SOLLD- STATE | MAGE DEVI CE, | TS DRI VI NG METHOD AND PROCESS FOR | TS -1
MANUFACTURE . The present invention relates to a solid-state inmge
device wusing a charge coupl ed device, and nore specifically a solid-state
i mage device that can inprove image quality. The present invention also
relates to a nmethod for driving such a device and a process for

manuf acturing the sane- Recentlyl a solid-state i mage device
presented by a charge coupled device (CCD) is widely used for its

structure o Sohft neRth BviGR. 355 TG/ oo e, prGSs g g S o
figure, acg£§&@#hb¥wﬂg phot odi odes (photoel ectric converters) 1 and
verti cal TrsSt charge transfer devices) 2 are arranged
t wo- di nensional Il y. Each of the photodi odes 1
The present invention relates to a solid-state image device
~ using a charge coupled device, and more épecifically a solid-state

image device that can impfove image quality. The present invention

also relates to a method for driving such a device and a prbcess for

manufacturing the same. ”

Recently, a solid-state image device presented by a charge
coupled device (CCD) is widely used for its advantages such as low
noise cha:aéteristics.

| Fig. 12 illustrates a structure of a solid-state image device
in the prior art. In this figure, a plurality of photodiodes
(photoelectric converters) 1 and vertical €CCDs (first charge transfer
devices) 2 are arranged two-dimensionally. Each of the photodiodes 1
is comnected to the corresponding vertical CCD 2. The end portion of
each vertical CCD is cdnnected to a horizontal CCD (a second charge
transfer device) 3. The end portion of the horizontal CCD 3 is
conneéted to an output amplifier (a signal output circuit) 4 that
ﬁorks as a charge detector. | |

A signal charge generated by photoelectric conversion in the
photodiode 1 of each pixel is supplied to the vertical CCD 2 to be
transferred in it. A plurality of the vertical CCDs 2 transfer
signal charges simultaneously and give them to the horizontal CCD 3.
The signal charges corresponding to a line of pixels are transferred
in the horizontal CCD 3 and supplied to the output amplifier 4 in

REPLACED SHEETS SG -
[ Description : paged ........ to paged ..........
Claim(s) :poged ... to paged .. 2.....
[] Drawing(s) : paged ... to paged ..........
[J Abstract  :paged....... to paged ........ -
DATE OF RECEIPT .....ccoeriviiererienscnscnnnns




/

I's connected to the corresponding vertical CCD 2. The end portion of each
vertical CCD is connected to a horizontal CCD (a second charge transfer
device) 3. The end portion of the horizontal CCD 3 is connected to an
output anplifier (a signal output circuit) 4 that works as a charge

det ect or. A signal charge generated by photoel ectric conversion in
the photodiode 1 of each pixel is suppljed to the vertical CCD 2 to be
transferred init. Aplurality of the vertical CCDs 2 transfer signal
charges sinultaneously and give themto the horizontal CCD 3. .The signal
char ges cor rtaspondiich ¢onverts rtheo$igrialetharpes intoaf sequehtialb dutput

hori zontal CCD 3 and s fplled to the output anplifier 4 in
REPLACED SH¥Pltage sdgna turn,

whi ch converts the_sign rges into a sequenti al out put volta e signal .
S g 1 —15 fﬁf%strate a structure of the hé}lzontal CCg g

the prior art, which is driven by a two—phase driving method. Fig.
13 is a partial plan view showing the horizontal CCD in the directién
rotated 90 degrees from that of Fig. 12. Fig. 14 shows a cross
section along line a' -a'' of Fig. 13 and its pbtential distribution
in a channel portion. Fig. 15 shows a cross section along line a-a
of Fig. 13 and its potential distribution in a channel portion.

In these figures, numeral 5 dénotes a p—type region, i.e., a
p diffusion layer or a p—type semiconductor substrate. Numeral 6 is
an n-type region, i.e., an n diffusion layer that is used as a
channel portion of a so—called buried type chamnel CCD.- Numefal 7 is
an n~-type region, i.e., an n~ diffusion layer. Elements 8a and 8b
are first layer éléctrbdes to which a driving pulse is applied, and
9a and 9b are second layer electrodes to which a driving pulse is
applied. ‘The first layer electrodes 8a and the second layer
electrodes 9a are connected to a voltage applying terminal 11, while
the first layer-electrodes 8b and the second layer electrodes 9b are
connected to a voltage applying terminal 10. In'Fig. 14, an
electrode 12 of the end portion of the vertical CCD is also shown.

