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[57] ABSTRACT 
A charge coupled device capable of operating with two 
phase clock pulses wherein asymmetrical potential 
wells are established by the use of channel stoppers 
which are formed on opposite edges of the charge cou— 
pled device and which have restricted portions through 
which the charges can flow from one storage area to the 
other. 
The invention also comprises an information storage 
device including an array of photosensors with certain 

3,816,769 6/1974 Crowle ................................ ., 357/24 photosensors coupled to a particular charge transfer 
33826-926 7/1974 Why“ CH1 357/24 device according to the invention wherein channel 

gamma"! """" 32;”: stoppers with restricted passages are formed so as to 
‘3’896’474 7/1975 Aumrzlimoee? a?‘ a ' 35724 provide asymmetrical charge transfer between the pho 
3’893'685 8/1975 Engeler at 3]‘ 357/24 tosensors and various elements of the charge transfer 
3,971,003 7/1970 Kosonocky 357/24 dew“ 
3,983,573 9/1976 Ishihara ,. 357/24 
3,995,302 11/1976 Amelio ................................ 1. 357/24 10 Claims, 14 Drawing Figures 
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TWO-PHASE CHARGE TRANSFER DEVICE 
IMAGE SENSOR 

Matter enclosed in heavy brackets I: ] appears in the 
original patent but forms no part of this reissue speci?ca 
tiun; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates in general to charge coupled 

devices and in particular to a novel charge coupled 
device and information storage device for storing and 
sequentially transferring electronic signals in represen 
tative of information. 

2. Description of the Prior Art 
Charge coupled devices have been well known for 

storing and transferring charges in a storage medium by 
the use of appropriate potentials applied upon an insu 
lating layer overlying one surface of a medium. For 
example, the article entitled “Charge Coupled Imaging: 
State of the Art“ which appeared in Solid State Devices 
1973, pages 83 through 107 disclose a number ofcharge 
coupled devices as well as charge coupled image sen 
sors. 

Prior art charge coupled devices have used a plural 
ity of aligned gates overlying an insulating layer on a 
substrate and wherein three phase clock signals are 
respectively applied to the gates. 
Other charge coupled devices have utilized semicon 

ductors having a layer of insulating material, as for 
example, silicon dioxide which varies in thickness and 
upon which aligned pairs of gates are arranged so as to 
operate with two phase clock signals. 

It has also been known to provide asymmetrical dop 
ing under the gates so as to obtain asymmetrical charge 
distribution in the device. However, the use of three 
phase clock pulses, varying thickness of the insulating 
layer under the gates and asymmetrical doping results in 
complicated and expensive devices and methods partic 
ularly for obtaining the varying thickness ofthe insulat 
ing layer and the asymmetrical doping are very difficult 
to perform. 

SUMMARY OF THE INVENTION 

The present invention comprises a novel charge cou 
pled device capable of operating with two phase clock 
signals and wherein channel stoppers are provided on 
opposite sides of the gates in the semiconductor mate 
rial with restricted openings between adjacent storage 
areas under the gates so as to provide asymmetrical 
charge distribution in the charge transfer device. 

In a speci?c application as an image sensor light sens 
ing elements are provided adjacent storage elements in 
charge transfer devices with channel stoppers arranged 
so as to prevent charges from passing from a light sen 
sor element to an adjacent light sensor element‘but 
which allows charges to flow from a particular light 
sensor element to its associated storage element and 
wherein said channel stoppers further are formed so as 
to provide restricted areas between adjacent storage 
areas to thus provide asymmetrical charge distribution 
and charge transfer in a unilateral direction through the 
storage device upon the application of clock signals. 
A main object of the invention is to provide a two 

phase clock type charge transfer device which is free 
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2 
from the drawbacks of the two phase and three phase 
clock type devices of the prior art. 
Another object of this invention is to provide an 

interline transfer system for a solid state area imaging 
device using a novel two phase clock type charge trans 
fer device system. 

