
(71)   We,  WESTERN   ELECTRIC   prise a first insulating layer on said
surface     COMPANY, INCORPORATED, of  195  and a plurality of conductive
field plates on     Broadway, New York City, New York State,  said first
insulating layer.                    45     United  States of America, a
Corporation    There may be included means for provid-  5  organised and
existing under the laws of the  ing a voltage on each of said plates such
as     State of New York, United States of America,  to produce a
predetermined electric field E     do hereby declare the invention for
which we  across said first insulating layer, the follow-     pray that a
patent may be granted to us, and  ing relation being satisfied
50     the method by which it is to be performed to 10  be particularly
described in and by the follow-     ing statement: -       This  invention
relates  to  information                  [err]     storage devices.
There are many electrical devices in which  where [err] is the dielectric
constant of said first 15  information can be stored or represented e.g.
insulating layer, e is the electron charge, t     by the polarity of
magnetic domains in a  is the thickness of said storage medium, and
sheet, hollow  core or wire, or in the case  n is the concentration of
carriers in said  55     of an optical image, in the form of electro-
medium.     static charge in a storage medium, as is usual    Preferably
there is included on the surface 20  practice in an image pick-up camera.
The  opposite said surface a second layer of insulat-     electrostatic
charge pattern may be "read"  ing material, and, on said second layer, a
with a scanning electron beam. Delay lines  conductive layer.
60     are also information storage devices and are   According to another
aspect of this inven-     typically acoustic or electromechanical with
tion an information storage device includes a 25  the  information  stored
dynamically  in  a  semiconductive charge carrier storage medium,
travelling elastic wave.                     means for detecting minority
charge carriers       The present invention seeks to provide an  at a
detection site at or near a surface of said  65     information storage
device which shall be  medium, and means for forming, when appro-
versatile and have many of the advantages of  priately energised, at or
near said surface a 30  the various storage devices mentioned above.
localised potential well for storing minority       According to one aspect
of this invention  charge carriers and for causing, when appro-     an
information storage device comprises an  priately energised, the transfer
within said  70     insulating or semi-insulating storage medium   medium
of minority charge carriers so stored     for storing electrical charge
carriers at a first  (if any) towards said detection site. 35  storage site
at or near a surface of said    The said means for forming and for caus-
medium, means for detecting charge carriers  ing may include a layer of
piezoelectric     at a detection site at or near said surface, and
material on said surface, and means for creat-  75     means for causing
the transfer, when appro-  ing an acoustic wave in said piezoelectric
priately energised, within said medium  of  layer. Preferably there is a
conductive elec- 40  charge carriers from  said first storage site  trode
on said piezoelectric layer.     towards said detection site.
According to a further aspect of this inven-       The said transfer
causing means may com-  tion an information storage device includes a  80
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2      semiconductive charge carrier storage medium,   FIG. 12 is a front
sectional view  of a     means for detecting minority charge carriers
device that does not require wire connections     at a detection site at or
near a surface of  to each transfer stage;     said medium, and means for
forming, when        FIG. 13 is a front sectional view illustrat- 5
appropriately energised, at or near said sur-  ing a structure alternative
to that of FIG.  70     face a plurality of localised potential wells for
12;     storing minority charge carriers at a corres-   FIG. 14 is a
schematic front sectional view     ponding plurality of storage sites and
for  of another device similar in many respects     causing, when
appropriately  energised, the  to the shift register of FIG. 2, and 10
transfer within said medium of minority charge   FIG. 15 is a schematic
front sectional view   75     carriers so stored (if any) from  storage
site  of part of the device of FIG. 14 showing a     to storage site
towards said detection site.  preferred form thereof.       The said means
for forming and for caus-    The  charge  transfer mechanism, whilst
ing may include an insulating layer on said  basically similar in all
embodiments described 15  surface, and a plurality of conductive elec-
herein, will be described with reference to  80     trodes on said layer,
said device being such  FIGS. 1A to 1D. In FIG. 1A a semiconductor     that
when each said electrode in appropriately  substrate 10 is covered with a
thin insulating     energised a potential well is formed there-  film  11
and two metal electrodes 12 and 13     under in said medium.
which form part of an array. Electrode 12 is 20    The said means for
forming and for caus-  biased while electrode 13 is not and a depic-  85
ing may further include a layer of piezo-  tion region or potential well 14
forms under     electric material overlying each said electrode,  electrode
12. In FIG. 1B, minority charges     and means for creating an acoustic
wave in  15, created through e.g. hole-electron pair     said piezoelectric
layer.                     generation from photon absorption, are shown 25
The said medium may be such as to pro-  migrating to the depletion region
14 and  90     duce said minority charge carriers in response  stored
there. When electrode 13 is biased     to radiation incident thereon.
simultaneously with electrode 12, the deple-       There may be provided
means for introduc-  tion region extends continuously below both     ing
minority charge carriers for storage and  electrodes as shown in FIG. 1C
and the 30  transfer.                                      charge
redistributes across the enlarged layer.  95        Such means may comprise
a p-n junction,  As the bias on electrode 12 is removed, as     or  a
metal-insulator-semiconductor  device  shown in FIG. 1D, the portion of the
deple-     energisable to avalanche.                     tion region under
electrode 12 collapses shift-       The invention will now be described
with  ing all the charge to the potential well 14' 35  reference to the
accompanying drawings, in  that is now associated with electrode 13. In
100     which:                                        a like manner the
charge entity represented       FIGS. 1A  to 1D  schematically illustrate
in FIG. 1D can be shifted to another location     charge translation or
transference;           in the semiconductor. It will be recognised
FIG. 2 is a schematic front sectional view  that the substrate 10 of FIGS.
