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COMPLETE SPECIFICATION 

Improvements in Storage Mode Photodetector with Electronic 
Shutter Action 

We, FAIRCHILD CAMERA AND INSTRUMENT 
CORPORATION, of 300 Robbins Lane, Syosset, 
Long Island, New York, United States of 
America, a Corporation organized and 

' existing ·under the laws of the State of 
Delaware, United States of America, do 

·.·hereby declare the invention, for which we 
pray that a patent may be granted to us. 
and the method by which it is to be per-

10 formed, to be particularly described in and 
by the following statement:-

This invention relates to a storage mode 
photodetector with electronic shutter action. 
A storage mode photodetector is a device 

15 which stores a measure of the output signa I 
from a light sensing element prior to read­
out. Shutter action normally refers to a 
means by which a movable plate attached to 
a camera is used to control the time period 

20 that a light-sensitive material within the 
camera is exposed to light. When the ex­

. posure period has terminated, the plate acts 
to prevent any further light from reaching 
the sensitive material. Electronic shutter 

2S action in this invention relates to a means 
for using electrical signals, or pulses, to 
control electronically the time period that 
the invented photodetector generates an 
electrical signal representing the radiant 

30 energy to which the photodetector is ex­
posed. 

Optical image sensors that can generate 
an electronic signal representing a light 
image are needed for a wide range of appli-

35 cations, particularly in television transmis­
sion systems. Ideally, the sensor should 
operate with high-speed shutter action. it 
should be able to change the time of ex­
po.sure upon command, and it should allow 

40 the electronic signal representing the light 
image to be read at slower speeds than those 
at which the ·shutter· operates. Use of a. 

(Nee .... "1.] 

slower read (or scan) rate reduces the rate 
of information transmission, which in return . . 
reduces the required bandwidth for a picture 45 
of a given resolution. A narrower band­
width is important in many applications be­
cause it improves the system signal-to-noise 
ratio and reduces transmission equipment 
requirements. sc,· 

Among the different photosensors com­
monly used, one type operates with a 
mechanical shutter action. In general, 
mechanical shutters are slow, are subject to 
vibration, have greater chance of failing due S) 
to jamming or wear from friction, and re­
quire the overall camera to be relatively 
large and heavy. Other photosensors use 
an electro-optical type of shutter action, the 
two principal kinds being the image con- (10 
verter and the Kerr cell. Electro-optical 
shutters can operate at extremely high 
speeds, but have a number of shortcomings 
for many applications. For example. to 
operate properly, they require a high voltage 6S 
(in the kilovolt range), and usually need. 
esoteric power supplies, specially designed. 
In addition, they are sensitive to vibration. 

Some of the most promising photoscnsors 
in recent years have incorporated photo· 70 
transistors and photodiodes. These solid­
state devices have excellent characteristics 
for use in high-speed image sensing applica­
tions. They can operate in the rugged en- · 
vironments of outer space, have high relia- 7J 
bility, are light in weight, have high sensi­
tivity, and operate with lower power dissipa-
tion. Use of phototransistors and photo­
diodes has been limited, however. because . . 
the only satisfactory way of controlling the uo· 
exposure time of the photosensor has been 
by mechanical or electro-optical means,· 
which is too slow, requires too heavy or too· 
bulky a camera. or needs too high a voltage. , ) · 
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(The !!xposure time is the interval during 
which the optically generated signal is 
recorded). 

Recently, an improved solid-state photo-
5 sensor has been made available, consisting 

of a semiconductor device operating in the 
storage mode and. responsive to impinging 
radiant energy. The operation of a storage 
mode phototransistor is described in United 

IO Kingdom Specification No. 1,095,745. These 
devices are especially useful when formed in 
an integrated circuit structtire and in large 
arrays. . Hbwever, prior tb this invention. 
the read time of .the semieonductor photo-

U sensor coutd not be satisfactorily separated 
from the exposure time. To control ex­
posure time in these devices, information 
had to be read out at a rate proportional 
to the shutter speed. A wide dynamic range 

means for. reading the electronic signal in 
the storing means at selected intervals. 

The invention may be ill1£lersocxl betler "'"olt.(i.~ooJ 
from Lhe following description and the 
accompanying drawings in which: . 7fl 

Fig. I. is a schematic and block circuit 
diagram of the preferred embodiment at 
the invented photodetector using transistors 
operating in the storage mode. 

Fig. 2 is a timing diagram for the em- 75 
llodiment of Fig. I showing the voltages on 
the trar1sistors versus time. 

Fig. 3 is a schematic and block circuit 
diagram of another empodiment of the in­
vented photodetector using diodes operating 80 
in the storage mode. 

Fig. 4 is a timing diagram showing the ... · 
phc:itodetector operation for the embodiment 
of Fig. 3. 

20 in the sc;rtticoI1ductor photosensor could only 
be obtained by changing the time or read­
out to correspond with the change id tight · 
intensity. As the light image became more 
intense, the e~posure time needed was 

is shorter, the shutter speed was faster, and 
the ttadout time was shorter. With a low 
light intensity, on the other hand, the ex­
posur~ time would be longer, the shutter 
speed slower, and the read time also slower. 

. Fig. 5. is. a cross-sectiona,.J view of an 85 
integrated circuit strtictUr~ of lft~ ~referred 
~rhbtldiltlent of Fig. 1. 

Fig. 6 is a cross-sectional view of an 
integrated circuit structure of the preferred 

30 Because the exposure time could iiot be 
separated from and controlled independently 
of the readout time, the readout time of the 
semiconductor photosensor had to be 
changed from fast to slow and vice versa, 

3.S depending on the change iil light intensity, 
which of course detettnines the exposure 
time. 

This invention. is a significant improve­
ment over priOr techniques because it en-

40 ables the separate conttol of the exposure 
titne and the readout time irt a semicon­
ductor photosensor, thus allowing the two 
functions to operate independently of each 
othet. Moreover, the photodeteclor of this 

45 invention combines the inherent advantages 
of solid state devices with the flexibility of 
being able to store the electrical signal re­
prcscntittg the light image for a lerigth of 
time before it is read out. By. storing tlie 

SO clecii"icat signal, the invehted photodetector 
ena hies the readout or frame time to be 
controlled independently of the exposure· 
titne. 

Briefly, the storage mode photodetector 
5.5 with electronic shutter action of this inven­

tion comprises a photosensor means having 
at least oile P-N junction therein for pro­
ducing an electronic signal representing im­
pinging radiant energy thereupon, a storage 

60 means having at least one P-N junction 
therein for storing the electronic signal, a 
couplitlg means between the photosensor 
ind storage ~ans tor transferring the elec• 
tton.ic sianat ftdm (he photo5ensor to the 

65 stbr.U.s nteani at setectid interVats. and a 

emboditneht of Fig. 3. !10 
Fig. 7 is a schematic circuit diagram of 

the preferred embodiment for a two· 
dimensional array of the invented photo­
detector using transistors. 

