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HEWLETT-PACKARD   collected  under the electrodes and COMPANY, of 1501
Page Mill Road, Palo  transferred to a detector. Another potential  50
Alto, California 94304, United States of  application is to use the
transfer device as America, a  corporation organized and  an electronic
delay line. Yet another 5  existing under the laws of the State of
potential application is to  use charge California, United States of
America, do  transfer devices in a shift register mode to hereby declare
the invention, for which we  form a semiconductor computer memory.  55 pray
that a patent may be granted to us, and  Each clump of stored charge (or
the the method by which it is to be performed,  absence thereof) represents
one bit of 10  to be particularly described in and by the  information.
following statement:-                    For. all of these applications,
and This invention is concerned with charge  especially for use as a
computer memory, it  60 transfer devices.                      is important
that the charge transfer Charge  transfer  devices  are  efficiency be very
high. That is, when 15  semiconductor devices which operate to  charge is
transferred from  the -region store clumps of charge in localized regions
beneath one electrode to the region of a semiconductor, and to transfer the
beneath an adjacent electrode, a very large  65 stored charge
systematically from  one  fraction (for example 99.9%) of the charge region
to another. A typical MOS charge  should be transferred. Otherwise, charge
20  transfer device consists of an array of metal  which is left behind
will be subtracted from electrodes overlayed on a dielectric layer  the
charge comprising the transferred which is  itself deposited  on a
information bit, and added to the charge  70 semiconductor substrate. The
device  comprising the next adjacent bit. After a operates by storing
minority carriers in the  large number of transfers, the information 25
semiconductor in localized regions under  in both bits will have been
substantially certain ones of the metal electrodes. ,In one  degraded. type
of device, commonly called an    One of the ways known in the prior art to
75 interface device, the charge  is stored at the  achieve efficient
transfer is to employ a boundary between the oxide and the  three-phase
device in which every third 30  semiconductor substrate. In another type of
electrode is connected in common. To device, called a bulk device, the
stored  store charge, external voltages are applied charge is instead
distributed in the  to the electrodes to create a deep potential  80
semiconductor to some distance below the  well beneath every third
electrode. oxide-semiconductor interface. In both   Minority carriers in
the semiconductor 35  cases, the charge is' localized by applying  will be
trapped and temporarily stored in external voltages to the electrodes to
create  these regions. To effect a transfer of potential minima (potential
wells) in the  charge, external voltages are applied to the  85 vicinity of
the electrodes. By suitably  electrodes in a three-phase timed sequence
varying the voltages on the different  according to which another, deeper,
40  electrodes, the potential minima can be  potential well is created
beneath the moved from one electrode to the next,  electrodes adjacent on
one side to those thereby inducing a transfer of the stored  electrodes
under which charge may be  90 charge from one region to another.
currently stored. Under the influence of One potential application of these
charge  this deeper potential well, the charge 45  transfer devices is in
the area of image  stored under particular electrodes will be sensing;
minority carriers are generated in  transferred to the regions beneath the
the semiconductor in response to incident  above-mentioned adjacent
electrodes. At 95 



light, the charge thus generated being  the same time, the three-phase
voltage    2                                        1,470,214 operates to
establish  a very shallow   have increased in depth while at those under
potential well under the electrodes adjacent  the even-numbered  electrodes
have on the other side to those under which the  decreased in depth. Thus,
the charge that charge(if any) was initially stored. This  was formally
stored under the electrode 2 5    potential acts as a barrier to prevent
charge  will be spilled forward into the potential  70 from spilling
backwards." Thus, the three-  well under an electrode 3. However, since
phase  structure  serves to  provide  the relative depths of the potential
wells directionality to the charge transfer.    under the two halves of
electrode are However, it is often desirable to provide  decreased in
tandem, there will at all times l0    directtionality
tothechargetransferwithout  be a "potential shoulder" under the left  75
the complexities inherent in a three-phase  side of the electrode 2 which
will prevent system. This has been. accomplished in the  charge  from
slipping backwards to the prior art by using a two-phase system in  region
under electrode 1. In practice, it is which external voltages are applied
to the  difficult to design  and manufacture 15   electrodes in a two-phase
timed sequence  multiple oxide thickness devices which   80 beneath each
electrode. Directionality of  achieve efficient charge transfer. Typically,
the charge transfer is provided by making  for efficient transfer, one of
the oxide theoxide layer non-uniform. In particular,  thicknesses must be
very much greater than if the oxide is thicker under one side of the  the
other, for example, thicknesses in the 20  electrode than the other, the
variation in  ratio of about 1:3 to 1:5. Furthermore, in  85 dielectric
thickness will produce avariation  order to manufacture the device, two in
the potential. strength  under the  separate steps are required to grow and
electrode so that the charge will be stored  etch the two oxide layers.