1A  to 1D 40  of a shift register;                           can be p-type
and the charges reversed in  105       FIG. 3 shows a pulse program for the
shift  sign.     register of FIG. 2;                             The shift
register of FIG. 2 has a structure       FIG. 4 is a schematic front
sectional view  similar to that shown in FIGS. 1A to 1D.     illustrating
a preferred  method  of charge  A semiconductor substrate 20 is covered
with 45  translation;                                  a dielectric layer
21 on which is formed a  110       FIGS. 5A, 5B and 5C illustrate
schematic-  sequence of electrodes 22 to 24, in triplets     ally various
means for detecting the presence  designated a and b to n (being part of a
series     or absence of charge at an output position;   terminating with
24n). Conductors designated       FIGS. 6A and 6B are provided to explain
22', 23' and 24' join each third electrode. 50  a preferred technique for
enhancing charge  An input or generating stage 25 is an MIS  115
translation;                                  device driven to avalanche
condition. The       FIG. 7 is a plan view of a multichannel  charge
generated at 25 migrates as shown to     shift register;
the potential well 27a.       FIG. 8 is a plan view of one preferred
The shift register can be operated in a 55  form  of conductor arrangement
designed to  recirculating mode either for increasing the  120     avoid
crossovers in a three-conductor control  storage duration, or for
regenerating the signal     circuit.
to overcome noise or charge losses, by simply       FIG. 9 is a perspective
view of a portion  connecting the output signal back to the input     of a
charge translating device illustrating a  stage through  an  appropriate
regeneration 60  preferred electrical contact arrangement;     circuit 33.
Clearly also the shift register will 125       FIG. 10 is a front sectional
view  of a  find application in information or signal delay.     charge
translating device showing an alter-  By sequentially biasing conductors
23', 24'     native electrical contact arrangement;        and 22', the
charge will shift into pocket 27b.       FIG. 11 is a schematic front
sectional view  In a like manner the charge is translated into 65  of an
image storage device;                   pocket 27n and then into the
depletion region  130       
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accompanying a p-n  junction 29 of the  43', and 44' correspond to similar
elements       output stage. A pulse output is then detected  in FIG. 2. A
continuous bias voltage V' is       across a load 30 as shown. A bias
source 31 is  present on all conductors to form  a uniform       connected
to electrode 32 to bias the junction.  depletion region 45 over the entire
device.   5     Although the output stage shown utilises a  Potential wells
46 are formed under contacts  70       p-n junction to extract charge
collected from   42a and 42b as the result of the pulse voltage       the
terminal stage 24n, equally effective is a  [err] superimposed on the bias
voltage V'.       Schottky barrier device, an appropriate form    Although
the shift register of FIG. 2 was       of which is described in The Bell
System   described as having an avalanche device for   10  Technical
Journal, Vol. XLIV, No. 7, Sept.  creating charge at the input location 25,
there  75       1965 at pp. 1525-1528. Such charge detect-  are several
alternative methods for creating       ing devices can be characterised by
the term  minority charge carriers. For example, if the       "barrier
layer".                              input  stage  comprises  a  p-n
junction,         An exemplary pulse program  for the shift  minority
charge carriers can be injected into  15  register of FIG. 2 is shown in
FIG. 3 which  the  bulk  region of the  semiconductor by  80
illustrates transmission  of the binary code  forward  bias pulses
corresponding  to  the      1101. It is clear from  FIG. 2 that each
desired input signal. Alternatively carriers can      element 22a to 22n is
simultaneously pulsed  be injected by MIS surface avalanching as      via
conductor 22', likewise for conductors 23'  described in Journal of Applied
Physics, Vol.  20  and 24'. The pulses on each element are  9, No. 12, p.
444. A hybrid structure employ-  85      timed such that the time period
between the  ing a metal-oxide surface contact on a p-n      initiation of
sequential pulses, [err] is less than  junction is effective for the same
purpose.      three times the pulse width [err] This ensures  Another
alternative  is  to  generate  hole-      that the pulse on each sequential
stage over-  electron pairs by photon absorption or absorp-  25  laps both
the former and the subsequent stage;  tion of other ionising radiation.