Fig. g is a timing diagram for the em~ 95 
bc:idiment of Fig. 1. 

lrt the description which follows; use will 
be made of the term " MOS ttansistor • ., that 
is a metal oxide sehticonductot transistor. 
Such a transistor is essentially a voltage- I oo 
controlled t~sistot connected between twcJ 
electrically separated p or n type semicon­
ductor reglt:>ns diffused intcJ an n ot p type' 
substrate respectively. A thin dielectric 
oxide layer covers the surface of the sub- JO~ 
strate between the p or h regions and a 
metal plate (the gate electrode) is deposited 
on top of the oxide. A region including 
and beneath the sutface of the substrate 
between the p and n regiorts is k11own as 110 
the channel region. There ate two types 

· of MOS transistors, an "enhancement 
mode " transistor, the channel region of 
which, although normally non-conducting, 
ihcteases in conductivity in response to an US 
appliei:l gate voltage, and a "depletion 
riiode " transistor, the channel region of 
which, though normally cortducting, de­
creases in conductivity in response to an 
applied gate voltage. The etthancernent 120 
mode p chanrtel MOS tr!lnsistor has an n 
type semicOi:ldilctot substrate with p type 
diffused regions (source and drain). Appli~ 
cation of It negative voltage to the gate 
electrode results in the inversion of the 125 
semi-conductor material in the chatmel re-
giort frorit n to p type. 

Referring to Fig. 11 the preferred embodi• 1 · 

meilt t>f the iii\'eilted photodeteetot with 
eleettotiic · shutter actiott using transistors 130 
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operating in the storage mode is shown. 
The photosensor means comprises a trans­
istor 10 (hereinafter referred to as the photo­
transistor), which functions to produce an 

~ clectrdhic signal representihg impinging· 
radiant energy thereupdn. A first pulse 
generating meahs 16 is coupled to the photo-· 
'transistor IO, and functions td render the 
phototi'ansistor operative at selected intei:-

tO vals. The storage tneahs comprises a trans­
i~tor 20 (11eteinafter referred to as the 
storage transistor); which functiohs to store 
the electtonlc signal produced by the photo~ 
transistor IO fot later readout at selected 

U intervals. A coupling means between photo­
transistor IO and storage transistor 20 com­
prises a gating element (shown as MOS 
transistor 15), which functions to connect 
the base of the phototransistor 10 to the 

20 base of the storage transistor 20 at selective 
intervals so that the electronic signal pro­
duced by the phototrailsistor 10 can be 
transferred to the storage transistor 20 and 
stored for readout at a Jater time. A second 

~·pulse generating means 17 is connected to 
the MOS transistor 15 for rendering it opera­
tive at selected intervals. A third pulse 
generating means 18 is connected to the 
storage transistor 20 and functions to enable 

30 information stored in storage transistor 20 
to be read out. Also coupled to storage 
transistor 20 is load resistor 6, across which 
the output signal appears during readout. 
Both the phototransistor JO and the storage 

j,S transistor 20 are shown as NPN transistors, 
and the MOS transistor as a p-channel type; 
however, PNP transistors would operate as 
well, provided the necessary polarity changes 
are made in the first pulse generating means 

40 16, the third pulse generating means 18. 
and the MOS transistor changed to an 
n-channel type. 

The phototransistor IO has an emitter 9 
and a base 11, forming a first junction 12 

45 (emitter-base junction), and a collector 13, 
which with the base 11 forms a second junc­
tion 14 (collector-base junction). The 
phototransistor 10 and the storage transistor 
20 are capable of operating in the storage 

50 mode. It should be noted also at this point 
that. although the gating element is shown 
as a MOS transistor 15, other types of 
gating elements may be used, provided the 
operating characteristics (such as fast 

SS switching time and high impedance in the 
off state) are similar to those of the MOS 
transistor. The MOS transistor 15 has a 
gate electrode designated by a G, a source 

. . electrode designated by an S, a drain elec-
60 trode designated by a 0, and a bulk elec­

trode designated by a B. The MOS trans.; 
istor 15 shown in FIG 1 is a p-channet 
element of the normally off type; that is. it 

. operates I.ti the enhancement modt. How- . 
i6S e\'er. it is undtrstood that the MOS tran;' 

istor 15 tnay be of the normally on or de­
pletion mode type if desired. 

Operation of the invented photodetectdt 
with electronic shutter action using trans- ~ 
istors operating iit the storage mode will 1u 
now be considered with referehce to FJGS 
l _ and 2. In FIG 2, the voltage on the 
phbfotrarisistor 10 is shown by a solid line 
23 while the voltage on the storage transistor . 
20 is indicated by a dashed line 24. The 15' 
phototransistor is a phtHosensitive element. 
A dark oval is drawri around the stotage 
transistor 20 to indicate that its sensitive 
area is protected from exposure to light; 
hence it is always in the dark and \Viii not 80 
be affected by any variation in the external 
light intensity. A number of different 

· methods may be employed to protect the 
sensitive area of stotage transistor 20 from 
exposure to light. For example, the trans- 8$­
istor may be placed iil an opaque enclosure. 
Another method is to cover its sensitive 
area with an opaque material. 

Before operation begins, third pulse 
generating means 18 is used lo charge the 98 · 
base-collector junction of the storage tratis-
istot 20 to a negative voltage Vo. Operatibn _ cl 
is i-Rff.ated at time To by applying a negative 1rubo..h 
voltage of amplitude V1 from the first pulse 
generating means 16 to the emitter 9 of the f~ 
photottansistor 10, which places an initial 
charge oii the base-coJlector junctiOn 14. 
Once the junction is charged, voltage V1 
is removed. The phototransistor 10 is now 
in the storage mode. Upon exposure to im- ttJO 
pinging radiartt energy in the form of light, 
the phototransistor 10 begins producing 
photogenerated current, which removes the 
charge stored in its base-collector junction 
14. At a time T. after removal of the nega- 105 
tive voltage V1 from the phototransistor 10, 
a negative voltage from the second pulse 
generating means 17 is applied to the gate 
electrode G of the MOS transistor 15 to 
render it operative. That is, a conductive tib 
path is formed between the drain D and 
source S electrodes of MOS transistor 15, 
thereby connecting the base 11 of the photo­
transistor and the base 21 of the storage 
transistor. As previously mentioned, the 115 
storage transistor 20 is charged to a voltage 
Vo. Because onfy generation recombination 
(or leakage) current is acting to remove the 
charge stored on the storage transistor 20, 
the value of the charge still is very nearly 120 
the initial value. Connecting the base 11 
of the phototransistor to the base 21 of the 
storage transistor causes a redistribution of 
the aJtJ.ount of charge on the phototransistor 
10, a charge that is proportional to the Iri- 115 
cident radiant energy during the exposure 
time (T,;·To); Information in the form of ail 
electrical charge is now redistributed be­
tween the base·coJlectot P·N junction tif 
pbototransistoi' 10 and to the base-colJectoi' 130 

