silicon  dioxide,  on  the   surface
of. the 45  nitride and is formed  by well-known   polycrystalline
silicon   layer  28. 110 techniques. In the example where the first
Accordingly, the oxidation forms a thin insulating layer 24 was I
Angstrom units  oxide layer 53, comprising segments S4, 56, - thick, the
silicon nitride layer 26 was 400   58, 60 and  62  on  the- corresponding'
Angstrom units thick. The second insulating   electrodes 43, 45, 47, 49 and
51 of the first 50  layer 26 is silicon nitride because thermally-
polycrystalline semiconductor layer 28. 115 grown oxides will not form on
the nitride.  Moreover, since oxides grow much more Thus' the silicon
nitride is very useful in  slowly on a silicon nitride surface, no
protecting the under      layer 24 from   substantial oxide grows on the
top surface becoming significantly thicker as would  of silicon nitride.
layer 26. 55  normally  occur during the subsequent    Thereafter, the next
process step is to 120 oxidation steps in the process of this  implant the
desired impurity ions. in the invention. Additionally, the silicon nitride
substrate 20 through the openings 35, 37, 39 



layer 26 functions as a further protective   and 41. formed in the layer
28. In the layer against pinholes in the underlying   preferred
embodiment boron   ions are 60  layer  24. Other  materials. having
implanted so  as to  form   ion-implanted  125 characteristics similar to
layer 26 may be  barrier regions 44, 46, 48 and 50 beneath the employed,
such as for example aluminium   openings 35, 37, 39 and 41, respectively,
in oxide.                                  the layer 28. Although boron is
the desired' Thereafter, a polycrystalline silicon layer  p-type ion, other
p-type ions may be used to 65  28 is formed on top of the second insulating
form  the desired type of implanted barrier 130    4
1,481,364                                    4. regions. It can be seen in
FIG. 4 that the   74. A photoresist pattern 95 is deposited edges of the
implanted barrier regions are   over the oxide layer 93, and formed into
the vertically aligned with the respective outer  pattern illustrated in
the cross-section of edges of the thermally-grown thin oxide   FIG. 7. The
openings in the photoresist 5  layer 53.
pattern 95 extend substantially over the  70 The energy, which is imparted
to the ions  center of respective electrodes 43,45,47,49 during the
irradiation process step,is set at  and 51 of the first polycrystaline
silicon a -p referred level to implant the ions at a  layer 28. depth that
corresponds with the surface of    Referring to FIG. 8, an oxide etching 10
the substrate 20. In one example, the energy   operation is carried out to
remove those  75 level was set within the range of 100KV to   portions of
oxide layers 53 and 93 located. 200KV. The ions will penetrate through the
within the openings in the photoresist layer insulation layers 24 and 26,
which constitute  95. As a result- of this selective removal of a thickness
of approximately  1600  the oxide layers, the center portion of the 15
Angstroms, and will implant in the substrate  top surface of each of the
electrodes 45,47, 80 beneath the openings 35, 37, 39, 41 ... as  49 and 51
of the first polycrystalline silicon shown in FIG. 4.:The combined
thickness  layer 28 and the right edge of the T-shaped adjacent the
electrodes 43, 45i 47, 49, 51 ...  electrodes 84, 86, 88 and 90 of the
second is approximately 6500 Angstroms, which   polycrystalline silicon
layer 74 are exposed. 20  impedes ion penetration. A  negligible  The-
terms "left" and "right" as used herein  85 amount of ions will implant
-within the   are intended to apply only to positions in polycrystaline
silicon layer 28. However, as  the drawings when viewed in a conventional
stated hereinabove, the layer 28 is doped   manner. with an impurity, which
doping is at a     Referring to FIG. 9, 'the photoresist 25  significantly
higher concentration than the   pattern layer is removed using conventional
90 amount of ions which may implant within  photoresist removal solutions.
After the the electrodes 43, 45, 47, 49, 51 ... as a  photoresist is
removed, a conducting layer result of the ion irradiation process step.