This is des-  90      otherwise one potential well may  collapse  cribed in
copending U.K. patent application      before the next one is accessible to
the charge.  No. 25936/69  (Serial No. 1241379). The        Referring back
to FIG. 1C, it will be  minority  charge carriers will diffuse to  a
appreciated that the charge transfer time for  nearby depletion region
which in the case of 30  that portion of charge situated under electrode
the shift register of FIG. 2 is the first stage  95      12 will be equal
to the fall time of the pulse  27a. A means for achieving this is shown in
in FIG. 3. Experimental evidence indicates  dotted lines at 33 in FIG. 2 as
a light-      that the transfer time under the conditions  source-in this
case, a schematic representa-      outlined is quite fast. However, if the
pulse  tion of an electroluminescent diode. 35  program of FIG. 3 is
comparably fast, it may    The output stage can also assume a variety  100
be advantageous to use a pulse shape that gives  of forms some of which
will be described with      a longer fall time e.g. a sine wave.
reference to FIGS. 5A to 5C. These figures        Preferably a continuous
uniform  bias is  show the terminal section of the device of      present
on all conductors so as to maintain at  FIG. 2 including the last transfer
stage 24n. 40  least a shallow depletion layer over the entire  Each of
these output stages are charge detec-  105      surface of the device. This
bias should be at  tion devices constructed according to known      least
equal to the threshold voltage for produc-  principles. In FIG. 5A  the
detector is an      ing inversion under steady state conditions.  MIS
device and is therefore especially con-      In this way troublesome
surface states, which  venient, from  a processing standpoint, where 45
are  inevitably  present  at  semiconductor-  an MIS array comprises the
transfer stages. 110     insulator interfaces (and which cause adverse
With the semiconductor depleted, the capaci-     surface  recombination)
can  be maintained  tance associated with detector electrode 50
relatively free of majority carriers. Thus by  will indicate  the  presence
or absence  of     isolating the bulk of the majority carriers from
externally introduced charge in the depleted 50  the interface via a
space-charge layer, the  region  51. The capacity  across the MIS  115
carriers in the surface states, having  once  detector is measured by a
standard capacitive     recombined with minority carriers, cannot then
bridge as shown and the value indicated at     be replenished. This
technique, which simply  detector 52. The bias source 53 is arranged
requires a prebias on every metal contact,  via  switch  54  to
intermittently  bias that 55  ensures a long  lifetime for the minority
portion of the semiconductor below electrode  120     carriers constituting
the signal. In a device  50, first to establish the depletion region for
having many stages this expedient may be  attracting the charge to be
detected, and then     essential.                                    to
collapse the depleted region to recombine       The modification just
described is illus-  the charge which may have accumulated. 60  trated in
FIG. 4. The device shown corres-    In  the detection  stage of FIG. 5B  an
125     ponds to a middle portion of the shift register  alternating
current source 55 is connected to     of FIG. 2. A  semiconductor base
layer 40,  two adjacent field plates 56 and 57, the latter     which again
is n-type, an insulating layer 41,  again comprising MIS devices with
semicon-     and metal contacts 42a, 43a, 44a, 42b, 43b  ductor 20 and
insulating layer 21. A  bias 65  and 44b and the associated conductors 42',
source 58 maintains a depletion region 59  130        



4                                            1,340,619
4      beneath both electrodes 56 and 57. If charge  grated, e.g. the
elements 65, 71 and the  65     is present in the terminal transfer stage
24n  electrical connections can be integrated.     it is transferred to the
potential well accom-    The charge translating mechanism described
panying plate 56 on its negative half cycle,  in connection with FIG. 1
relies on thermal 5  and then towards the well of electrode 57 on
diffusion to transport carriers from potential     the latter's negative
half cycle. This transfer  well 14 to potential well 14'. While this trans-
70     of charge back and forth beneath electrodes 56  port mechanism  will
often be adequate, the     and 57 changes the a.c. impedance of the
response time of devices using this mechanism     circuit from  its value
without charge in the  can be significantly reduced by using an 10
depletion region. The presence or absence of  electric field to drive the
charge to the new     charge is thus detectable across an impedance
location. In many cases the use of the drive  75     60 by a potentiometer
61. The switch 62  field will also improve the collection efficiency.
serves to erase the charge in the manner of  One way of achieving this is
to shape the     switch 54 of FIG. 5A. The speed of erase  potential well
so that a field gradient exists 15  can be enhanced by providing a
switching  between adjacent wells. This, which for the     network to
reverse the d.c. bias rather than  purpose of this description will be
termed  80     merely removing the bias.                     "field
enhancement", will be described by way       The detection stage of FIG. 5C
relies on a  of example with reference to FIGS. 6A and     direct voltage
measurement to detect inter-  6B. 20  face charge [err] accumulated between
semicon-   FIG. 6A shows two conductors 72 and 73     ductor 20 and
insulator 21. The electrode 63  situated on insulating layer 74 which in
turn  85     is biased negatively via source 64 connected  covers
semiconductor substrate 75. With the     in series with a blocking
capacitance, shown  conductors 72 and 73 biased, their respective     as a
capacitor 65, but may alternatively be a  depletion  layers  appear  to
have  shapes 25  diode. A change in the charge level [err] is  indicated by
dashed lines 76 and 77. These     reflected by a change in the equivalent
capaci  lines, which represent the boundaries of the  90     tance of the
MIS  device. This affects the  depleted region of the semiconductor also
are     capacitive division between that element and  a function of the
field potential at the semi-     the capacitor 65 resulting in a change in
[err]  conductor-insulator interface. Thus it is con- 30  The voltage [err]
can be measured in various          venient to consider these boundary
lines as     ways, e.g. at the gate of a field-effect tran-  field profiles
along the surface of the semi-  95     sistor. Shown in FIG. 5C is a
field-effect  conductor where the charge is stored. As a     device
integrated with the semiconductor base  consequence of making the
dimensions of the     20 of the storage device. A  p-region 20A   electrode
comparable to, or less than, the 35  provides isolation according to known
inte-  thickness of the insulator, the field approaches     grated circuit
techniques. The voltage [err]  the situation where it appears to emanate as
100     being measured is connected to the gate elec-  if from  a point
rather than a plate (as in     trode 66. The insulating layer for the gate
FIG. 1) and produces a continuous field     is shown as an extension of
insulating layer  gradient along the surface. This field gradient 40  21.