In the invention a channel stopper region formed in a 
solid state area imaging device is used to form an asym 
metrical potential well. Also, in this invention, a poten 
tial well can be easily formed without changing the 
thickness of the insulated oxide film over the substrate 
and the desired asymmetrical potential well can be 
formed by a channel stopper region having a predeter 
mined shape. 
Other objects, features and advantages of the inven~ 

tion will be readily apparent from the following de' 
scription of certain preferred embodiments thereof 
taken in conjunction with the accompanying drawings 
although variations and modifications may be effected 
without departing from the spirit and scope of the novel 
concepts of the disclosure and in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a prior art three phase charge cou 
pled device; 

FIG. 2 illustrates a prior art two phase charge cou 
pled device; 
FIG. 3 is a top plan view of a solid state imaging 

device; 
FIG. 4 is an enlarged plan view illustrating the solid 

state imaging area of the invention; 
FIG. Sis a cross-sectional view taken on line Av’ A of 

FIG. 4; 
FIG. 6A is a cross-sectional view taken on lines c or 

c‘ from FIG. 4; 
FIG. 68 illustrates the potentials in FIG. 6A; 
FIG. 7A is a cross-sectional view taken on line b or 

b’; 
FIG. 7B illustrates the potentials in FIG. 7A; 
FIG. 8A is a plan view illustrating a portion of FIG. 

4; 
FIG. 8B is a view illustrating the potential on a line 

taken on section line B—B of FIG. 8A; 
FIG. 9 is a partial sectional view illustrating a moditi» 

cation of the invention; 
FIG. 10 is a partial sectional view illustrating a modi 

?cation of the invention; and 
FIG. 11 is a top plan view illustrating a charge trans 

fer device according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Prior art charge coupled devices have been either 
three phase or two phase clock types. FIG. 1 illustrates 
a prior art three phase clock type transfer device which 
comprises a substrate 5 made of, for example. silicon 
upon which a dielectric layer 6 made of silicon dioxide 
or some similar substance is deposited and a plurality of 
gate electrodes 7 are formed on the silicon dioxide layer 
6 and are arranged in a charge transfer direction to form 
a transfer device. Every third gate electrode 7 is con 
nected together to provide three sets of electrodes to 
which are applied three phase clock voltages d1]. 4); and 
d); so as to form potential wells having different depths 
in the substrate under adjacent gate electrodes so that 
electrical charges being stored can be transferred unilat 
erally through the device. In such a three phase clock 
type charge transfer device, however, it is a drawback 
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because the three phase drive is troublesome and the 
electrical conductive layers for supplying feed voltage 
to the gates will have a complicated pattern and in an 
image sensing device the number of picture elements 
per unit area cannot be increased when forming a solid 
state area imaging device. 

FIG. 2 illustrates another example of charge coupled 
devices of the prior art utilizing two phase clock drive 
in which the elements similar to those in FIG. 1 are 
shown by the same reference numerals but wherein the 
dielectric layer 6 is made to have differing thicknesses 
under the gates 7 so that each gate has a ?rst portion 
which is over a relatively thin layer of silicon dioxide 
and second portions which are over relatively thick 
portions of silicon dioxide. Such structures allow two 
phase clock drive which can be applied to alternate 
electrodes to transfer charge in a unilateral direction 
because potential wells which are asymmetrical relative 
to the charge transfer direction are formed in the neigh 
borhood of the substrate surface under each electrode 7 
due to the varying thickness of the dielectric 6. With 
such an arrangement, when two phase clock voltages 
(in and d); are applied, electrical charges will be trans 
ferred in one direction. The two phase clock type 
charge transfer device described is suitable for use in 
interline transfer system solid state imaging devices. 
Conventional two phase clock type CTD in which the 
thickness of the dielectric under each electric is made 
different at the front and rear portions relative to the 
charge transfer direction are very dif?cult to fabricate. _ 
Also, other prior art devices wherein the impurity con» 
centration of the substrate surface under each electrode 
is made to vary between the front and rear edges are 
known, however, such devices are also very difficult to 
construct. Furthermore, the miniaturization of such 
devices is very difficlt due to the varying thicknesses of 
the dielectric 6 and/or the variation in the doping con 
centration. 