Thus, it is often a preferentially  under one side of the  complicated and
expensive procedure to 25  electrode. To effect a charge transfer, the
provide charge transfer directionality  90 voltages on adjacent plates are
pulsed to  through the design and fabrication of multi- decrease the depth
of the potential wells in  level oxide devices. which charge (if any) is
currently stored,    The present invention  provides a while simultaneously
increasing the depth  semiconductor charge transfer device 30  of the
potential wells under the adjacent  comprising:
95 electrodes. Charge  which  was initially    a substrate layer of a
semiconductor stored in the "deep" potential well (now   material;
"shallow") will be transferred to the    an insulating layer of an
insulating adjacent potential well which is now   material on the substrate
layer; and 35   "deep". Figures 1A  and  1B  of the    an array of
electrodes positioned on the  100 accompanying drawings illustrate how the
insulating layer with an  electrically potential variation  under each
plate  insulating gap between adjacent electrodes, (caused by the
non-uniform thickness of the  each electrode comprising a first part of a
oxide layer) acts to provide directionality to  highly conductive material,
and a second 40  the charge transfer and thus prevent charge  part of a
highly resistive material, the highly 105 from slipping backwards. Figure
IA shows  resistive part and an associated portion of the configuration of
such a variable-  the insulating layer forming a distributed RC thickness
two-phase device in the storage  delay line for delaying the response time
of mode. A voltage [err] is applied to all of the  an associated region of
the substrate to 45   odd-numbered electrodes, while another  changes in
electrical potentials applied to  110 voltage [err] (where [err]) is
applied to the  the electrodes;. the resulting variation of even-numbered
electrodes. In  this  electrical potential in the substrate serving
configuration, charge can be stored under  to impart directionality to the
transfer of any of the even-numbered electrodes. An  charge in said device.
50  oxide layer 5 is thicker under the left side of    Preferably the
highly conductive material 115 each electrode than under the right side, so
of the electrodes is selected from  Al, that the potential well is deeper
under the  MoAu, or PtTi. right side than under the left side of these
Preferably the highly resistive material of electrodes. Charge will thus be
stored  the electrodes is selected from polysilicon 55   under the right
side. For example, in the  or thin metal layers.                   120 



Figure, charge is stored under the right side    Preferably the substrate
material is of an electrode 2 (representing a "1" bit of  selected from Si,
GaAs, or GaP. information), while no charge is stored   Preferably the
insulating material of the under an electrode 4 (representing a "0" bit
insulating layer is selected from [err] 60  of information). Figure 1B
shows the  or[err]                                                125
configuration of the device after the two-    Preferably a two phase
voltage source is phase voltages on adjacent electrodes have  electrically
interconnected with the array been exchanged.                           of
electrodes, alternate phases of the The arrows indicate that the potential
voltage source  being connected with 65  wells under the odd-numbered
electrodes  alternate electrodes in the array.         130    1,470,214
3 In accordance with the illustrated  achieving directionality  using a
non- preferred embodiment, the present  uniform oxide thickness. invention
provides a two-phase charge    There now follows a detailed description
transfer device using an array electrodes  which is to be read with
reference to 5   overlayed on an insulating layer which is  Figures 2A and
2B of the accompanying  70 deposited on a semiconductor substrate.