Source and drain regions 67 and 68 are  is aptly described as a potential
well and     diffused through windows formed in this layer.  tends to
confine the charge at its centre. When  105     Source and drain electrodes
69 and 70 are  these wells are made to overlap (a condition     connected
through load 71 to bias source 72.  implicit from the previous discussion,
e.g. the     Detector 73 indicates the conduction state of  pulse program
of FIG. 3) the composite field 45  the FET which reveals the presence or
absence  profile is described by the chain-dotted line     of charge [err]
in the following manner.      78. Now  it is intuitively obvious that the
110                                                   charges will
transport from the region directly       A positive pulse delivered by
power source  under electrode 72 toward electrode 73. After     64
recombines any residual charge [err] and  the depletion field represented
by line 76     primes the device for detection. A negative  collapses, the
charges will be swept to the 50  pulse places negative charge on plate 63
and  surface region of highest potential in the well 115     depletes the
region under that electrode for  represented by line 77, or directly under
elec-     collecting holes delivered (or not delivered)  trode 73.     from
terminal stage 24n. The gate 66 is    Field enhancement can be made more
effec-     biased at the same potential leaving the FET  tive by using a
shaped pulse as will be des- 55  in an "ON" condition indicated at 73. If
cribed  with  reference  to  FIG. 6B. For 120     charge [err] enters the
region below plate 63, the  example, if a saw-tooth pulse is applied to
negative potential on the plate will be reduced.  electrodes 72 and 73,
then at a time [err] during     The corresponding reduction in potential at
the period of pulse overlap (the charge trans-     the gate electrode 66
will place the FET in  lating period), electrode 72 will be biased 60  an
"OFF" condition. If there is no charge [err]  at a lower voltage than
electrode 73, This is  125     the FET remains "ON".
indicated adjacent the respective pulse forms.       The device of FIG. 5C
is shown partly  The separate field profiles at [err] are described
integrated. The FET  device can be used  by dashed lines 79 and 80 with the
composite     separately or the device can be further inte-  profile
appearing as dotted line 89. The field         



1,340,619                                           5      gradient in the
direction of desired charge  often relies on careful control of the field
translation extends instantaneously all the way  profile at the
semiconductor insulator inter-     to the region immediately below
electrode 73.  face and if the conductors are in direct con-        Other
ways of producing a field gradient  tact with the insulator, the field from
each 5   or drive field for the charge (or absence of  lead will perturb
the desired field profile. To  70     charge) accumulated  at the initial
storage  overcome this a dual thickness oxide can be     location will
occur to those skilled in the art.  formed  over the  semiconductor. Such
an        The one dimension shift register shown in  arrangement is shown
in FIG. 9 in which the     FIG. 2 can advantageously be incorporated
semiconductor substrate 110 is first coated 10  in a multichannel register
as shown in FIG    with a thin insulating layer 111. Next a  75     7. It
is evident that the linear array of FIG.  thicker layer of another
insulating material is     2 requires at least n crossovers (the figure
formed on layer 111 and etched to form  a     shows 3n-3 crossovers but a
straightforward  grid 112 with openings for the metal field
modification reduces this number to n). Cross-  plates 113 which can be
deposited along with 15  overs are used more economically  in the
interconnections 114 in a single photolitho-  80     arrangement of FIG. 7
wherein the same  graphic operation. Some overlap is shown in     number of
crossovers may provide a large  the figure to ensure complete covering of
the     number of channels. FIG. 7 shows four  site. The conductor paths
114 to the elec-     channels but this number can be extended  trodes 113
are isolated from the substrate by 20  without adding additional crossover
connec-  the thick insulator 112. The dual thickness  85     tions. The
conductor arrangement of con-  insulating layer may be made from two
differ-     ductors 81', 82' and 83' is the same as that  ent insulating
materials, such as [err] and     in FIG. 2 with conductor 81' connected to
[err] that have different etching  charac-     contacts 81a to 81n in sheet
86 and likewise  teristics. Thus when the second layer is etched 25  with
conductors 82', 83' and electrodes 82a  to form  windows for the electrodes
an etch  90     to 82n and 83a to 83n. Input stages 84 and  can be selected
which does not attack the     output stages 85 have been discussed previ-
first insulating layer. An alternate procedure     ously.
known in the art for forming a dual thickness       An  electrode
configuration  requiring  a  layer is to deposit a continuous first layer,
30  minimum  number of crossovers is shown in  etch the windows, and
deposit another uniform   95     FIG. 8 which shows a portion of a device
layer.     which may, for example, be a plan view          An especially
convenient fabricating tech-     of a device similar to that of FIG. 4 and
nique is illustrated in FIG. 10 which is a     in which the conductors are
so arranged as to  front sectional view of a portion of a planar 35  avoid
the necessity of crossover connections.  processed device. The
semiconductor substrate  100     Using numbers preceded by "1" to indicate
120 is again covered with a suitable thin     elements corresponding with
those of FIG. 4,  insulating layer 121. A continuous metal layer     the
three conductors 142', 143' and 144' are  is deposited on layer 121 and
etched to form     deposited directly upon a raised portion of  discrete
metal electrodes 122-124. A  con- 40  the insulating  layer 140  and
interconnect  tinuous insulating layer 125 is then deposited  105
electrodes 142a, 142b, 143a, 143b and 144a,  over the electrodes 122-124.