FIG. 3 illustrates a solid state area imaging device 
using CTD, for example, using interline transfer system 
wherein there are disposed in a semiconductor substrate 
a plurality of island-like light sensing elements 1 which 
serve as the picture elements and are arranged as shown 
in FIG. 3. A vertical shift register having CTD con 
struction is disposed at one side of each column of the 
light sensing elements 1 and a common horizontal shift 
register 3 also having CTD construction is provided at 
one end of each of the shift registers 2 so as to receive 
their outputs. The vertical shift registers 2 have transfer 
portions corresponding to the respective light sensing 
elements 1 and signal charges corresponding to the 
amount of light impinging upon each of the elements 1 
are transferred to corresponding transfer portions of the 
vertical shift registers 2 by a charge transfer device 
construction illustrated in dotted line by 4. The transfer 
charges are shifted to the horizontal shift register 3 by 
the vertical shift registers 2 and the signal is succes 
sively derived from an output terminal t of the horizon 
tal shift register 3. These light sensing elements 1, the 
shift registers 2 and 3 are formed on a common semicon 
ductor substrate and the portions between adjacent 
sensing elements 1 and the portions between the light 
sensing elements and the shift registers which are to be 
separated from each other are formed with channel 
stopper regions which are heavily doped with impuri 
ties so that they are isolated electrically from each 
other. The prior art solid state area imaging devices 
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4 
utilize CTD construction as discussed in the prior art 
above and have the same defects as such devices. 
FIGS. 4 and 5 illustrate one example of an interline 

transfer system utilizing a solid state area imaging de 
vice according to the invention. A silicon substrate 10 
of one conductivity type, for example N-type which has 
an impurity concentration of about 10‘5 atoms/cm3 has 
provided on its main surface 10a a plurality of light 
sensing elements 11 arranged in rows and columns so as 
to provide a light sensing matrix. A plurality of vertical 
shift registers 13 are each respectively associated with a 
column of light sensing elements and are provided with 
transfer regions 12 each of which corresponds to a light 
sensing element on one side thereof as shown. 
Each light sensing element 11 is formed ofa region 14 

having a conductivity type different from that of the 
substrate 10 and might, for example, be P-type and have 
an impurity concentration of about I017 to 10‘8 
atoms/cm3. The regions 14 can be formed by the same 
diffusion process during which the source and drain 
regions of an output MOS transistor (not shown) is 
formed and which is provided at the output for example 
of the horizontal shift register of the solid state imaging 
device. 

In the substrate 10 are also provided channel stopper 
regions 15 which may contain N-type impurity concen 
tration in the order of 1018 atoms/cm3 which concentra 
tion is sufficiently higher than that of the substrate and 
which can be provided from the surface 10a by ion 
injection methods, selective diffusion methods or simi» 
lar processes. The channel stopper regions 15 are 
formed into a pattern such that they surround the pe 
ripheries of the respective light sensing elements and 
shift registers 13 except for portions between each light 
sensing element and its associated transfer region 12 of 
the shift register 13 as well as between adjacent transfer 
regions 12 of each shift register 13. In the example illus 
trated in FIG. 4 for example projecting portions 15a of 
the channel stopper region 15 project toward a corre 
sponding projecting portion 15a between each light 
sensing element and its associated transfer region 12 so 
that the light sensng element 11 will not lose its electri 
cal charge by leakage. In the example illustrated in FIG. 
4, it is to be noted that the portions 15a extend toward 
each other from opposite sides of the light sensing ele 
ment 1] but it is to be realized that a single projecting 
portion 15a can extend substantially toward the other 
side of the channel stopper and only a single projection 
need be used. 

Additionally, second projecting portions 15b are pro 
vided which extend from each channel stopper region 
15 and project between adjacent transfer regions 12 in 
each shift register 13 to form therebetween areas of 
reduced cross-section 16. In the example illustrated in 
FIG. 4, the portions 15b are formed at both sides of the 
transfer region and are arranged in the direction of each 
shift register 13 to form the reduced area portion 16 
between opposite projection parts 15b, respectively. 
However, it is to be realized that various patterns can be 
provided so as to form the projection portions 15b at 
one side thereof of each of the regions 12, for example. 
As shown in FIG. 5, a dielectric layer such as silicon 