Fig. 16 shows voltage waveforms of the two-phase driving
pulse ¢ Hl1 and ¢le applied to the voltage applﬁng terminals 10 and
11 respectively. ' The potential distribution of the channel portion
at t = t1 in Fig. 16 is illustrated by full lines in Figs. 14 and 15,
while the potential distribution at t = t2 in Fig. 16 is illustrated



Fig. 13-15 illustrate a structure of the horizontal CCDin the prior art,
which is driven by a two-phase driving nethod. Fig. 13 is a partial plan
vi ew showi ng the horizontal CCD in the direction rotated 90 degrees from
that of Fig. 12. Fig. 14 shows a cross section along line a' -a'' of Fig.
13 and its potential distribution in a channel portion. Fig. 15 shows a
cross section along line a-a* of Fig. 13 and its potential distribution in

a channel portion. In these figures, nunmeral 5 denotes a p-type
region, i.e., a diffusion | ayer or a p-type sem conductor substrate.
Nuner al 6 i sby dwoken kineselpi Figsi 14 anddSn di f f usi on Iayer that is used as
a channel portion of a so- caIIed buried ty e channel CCD.. Nupgeral .7 is an
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vertical CCDfaging the Hi@w$®.layer electrode 8b and the second layer electrode 9b
becomes higher than that of fhe transfer channel facing the first '
layer electrode 8a and the second layer electrode 9a. This potential
difference forms a depletion region that is called a "potential
well”. In this potential well the signal charge 13 is accumulated.
At t = t2, the voltage applied to the voltage applying
terminal 11 is switched to the H level and the voltage applied to the
terminal 10 is switched to the L level. Consequently, the signal
charge 13 is transferred from the potential well in the channel
portion facing the first layer electrode 8b to the potential well in
the channel portion facing the first layer electrode 8a to become
signal charge 14. It is desired that charge quantity of signal
charge 14 is equal to that of signal charge 13.
| Signal charges are transferred sequentially in the horizontal
- CCD by repeating the above mentioned operation. The n™—type regions
7, which are formed in the n—type region and face the second layer
electrodes 9a, 9b, enable easy movement of charges by smoothing
potential steps between portions facing the first layer'electrodes 8a
and 8b.
The charge transfer operation in the vertical CCD shown in

Fig. 12 is performed basically in the same way as the horizontal CCD



Fig. 16 'shows voltage waveforms of the two-phase driving pulse [err]Hl and
[err] H2 applied to the voltage applying termnals 10 and 11 respectively.
The potential distribution of the channel portion at t =1tl in Fig. 16 is

illustrated by full lines in Figs. 14 and 15, while the potenti al
distribution at t =t2in Fig. 16 is illustrated _
3 by broken lines in Figs. 14 and 15. 4 As shown in Fig. 16, at t =

tl, H (high) level voltage is applied to the voltage applying term nal 10
and L (low) level voltage is applied to the voltage applying term nal 11.
Thus, as shdén [Howevér, fthel tians€er rspeied. i much glowent irnlthe eweritiodl t00D
transfer channel facing the first |ayer electrode 8b and the second | ayer
el ectrode 9pfhapeinithe harjrentalh§ED: hIhepefaree theaverticadhEEaisuadly dgeshe
first layer electrode 8a and the second | ayer electrode 9a. This potenti al

difference POENREYE HRo rPGHWS: Gheh asnihe 15 -tupe d@gions)dt eertigned above.

Three or fouf—phase driving pulse can smooth the potential steps.