Windows 127     144b, respectively. The path followed by the  are etched in
layer 125 to the underlying metal     charge as it is stepped through this
section is  and a ribbon or beam lead conductor 128 is     indicated by the
dashed line 145. In this  then deposited so as to contact electrodes 45
connection it should be appreciated that the  122-124. The procedure has
the advantage  110     charge is being translated under conductor  that it
is devoid of any critical photoresist     wires and thus forms a convenient
"cross-  alignment steps.     under" arrangement.
The production of minority charge carriers       Other arrangements similar
to that of FIG.  in the semiconductor by photon absorption, as 50  8 will
occur to those skilled in the art. Such  mentioned previously, and as
described in  115     arrangements can be described broadly as  United
States Patent No. 3,403,284, makes     having a plurality of electrodes in
which every  possible another category of device in accord-     third
electrode is connected to one of three  ance with the invention, e.g. an
image pick-up     conductors and is adjacent to two electrodes,  device,
one form  of which  is illustrated 55  each of which is connected to a
separate con-  schematically  in  FIG.  11. As  will be  120     ductor of
the remaining two, with all of the  appreciated, information  is read  into
the     conductors and  electrodes deposited  on  a  device in parallel.
Light in the form  of the     single substrate surface. The disposition of
optical image being recorded is incident on     the conductors along the
surface of the device  the side of the semiconductor 130 opposite 60  can
be an important consideration. In a large  to the storage control elements.
The latter  125     array it is impractical to bond each lead to its  again
comprise metal-insulator-semiconductor     associated electrode.
Consequently the charge  devices as in FIG. 2 but they could take any
transfer circuit would ordinarily be printed  of a variety of suitable
forms, e.g. other types     directly on the insulator covering the
substrate.  of depletion layer devices such as transistor- 65  However, the
effectiveness of the invention  type structures. The array shown contains
130         
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locations comprising three electrodes  as the  insulating  layer. Known
electrode     designated 132a to 134a, 132b to 134b, and  materials are
gold, aluminium  and doped-  65     132c to 134c connected to conductors
132',  silicon. A useful structure for the device of     133' and 134' in a
manner similar to the  FIG. 2 could employ 10 ohm/cm. n-type 5  arrangement
of FIG. 2. Apart from  the  silicon as the base layer 20, and 1,000 A to
parallel read-in of information, the charge  2,000 A of thermally grown
[err] as the layer     translation and readout operation can be as  21. The
oxide which has given the best results  70     described above. The linear
array shown in  so far is a dry oxide 1,200 A thick grown in     FIG. 11
may represent one raster line in a  oxygen at 1,100[err]C for one  hour and
annealed 10  video system. The charge is stored at loca-  in a nitrogen
atmosphere for one hour at     tions 132a-132c during the optical integra-
400[err]C. The flatband potential for this oxide     tion period and is
read out serially by trans-  is typically  -5  V. and the surface state  75
lating the charge to the readout section (refer  density is of the order of
[err] states/cm[err].     to FIG. 2). By sequentially reading each raster
Electrodes 22-24 may be gold in any typical 15  line, the video frame is
constructed.       thickness, e.g. 0.1 to a few microns. An appro-       As
will now  be appreciated, the charge  priate charge generator is a
p-region, having a     translation mechanism  involves a potential  boron
concentration of 10[err]   atoms/cm[err], driven  80     well travelling
along the surface of the semi-  at avalanche, i.e. a few volts. The
detector     conductor. The use of electrical connections  may be a similar
p-n junction. The creation 20  to achieve this has already been described
but  and detection of minority carriers in semi-     other means of
producing a travelling potential  conductors can be accomplished  by well-
may offer distinct advantages. For example,  known techniques.
85     the field accompanying  an  acoustic wave    The dimensions of the
transfer array can     travelling in a piezoelectric medium  is an  vary
widely. The spacing between electrodes 25  attractive alternative. FIG. 12
shows a portion  depends upon the extent of the space charge     of the
shift register of FIG. 2 with semi-  region permitted. For example if the
semi-     conductor 159, insulator 160, and a series of  conductor is 10
ohm/cm. silicon and a voltage  90     metal contacts 161 corresponding
essentially  of 10 volts is used, the depletion region will     to similar
elements in FIG. 2. A piezoelectric  extend approximately 5 [err] This
would suggest 30  layer 162 is deposited over the metal contacts.  an
electrode spacing of the order of a few     This layer may be composed of a
suitable  microns for the necessary overlap. It is to be     piezoelectric
material such as zinc oxide or  understood, however, that the invention is
in  95     cadmium sulphide, and may be evaporated or  no way limited to
silicon or its associated     sputtered onto the device. A  piezoelectric
technology. 35  transducer (not shown) or other suitable means    The
devices described so far are essentially     creates an ultrasonic wave
which propagates  minority carrier devices, that is, the charge     through
the layer 162 parallel to the surface  carriers that represent the
information  are  100     of the device. The electric field accompany-
minority carriers in the semiconductor. As     ing the elastic deformation
in the piezoelec-  will be appreciated however, the invention 40  tric
layer sequentially biases the electrodes  is not so limited. The invention
can be carried      161 and creates potential wells 163 that travel  into
effect with a storage medium  in which      along the surface of
semiconductor 159.     the  active  regions  or  storage  sites  are  105
The discrete electrodes of FIG. 12 can  inherently depleted of carriers.