dioxide 17 is formed on the surface 10a of the substrate 
10 and windows 18 can be formed through the dielec 
tric layer 17 and the light sensing element 11 can be 
formed so as to contact the P-type region 14. A plurality 
of transfer electrodes 19 (19a, 19b, 19c . . . ) are depos 
ited over the dielectric layer 17 and over the transfer 
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regions 12 of the respective shift registers 13 on each 
row. Each of the electrodes 19a, 19b, 19c . . . is depos 
ited so as to extend over each transfer region aligned in 
a single horizontal row as shown in FIG. 4 and covers 
the transfer regions 12 and the regions of reduced areas 
16 of the transfer region 12 located at its front edge with 
respect to the charge transfer direction “a”. The elec 
trodes 19 do not cover the windows 18 of the light 
sensing elements 11. 
With the above described construction, when light 

impinges upon the light sensing element 11 (the P-type 
region 14) photoelectrons are generated depending on 
the amount of light and the electrons will escape into 
the channel stopper region 15 or substra te 10 so that a 
positive hole will be stored in the region 14. However, 
when electrical charges (positive holes) stored therein 
exceed a predetermined amount, the excess charges will 
escape into the region of the substrate 10. On the other 
hand, the electrical charges (positive holes) stored in 
the regions 14 will be transferred to the respective 
transfer regions 12 of each shift registers 13 which are 
formed corresponding to and adjacent to the light sens 
ing elements 11. In other words, when the electrode 19 
has applied thereto a predetermined transfer voltage, 
for example, — 15 volts, the transfer region 12 will have 
a potential well which is deeper than that of the region 
14 of the light sensing element and the electrical charges 
(positive holes) stored in the region 14 will be trans 
ferred to the transfer region 12. 
The alternate electrodes 19a, 19c . . . and 19b and 19d 

. . . will be respectively combined to form two sets of 

electrodes to which are then applied two phase clock 
voltages (1)1 and (in. The voltage of the clock pulses 4)] 
and (1); will be selected to be lower than the above men 
tioned transfer voltage of —1S volts which is trans 
ferred from the light sensing element 11 to the transfer 
region 12 and may be for example, — 10 volts. FIGS. 6A 
and 7A are cross-sectional views respectively taken on 
chain lines c or c’ and b or b’ in FIG. 4. Thus, FIG. 6A 
is a cross-sectional view through a wide portion of the 
transfer region 12 and FIG. 7A is a cross-sectional view 
through the restricted portion 16. FIGS. 6B and 7B are 
views showing the surface potentials at the respective 
sections during a condition when the electrodes 19b, 
19d . . . have applied thereto a clock voltage pulse 412. In 
FIGS. 6B and 78 full lines illustrate the potentials in the 
region 12 and the restricted portion 16 respectively 
under the electrode 19a and the broken lines illustrated 
the potentials in the region 12 and restricted portion 16 
respectively under the electrode 19b to which is applied 
the clock voltage pulse (in. It will be apparent from 
these Figures that where the distance between the chan 
nel stoppers 15 is large will have a wider potential well 
than the restricted portion or contracted portion 16 
form between adjacent transfer regions 12 between 
each of the shift registers 13 which will have a shallow 
potential well due to the influence of the potential of the 
channel stopper region 15. Even at the restricted or 
contracted portion 16, however, the potential well 
depths will differ as the clock voltage is applied are not 
applied as is apparent from the comparison between the 
full line and broken lines in FIG. 7B. Thus, the surface 
potential distribution of the regions 12 along their 
charge transfer direction will be changed at the front 
and rear sides in the transfer direction of the region 12 
and will become asymmetricalv 
FIG. 8A is a partial plan view of the shift register 13 

and wherein the orientation is rotated 90° relative to 
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6 
FIG. 4. FIG. 8B is a view illustrating the surface poten‘ 
tial on the section line B—B which corresponds to the 
chain line d in FIG. 4. In this example, the set of elec 
trodes 19b, 19d has applied thereto the clock voltage 
pulse (b2. It is obvious that the potential at the substrate 
surface under the electrodes 19b, 19d . . . to which the 

clock voltage is applied is lower than that under the 
electrodes 19a, 19c . . . but the surface potential of the 

restricted or contracted portion 16 under the respective 
electrodes 19 are higher by Aa and Ab than those of the 
regions 12 under the corresponding electrodes 19. 
Therefore, each region 12 under the electrodes 19a, 19c 
. . . will be provided with a potential barrier having a 

height of Aa at its front edge with respect to the charge 
transfer direction and hence such an asymmetrical po 
tential well will cause electrical charges to be trans 
ferred in a single direction that is, from each transfer 
region 12 under the electrode 19a toward the transfer 
region 12 under the electrode 19b. 
As has been described above, according to the inven 