100 is formed over the entire structure and Referring  now  to FIG. 5, a
second   withinred by the previous 30  polycrystalline silicon layer 74 is
deposited   etching step so as to electrically connect the  95 on top of
the thermally-grown thin oxide   electrodes of the first polycrystalline
silicon layer 53. The second polycrystalline silicon  layer 28 with
adjacent electrodes of the layer 74 . is a doped layer containing   second
polycrystalline silicon layer 74. impurities of a sufficient quantity to
permit    After the. formation of the conducting 35  the doped
polycrystalline silicon 74 to  layer 100, the desired gate interconnection
100 function as an electrical conductor or gate  pattern is formed by a
metal etching electrode. A second photoresist pattern 76  operation which
etches out a defined is then  formed. over the: second  . pattern so as to
provide gate contacts, such polycrystalline silicon layer 74.       as
contacts 101, 102, 103 and 104, of the 40    Referring now to FIG. 6, the
second  final structure shown in FIG. 9. This may be 105 polycrystalline
silicon layer 74 is etched by   done by the use of another photoresist
conventional techniques, thereby removing  pattern (not shown), and a
suitable etchant. portions of the layer 74 not covered by the    The final
structure illustrated in FIG. 9 second photoresist pattern 76. Layer. 74
comprises a plurality of closely-spaced 45  then comprises second
electrodes 84, 86, 88  CCD  gates, with self-aligned implanted 110 and 90
which are shown as being. T-shaped  barriers. In particular, electrodes 45,
47, 49 with a leg portion that extends within the  and 51 of layer 28 are
in ohmic contact with openings 35, 37, 39 and 41 in the. first  electrodes
84, 86, 88 and 90 of layer 74 by polycrystalline silicon layer 28 and with
means of gate contacts 101, 102, 103 and 50  shouler portions that extend
over the  104, respectively. The lateral extremities 115 adjacent oxide
layers of layer 53; thereby   of each CCD gate are illustrated  ahically 



forming flange portions above the adjacent  in FIG. 9 by means of brackets
106, 107, 108 first polycrystalline silicon electrodes  43,  and  109. 'For
example, bracket 106 45, 47, 49, 51                              demarcates
the lateral extremities of a gate 55    ReferringnowtoFIG. 7, another
thermal  comprising  electrode 84 of layer 74, 120 oxidation process step
is carried out using  electrode 45 of layer 28, and gate contact standard
thermal oxidation techniques to  101. Implanted barrier 44 is aligned with
the form  an oxide of the  semiconductor  left edge ofthe gate demarcated
by bracket material, similar to the oxide layer 53,  106. 60  which in this
case is silicon dioxide, on the    The final CCD structure shown in FIG. 9
125 surface of-: the. structure of FIG. 6. The  is a two-phase,
ion-implanted barrier CCD oxide thus formed is designated as layer 93
arrangement wherein  self-alignment is and covers layer 53 above portions
of the  achieved between the ion-implanted barrier first polycrystalline
silicon layer 28, and  regions and the respective two layers of 65 portions
of the second polycrystalline layer doped polycrystalline silicon gate 130
5                                   1,481,364.
5 electrodes associated  therewith. As  with the description of FIG. 5. A
established in the CCD  art, the gate  photoresist pattern layer 76' is
formed over electrodes serve to electrically lower the  the polycrystalline
silicon layer 74' to define potential in the barrier regions in a selective
the pattern of the second layer of elec- 5  manner to permit charge packets
to be  trodes.                                  70 transmitted
unidirectionally in shift-register    Referring  now  to  FIG. 11, the
function along the surface of the CCD   polycrystalline silicon layer 74'
is etched by structure. A description of this manner of  conventional
techniques, which forms elec- charge transfer is shown  in  Patent  trodes
84', 86', 88' and 90'. The removal of 10  Application 33848/74 (Serial No.
1,480,761).  portions of the oxide layer 53' from the first 75 Accordingly,
the CCD structure formed   electrodes 43', 45', 47', 49' and 51' allows by
the process has truly self-aligned barrier  the formation of electrical
connections regions that are not dependent upon any   between adjacent ones
of the first and critical etching techniques. As can be seen   second
electrodes. That is, electrode 84' is- 15  with reference to the drawings,
the im-   in ohmic contact with electrode 45', elec- 80 planted barrier
regions 44, 4, 48 and 50 are  trode 86' is in ohmic contact with electrode
aligned with the sides of the oxide layer 53.  47', and so forth for the
remaining elec- Thus, self-alignment is precisely achieved.  trodes. In
addition, the ion-implantation step in this  Referring now to FIG. 12, an
insulation 20  process can be achieved with a relatively  layer 96' is
formed over the entire structure. 85 low-power IOOKV to 200KV implanting
Connections to the underlying electrodes device since the ions forming the
barrier   may be effected by means of via holes, regions are implanted
through only   which technique is well known in the art. relatively thin
insulating layers and not  The final structure of another embodiment 25
through the relatively thick polycrystalline   of this invention, as
illustrated in FIG. 12, 90 silicon layers. These advantages outweigh
comprises a plurality of closely-spaced the fact that a double
polycrystalline silicon   CCD gates with self-implanted barriers.