Such a storage     be eliminated. For example, FIG. 13 shows a  medium can
be one of several known insulat- 45  device in which the semiconductor 170
is  ing or semi-insulating semiconductors. These     coated directly with a
piezoelectric layer 171.  materials have been of interest for some time,
In this device the field propagated in associa-  often in connection  with
piezoelectric and  110     tion with the elastic wave in medium  171
photoelectric effects. Examples of some semi-     (initiated  by  an
appropriate  ultrasonic  insulating materials which may be used for 50
generator not shown) is used to form travelling  carrying out this
invention are the II-VI      potential wells 172. A metal electrode 173
compounds, especially ZnO, CdS, ZnS, ZnSe      may be used to create a
uniform  depletion  and CdSe. These materials are ionic semi- 115
layer over the entire charge translating surface  conductors with large
bandgaps and generally      for the purpose described in connection with
low  charge carrier density. Other suitable 55  FIG. 4.
materials having these properties are [err]        Materials suitable for
the manufacture of  and [err]. These materials normally occur      the
devices described are available and well  as n-type semiconductors although
this pro- 120      understood. For example, the devices can be  perty is
not essential of indeed important for      fabricated of silicon and
silicon dioxide in  the purpose  of the  invention. In  n-type 60
accordance with well-established  principles.  material the charges
injected, translated and      Combinations of insulators such as
detected would advantageously be electrons.
There are certain advantages in the use of 125             [err]
these materials. The electrical field required
to store and translate the charge representing      are especially useful
in certain circumstances  information can be comparatively small.   The



1,340,619      tolerances on the spacing between storage sites  maximum for
the quantity P/e is of the order     are  in  some  cases  less  severe
than  in  of 6 X 10[err], so that Equation  (1) can be     "minority
carrier" charge coupled devices.   reduced to:       Since certain of these
materials have large 5  bandgaps, thermal generation of carriers or
[err]                       65     "noise" is characteristically low. This
permits     longer  carrier  lifetime  and  consequently   While these
expressions serve to distinguish     longer storage times. Preferably the
material  such materials from  the more conventional     has a bandgap
exceeding 1.5 volts but less  semiconductors  discussed   previously,  the
10  than 8 volts.                                material shown  should
not be  so  highly       Considerable freedom exists in the selection
insulating that the mobility is so low  that  70     of materials in terms
of their surface or inter-  hole or electron conduction is not practical.
face properties. With the present state of the  For this purpose the
material should have a     art, the surface state density is characteristic
mobility of at least 10-[err]/volt sec. While 15  of the materials forming
the interface. A   typical materials which may be employed have
reduction in the number of surface states  bandgaps of the order of a few
volts, there  75     (recombination sites) made possible through  is no
theoretical maximum  since the storage     the use of new combinations of
materials may  medium  itself  does  not have  to  supply     result in
longer carrier lifetime and more  carriers. It is however necessary to have
a 20  efficient transfer. A further advantage is that  barrier difference,
e.g. at least one volt,     the carriers representing the information can
between the storage medium and the adjacent  80     be injected directly
into the device through  insulator. Thus for example, if the storage     an
ohmic contact. The detection stage can  medium  is a high bandgap material,
such as     also comprise an ohmic contact.              [err] the
insulator should have a higher band- 25    Referring  now  to  Fig. 14, the
storage  gap (e.g. BeO).     medium  180 is of insulating or semi-insulat-
Although the input and output stages, or  85     ing material. This means
that during opera-  either of them, can comprise ohmic contacts     tion
the material is depleted of free carriers  for  direct injection  and/or
collection  of     that could combine with charge being trans-  carriers,
in some cases it may be advantageous 30  lated between storage sites.
Specific materials  to include a rectifying barrier at either site,
that can conveniently be prepared with this  e.g. as part of a
pulse-forming or pulse-detec-  90     property and that are considered
advantageous  tion network. In such cases input stage 185     are ZnO, ZnS,
CdS and KT[err]O.              or output stage 186 may comprise a Schottky
An insulating layer 181 of a high quality  barrier contact. 35  dielectric
material has properties suitable for    Preferably, as shown in FIG. 15,
there is     the intermediate layer of an MIS device. SiO[err]  provided
an  MIS  layer consisting  of an  95     and [err] are exemplary materials.
Metal  insulating layer 187 and a metal layer 188     field plates 182a,
182b, 182n, 183a, 183b,  on the opposite side of the semi-insulating
183n, 184a, 184b and 184n are connected to  body 180. This allows a field
to be impressed 40  a three wire drive system including conductors  on the
body 180, without injecting carriers, to     182, 183 and 184 which in
operation are  restrict the charge being transferred to the  100
sequentially  biased  to  create  an  apparent  active surface region of
the device thereby     travelling field along the surface of the semi-
increasing the charge transfer efficiency. This     insulating body 180.