tion the asymmetrical potential well relative to the 
charge transfer direction is formed by the projecting 
portions 15b of the channel stopper region 15. There 
fore, it is not necessary to vary the thickness of the 
dielectric layer in a step wise manner under each elec 
trode or to change the concentration of the substrate 
surface as is done with prior art devices such as illus 
trated in FIG. 2. In other words, the two phase clock 
CTD of the present invention can be constructed in a 
simple manner without increasing the number of fabri 
cation process steps over those of the prior art. 
With the above construction, the transfer between 

adjacent transfer regions 12 in the shift register 13 can 
be accomplished with the clock voltage pulses qbl and 
(1); which are smaller than the voltage for shifting elec 
trical charges from the light sensing element 11 to the 
corresponding transfer region 12. 

If the width of a restricted or contracted portion 26 
formed by the projecting areas 15a of the channel stop 
per 15 which are projected toward the light sensing 
element 11 and the corresponding region 12 is taken as 
W, and the width of the contracted part 16 is taken as 
W, the relationship therebetween can be suitably se 
lected such that W, is exactly equal to 5 pm and W, is 
exactly equal to 6 pm. With the above mentioned rela 
tionship while the transfer is being carried out in the 
shift register 13 the electrical charges will be prevented 
from ?owing from the light sensing element 11 into the 
corresponding transfer region 12 of the shift register 13 
or alternatively from the region 12 into the region 14 of 
the light sensing element 11. This is because of the volt 
ages mentioned above of — 10 volts and — 15 volts are 

used as the transfer voltages. 
When the light sensing element 11 is composed of a 

region 14 of P-type which is different from the conduc 
tivity type of the substrate region as mentioned above, 
electrical charges which are in excess and are stored 
therein will flow into the substrate so that an overflow 
drain is not necessary to be specifically provided and 
thus a space saving results. 

In the above described embodiments, the invention is 
applied to a vertical shift register of the interline trans 
fer system solid state area imaging device. However, 
the invention can be applied to the horizontal shift reg 
ister (output shift register) and also to any other type of 
solid state area imaging device or other CTD. 

Furthermore, the invention has been described pri 
marily in a case where the invention is applied to a 
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surface CTD but it can also be applied to a buried type 
CTD. Such an example is illustrated in FIGS. 9 and 10 
wherein a semiconductor substrate 10 of one conductiv 
ity type for example, a N-type silicon substrate can be 
selectively formed with a region of other conductivity 
type or P-type facing its one surface 10a such that its 
transfer region 12 and a channel such as a reduced or 
contracted portion 16 between adjacent regions 12 
should be formed and the N-type region ofthe substrate 
10 itself can serve as a channel stopper region 15. In 
FIGS. 9 and 10 the elements corresponding to those 
shown in FIGS. 6A and 7A are indicated by the same 
reference numerals and their description will not be 
repeated. 
FIG. 11 illustrates the principles of the invention by 

using channel stoppers having restricted portions in a 
charge coupled device. 
A substrate 31 has formed therein channel stopper 

regions 16 and 17 which extend along opposite sides 
thereof and extending portions 18 and 19, 21 and 22, 23 
and 24, 26 and 27, and 28 and 29 extend, respectively, 
from the channel stoppers 16 and 17 toward each other 
as shown. A dielectric layer 30 is formed over the sur 
face of the substrate and channel stopper regions and 
electrodes 31 through 34 are formed over the dielectric 
layer 30 and are provided with input leads 36 through 
39 as shown. Alternate leads 36 through 38 receive 
clock voltage pulses ¢>| and the remaining alternate 
electrodes 37 and 39 receive clock voltage pulses 4);. 
The device in FIG. 11 receives charges at one end 
which are transferred through the device to the other 
end due to the asymmetrical potential wells caused by 
the restricted portions 19, 22, 24, and 27 and 18, 21, 23, 
and 26 for the same reason as described with respect to 
the embodiments illustrated above. Thus, as shown in . 
FIG. 11 a novel charge coupled device can be provided 
without varying the thickness of the dielectric layer and 
are varying the impurity concentration of the device. 