• 
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P-N junction of the storage transistor 20 
(see FIG 2). After redistribution of the 
charge, the voltage from the second pulse 
generating means 17 is removed from the 

5 MOS transistor 15, which renders it in­
operative, (no conductive path between 
source S and drain D) and isolates the base 
21 of the storage transistor from the base 11 
of the phototransistor. Thus, by applying 

10 a negative pulse to and then removing it 
from the MOS transistor 15, one may con­
trol the ~xposure time of the photodetector. 
As indicated above, the storage transistor 
20 has been protected from exposure to 

15 light; after its base is isolated from th~· 
phototransistor 10, it is im;ensitive to any 
further variations in the impinging radiant · 
energy. At a later time, information stored 
in the base-collector junction of the storage 

20 transistor 20 is read out by applying a nega-
. tive voltage Vn from the third pulse generat­
ing means 18 to the emitter 19 of the storage 
transistor and measuring the quantity of 
charge appearing across load resistance 6, 

2S which is the amount required to reestablish 
the initial condition. 

The storage mode photodetector of this 
invention may incorporate . other types of 
photosensitive semiconductor devices, in 

30 addition to transistors operating in the 
storage mode. For example, referring to 
FIG 3, the invented phototdetector with 
electronic shutter action uses semiconductor 
diodes operating in the storage mode. In 

35 FIG 3 and in all succeeding figures, struc­
tures which are the same as those in FIG 1 
have the same reference numeral. The photo­
sensor means comprises a first diode 25 
(hereafter referred to as the photodiode). 

40 The storage means comprises a second diode 
30 .(hereafter referred to as the storage diode) 
and. as with the storage transistor of FIG 
l. is protected from exposure to light. 
Coupled between the photodiode 25 and 

45 · storage diode 30 is a gating element, shown 
in FIG 3 as a first MOS transistor 29, 
which functions to place a charge on the 
photodiode 25 prior to exposure, and to 
control the exposure time by transferring 

50 the electronic signal produced by the photo­
diodc to the storage diode 30 upon com­
mand. A first pulse generating means 16 is. 
connected to the first MOS transistor 29 for 
rendering it operative at selected intervals. 

SS Also connected to the storage diode is a 
second gating element, shown in FIG 3 as a 
second MOS transistor 34, a load resistance 
6, and a voltage source 35. The second 
MOS transistor 34 functions to enable u 

60 charge to be placed on the anode-cathode 
junction of the photodiode and the storage 
diode prior to exposure and after exposure, 
to enable the electronic signal stored in the . 
anode-cathode junction· of diode 30 to be 

6~: read out. A second .pulse· generating means 

17 is coupled to the second MOS transistor 
34 for rendering it operative at selective 
intervals. 

The· photodiode 25 and storage diode 30 
have respective anodes 26 and 31 and re- 70 
spective cathodes 27 and 32, forming re­
spective P-N junctions 28 and 33, and are 
capable of operating in the storage mode. 
Operation of the storage mode photo­
detector with electronic shutter action using 75, 
photodiodes will now be considered with 
reference to FIGS 3 and 4. The photo­
diode 25· is a photosensitive element. A 
dark oval is drawn around the storage diode 
30 to indicate that its radiant energy sensi- 8~ 
tive area is protected from exposure to 
light; hence it is always in the dark and will 
not be affected by any variation in the im­
pinging radiant energy. Op.::ration is 
initiated when a negative voltage 36 from 85 
the first pulse generating means 16 is applied 
to the gate electrode of the first MOS trans­
istor 29 and another negative voltage 37 
from the second pulse generating means 17 
is applied to the gate electrode of the second 9G: 
MOS transistor 34, so that both MOS trans­
istors are rendered operative at the same 
time. forming a connection between the: 
anode 26 of the photodiode and the anode 
B 1 of the storage diode, and also betwe~n 95 
the anode 31 of the storage diode and the 
voltage source 35. With the connection thus 
formed, the voltage source 35 places an 
initial negative charge on the respective 
anode-cathode junctions 28 and 33 of the JOO 
photodiode 25 and storage diode 30. Once 
the junctions 28 and 33 are charged, the 
negative voltages 36 and 37 are removed 
from the respective gate electrodes G of the 
two MOS transistors 29 and 34 which ren- lOS 
ders them inoperative and leaves the photo­
diode 25 and the storage diode 30 in the 
storage mode. Upon exposure to light, the 
photodiodes 25 begins producing photo­
generated current, which removes the charge 11() 
from its junction 28. After a selected 
period from the time the two P-N junctions 
28 and 32 were initially charged, a nt:gative 
voltage. 38 from the first pulse generating 
means 16 is applied to the gate electrode G I IS 
of the first MOS transistor 29 to again form 
a conductive path between the respective 
anodes 26 and 31 of the photodiode 25 and 
storage diode 30. This causes the amount 
of' charge remaining on the photodiode 25. 12() 
which is proportional to the impinging 
radiant energy during the exposure time, 
and the charge on storage diode 30 to be 
redistributed between the anode-cathode 
junctions of the photodiode and the storage l~ 
diode. After redistribution, the voltage from 
the first pulse generating means 16 is re­
moved from the first MOS transistor 29,. 
which isolates the anode 31 of the storage 
diode. f~m the anode 26 of the photodiode. 13C> 
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Information is stored .in. the diode 30 until 
a later time when it is desired to read the 
information. A negative voltage 39 from 
the second pulse generating means 17 is 

S then applied to the gate electrode G of the 
second MOS transistor 34, so that a con· 
ductive path is formed between the anode 
31 of the storage diode and the voltage 
source 35. The amount of charge necessary 

10 to reestablish the< storage diode 30 to its 
initial condition is measured, and this 
amount represents the intensity of the light 
to which the photodiode 25 was exposed. 

· The photodetector circuits described Cl! 11 

IS be constructed with a minimum of com· 
plexity and in a manner consistent with 
present processing technology. The device 
may be fabricated in the form of an in· 
tegrated circuit and in the form of complex 

20 integrated arrays. A description of these 
forms follows. 