In a video camera using such a solid-state image device, for
example, some signal charges of pixels locatqd in the periphery of
the screen may be abandéned for a certain operation such as .
electronic image stabilizing (EIS). For example, signal charges
corresponding to tens to one hundred and more lines of the start and
end portions of a field are abandoned out of the signal charges
transferred to the horizontal CCD from the vertical CCD in every
field. |

For an efficient abandoning operation within a vertical
blanking period, a special structure of the horizoﬁfal CCD has been
proposed as disclosed in Japanese laid-open patent application
(Tokukaihei) 2-205359. This structure has a potential barrier region
and a charge drain region formed along the side of the horizontal CCD
opposite to connection side with the vertical CCDs. This structure
enables the draining of charges transferred from the vertical CCD to
the horizontal CCD, directly from the side of the horizontal CCD into
a power supply line. In this case, the vertical CCD has two transfer
modes, a normal mode and a high-speed mode. In the normal mode the
signal charges are transferred at a low-speed synchfonizing with the
horizontal CCD, while in the high-speed mode the signal charges are
transferred quickly without synchronizing with the horizontal CCD for

abandoning the unnecessary signal charges.



wel L.". I'n this potential well the signal charge 13 is accumnul at ed.

At t =t2, the voltage applied to the voltage applying termnal 11 is
switched to the Hlevel and the voltage applied to the termnal 10 is
switched to the L Ievel. Consequently, the signal charge 13 is transferred
fromthe potential well in the channel portion facing the first |ayer

el ectrode 8b to the potential well in tke channel portion facing the first
| ayer el ectrode 8a to becone signal charge 14. It is desired that charge
gquantity of signal charge 14 is equal to that of signal charge 13.

Si gnal charges are {natief ebowd meptjioneti sdlig-statehdmbge idevicalof TEDprjor
repeating the above nmentioned operation. The n-type regions 7, which are
formed in tharh. t§igcopenption fox sbandonkeg sheowrndceysary sigeal chargesa, 9b,
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some unnecessary signal charges remain in the horizontal CCD, a
certain deterioration of image would occur. For example, a white
horizontal line woﬁld appear on the upper side of the screeﬁ.
Therefore, it is necessary to optimize the structure of the potential
barrier region and the charge drain region in connection with driving
parameters to abandon the unnecessary charges in the vertical
blanking period using such a horizontal CCD with the potential
barrier region and the charge drain region. Some unnecessary signal
charges that have not overflowed the potential barrier should be
abandoned by a transfer operation in the horizontal CCD within the
vertical blanking period.

The present invention is aimed at an optimized structure of
the horizontal CCD of the solid-state image device and its driving
method for abandoning the unnecessary signal charges efficiently and -
surely through the charge drain region and by the transfer operation
of the horizontal CCD within the vertical blanking period. It is
also the object to present an efficient process for manufacturing
such a solid-state image device.

The first configuration of a solid-state image device
according to the present invention comprises a plurality of
photoelectric converters arranged én a semiconductor substrate; a

plurality of first charge transfer devices that receive signal



4 12. However, the transfer speed is much slower in the vertical CCD than
in the horizontal CCD. Therefore, the vertical CCD usually does not have
the structure such as the n[err] -type regions 7 nmentioned above. Three or
four-phase driving pul se can snooth the potential steps. In a

vi deo canera using such a solid-state image device, for exanple, sone
signal charges of pixels |located in thegperiphery of the screen nmay be
abandoned for a certain operation such as electronic inage stabilizing
(EI'S). For exanple, signal charges corresponding to tens to one hundred
and nore |i rohargés tfirem sther photudleetriicpevhvartersfaml ftrahsferr eheildgtahed out
of the si.gnal charges transferred to the horizontal CCD fromthe vertical
CCD i n evercharges:da second changer teansferidevice atnnedted p epecenst ofneadl hi n

a vertical | eriod, a special structure of the horizontal CCD has
been propos‘%daﬁ fg‘g‘s’&mge.W%S&ﬁ@@m%ﬁ%ﬁww@an@ heapignalacharges
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the signal charges in the direction crossing the first charge
transfer devices; a signal output circuit that receives the signal
charge transférred by the second charge transfer devicés and outputs
a signal voltage corresponding to the signal charge; a potential
barrier region énd a charge drain region formed along the side of the .
second charge tfansfer device opposite to the connection side with
the first charge transfer devices. The first charge transfer devices
have a normal mode for transferring the signal charges synchronizing
with the second charge transfer device and a high-speed mode for
transferring the signél charges quickiy without synchronizing with
the second charge transfer device. The charge drain region has a
resistance R and a capacitance C such that their product value RC is
smaller than substantially ten times the transfer period of the first
charge transfer device in the high-speed mode.