It is seen that this invention comprises a new and 
novel charge transfer device and although it has been 
described with respect to preferred embodiments it is 
not to be so limited as changes and modi?cations may 
be made therein which are within the full intended 
scope as de?ned by the appended claims. 
We claim as our invention: 
1. A two phase charge transfer device comprising a 

semiconductor substrate, an insulation layer of uniform 
thickness formed on said substrate, a shift register hav 
ing a plurality of cells formed in said substrate, an input 
to said shift register and an output to said shift register 
between which charges flow, a plurality of aligned 
electrodes formed over said cells on said insulation 
layer. each ofsaid cells being associated with a respective 
electrode. and means for applying two phase clock sig 
nals to said aligned electrodes to form potential wells in 
said cells and to shift said charges, each of said cells 
comprising a transfer region and a storage region. a 
transfer region ofa cell being located between a storage 
region of said cell and said input, each of said cells 
formed of said transfer and storage regions of said sub 
strate having a ?rst impurity concentration of one con~ 
ductivity type and channel stopper regions having a 
higher second impurity concentration of said one con 
ductivity type with the regions of said substrate forming 
said storage regions being de?ned by regions of said 
?rst impurity concentration bordered in a direction 
transverse to the charge flow direction by channel stop 
per regions of said second impurity concentration, and 
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8 
said transfer regions being de?ned by regions of said 
?rst impurity concentration which are narrower in said 
transverse direction than said regions of ?rst impurity 
concentration in said storage regions and said regions of 
said ?rst impurity concentration in said transfer regions 
being bordered in said transverse direction by channel 
stopper regions of said second impurity concentration 
higher than said ?rst impurity concentration to form 
asymmetrical potential wells in said cells, the surface 
potential in a storage region of a cell being deeper than 
that in a transfer region of said cell. 

2. A two phase charge coupled image sensor compris 
ing a semiconductor substrate, an insulation layer of 
uniform thickness formed on said substrate, a shift regis 
ter having a plurality of cells formed in said substrate, a 
plurality of electrodes formed over said cells on said 
insulation layer and means for applying two phase clock 
signals to said electrodes to form potential wells in said 
cells and to shift charges, each of said cells comprising 
?rst and second transfer regions and a storage region, a 
plurality of light sensor regions with one of said light 
sensor regions associated with each cell of said shift 
register and each light sensor connected to supply 
charges to a second transfer region of each cell, said 
?rst transfer regions arranged between said cells to 
move charges in a ?rst direction through said shift reg 
ister and said second transfer regions adapted to move 
charges from said light sensors into said storage regions 
in a direction normal to said ?rst direction, each of said 
cells formed of said transfer and storage regions having 
a ?rst impurity concentration of one conductivity type 
and channel stopper regions having a higher second 
impurity concentration of said one conductivity type. 
said storage regions de?ned by regions of ?rst impurity 
concentration bordered in both the ?rst and normal 
directions by channel stopper regions, said ?rst transfer 
regions being de?ned by regions of said ?rst impurity 
concentration which are narrower in said normal direc 
tion transverse to said shift register charge flow direc 
tion than said storage regions, said ?rst transfer regions 
being bordered in said normal direction by channel 
stopper regions, said second transfer regions being de~ 
?ned by regions of said ?rst impurity concentration 
which are narrower in said ?rst direction transverse to 
said charge flow direction between said light sensors 
and said storage regions than said storage regions, said 
second transfer regions being bordered in said ?rst di 
rection by channel stopper regions, asymmetric poten‘ 
tial wells being formed in said cells, the surface poten 
tial in a storage region ofa cell being deeper than that in 
a ?rst transfer region of said cell and deeper than that in 
a second transfer region of said cell. 

3. A two phase charge coupled image sensor accord 
ing to claim 2, wherein said second transfer regions are 
narrower than said ?rst transfer regions transverse to 
the charge flow directions. 

4. A two phase charge coupled image sensor accord 
ing to claim 2, wherein said means for shifting charges 
applies a voltage to said plurality of electrodes to shift 
charges from said light sensor regions to said storage 
regions which is higher than the voltage applied to said 
electrodes to shift charges from one storage region to an 
adjacent storage region. 