Referring to FIG 5. the structure shown 
therein is the storage mode photodetector of 
this invention using transistors operating in 

25 the storage mode and is in part similar to 
well-known double·diflused silicon planar 
integrated circuits. such as shown in U.S. 
Patent No. 2.981,877 issued to Dr. Robert 
N. Noyce and assigned to the same assignee 

30 as this invention, and in part similar to\ 
well-known insulated-gate, field-effect trans­
istors of the enhancement mode type, such 
as shown in U.S. Patent No. 3,102,230 .. 
Briefly, the structure includes a semicon· 

35 :ductor body or substrate 41, a first region 
42, a second region 43, separated regions 
44 and 45, P-N junctions 53, 54, 55, and 
56, an insulating dielectric layer 48, an 
opaque material 50, and a means for making 

40 ·ohmic electrical contact to the separated 
region 44 and 45 comprising two contacts 
51 and 52. The body or substrate 41, the 
first and second regions 42 and 43, and the 
separated regions 44 and 45 are formed from 

4.5 a monocrystalline semiconductor material, 
preferably silicon. with the substrate 41 and 
the separated regions 44 and 45 having a 
first conductivity type, preferably n-typc, 
and the first and second regions 42 and 43 

50 of an opposite conductivity type, preferably 
p-typc. The substrate 41, the first and 
second regions 42 and 43, and the separated 
regions 44 and 45 serve to perform several 
different functions. One function is that of 

SS a phototransistor in which the substrate 41 
is the collector, the first region 42 is the 
base, the separated region 44 is the emitter. 
the junction 54 is the collector-base junction 
and the junction 53 is the emitter-base junc-

6(), ·tion. A second function is that of a storage 
transistor in which the substrate 41 is the 
collector, the second region 43 is the base, 
the separated region 45 is the emitter, the· 
junction 56 is the collector-base junction, 

65 and the junction SS is tho emitter-base junc- · 

tion. A third function is that of a p-channcl 
enhancement mode MOS transistor in which 
the first and second regions 42 and 43 are 
spaced apart and define the ends of a 
channel region 46. The first region 42 is 70 
referred to as the source region while the 
second region 43 is referred to as the drain 
region. It is understood that the device may 
be made symmetrical, such that the first 
region 42 may function as the drain region JS 
while the second region 43 may function as 
the source region. 

An insulating dielectric layer 48, such as. 
a layer of a silicon oxide, is formed over , 
the surface 47 including a channel region 80 
46, the first and second regions 42 and 43, 
and the separated regions 44 and 45, with 
a portion of the surface of the separated 
regions 44 and 45 exposed. 

A control gate 49 for applying an electric 8.5 
field to the portion of the insulating layer 48 
overlying the channel region 46 is formed 
over the insulating layer 48. The control 
gate 49 is positioned over the channel region .. 
46. overlapping somewhat but insulated 90" 
from the first and second regions 42 and 43, 
and covering the entire channel region 46 : 
that extends from the first region 42 to the 
second region 43. The control gate 49 is 
made from a deposited conductive metal, 95:: 
such as aluminum. 

A layer 50 of an opaque material is 
formed on the exposed surface of the insu­
lating layer 48 overlying the second region 
43 so that the sensitive region of the tran· 100 
sistor formed by the regions 41, 43, and 45 · 
is protected from exposure to light and in­
formation in the form of an electrical charge 
may be stored safely for later readout. The 
opaque material may be either nonmetallic 105 
(such as a photographic emulsion) or metal- \ 
lie (such as alemiaiem). Of course, if a.O. "'"'"'"'M 
metallic material is used, some means must 
be employed to insulate the metallic material 
from adjacent metal contacts. 110 

Metalized ohmic electrical contacts, such 
as the aluminum contacts 51 and 52. are 
made to the exposed portions of the separ­
ated regions 44 and 45. The substrate 4l 
is also provided with a metalized contact 57 1 •s 
for connection to the load resistor 6. Such 
metalized contacts as well as the control 
gate 49 may be formed by techniques such 
as disclosed in U.S. Patent No. 2,981,877 
mentioned above. 120 

An integrated structure for the storage 
mode photodetector of this invention using · 
diodes operating in the storage mode also 
can be fabricated easily. For example, in 
reference to FIG. 6, the structure shown for 12S 
diodes in many respects is similar to the 
structure using transistors shown in FIG 5. 
Briefly, the diode structure of FIG 6 includes 
a semiconductor body or substrate 141, a 
first region 142, a second region 143, a third 130 
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region 144, a first junction 153, a second 
junction 154, a third junction 155, an insu­
lating dielectric layer 148, an opaque 
material 150, and a means for making ohmic 

·~ electrical contact to the third region 144 
comprising a contact 152. The body or sub­
strate 141 and the first, second, and third 
regions 142, 143, and 144 are formed from 
a monocrystalline semiconductor material, 

10 preferably silicon, with the substrate ·141 of 
a first conductivity type, preferably n-type, 
and the first, second and third regions 142, 
143, and 144 of an opposite conductivity 
type, preferably p-type. The substrate 141 

15 forms the cathode and the first region 142 
forms the anode of the photodiode. The 
substrate 141 also forms the cathode and 
the second region 143 forms the anode of 
the storage diode. A p-channel, enhance-

20 ment mode MOS transistor isJormed by first 
and second regions 142 and 143, which are 
spaced apart and define the ends of a channel 
region 145. The first region 142 is referred 
to as the source region while the second 

25 region 143 is referred to as the drain region. 
Another p-channel, enhancement mode MOS 
transistor is formed by the second and third 
regions 143 and 144, which are spaced apart 
anil define the ends of another c)lannel 

30 region 146. The second region 143 is re­
ferred to as the source region while the third 
region 144 is referred to as the drain region. 
It is understood that the MOS transistors 
may be made symmetrical; for example, in 

3.5 the first MOS transistor, the first region 142 
may function as the drain region while the 
second region 143 may function as the 
source region. 

The insulating dielectric layer 148 is 
40 formed over the surface 147 including the 

channel regions 145 and 146, and the first, 
second, and third regions 142, 143, and 144, 
with a portion of the surface of the third 
region 144 exposed. 

4.5 The. control gates 149 and 151, which 
function to apply potentials to portions of 
the insulating layer 148 overlying the respec­
tive channel regions 145 and 146, are formed 
over the insulating layer 148. The first con-

50 troJ gate 149 is positioned over the first 
channel region 145, overlapping somewhat 
but insulated from the first and second 
regions 142 and 143, and covering the entire 
channel region 145 that extends from the 

55 first to the second region 142 to 143. The 
second control gate 151 is positioned over 
the second channel region 146, overlapping 
somewhat but insulated from the second and 
third regions 145 and 146, and covering the 

60 entire channel region 146 that extends from 
the second to third regions 143 to 144. The 
control gates 149 and 151 are made from a 
deposited conductive metal such as alu· 
minum. 

65 " A layer of opaque material 150 overlies a 

portion of the insulating layer 148 in the 
vicinity of the second and third regions 143 
and 144 so that the sensitive regions are pro­
tected from exposure to light. A metalized 
ohmic electrical contact, such as an alu- 70 
minum contact 151, is made to the exnosed 
portion of the third region 144, and an ohmic 
contact 157 is provided for the substrate 
141. The opaque material may be either 
nonmetallic (such as a photographic emu!- 7S 
sion) or metallic (such as aluminum). Of 
course, if a metallic material is used, some 
means to insulate the metallic material from 
adjacent metal contacts must be employed. 

Although these structure descriptions re- 80 
late to particular embodiments, the prin­
ciples involved are susceptible to numeroun 
other embodiments which will be apparent 
to persons skilled in the art. For example, 
the invention is not limited to structures BS 
using only transistors or only diodes but in­
cludes various combinations of semicon­
ductor devices, such as a diode with a tran­
sistor. 