According to the above-mentioned configuration, since the
time constant RC is determined properly, unnecessary signal charges
transferred from the first charge transfer device to the second
charge transfer device in the high-speed mode can mové to the power
supply through the charge drain regidn fluently after overflowing the
potential barrier region.

It is preferable that the potential barrier region and the

charge drain region are formed in the step in which the photoelectric



and-a charge drain region forned along the side of the horizontal CCD
opposite to connection side with the vertical CCDs. This structure enables
the draining of charges transferred fromthe vertical CCDto the

hori zontal CCD, directly fromthe side of the horizontal CCD into a power
supply line. In this case, the vertical CCD has two transfer nodes, a
normal node and a hi gh-speed node. In thé normal nmode the signal charges
are transferred at a | owspeed synchronizing with the horizontal CCD,
while in the high-speed node the signal charges are transferred quickly

Wi t hout syncheRverieng) axi the thizshothiarget tilaneflr fdewvicesh andofimmedt hds
unnecessary signal c¢harges

In the aboveeNRlaingd iptes| in detail thagotestiak berriererpgion and the ¢ hg
oper 1 on | by SRATAEIL 191, WARSEeRAR hOlEL colBhfSRarsl Wt
device without increasing the number of process steps.

The second configuration of a solid-state jmage_device
according to the present invention comprises a plurality of
photoeléctric converters arranged 'on a semiconduétor substrate; a
plurality of first charge transfer devices that réceive signal
charges from the photoelectric.converters and transfer the signal
charges; a second charge transfer device connected fo an end of each
of the first charge transfer device for receiving the signal charges
transferred by the first signal transfer devices and for transferring
the signal charges in the direction crossing the first charge
transfer devices; a signal output circuit that receives the signal
charge transferréd by the second charge transfer devices and outputs
the signal voltagé corresponding to the signal charge; and potential
barrier and charge drain regions formed along the side of the second
charge transfer device opposite to the connection side with the first
charge transfer devices. The first charge transfer devices have a
normal mode for transferring the signal charges synchronizing with
the second charge transfer device and a high-speed mode for
transferring the signal charges fast without synchronizing with the
second charge transfef device. A charge accumulation quantity
defined by a potential of the potential barrier region and a
potential of the second charge transfer device is smaller than

substantially k times the transfer capacity of the second charge



operation is not conpleted within the vertical blanking period and sone
unnecessary signal charges remain in the horizontal CCD, a certain
deterioration of image would occur. For exanple, a white horizontal |ine
woul d appear on the upper side of the screen. Therefore, it is necessary
to optimze the structure of the potential barrier region and the charge
drain region in connection with drivingg paraneters to abandon the
unnecessary charges in the vertical blanking period using such a

hori zontal CCD with the potential barrier region and the charge drain
regi on. Sonetrensfarcedewice sshgnad perbed feemtthet ehdvaf the hhighrépende dradsfer
potential barrier should be abandoned by a transfer operation in the

hori zontal @odewtq the beginnjag tafc ghe oxmil mpdgeis dd times the horfigenprlesent
invention is ainmed at an_optimn zed siructure of the horizontal of the
sol i d- st at e SCREBHEIPETI dhatiis t et g traRSERE iPerdrd a6 nPeRpTdneharge
unnecessary signal charges efficiently and surely through the charge drain
regi on and btfaﬁﬁgeri ﬁgﬁé&@r operation of the horizontal CCD within the

vertical bl anking %Eb?&jmé tgﬁLﬁ’eaQ{g@ﬁ'ﬁ‘?ﬁtMea%ﬂﬂgﬁfgﬁ%E h&f thei ent

process for manufacturing state 1 mage~devi ce.
charge accumulation capacity is smaller than k times the transfer

caﬁacity of the second charge transfer deviée, unnecessary éignal
charges remaining in the second charge transfer device can be surely
removed by k times of transfer operation. Thus, the before-mentioned
problem about the image quality does not occur. Again, it is
preferable that the potential barrier region and the charge drain
region are formed in the stép in which the photoelectric converters
or the first charge transfer devices are formed.