technology is required to form the two elec-   The lateral extremities of
each CCD gate trode layers.                           are illustrated
graphically in FIG. 12 30    To improve the performance of the   by means
of brackets 106', 107', 108' and  95 device of the present invention,
buried   109'. For example, bracket 106' demarcates channel construction
may be employed. A   a CCD gate comprising first electrode 45' buried
channel is obtained typically by form-   and second electrode 84', which
are in ing a layer of appropriate impurities (n-   ohmic contact with one
another at the left 35  type impurities for an n-channel device, and   edge
of electrode 45'. Also, implanted 100 p-type impurities for a p-channel
device) in   barrier 44' is in alignment with the left edge the
semiconductor substrate near but   of electrode 84' and comprises a portion
of spaced from and parallel to the substrate-  the CCD gate demarcated by
bracket 106'. insulator interface. Typically, this layer is   The CCD gate
demarcated by bracket 107' 40  formed using ion-implantation techniques.
is separated from the formerly described 105 Such a buried channel is not
illustrated in   gate demarcated by bracket 106' by the the figures;
however, a buried channel, if  thickness of the oxide layer on the rit-
employed, would be implanted within the   hand portion of the electrode
45'.  The substrate 20 prior to the formation of the   remaining CCD gates
throughout the struc- 45  first polycrystalline silicon layer 28.  ture of
this invention are fabricated in a 110 



The process described above may be   similar manner. modified to fabricate
a structure similarly  Referring now to FIG. 13, still another having
closely-spaced electrodes. In the   embodiment of this invention is
illustrated. description hereinafter of other em-   A portion of the oxide
layer 53" is removed 50  bodiments of this invention, like reference  from
the electrodes 43", 45, 47" and 51" (of 115 numbers are employed in FIGS.
10 through  the structure illustrated in FIG. 4), and a 12 with a single
prime, and in FIG. 13 with a   second layer of electrodes is formed from
double prime.                           an aluminium  conductor 120. The
Referring now to FIG. 10, a modification   aluminium conductor 120 is
formed into in- 55  of the process is illustrated, which modifica-
dividual electrodes by the use of a 120 tion is made after the process step
photoresist pattern layer (not shown) and a illustrated in FIG. 4. Portions
of the insula-  suitable etchant. tion layer 53' are removed from the left
side  The final structure illustrated in FIG. 13 of the electrodes 43',
45', 47', 49' and 51'.  differs primarily from  the structure 60  Such a
removal process step may be ac-  illustrated in FIG. 12 by the use of a 125
complished by the use of a photoresist layer  metallic material for the
second electrodes. (not shown) and a suitable etchant.       WHAT WE CLAIM
IS:- The polycrystalline silicon layer 74' is    1. A process of
fabricating a semiconduc- formed over the structure in the same   tor
charge coupled device structure, the 65  manner as described above in
conjunction   process comprising the steps of      130    5
1,481,364                                 5 electrodes associated'
therewith. As  with' the description of FIG. 5. A established in the CCD
art, the gate  photoresist pattern layer 76' is formed over electrodes
serve to electrically lower the  the polycrystalline silicon layer 74' to
define potential in the barrier regions in a selective  the pattern of the
second layer of elec- manner to permit charge packets to be  trodes.
70 transmitted unidirectionally in shift register  Referring now  to FIG.
11, the function along the surface of the CCD   polycrystalline silicon
layer 74' is etched by structure. A description of this manner of
conventional techniques, which forns elec- charge transfer is shown  in
Patent  trodes 84', 86', 88' and 90'. The removal of 10  Application
33848/74 (Serial No. 1,480,761).  portions of the oxide layer 53' from the
first 75 Accordingly, the CCD structure formed   electrodes 43', 45', 47',
49' and 51' allows by the process has truly self-aligned barrier the
formation of electrical connections regions that are not dependent upon any
between adjacent ones of the first and critical etching techniques. As can
be seen   second electrodes. That is, electrode 84' is 15  with reference
to the drawings, the im-   in ohmic contact with electrode 45', elec- 80
planted barrier regions 44,46,48 and 30 are  trode 86' is in ohmic contact
with electrode aligned with the aides of the oxide layer 53.  47', and so
forth for the remaining elec- Thus, self-alignment is precisely achieved.
trodes. In addition, the ion-implantation step in this  Referring now to
FIG. 12, an insulation 20  process can be achieved with a relatively  layer
96' is formed over the entire structure. 85 low-power IOOKV to 200KV
implanting   Connections to the underlying electrodes device since the ions
forming the barrier   may be effected by means of via holes, regions are
implanted through only   which technique is well known in the art.