Carriers injected through  expedient is also useful when the body 180 45
an input stage 185 will be carried by this  is very thin as, for example,
in the case where     field to an output stage 186 where the pre-  it is a
deposited thin film. A bias means 189  105     sence or absence of charge
is detected in the  is made negative with respect to the injecting
manner described previously.                 contact 185 in the case where
the material       The material 180 can be defined more  180 is n-type. The
layer 187 can be con- 50  specifically by the expression
veniently formed in the same operation as
layer 181.                                   110
[err]                        Reference  is directed  to  our copending
(1)  patent application no. 21830/71 (Serial No.
1340617) which  relates  to  semiconductor
devices in which information is storable in     where e is the dielectric
constant of the insulat-  the form of charge carriers.          115     ing
layer 181, E is the electric field across     that layer, e is the electron
charge (1.6 X 10[err]),    WHAT WE CLAIM  IS:- 55  t is the thickness of
medium  180, and n is    1. An information storage device compris-     the
free carrier concentration of the medium   ing an insulating or
semi-insulating storage     180.
medium  for storing electrical charge carriers       The product [err] E
defines the polarisation P   at a first storage site at or near a surface
of 120     of the insulator 181. The observed polarisa-  said  medium,
means for detecting  charge 60  tion for an insulator of exceptional
quality is  carriers at a detection site at or near said     10 X 10[err]
coulombs cm[err]. Thus a practical  surface, and means for causing the
transfer,       



1,340,619                                           7      tolerances on
the spacing between storage sites  maximum for the quantity P/e is of the
order     are  in  some  cases  less  severe  than  in  of 6 x 10[err] so
that Equation (1) can be     "minority carrier" charge coupled devices.
reduced to:       Since certain of these materials have large 5  bandgaps,
thermal generation of carriers or                   [err]           (2)  65
"noise" is characteristically low. This permits     longer  carrier
lifetime  and  consequently    While these expressions serve to distinguish
longer storage times. Preferably the material  such materials from  the
more conventional     has a bandgap exceeding 1.5 volts but less
semiconductors  discussed   previously,  the 10  than 8 volts.
material shown  should  not be so  highly       Considerable freedom exists
in the selection  insulating that the mobility is so low  that  70     of
materials in terms of their surface or inter-  hole or electron conduction
is not practical.     face properties. With the present state of the  For
this purpose the material should have a     art, the surface state density
is characteristic  mobility of at least 10[err]/volt sec. While 15  of the
materials forming the interface. A   typical materials which may be
employed have     reduction in the number of surface states  bandgaps of
the order of a few volts, there  75     (recombination sites) made possible
through  is no theoretical maximum  since the storage     the use of new
combinations of materials may  medium  itself does not have  to  supply
result in longer carrier lifetime and more  carriers. It is however
necessary to have a 20  efficient transfer. A further advantage is that
barrier difference, e.g. at least one volt,     the carriers representing
the information can  between the storage medium and the adjacent  80     be
injected directly into the device through  insulator. Thus for example, if
the storage     an ohmic contact. The detection stage can  medium is a high
bandgap material, such as     also comprise an ohmic contact.
[err] the insulator should have a higher band- 25    Referring now  to
Fig. 14, the  storage  gap (e.g. BeO).     medium  180 is of insulating or
semi-insulat-   Although the input and output stages, or  85     ing
material. This means that during opera-  either of them, can comprise ohmic
contacts     tion the material is depleted of free carriers  for  direct
injection  and/or  collection  of     that could combine with charge being
trans-  carriers, in some cases it may be advantageous 30  lated between
storage sites. Specific materials  to include a rectifying barrier at
either site,     that can conveniently be prepared with this  e.g. as part
of a pulse-forming or pulse-detec-  90     property and that are considered
advantageous  tion network. In such cases input stage 185     are ZnO, ZnS,
CdS and KT[err]O[err].                  or output stage 186 may comprise a
Schottky       An insulating layer 181 of a high quality  barrier contact.
35  dielectric material has properties suitable for    Preferably, as shown
in FIG. 15, there is     the intermediate layer of an MIS device. [err]
provided  an  MIS  layer consisting of an  95     and [err]  are exemplary
materials. Metal  insulating layer 187 and a metal layer 188     field
plates 182a, 182b, 182n, 183a, 183b,  on the opposite side of the
semi-insulating     183n, 184a, 184b and 184n are connected to  body 180.
This allows a field to be impressed 40  a three wire drive system including
conductors  on the body 180, without injecting carriers, to     182, 183
and 184 which in operation are  restrict the charge being transferred to
the  100     sequentially  biased  to  create  an  apparent  active surface
region of the device thereby     travelling field along the surface of the
semi-  increasing the charge transfer efficiency. This     insulating body
180. Carriers injected through  expedient is also useful when the body 180
45  an input stage 185 will be carried by this  is very thin as, for
example, in the case where     field to an output stage 186 where the pre-
it is a deposited thin film. A bias means 189  105     sence or absence of
charge is detected in the  is made negative with respect to the injecting
manner described previously.                  contact 185 in the case where
the material       The material 180 can be defined more  180 is n-type. The
layer 187 can be con- 50  specifically by the expression
veniently formed in the same operation as
layer 181.                                    110
[err]                        Reference is directed  to  our copending
(1)  patent application no. 21830/71 (Serial No.