Referring now to FIG 7, there is shown a 90 
schematic circuit diagram of a two­
dimensional array of photodetectors with 
electronic shutter action of the type illu­
strated in FIG 1 of this invention combined 
with array sampling techniques described in 95 
United Kingdom Specification No. I,099,770. 
By way of illustration. and not to serve as._· 
a limitation upon the invention, there is also 
shown additional circuitry for selectively ex­
citing the array at video frequencies, since JOO 
an array, in accordance with this invention, 
may be considered as a solid-state equiva-
lent to a vidicon tube. Further, a 2 by 2 
array is shown. This also should not be 
construed as a limitation upon the · inven- J 05 · 
tion, but only as exemplary since an array 
of the type described herein can be made 
with densities in excess of 200 photodetector 
devices per inch "in each dimension. 

In the array shown in FIG 7, the photo- 110 
sensor means are shown as phototransistors, 
and in column 1 respectively are designated 
by reference numerals 60 and 70. In column 
2 respectively they are designated by refer-
ence numerals 80 and 90. A storage means 115 
is associated with each photosensor and in 
FIG 7 are shown as storage transistors. In 
the first column, the associated storage 
transistors are designated by numerals 64 
and 74 respectively and in the second 120 
column by numerals 84 and 94 respectively. 
A dark oval is drawn around each storage 
transistor to indicate that its sensitive area 
is protected from exposure to light, and 
hence always in the dark. Associated with 125 
and coupled between each phototransistor 
and storage transistor is a gating element. 
shown in FIG 7 as a first MOS transistor 
and designated respectively in column 1 by 
62 and 72. and in column 2 by 82 and 92~ J 30: 
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J,153,259 7· 
Associated with each storage transistor is an output means, comprising a second MOS transistor designated respectively in column l as 66 and 76 and in column 2 as 5 86 and 96, and connected so that informa­tion stored in the storage transistors can be selectively read out. 

A bus 85 connects all the emitters of all of the phototransistors 60, 70, 80, and 90 10 together and to the first pulse generating means 16, so that upon application of a negative voltage from the first pulse generat· ing means 16, an initial charge is placed on the base-collector junction of each of the 15 phototransistors. Another bus 89 connects all the gate electrodes of all of the first MOS transistors 62, 72, 82, and 92 together and to the second pulse generating means 17, so that upon application to this bus of 20 a voltage which exceeds a predetermined threshold voltage for the MOS transistors, each of the first MOS transistors 62, 72, 82, and 92 is rendered operative so that a con­ductive path is formed between the base 25 electrodes of the corresponding phototran­sistor and storage transistor. The drain electrode D of the first MOS transistor 62, 72, 82. and 92 is connected to the base of the associated phototransistor 60, 70, 80. 30 and 90 respectively, and the source electrode S is connected to the base of the associated storage transistor 64, 74, 84, and 94 respec­tively. so that upon energization of the first MOS transistor, the charge on the base of 35 the phototransistor is redistributed between the base of the phototransistor and the asso­ciated storage transistor via the conductive channel formed by the first MOS transistor. A first row bus 61 connects the gate elec-40 trodes G of the second MOS transistors 66 and 86 together, so that upon the application to this row bus of a voltage which exceeds a predetermined threshold level. the second MOS transistors 66 and 86 are rendered 4'5 operative. 
A second row bus 71 connects together the gate electrodes G of the second MOS tran­sistor 76 and 96. The application of a volt· age to the second row bus 71 which exceeds 50 a predetermined level renders operative the second MOS transistors 76 and 96. A first column bus 63 is provided to which are connected the drain electrodes D of the respective second MOS transistors 66 and ~5 16. A second column bus 83 is connected to the drain electrodes D of the second MOS transistors 86 and 96. The source eJectrode S of each of the second MOS tran­sistors 66. 76, 86, and 96 is connected to the 60 emitter of each of the storage transistors 64, 74, 84, and 94 respectively. The bulk elec­trode B of each of the second MOS tran­sistors 66, 76, 86, and 96 is connected to the collector of each of the associated storage '' tran1iston · 64, 74, 84, an~ 94 respectively 

and these are all connected to a common load resistance 6. Across the common load is connected the utilization apparatus 99. It should be appreciated that instead of :t com­mon load, if desired, a separate load may 70 be used for each column which is scanned, or for each combination of first and second MOS transistors, storage transistor, and phototransistor which is addressed. The reason a common load is shown is to illu- 15 strate how the device may be utilized to generate a train of video signals analogous· to the output of a television camera. This illustration, therefore, should not be con­strued as a limitation upon the use of the 80 invention. 
· . For the purpose of scanning the photo­detector array shown, a clock pulse gener­ator 69 applies pulses to a horizontal fre­quency generator 68, and to a vertical fre- 85 quency generator 77. These respective horizontal and vertical frequency generators constitute dividers that divide down the clock pulse signal to a desired horizontal and vertical scanning frequency. The output of 90 · the horizontal frequency generator com· pri~es pulse signals for scanning the rows, which are applied to a row cyclic counter 67. Each pulse of the counter is applied to excite the respective row buses 61 and 9S 7 J. The output pulses from the vertical fre· · quency generator 77 are applied to the column cyclic counter 78, which serves to distribute the vertical frequency pulse sig-nals to the respective column buses 63 and 100 83. 

Operation of the photodetector system will now be considered with reference to FIGS 7 an~ 8. In order to initiate operation, a negative voltage 101 from the first pulse JOS generating means 16 is applied via bus 85 t«;> the emitters of each of the phototran­s1stors 60, 70, 80. and 90 to place an initial charge on each respective base-colJector junction. Once the junctions are charged. 110 the voltage is removed and each phototran­sistor is now in the storage mode. Assume a_lso that just prior to the application a nega-tive voltage from the first pulse generator . means 16, each base-collector junction of US the storage transistors 64, 74, 84, and 94 is charged to a similar negative voltage. The manner in which this is done will be ex­plained below. 
Upon exposure at time T0 of the array of 120 photod~tec.to~s to _impinging radi:::~ energy for which 1t 1s desired to generate video sig-nals, a photogenerated current is produced. The amplitude of the current in each device , • will vary with the intensity of the impinging 125 radiant energy on that device. At a pre­determined time, a negative voltage 102 from the second pulse generating means 17 is applied via bus 89 to each gate electrode 

1 · G of the associated MOS transistors 62. 72. 130 

-~ . 
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82, and 92 to render them operative, and 
thus form a connection between the base of 
each phototransistor and the associated 
storage transistor. The charge generated by 

S the phototransistor is then redistributed be­
tween the collector-base junction of the 
phototransistor and the collector-base junc­
tion of the associated storage transistor. At 
time T •• the negative voltage 102 from the 

10 second pulse generating means 17 is then 
removed from each gate electrode G of the 
MOS transistors 64, 74, 84, and 94, and each. 
associated storage transistor is isolated again 
from the respective phototransistor. As pre-

iS viously mentioned, each storage transistor is 
· protected from exposure to light,. so that 
when the storage transistor is isolated from 
the phototransistor, it will be insensitive to 
any variation in the impinging radiant 

20 energy upon the phototransistor. The charge 
representing the light image is now stored in 
the collector-base junction of the storage 
transistor for readout at a later time. 