relatively thin insulating layers and not   The final structure of another
embodiment 25  through the relatively thick polycrystalline   of this
invention, as illustrated in FIG. 12, 90 silicon layers. These advantages
outweigh   comprises a plurality of closely-spaced the fact that a double
polycrystalline silicon   CCD gates with self-implanted barriers.
technology is required to form the two elec-  The lateral extremities of
each CCD gate trode layers.                           are illustrated
graphically in FIG. 12 30    To improve the performance of the   b means of
brackets 106', 107', 108' and  95 device of the present invention, buried
l09'. For example, bracket 106' demarcates channel construction may be
employed. A   a CCD gate comprising first electrode 45' buried channel is
obtained typically by form-   and second electrode 84', which are in ing a
layer of appropriate impurities (n- ohmic contact with one another at the
left 35  type impurities for an n-channel device, and   edge of electrode
45'. Also, implanted 100 p-type impurities for a p-channel device) in
barrier 44' is in alignment with the left edge the semiconductor substrate
near but   of electrode 84' and comprises a portion of spaced from and
parallel to the substrate-  the CCD gate demarcated by bracket 106'.
insulator interface. Typically, this layer is  The CCD gate demarcated by
bracket 107' 



40  formed using ion-implantation techniques.  is separated from the
formerly described 105 Such a buried channel is not illustrated in   gate
demarcated by bracket 106' by the the figures; however, a buried channel,
if  thickness of the oxide layer on the right- employed, would be implanted
within the   hand portion of the electrode 4S'. The substrate 20 prior to
the formation of the   remaining CCD gates throughout the struc- 45  first
polycrystalline silicon layer 28. -  ture of this invention are fabricated
in a    110 The process described: above may be   similar manner. modified
to fabricate a structure similarly  Referring now to FIG. 13, still another
having closely-spaced electrodee. In the   embodiment of this invention is
illustrated. description hereinafter of other em-   A portion of the oxide
layer 53" is removed 50  bodiments of this invention, like reference  from
the electrodes 43", 45", 47" and 51" (of 115 numbers are employed in FIGS.
10 through  the structure illustrated in FIG. 4), and a 12 with a single
prime, and in FIG. 13 with a   second layer of electrodes is formed from
double prime.                           an aluminium  conductor .120. The
Referring now to FIG. 10, a modification   aluminium conductor 120 is
formed into in- 55  of the process is ilustrated, which modifica-
dividual electrodes 'by the use of a 120 tion is made after the process
step   photoresist pattern layer (not shown) and a illustrated in FIG. 4.
Portions of the insula-  suitable etchant. tion layer 53' are removed from
the left side  The final structure illustrated in FIG. 13 of the electrodes
43', 45', 47, 49' and 51'.  differs primarily from  the structure 60  Such
a removal process step may be ac-  illustrated in FIG. 12 by the use of a
125 complished by the use of a photoresist layer  metallic material for the
second electrodes. (not shown) and a suitable etchant.       WHAT WE CLAIM
IS- The polycrystalline silicon layer 74' is    1. A process of fabricating
a somiconduc- formed over the structure in the same   tor charge coupled
device structure, the 65  manner as described above in conjunction
process comprising the steps of      130    6
1,481,3.64                                   6 selectively applying at
least one layer of  claim in which the steps of selectively form-
insulation material to a semiconductor sub-  ing the plurality of
spaced-apart first gate strate;                           electrodes and
selectively forming said selectively forming a plurality of spaced-
plurality of second gate electrodes are ac- apart first gate electrodes on
the uppermost   complished  by depositing  doped  70 surface of the at
least one layer of insulation   polycline silicon. And removing selected
material;                                portions of said  doped
polycrystalline the semiconductor substrate in the intervals     8. A
process as claimed in any preceding 10  between the plurality of
spaced-apart first  -claim in which the step of a  at least  75 gate
electrodes, the edges of the implanted   one layer of insulation material
is ac- barrier regions being substantially aligned   complished by with the
respective first gate electrodes;  forming a layer of silicon dioxide on
the with the respective first gate electrodes;  semiconductor substrate;
and 15   selectively forming a plurality of second     forming a layer of
silicon nitride on the  80 gate electrodes on the uppermost surface of
layer of silicon dioxide the at least one insulating layer between the  9.