5. A two phase charge coupled image sensor compris 
ing a semiconductor substrate, an insulation layer of 
uniform thickness formed on said substrate, a plurality 
of light sensor regions formed on said substrate in a 
matrix to de?ne rows and columns, a plurality of shift 
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registers with one shift register mounted between col 
umns of said light sensors and receiving charges from 
said light sensors, each of said shift registers having a 
plurality of cells formed in said substrate, each of said 
cells comprising ?rst and second transfer regions and a 
storage region, each of said light sensors associated with 
one of said cells and connected to supply charges to said 
second transfer region of said cell, said ?rst transfer 
regions of the cells of each shift register arranged be 
tween said cells to move charges in a ?rst direction 
through said shift register and said second transfer re 
gions adapted to move charges from said light sensors 
to said storage regions in a direction normal to said ?rst 
direction, each of said cells formed of said transfer and 
storage regions having a ?rst impurity concentration of 
one conductivity type and channel stopper regions hav 
ing a higher second impurity concentration of said one 
conductivity type, said storage regions de?ned .by re 
gions of ?rst impurity concentration bordered in both 
the ?rst and normal directions by channel stopper re 
gions, said ?rst transfer regions being de?ned by regions 
of said ?rst impurity concentration which are narrower 
in said nomral direction transverse to said shift register 
charge flow direction than said storage regions, said 
?rst transfer regions being bordered in said normal 
direction by channel stopper regions, said second trans 
fer regions being de?ned by regions of said ?rst impu 
rity concentration which are narrower in said ?rst di' 
rection transverse to said charge flow direction be 
tween said light sensors and said storage regions than 
said storage regions, said second transfer regions being 
bordered in said ?rst direction by channel stopper re 
gions, a ?rst plurality of electrodes extending on said 
substrate in the row direction with each electrode over 
lying ?rst and second transfer regions and a storage 
region of each shift register, a second plurality of elec 
trodes extending on said substrate in the row direction 
in an alternating arrangement with said ?rst plurality of 
electrodes with each electrode overlying ?rst and sec 
ond transfer regions and a storage region of each shift 
register, and means for applying two phase clock signals 
to said ?rst and second plurality of electrodes so as to 
form asymmetrical potential wells in said cells, the sur‘ 
face potential in a storage region of a cell being deeper 
than that in a ?rst transfer region of said cell and deeper 
than that in a second transfer region of said cell. 

6. A two phase charge coupled image sensor accord 
ing to claim 5 wherein said means for shifting charges 
applies a voltage to said ?rst and second plurality of 
electrodes to shift charges from said light sensors to said 
storage regions which is greater than the voltage ap 
plied to said ?rst and second plurality of electrodes to 
shift charges from one storage region to an adjacent 
storage region. 

7. A two phase charge coupled image sensor accord 
ing to claim 5 wherein said second transfer regions are 
narrower than said ?rst transfer regions transverse to 
the charge flow directions. 

8. A two phase charge transfer device comprising a semi 
conductor substrate, an insulation layer of uniform thick 
ness formed on said substrate, a shift register having a 
plurality of cells formed in said substrate, on input to said 
shift register and an output to said shift register between 
which charges flow, a plurality of aligned electrodes 
formed over said cells on said insulation layer, each of said 
cells being associated with a respective electrode, and 
means for applying two phase clock signals to said aligned 
electrodes to form potential wells in said cells and to shift 
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10 
said charges, each of said cells comprising a transfer region 
and a storage region, a transfer region of a cell being lo 
cated between a storage region of said cell and said input, 
each of said cells formed of said transfer and storage rc 
gions of said substrate having a ?rst conductivity type. and 
channel stopper regions having a second conductivity type 
so as to maintain charge carriers in said transfer and stor 
age regions, withthe regions of said substra to farming said 
storage regions being de?ned by regions of said ?rst con 
ductivity type bordered in a direction transverse to the 
charge ?ow direction by channel stopper regions of said 
second conductivity type, and said transfer regions being 
defined by regions of said ?rst conductivity type which arc 
narrower in said transverse direction than said regions if 
?rst conductivity type in said storage regions and said 
regions of said ?rst conductivity type in said transfer re 
gions being bordered in said transverse direction by chan 
nel stopper regions of said second conductivity type to form 
asymmetrical ‘ potential wells in said cells, the minimum 
potential in a storage region of a cell being deeper than that 
in a transfer region of said cell. 