drawing of a two-phase charge transfer Directionality of the charge
transfer is  device according to the present invention; built-in by using
electrodes which include a  it is to be clearly understood that this highly
conductive part and another highly  device has been selected for
description to 10  resistive part. When a two-phase voltage  illustrate the
invention by way of example  75 applied to the electrodes changes phase,
and not by way of limitation. the potential under the conductive part of
In the drawings:- each  electrode  follows  almost    Figure 2A showsa
cross-sectional view of instantaneously. But the resistive part of  a
portion of a twophase charge transfer 15  each electrode acts in
conjunction with the  device using electrodes with a highly  80 oxide
insulating layer as a'distributed RC   conductive region and a highly
resistive line which slows the rate of change of the  region. potential in
the region beneath the resistive    Figure 2B  illustrates the progressive
part of the electrode. In effect, then, a  variations of the potential
wells under 20  single phase change in the voltage applied  several
electrodes during one charge  85 to  each  electrode  generates  an
transfer cycle. instantaneous change in one part of the    In Figure 2A
there is shown a substrate 5. potential well under that electrode, and  of
a semiconductor material, e.g. Si, or also a delayed change in another part
of  GaAs, or GaP. Deposited onto the 25  that potential well If the
geometry is  substrate 5 is an insulating layer 6 of a  90 suitably chosen,
the potential wells under  dielectric material, e.g. [err] or adjacent
electrodes will vary in such a way  [err] Overlayed on the insulating layer
6 is that charge is dumped from the region  an array of electrodes, four of
which are under one electrode to the region underthe  shown and labelled
11, 12, 13 and 14. Each 30  next adjacent electrode. The delayed  electrode
includes two distinct regions. One  95 change in part of the potential well
creates  region, shown  in the  illustrated a barrier which prevents charge
from   embodiment as being directly overlayed on slipping backwards.
the oxide layer 6, is a highly resistive region. Another feature of the
invention is that  In the Figure this highly resistive region is 35  the
charge transfer is self-correcting for  labeled 15a, 15b, 15c and 15d for
the four 100 losses of charge that occur when charge is  electrodes 11, 12,
13 and 14 respectively. transferred too rapidly into a region. In  Typical
values, of the resistivity are in the particular, the charge transfer
frequency is  range 0.1-100 [err]  which may be dependent almost entirely
on the RC time  obtained  by using material such as 40  constant of the
distributed RC line and not  polysilicon or a thin metal layer (e.g. 105 on
the external clock frequency. Thus,  thickness of about a few  thousand
when there is no charge in the region into  Angstroms). Typical dimensions
of the which charge is to be transferred, the highly resistive region are,
e.g. 5 [err] by 10 capacity (and hence the RC time constant) [err]
Overlayed on a portion of each of the 45  is small and the potential well
changes  resistive regions 15a-15d is a highly 110 rapidly, thereby
inducing a rapid transfer of  conductive region, numbered 17a, 17b, 17c, 



charge into the region. But, as- charge  17d for the four electrodes 11,
12, 13, 14 builds up in the region, the, capacity  respectively. Typical
values of the increases so that the shape of the potential  conductivity
are e.g. in the range 1-5 [err] 50  well changes less rapidly. The rate of
[err] which may be obtained by 115 transfer of charge into the region is
thus  using materials such as Al, or MoAu, or reduced. This self-correcting
process  PtTi. Typical dimensions of the highly ensures that charge will
not be transferred  conductive region are e.g. 2 [err] By into a
previously, charged region at a rate  using electrodes including both a
highly 55  high enough to cause loss of charge. The  conductive region and
a highly resistive 120 efficiency of the devices is thereby  region, each
electrode in effect becomes a increased.                              part
of a distributed RC network, the It can be seen that the directionality of
resistance being supplied by the highly the charge transfer is achieved in
the  resistive region of the electrode, and the 60  invention using only a
single oxide layer of  capacitance being supplied by the oxide- 125 a
uniform thickness. Since the resistivity of  semiconductor interface. The
spacing the electrodes can be varied by implanting  between the electrodes
must be small impurity ions in the resistive layer, there is  enough to
allow efficient charge transfer no additional masking step required during
from the region under one electrode to the 65  fabrication  as is required
in devices  region under the next adjacent electrode, 130    for example in
the range of about 1-3 [err] electrode 12 this part of the potential 23
will Also illustrated in Figure 2A is a two-phase  also  almost
instantaneously  follow  the voltage system including two voltage lines
phase of the applied potential so that there shown as providing
voltages-[err] and [err]  will be created instantaneously a deep 5   The
voltage -[err] is applied to the electrodes  potential([err]) in this
region beneath the  70 11 and 13 and also to all other odd-  conductive
part l7b of the electrode 12. numbered electrodes in the array, while the
The direction of change of depth of the voltage.-[err] is supplied to the
electrodes 12  region 23 is indicated by a downward arrow and 14 and also
to all other even-numbered  in the Figure. It can be seen, then, that the
10   electrodes in the array.                 charge which was originally
stored in the  75 The charge transfer operation of the  well beneath the
electrode 11 will be device may be understood by reference to  attracted
into the region beneath the Figure 2B. The first graph (l) of Figure 2B
electrode 12, as shown by the crosses. The illustrates the charge storage
mode in which  part of the potential well 25 (beneath the 15   the
electrodes l and 13 have a voltage in a  resistive region 15b of the
electrode 12 in  80 phase [err], applied to them  while the  Figure 2A)will
decrease to the [err] value,but electrodes I2 and 14 have applied to them a
will do so slowly.The entire sequence just voltage in a phase [err]. These
phases indicate  described also simultaneously occurs  with that the
voltage [err] is larger in magnitude  respect to the regions under the
electrodes 20   than the voltage [err] so that a deep potential  13 and 14.