A process as claimed in claim 8 in plurality of spaced-apart first gate
elec-   which the step of forming a layer of silicon trodes above and
aligned with said barrier  dioxide is accomplished by thermally ox- 20
regions, one of the second gate electrodes      idizing the semiconductor
substrate. substantially occupying the space between           10. A
process as claimed in claim 8 having each of the plurality of first gate
electrodes. the step of forming a buried channel region 2. A process as
claimed in claim 1 having     in the surface of the semiconductor sub- the
step of forming a first insulation layer    strate before the step of
forming the at least 25     over the plurality of first gate electrodes
one layer of insulatin material. prior to the step of forming implanted
11. A semiconductor charge coupled barrier regions in the semiconductor
sub-       device structure comprising. strate, whereby the edges of the
implanted      a semiconductor substrate having a barrier regions are
aligned with the vertical   plurality of ion-implanted barrier region 30
edges of the first insulation layer on the      formed in spaced-apart
relation in the sur- respective first gate electrodes.               face
of said substrate; 3. A process as claimed in claim 1 or 2 in      at least
one layer of insulation material which the step of forming implanted
barrier     located on the surface of said semiconduc- regions is
accomplished by implanting ions      tor substrate; 



35     of the same conductivity type as the con-       a plurality of first
gate electrodes located   100 ductivity type of the semiconductor sub-
in spaced-apart relation on the uppermost strate om the intervals.
surface of the at least one layer of insulation 4. A process as claimed in
claim 1,2 or 3       material; and in which an ohmic contact is formed
a plurality of second gate electrodes 40     between each of the plurality
of first gate     located on the uppermost surface of the at  105
electrodes and an adjacent second gate          least one layer of
insulation material electrode.                                      between
the plurality of first gate electrodes 5. A process as claimed in claim 4
in           above and aligned with said barrier regions. which the
formation of the ohmic contact        one of the second gate electrodes
substan- 45     comprises the steps of                          tially
occupying the space between each of   110 forming a second insulation layer
over          the plurality of first gate electrodes substan- the first
insulation layer an the second gate   having a width that is substantially
equal electrode ;                                     the width of the
implanted barrier regions. selectively removing portions of the first
12. A semiconductor structure as claimed 50     and second insulation
layers; and               in claim 11 having a first insulation layer   115
forming a conductive interconnection            covering each of the
plurality of first gate between each of the first gate electrodes
electrodes, each of the plurality of the and an adjacent second gate
electrode           second gate electrodes abutting the first in- 6. A
process as claimed in claim 4 in           sulation layer which  covers
adjacent ones of 55     which the formation of the ohmic contact        the
plurality of first gate electrodes. comprises the steps of
13. A semiconductor structure as claimed selectively removing portions of
the first      in claim 12 having conducting means for insulating layer
prior to the step of forming   selectively interconnecting each of the 60
forming the plurality of second gate elec-      spaced-apart first gate
electrodes with an trodes so that one of the second gate elec-     adjacent
second gate electrode. trodes contacts and forms an electrical         14.
A semiconductor structure as claimed communication with the exposed portion
of       in claim 11 having a first insulation material an adjacent one of
the first gate electrodes    which partially covers each of the plurality
of first gate electrodes so that ohmic con-= 65    7. A process as claimed
in  any preceding        tact is made at uninsulated surface of.   130    7
1,481,364                                             7 each of the
plurality of first gate electrodes      ductor charge coupled device
structure sub- with an adjacent one of the plurality of
stantially as herein described with reference second gate electrodes.
to Figures 1 to 9, Figures 10 to 12 or Figure 15. A semiconductor structure
as claimed            13 of the accompanying drawings. 5   in any one of
claims 11 to 14 in which the          19. A semiconductor charge coupled
25 plurality of first gate electrodes and the          device structure
substantially as herein plurality of second gate electrodes comprise
described with reference to Figures 1 to 9, doped polycrystalline silicon.
Figures 10 to 12 or Figure 213 of the accom- 16. A semiconductor structure
as claimed            panying drawings. 10  in any one of claims 11 to 15
having buried                  POLLACK MERCER & TENCH, channel region
formed in the surface of the               Chartered Patent Agents,
semiconductor substrate.                                         Chancery
House 17. A semiconductor structure as claimed                   53-64
Chancery Lane, in any one of claims 11 to 16 in which the at
London. WC2A 1HJ, 15  least one insulation layer comprises a layer
and of silicon dioxide formed on said semicon-
Eastcheap House, *    ductor substrate and  a layer of silicon
Central Approach, *    nitride formed on said layer of silicon diox-
Letchworth ide.
Hertfordshire, SG6 3DS. 220    18. A process of fabricating a semicon-
Agents for the Applicants . Printed for Her Majesty's  Stationery Office by
the Courier Press,Lemington Spa 1977. Published by the Patent Office, 25
Southampton Buildings, London, WC2A, 1AY which copies may be obtained.    