9. A two phase charge coupled image sensor comprising 
a semiconductor substrate, an insulation layer of uniform 
thickness formed on said substrate, a shift register having a 
plurality of cells formed in said substrate, a plurality of 
electrodes formed over said cells on said insulation layer 
and means for applying two phase clock signals to said 
electrodes to form potential wells in said cells and to shift 
charges, each of said cells comprising first and second 
transfer regions and a storage region, a plurality of light 
sensor regions with one of said light sensor regions associ 
ated with each cell of said shift register and each light 
sensor connected to supply charges to a second transfer 
region of each cell, said ?rst transfer regions arranged 
between said cells to move charges in a ?rst direction 
through said shift register and said second transfer regions 
adapted to move charges from said light sensors into said 
storage regions in a direction normal to said ?rst direction. 
each of said cells formed of said transfer and storage re 
gions having a ?rst conductivity type and a channel stopper 
region having a second conductivity type so as to maintain 
charge carriers in said transfer and storage regions, said 
storage regions de?ned by regions of ?rst conductivity type 
bordered in both the ?rst and normal directions by channel 
stopper regions, said ?rst transfer regions being de?ned by 
regions of said ?rst conductivity type which are narrower in 
said normal direction transverse to said shift register 
charge flow direction than said storage regions, said ?rst 
transfer regions being bordered in said normal direction by 
channel stopper regions. said second transfer regions being 
de?ned by regions of said ?rst conductivity type which are 
narrower in said ?rst direction transverse to said charge 
flow direction between said light sensors and said storage 
regions than said storage regions, said second transfer 
regions being bordered in said ?rst direction by channel 
stopper regions, asymmetrical potential wells being formed 
in said cells, the minimum potential in a storage region of 
a cell being deeper than that in a ?rst transfer region of 
said cell and deeper than that in a second transfer region of 
said cell. 

10. A two phase charge coupled image sensor comprising 
a semiconductor substrate, an insulation layer of uniform 
thickness formed on said substrate, a plurality of light 
sensor regions formed on said substrate in a matrix to 
de?ne rows and columns, a plurality ofshift registers with 
one shift register mounted between columns of said light 
sensors and receiving charges from said light sensors, each 
of said shift registers having a plurality of cclls?irmcd in 
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said substrate. each of said cells comprising ?rst and sec 
ond transfer regions and a storage region, each of said light 
sensors associated with one of said cells and connected to 
supply charges to said second transfer region of said cell, 
said ?rst transfer regions of the cells of each shift register 
arranged between said cells to move charges in a ?rst direc 
tion through said shift register and said second transfer 
regions adapted to move charges from said light sensors to 
said storage regions in a direction normal to said ?rst 
direction, each of said cells formed of said transfer and 
storage regions having a ?rst conductivity type and channel 
stopper regions having a second conductivity type so as to 
maintain charge carriers in said transfer and storage re 
gions, said storage regions'de?ned by regions of said ?rst 
conductivity type bordered in both the ?rst and normal 
directions by channel stopper regions, said ?rst transfer 
regions being de?ned by regions of said ?rst conductivity 
type which are narrower in said normal direction transverse 
to said shift register charge ?ow direction than said storage 
regions, said ?rst transfer regions being bordered in said 
normal direction by channel stopper regions, said second 
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12 
transfer regions being defined by regions of said ?rst con 
ductivity type which are narrower in said ?rst direction 
transverse to said charge ?ow direction between said light 
sensors and said storage regions than said storage regions, 
said second transfer regions being bordered in said ?rst 
direction by channel stopper regions, a ?rst plurality of 
electrodes extending on said substrate in the row direction 
with each electrode overlying ?rst and second transfer 
regions and a storage region of each shift register, a second 
plurality of electrodes extending on said substrate in the 
row direction in an alternating arrangement with said ?rst 
plurality of electrodes with each electrode overlying ?rst 
and second transfer regions and a storage region of each 
shift register, and means for applying two phase clock 
signals to said ?rst and second plurality of electrodes so as 
to form asymmetrical potential wells in said cells, the mini 
mum potential in a storage region of a cell being deeper 
than that in a ?rst transfer region of said cell and deeper 
than that in a second transfer region of said cell. 
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