Upon the application of a scanning signal 
2S to both the row and column cyclic counters 

energizing the first row bus 61 and the first 
column bus 63, a negative voltage pulse 103 
is applied to the drain electrode D of the 
second MOS transistc:- '56 from the first 

30 column bus 63, and another negative voltage 
'106 is applied to the gate electrode G from 
the first row bus 61. A conductive path is 
formed between the source and drain elec­
trodes, so that current can flow from the 

35 column bus through the second MOS tran­
sistor 66. through the storage transistor 64, 
and down through the common load resistor 
6. The amplitude of this current which is · 
detected by the means 99, varies with the 

40 charge on the collector-base junction of the 
storage transistor 64, which was redistri­
buted from the collector-base junction of the 
phototransistor 60, and which of course, re­
presents the intensity of the radiant energy 

4S that impinged upon the phototransistor. The 
current passing through transistor 64 also 
serves to recharge the collector-base junction 
of transistor 64 to its initial value so that it 
is again in a condition t('& receive informa-

SO. tion from the phototransistor 60. While the 
negative voltage 106 from the row cyclic 
counter 67 maintains the first row bus 61 
energized, the column cyclic counter 78 ap­
plies a negative voltage 104 to the second 

55 column bus 83 and to the drain electrode D 
of the second MOS transistor 86, whereby 
current is caused to flow through the com­
mon load resistor 6. The amplitude of the 
current as determined by the charge stored 

turn while the energization is maintained for 
each row. A sequence of voltage is generated 
:i.cross the common load resistor 6, which 
represents· the impinging radiant energy to 
which the phototransistors are exposed. The 70 
utilization apparatus 99 may be either a dis­
play device or any other suitable device fo1 
processing the video signal waveform which 
is generated by the circuitry shown in FIG 
7. It should be noted that while sequential 75 
selection of rows and columns is described, 
selection does not necessarily have to be 
sequential. Selection may be done in any 
desired sequence. This arrangement there­
fore presents a simple arrangement for em- 8()• 
bodying the image that is being presented to 
the array. 

There has accordingly been described and 
shown herein a useful and unique storage 
mode photodetector with electronic shutter 8.5 .. 
operation, all of which can be accomplished 
with a minimum of complexity and in a 
manner consistent with present processing 
technology. The described photodetector . 
device may be fabricated in the form of an 90 -.~ 
integrated circuit and in the form of inte­
grated circuit arrays. 

Although this invention has been dis-
0 closed and illustrated with reference to par- ~ 

ticu)ar applications and &me0dimeHt, it is 95 '. IS" c susceptible of numerous other applications a... 
and embodiments which will be apparent to j 
persons skilled in the art. It is possible to · '; 
use a number of different combinations of 1 
solid-state elements having at least one P-N HX> 
junction for the photosensor or storage ele-
ment. For example, the transistor 10 shown 
in FIG I and the diode 25 shown in FIG 3 
can be used in the same circuit. one as the 
photosensor element and the other as the lOS 
storage element with its sensitive area pro­
tected from exposure to light. The inven- · 
tion is, therefore, to be limited only as indi-
cated by the scope of the appended claims. 

WHAT WE CLAIM IS:-
1. A storage-mode photodetector devke 

with electronic shutter action comprising: 
a semiieimul1:1eter photosensor means 

having at least one P-N junction therein, 

II 0-

and operating in the storage mode, for pro- 11.s· 
ducing an electronic signal representing im­
pinging radiant energy thereupon; 

a semiconductor storage means having at 
least one P-N junction therein. and operat- . 
ing in the storage mode, for storing said 120< 
e·lectronic signal. said ,storage means having 
its photosensitive a.rea protected from ex-
posure to impinging radiant energy; 

a coupling means between said photo­
sensor means and said storage means for 125· 
transferring said electronic signal from said 
photosensor means to said storage means : 
at selected intervals: and 

60 in the storage transistor 84 and represents the 
intensity of radiant energy impinging upon 
the phototransistor 80 instead of the photo­
transistor 60. The foregoing briefly indicates 
the scanning action of the photodetector; that 

6S is, each one of the columns is energized. in 
.· .·.• . . . 

a means ror reading said electronic signal · 
· in ~~id_ 'storage meam at selected intervals. 13(), 



i 
i• 

:j 
I 

I 

I ,, i 
' . i_, 

i 

l 

: l 
: I 
. I 
. I 

.... ~ 

-----·---

... 
-J 

--··· .. --... .:AWW _ ... 

8 1,153,259 

82, and 92 to render them operative, and 
thus form a connection between the base of 
each phototransistor and the associated 
storage transistor. The charge generated by 

S the phototransistor is then redistributed be­
tween the collector-base junction of the 
phototransistor and the collector-base junc­
tion of the associated storage transistor. At 
time T., the negative voltage 102 from the 

10 second pulse generating means 17 is then 
removed from each gate electrode G of the 
MOS transistors 64, 74, 84. and 94, and each. 
associated storage transistor is isolated again 
from the respective phototransistor. As pre-

iS viously mentioned, each storage transistor is 
· protected from exposure to light, . so that 
when the storage transistor is isolated from 
the phototransistor, it will be insensitive to 
any variation in the impinging radiant 

20 energy upon the phototransistor. The charge 
representing the light image is now stored in 
the collector-base junction of the storage 
transistor for readout at a later time. 

Upon the application of a scanning signal 
2S to both the row and column cyclic counters 

energizing the first row bus 61 and the first 
column bus 63, a negative voltage pulse 103 
is applied to the drain electrode D of the 
second MOS transista::- lj6 from the first 

30 column bus 63, and another negative voltage 
106 is applied to the gate electrode G from 
the first row bus 61. A conductive path is 
formed between the source and drain elec­
trodes, so that current can flow from the 

35 column bus through the se~ond MOS tran­
sistor 66. through the storage transistor 64, 
and down through the common load resistor 
6. The amplitude of this current which is · 
detected by the means 99, varies with the 

40 charge on the collector-base junction of the 
storage transistor 64, which was redistri­
buted from the collector-base junction of the 
phototransistor 60, and which of course, re­
presents the intensity of the radiant energy 

45 that impinged upon the phototransistor. The 
current passing through transistor 64 also 
serves to recharge the collector-base junction 
of transistor 64 to its initial value so that it 
is again in a condition ta receive informa-

50. tion from the phototransistor 60. While the 
negative voltage 106 from the row cyclic 
counter 67 maintains the first row bus 61 
energized, the column cyclic counter 78 ap- · 
plies a negative voltage 104 to the second 