Thus the potential under the   85 well is created under the odd-numbered
conductive region l7c immediately risesto electrodes. Charge could thus be
stored  the [err] value while the potential beneath the under the electrode
1 or the electrode 3.  resistive region 15c rises more slowly, etc. For the
purpose, of illustration, charge is  However, since no charge was currently
25   shown as being stored in the potential well  stored under the
electrode 13 no charge will  90 under the electrode.[err] , while under the
be transferred to the region  under the electrode 3 there is  an absence of
stored  electrode 14. This is, of course,equivalent charge. Thus in the
illustrated state there is  to a "0" bit of information  being a "I"
information bit stored under the  transferred. The third graph (3) of
Figure 30   electrode 3. The  graph labelled  (2)  2B illustrates the shape
of the potential well  95 illustrates the variation in the potential  later
in time as thecharge transfer when the voltages on the odd and even
proceeds. It. can be seen that the portion of electrodes change, in phase;
i.e. the [err] phase  the potential well 21a has risen almost is applied to
the even numbered electrode,  completely to the [err] level while the
portion 35    while the [err] phase is applied to the odd-  off the well
25a has almost decreased to the  100 numbered electrodes. In other words,
the [err] level. Thus the charge that was stored voltages.[err] and [err]
are instantaneously  under, the electrode 11has almost been exchanged.
Since the region directly under  entirely transferred to the region under
the 



the highly conductive portion 17a of the  electrode 12. 40   electrode 11
(in Figure 2A) includes a very    It can be seen th ththe charge transfer
105 low resistance, the RC time constant of that  described above is
directional  in that,when region will be very small. Consequently the  the
phase of the applied voltage is potential 19 in that region will almost
exchanged, charge is transferred in one. instantaneously follow the change
in phase  direction  only. The directionality is 45   of the  applied
potential, thereby   supplied by the fishtail-like motion of the  110
immediately jumping to the value [err]  changing potential well; that is,
the slow represented by the phase [err]. However the  rising of the region
21 creates an effective time constant of the distributed RC line  potential
shoulder which prevents the composed of the highly resistive region 15a
charge from sipping backwards from the 50  of the electrode 11 and the
oxide layer  region under the electrode 11 to the region  115 immediately
beneath that region (in Figure  under an electrode adjacent to the 2a) will
be much larger because of the high  electrode 11 on, the left side. Part
(4) of, resistance involved, typical values of this  Figure 2B illustrates
again the quiescent RC time constant being about I [err]. Thus  storage
stage in which charge could now be 55  the potential in the region beneath
the  stored under the electrodes 12 and 14. The  120 highly resistive part
15a will rise to its final presence of charge under the electrode 12 [err]
value very much slower than did the  represents a "1" information bit while
the potential under the highly conductive part  absence of charge stored
under the 17a. In the Figure this slower rise is shown   electrode 14
represents a "0" information 60  as a portion of the well 21, the rise
being  bit.                                   125 indicated by an arrow
It can be seen from the above description The portion of the potential well
labeled  that the time constant for the charge, 23 is that potential
beneath the conductive  transfer depends. almost entirely on the region 17b
of the electrode 12 (in Figure.  time constant of the distributed RC line
65  2A). When the phase [err] is applied to the  under each of the
electrodes. It is thus 130    1,470,214
5 5 independent of the clocking frequency of  electrical potential in the
substrate serving  35 the external voltages, provided only that  to impart
directionality to the transfer of the frequency is slower than the time
charge in said device. constant of the distributed RC lines.    2. A charge
transfer device as in claim I 5   Furthermore, as the charge is transferred
wherein the highly conductive material of into the regions under the newly
formed  the electrodes is selected from Al, MoAu,  40 deep potential wells,
for example, the well  or PtTi. under the electrode 12, the time constant
of    3. A charge transfer device as in claim I the region 25 increases,
which serves to  wherein the high resistive material of the 10   decrease
the rate at which that portion of  electrodes is selected from polysilicon
or the well descends. Thus the rate at which  thin metal layers.