1340617) which  relates  to  semiconductor
devices in which information is storable in     where [err] is the
dielectric constant of the insulat-  the form of charge carriers.
115     ing layer 181, E is the electric field across     that layer, [err]
is the electron charge (1.6 X 10[err]),    WHAT WE CLAIM  IS: - 55  t is
the thickness of medium  180, and n is    1. An information storage device
compris-     the free carrier concentration of the medium  ing an
insulating or semi-insulating storage     180.
medium  for storing electrical charge carriers       The product [err] E
defines the polarization P   at a first storage site at or near a surface
of 120     of the insulator 181. The observed polarisa-  said  medium,
means for detecting charge 60  tion for an insulator of exceptional quality
is  carriers at a detection site at or near said     10x10[err]  coulombs
cm[err]. Thus a practical  surface, and means for causing the transfer,



1,340,619       when  appropriately  energised, within  said  a plurality
of localised potential wells for stor-      medium  of charge carriers from
said first  ing minority charge carriers at a correspond-      storage site
towards said detection site.     ing plurality of storage sites and for
causing,  60        2. A device as claimed in claim 1 wherein  when
appropriately  energised, the transfer  5  said medium has a bandgap in the
range 1.5  within said medium of minority charge carriers      volts to 8.0
volts.                           so stored (if any) from storage site to
storage        3. A  device as claimed in claim  1 or 2  site towards said
detection site.      wherein said medium  is of ZnO, ZnS, CdS,    12. A
device as claimed in claim 11 where-  65      CdSe, ZnSe, [err] or [err]
in said means for forming and for causing  10    4. A  device as claimed in
any one pre-  includes an insulating layer on said surface,      ceding
claim  wherein said transfer causing  and a plurality of conductive
electrodes on said      means comprises a first insulating layer on  layer,
said device being such that when each      said surface, and a plurality of
conductive  said electrode is appropriately energised a  70      field
plates on said first insulating layer.  potential well is formed thereunder
in said  15    5. A device as claimed in claim 4 including  medium.
means for providing a voltage on each of said   13. A device as claimed in
claim 12 where-      plates such as to produce a predetermined  in said
means for forming and for causing      electric field E  across said first
insulating  further  includes  a  layer  of  piezoelectric  75      layer,
and wherein the following relation is  material overlying each said
electrode, and 20  satisfied                                     means for
creating an acoustic wave in said
piezoelectric layer.                        [err]
14. A device as claimed in claim 12 or 13                        wherein
said  medium  is silicon  and  said  80                        insulating
layer is silicon-dioxide.
15. A  device as claimed in any one of     where [err] is the dielectric
constant of said first  claims 8 to 14 wherein said medium is such
insulating layer, e is the electron charge, t is  as to produce said
minority charge carriers in     the thickness of said storage medium, and n
response to radiation incident thereon.       85 25  is the concentration
of carriers in said medium.    16. A  device as claimed in any one of
6. A device as claimed in claim 5 wherein  claims 8 to 14 including means
for introduc-     nt<x10[err].                                 ing minority
charge carriers for storage and        7. A device as claimed in any one
preced-  transfer.     ing claim  including on the surface opposite    17.
A device as claimed in claim 16 where-  90 30  said  surface a second layer
of insulating  in said means for introducing minority charge     material,
and, on said second layer, a conduc-  carriers comprises a p-n  junction.
tive layer.                                     18. A device as claimed in
claim 16 where-        8. An information storage device including  in said
means for introducing minority charge     a  semiconductive  charge
carrier  storage  carriers comprises a metal-insulator-semicon-  95 35
medium, means for detecting minority charge  ductor device energisable to
avalanche.     carriers at a detection site at or near a surface  19. A
device as claimed in any one of     of said medium, and means for forming,
when  claims 16 to 18 wherein said detecting means     appropriately
energised, at or near said surface  is coupled to said means for
introducing     a localised potential well for storing minority  minority
charge carriers.                 100 40  charge carriers and for causing,
when appro-    20. A  device as claimed in any one of     priately
energised, the transfer within said  claims 8 to 19 wherein said detecting
means     medium of minority charge carriers so stored  comprises  a
metal-insulator-semiconductor     (if any) towards said detection site.
device.       9. A device as claimed in claim 8 wherein    21. Information
storage devices substanti-  105 45  said  means for forming  and  for
causing  ally as herein described with reference to     includes a layer of
piezoelectric material on  FIGS. 1 to 13 of the accompanying draw-     said
surface, and  means for creating  an  ings.     acoustic wave in said
piezoelectric layer.      22. An information storage device substanti-
10. A device as claimed in claim 9 includ-  ally as herein described with
reference to  110 50  ing a conductive electrode on said piezo-  FIG. 14 or
15 of the accompanying draw-     electric layer.
ings.       11. An information storage device includ-     ing a
semiconductive charge carrier storage              C. S. T. BUCKLEY,
medium, means for detecting minority charge            Chartered Patent
Agent, 55  carriers at a detection site at or near a surface        5
Mornington Road,     of said medium, and means for forming, when
Woodford Green, Essex.     appropriately energised, at or near said surface
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