SS column bus 83 and to the drain electrode D 
of the second MOS transistor 86, whereby 
current is caused to flow through the com­
mon load resistor 6. The amplitude of the 
current as determined by the charge stored 

60 in the storage transistor 84 and represents the 
intensity of radiant energy impinging .upon 
the phototransistor 80 instead of the photo­
transistor 60. The foregoing briefly indicates 
the scanning action .of the photodetector; that 

65 is, each one of the columns is energized. in 
•,I '• 

turn while the energization is maintained for 
each row. A sequence of voltage is generated 
across the common load resistor 6, which 
represents· the impinging radiant energy to 
which the phototransistors are exposed. The 70 
utilization apparatus 99 may be either a dis­
play device or any other suitable device fo1 
processing the video signal waveform which 
is generated by the circuitry shown in FIG 
7. It should be noted that while sequential 7S· 
selection of rows and columns is described, 
selection does not necessarily have to be 
sequential. Selection may be done in any 
desired sequence. This arrangement there­
fore presents a simple arrangement for em- so· 
bodying the image that is being presented to 
the array. 

There has accordingly been described and 
shown herein a useful and unique storage 
mode photodetcctor with electronic shutter ss·· 
operation, all of which can be accomplished 
with a minimum of complexity and in a 
manner consistent with present processing 
technology. The described photodetector 
device may be fabricated in the form of an 90 . 
integrated circuit and in the form of inte­
grated circuit arrays. 

Although this invention has been dis-
0 

closed and illustrated with reference to par- ! 
ticular applications and 8mbediment, it is 95 '. is-o 
susceptible of numerous other applications !2... 

and embodiments which will be apparent to i 
persons skilled in the art. It is possible to ~ 
use a number of different combinations of 1 
solid-state elements having at least one P-N HX> 
junction for the photosensor or storage ele· 
ment. For example, the transistor 10 shown 
in FIG l and the diode 25 shown in FIG 3 
can be used in the same circuit. one as the 
photosensor element and the other as the IOS 
storage element with its sensitive area pro-
tected from exposure to light. The inven-
tion is, therefore, to be limited only as indi-
cated by the scope of the appended claims. 

WHAT WE CLAIM IS:- 110-
1. A storage-mode photodetector devke 

with elect-ronic shutter action comprising: 
a semiieie.eeueter photosensor means 

having at least one P-N junction therein, 
and operating in the storage mode, for pro- 115 
ducing an electronic signal representing im­
pinging radiant energy thereupon; 

a semiconductor storage means having at 
least one P-N junction therein. and operat- . 
ing in the storage mode, for storing said 120'. 
electronic signal. said •storage means having 
its photosensitive a.rea ·protected from ex-
posure to impinging radiant energy; 

a coupling means between said photo­
sensor means and said storage means for 125-
transferring said electronic signal from said 
photosensor means to said storage means 
at selected intervals; and 

a means fur reading said electronic signal 
in s~id ·storage means at seleoted intervals. 13(), 
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2. A device recited in claim 1 charac- diodes, and a first pulse generating means terized by said coupling means compris.ing a connected to the gate electrode of said first gating element connected between said MOS transiist<M' to render said MOS tTans­photosenso.r means and said storage means, is.tor operative at selective intervals; and S and means connected to said gating element sa,id means for reading comprising a series 70 for rendering said gating element operative circuit consisting of a Joad resistance and at selective intervals; and means coupled a VQ]tage source, with one terminal o' said ·· to said photosensor for charging, at selected circuit connected to said common junction intervals, a P-N junction therein to a pre- !between said first iand second diode, a 10 determined level. second MOS transistor having its source and 7S 3. The device recited in claim 2 further drain electrode connected between said characterized by said photosensor means second diode and .the other terminal of and said storage means being first and said series circuit, and a second pulse gene­seccnd transisto:rs rCGpectively; said charg- rating_means connected to the gate electrode IS ing means comprising a first pulse generating of saiO second MOS transistor to render said 80 means for charging the base-collector junc- MOS transistor operative at selected inter-tion of said first transistor; said gating ele- vals. -ment being connected between the bases of 8. The device of any of claims 1-4 further said first and second transistors; said means charactenized by said pihotosensor means, 20 fo• rendering said gating element operative said storage means and said coupling means 8S being a second !)Ulse generating means; being formed in an integrated structure and said means for reading being coupled comprising: to said second tran•sdstor for reading the a monocrystaJHne semiconductor body of charge stored in the base-collector P-N junc- a first conductivity type having a surface: 25 tion thereof. a first and a second region of mono· 90 4. The device recited in cla.im 3 fuPther crystalline semiconductor material of an characterized by said first and second trans- opposite conductivity t.}"pe disposed within istors comprising double diffused planar said body, each region forming a separate structures having a Jow leakage current: P-N junction with said body, said junction 30 and said gating element comprising an. MOS having an edge at the surface of said body, 9S transistor having the source and drain elec· said first and second regions spaced apart trodes connected between the base of said to define the ends of a channel region, first transistor and the base of said second whereby upon application of a suita1ble transistor, and the gate electrode connected electric field a current may flow from one 35 to said second pulse generating means. · /region to the other region via said channel; JOO 5. The device recited in claim 2 turther a separated regiO'n of said first conduc-charact.erized by said !'hotosensor means tivity ty:pe disposed within each of said first and said stcrage means being first and and second regions and extended inwardly second dicdes respectively, with one elec- from said surface of said semiconductor 40 trode of said first cJfode connected to a body, said separated region forming a sepa. IOS common junction with a like electrode of rated P-N junction wit·h said first and second said second diode: and sa.id means f.or regions, saiid separated junction having its reading being coupled to said second diode edge at the surface of said body; for reading the charge stored in the anode- an electrical insulating layer overlying said 45 cathode junction thereof at selected inter- bcdy, said first and second regions, said 110 vals. 
separated regions, and saicl channel region. 6. The device recited in claim 5 further and exposing a portion of said separated · characteri7ed by sa.id first and second diodes regions; · com.prising p-lanar structures having a low a means for making electrical contact to 'O leakage current: and said coupling means said exposed portion of said separated II' comprising a first MOS transistor having regions: the source and drain eJectrodes connected a gate means for applying a p:>tential to ( between the 'Unconnected electrodes of said at least a portion of said insulating layer I first and second diodes. and the gate elec- overlying said channel; · SS trode connected to a fiTst pulse generating an opaque material covering said elec- 120 ! means. trical insulating fayer overlying said second I 7. A storage mode device wi~h electronic region, so that the photosensitJive area of. J 1 

shutter action of claim 5 further saidlregion is protected from expo5ure to sec..o.,.. 1 I>") characterized by: lighf." · . . I' : 60 a said fi•st and second semiconductor 9. The structure recited in claim 8 f.urther 125. ~ diodes ~ plana.r type diodes~ charaoterized by said semioonductor body I said coupling means comprising a first and said first and seoond regions being . I MOS transistor having the source and drain monocrystalline silicon, said jnsulating f electrodes connected between the unoon- layer 1being a s:ilicon oxide, and· said gate I 65 · nected electrodes of said fi·rat and second . meam being a metal layer. . 130 I 
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l 0. The struct_µre recited in claim 8 ~ur- storage means, and a coupling means con­
ther characterized by said opaque material nectcd between the _peetQS~ASOl' and storage 
covering saiid sensiti.ve area of said second means, said plurality of devices being 
region being aluminum. arranged in rows and columns; and said 