45 charge will be transferred into this well is   4. A charge transfer
device as in claim I itself decreased. This feature of the  wherein the
substrate material is selected invention tends to ensure that charge will
from, Si, GaAs, or GaP. 15   not be transferred into a region at a high
5. A charge transfer device as in claim I enough rate to force the loss of
some  wherein the insulating material of the  50 charge.
insulating layer is selected from [err] or [err] WHAT WE CLAIM IS-
6. A charge transfer device according to 1. A  semiconductor charge
transfer  any one of the preceding claims wherein a 20  device comprising:
a substrate layer of a  two phase voltage source is electrically  55
semiconductor material; an insulating layer  interconnected with the array
of electrodes, of an insulating material on the substrate  alternate phases
of the voltage source being layer; and an array of electrodes positioned
connected with alternate electrodes in the on the insulating layer with an
electrically  array. 25  insulating gap between adjacent electrodes,    7.
A charge transfer device according to  60 each electrode comprising a first
part of a  claim  I substantially as hereinbefore highly conductive
material and a second  described with reference to Figures 2A and 



part of a highly resistive material, the highly  2B of the accompanying
drawings. resistive part and an associated portion of 30  the insulating
layer forming a distributed    ERIC POTTER & CLARKSON, RC delay line for
delaying the response          Chartered Patent Agents, time of an
assocated region of the substrate         Kingsway House, to changes in
electrical potentials applied             Kingsway, to the electrodes, the
resulting variation of      London, WC2B 6QX. Printed for Her Majesty's
Stationery Office, by the Courier Press, Leamington Spa, 1977 Published by
The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which
copies may be obtained.    1,470,214 Independent of the clocking frequency
of  electrical potential in the substrate serving  35 the external
voltages, provided only that  to impart directionality to the transfer of
the frequency is slower than the time  charge in said device. constant of
the distributed  RC  lines.    2. A charge transfer device as in claim I 5
Furthermore, as the charge is transferred   wherein the highly conductive
material of into the regions under the newly formed  the electrodes is
selected from Al, MoAu,  40 deep potential wells, for example, the well  or
PtTi. under the electrode 12, the time constant of    3. A charge transfer
device as in claim 1 the region 25 increases, which serves to  wherein the
high resistive material of the 10   decrease the rate at which that portion
of  electrodes is selected from polysilicon or the well descends. Thus the
rate at which  thin metal layers.                        45 charge will be
transferred into this well is    4. A charge transfer device as in claim  I
itself decreased. This feature  of the  wherein the substrate material is
selected invention tends to ensure that charge will  from, Si, GaAs, or
GaP. 15   not be transferred into a region at a high   5. A charge transfer
device as in claim 1 enough rate to force the loss of some  wherein the
insulating material of the  50 charge.
insulating layer is selected from [err] or [err] WHAT WE CLAIM  IS:-
6. A charge transfer device according to 1. A  semiconductor charge
transfer  any one of the preceding claims wherein a 20  device comprising:
a substrate layer of a  two phase voltage source is electrically  55
semiconductor material; an insulating layer  interconnected with the array
of electrodes, of an insulating material on the substrate  alternate phases
of the voltage source being layer; and an array of electrodes positioned
connected with alternate electrodes in the on the insulating layer with an
electrically  array. 25  insulating gap between adjacent electrodes,    7.
A charge transfer device according to  60 each electrode comprising a first
part of a  claim  I substantially  as hereinbefore highly conductive
material and a second  described with reference to Figures 2A and part of a
highly resistive material, the highly  2B of the accompanying drawings.
resistive part and an associated portion of 30  the insulating layer
forming a distributed      ERIC POTTER & CLARKSON, RC delay line for
delaying the response           Chartered Patent Agents, time of an
assocated region of the substrate          Kingsway House, to changes in
electrical potentials applied               Kingsway, to the electrodes,
the resulting variation of        London, WC2B 6QX. Printed for Her
Majesty's Stationery Office, by the Couier Press, Leamington Spa, 1977
Published by The Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from which copies may be obtained.    