-5 l l. The device of any of claims 1. 2, 5, means for reading comprising an array of a 70 
6, or 7 further characterized by said device plurality o~ .<;econd gating elements arranged 
being formed as an integrated structure com- in rows and columns, there being a second 
prising: gating element corresponding to and coupled 

a monocrystaHine semiconductor :body of. to each of said second transistors; means 
10 a conductivity type .!Javing a surface: for selectively a.pplying energizing poten- 7S 

a first region, a second region, and a tials to a predetermined row of said second 
third region of monocrystalline iiemicon- gating elements to render said gating ele­
ductor having an opposite conductivity type ments .op~rative; and another means for 
within said body, eacll region forming a selectively applying energizing potentials to 

IS separate P-N junction with said body, said a predetermjned column so that when said 80 
junction haVling an edge at the surface of second gating elements in a predetemined 
said body, said first and second regions row arc rendered operative, the gating ele­
spaced apart to define the ends of a first ment at the intersection of the · predeter­
channel region, siaid second and third re- mined row and rolumn allows current to 

20 gio-ns s·paced apart to define the ends of a flow between the e1Ritted and collector of 85 
second channel region, whereby upon appti- the corresponding second transistor, and 
cation of a suitable electric field a current the charge stored on the collector-base junc­
may flow firom one regi·on to the other re- tion therein to be read. 
gion via said channels: 16. The device recited in claim 15 fur-

25 an electrical insulating layer overlying ther characterized by each of second gating 90 
sa•id body, •said first and second channels, elements in said array being an MOS trans­
and said first, second, and third regions, and istor having its gate electrode connected to 
ex-posing a portion of said third region; a corresponding row bus, and the source and 

a means for making electrical contact to drain electrodes connected between a corres-
30 said exposed po.rtion of said third region; ponding column bus and the emitter ot a 95 

a first gate means for applying a potential corresponding sec.ond transistor. 
to at least a portion of said insulating layer 17. A storage mode photodetector struc-
overlying said first channel; ture with electronic shutter action compris-

. . a second.gate means for applying a po.ten· ing: 
'SS tia:l to at least a portion of said insulating , a monocrystalline semiconductor body of 100 

layer overlying said seoond channel; a first conductivity type having a surface; . 
an opaque material covering said electrical a first and a second region of monoorystal-

insulating layer overlying said second and line semiconductor of an opposite con­
third regions, so that the photosensitive ductiwty type disposed within said body, 

·40 areas of s-aid second and third regions are each ·region forming a separate P-N junction 105 
protected from exposure to light. with said body, said junction having an edge 

12. The structure recited in claim 13 fur. at the surface of said body, said first .and 
ther cha.racterized iby said body and said second regions spaced apart to define the 

. first, second, and third regions being mono- ends of a channel region, whereby upon 
·45 crystalline silicon; said insulating layer be· application of a suitable electric field a 110 

ing a &ilicon oxide; and said first and second current may flow from one region to the 
gate mearu; comprising metal layers. other·region via said channel; · 

13. The photodetector structure recited a separated region of said first conducti-
in daim 12 fur1her characterized by said Vi-ty type dis-posed within each of said first 

'50 opaque material covering said photosensitive and second regions a-nd extended inwardly llS 
areas of said second and third regions being from said surface of said semiconductor 
aluminum. body, said separated region forming a sepa-

14. A plurality of devices each according rated P-N junction w.ith said first and second 
to any one of the preceding claims, in- regions, said separated junction having its 

155 eluding a rphotosensor means, a storage edge at the surface of said body; 120 
means, and a coupling means c<mnected be- an electrical insulll!ting layer overlying 
tween the photosensor and storage means, said body, said first and second regions. 
said plura·lity of devices being arranged .in said separated regions, and said channel 

. rows and columns; and said means for read- region. and ex;posing a portion of sa~d sepa- • 
'60 ing berng coupled to ·the storage means of rated regions; 125 

each of 'S'llid plurality of devices for selec- a means Jor making electrical contact to 
tively reading the ·information ·stored in said said e~ed portion of said separated re-. 
&torage means. gions; 

115. A ·plurality of devices each according a gate means for .applyin_g .a potential to 
65 to claim 4,including a 'penleswer means, ·a at least a portion ot said insulating layer 130 

1111\1111\11\11111\ \11\1 \I Ill\ . 
* C L M S * 



-
' 

i 

I 
I 

I 
I 
l 
I 

! 
I 
i 
i 
t 

1,153,259 11 

overlying said channel; 
an opaque material covering said elec­

, trical insularu·ng layer overlying said second 
region, so t.hat the photosensitive area of 

S said second region is protected from ex­
posure to light. 

18. A storage mode photodetector struc­
ture with electronic shutter action compris­
ing: 

JO a monocrystalline semiconductor ,body of 
a conductivity type having a surface; 

a first region, a second region, and a 
third region of monocrystalline semicon­
ductor hav.ing an opposite conductivity type 

IS within said body, each region forming a 
separate P-N junction with said body, said 
junction having an edge at the surface of 
said body, said first and second regions 
spaced apan to define the ends of a first 

20 channel region, said second and third re· 
gions sipaced apart to define the ends of a 
second chan·nel region, whereby upon appli­
cation of a suitable electric field a current 
may flow from one region to the other re· 

2S gion via said channels; 
an electrical insulating layer overlying 

said body, &aid first and seoond channels, 
and said first, seoond, and third regions, 
and expa5ing a portion of said third region: 

JO a means for making electrical contact to 

said exposed portion of said third region; 
a first gate means for applying a poten­

tial to at least a portion of said insulating 
layer overlying sajd first channeJ; 

a second gate means for applying a poten- 3S 
tiat to at least a portion of said insulating 
layer overlying said second channel; 

an opaque material covering said elec­
trical insulating layer overlying said second 
and third regions, so that the photosensitive 40 
areas of said second and third regions are 
protected from exposure to light. 

19. The device of claims 17 or 18 where-
in said semiconductor material is mono. 
crystalline isilicon, said insulating layer is a 45 
silicon oxide and said gate means is a 
metal layer. 

20. The device of claim 19 wherein said 
opaque material is 'aluminum. 

21. A device acconHng to claim 1 sub· SO 
stantially as hereinbefore described with 
~ference to the accompanying drawings. 
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