The potential of the potential barrier region is preferably
lower than or substantially equal to the lower potential that defines
the transfer capacity of the second charge transfer device. It is
also preferable that the second charge transfer device has first and
second layer electrodes, a potential of the semiconductor substrate
portion facing the first layer electrode is higher than that facing
the second layer electrode, the second layer electrode is connected
with the next first layer electrode in the transfer direction, and
the potential of the poténtial barrier region is substantially the
same as the potential of the substrate portion facing the second
layer electrode.

Moreover, it is preferable that the second charge transfer

device has first and second layer electrodes, a potential of the



The-first configuration of a solid-state image device according to the
present invention conprises a plurality of photoelectric converters
arranged on a sem conductor substrate; a plurality of first charge
transfer. devices that receive signa

6 charges fromthe photoelectric converters and transfer the signa
charges; a second charge transfer devicegconnected to an end of each of
the first charge transfer device for receiving the signal charges
transferred by the first signal transfer devices and for transferrin t he
si gnal char géemiqendnetan substrate cparddomfacing fthes fivstadgrer talgatrade is

vt oo 2 b, b g ol I arest s, LIS B ey ShLge oot
volave Cor" S8l U6 GARGlar LT e paL el i BlRARILRT, 20
devi ce opposithg {rAnkhér FIPEECGhO artl $fie Wd1Btionship between the potential ¢
1 of the potential barrier._ region and the potential ¢ 2 of the
substrate portion facing the second layer electrode is expréssed by
the following equation when an area of the first layer electrode
facing the semiconductor substrate is x times of an area of the
second layer electrode facing the semiconductor substrate.
$2- 61 < (k-1 ¢ / (x+1) |
A method for driving a solid-state image device according to
the present invention comprises the steps of switching the transfer
mode of the first charge transfer devices between a normal mode for
transferring the signal charges synchronizing with the second charge
transfer device and a high-speed mode for tramsferring the signal
charges quickly without synchronizing with the second charge transfer
device; and setting a period from the end of the high—speed transfer
mode to the beginning of the normal mode more than k times the
horizontal scamning period that is the full transfer period of the
second charge transfer device when a charge accumulation capacity
defined by a potential of the potential barrier region and a
potential of the second charge transfer device is k times the
transfer capacity of the second charge tramsfer device.
According to the above—ﬁentioned method, unnecessary signal
charges remaining in the second charge transfer device can be surely

removed by k times of transfer operation. Thus, the before-mentioned



the-first charge transfer devices. The first charge transfer devices have
a normal node for transferring the signal charges synchronizing wth the
second charge transfer device and a high-speed node for transferring the
signal charges quickly w thout synchronizing with the second charge
transfer device. The charge drain region has a resistance R and a
capacitance C such that their product valpue RCis snaller than
substantially ten times the transfer period of the first charge transfer
device in the hjigh-speed node. According to the above-nentioned
confi gur at i ®Fobkemh@boyt thet iragec aualidat doas netdesawrni ned properly,
unnecessary signal _charge transferred fromthe first charge_transfer

device to the secodd @ Qﬁﬁ%s tfoxealdng auch- @ pelidrstateimagedeviiele can
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pin whic e photoel ecttic |
photoelectric converters or the first charge transfer devices are
formed.

Accordiﬁg to the above—méntioned process, solid-state image
devices having a potential barrier region and a charge drain region
in the second charge transfer device can be ﬁroduced efficiently
without increasing process steps. It is preferable that the
potential barrier region is formed in the step in which a region is
formed that controls the signal charge movement from the
photoelectric converter to the first charge transfer device.

The present invention will be explained in detail by
referring to the drawings.

Fig. 1 is a plan view of a two-phase driving type horizontal
CCD used in a solid-state image device according to the first
emhodiment of the present invention.

Fig. 2 is a cross section along line b' -b'’ in Fig. 1.

Fig. 3 shows a potential distribution along line b-b -b'’ in
Fig. 1.

Fig. 4 shows an equivalent circuit of the drain region of the
horizontal CCD in the first embodiment.

Fig. 5 is a graph showing a potential change per one step of
the horizontal CCD in the first embodiment.

Fig. 6 is a plan view of the two-phase driving type



7 .converters or the first charge transfer devices are fornmed. As

explained later in detail, the potential barrier region and the charge
drain region can be forned in the second charge transfer device w thout
i ncreasi ng the nunber of process steps. The second configuration

of a solid-state image device according to the present invention conprises
a plurality of photoelectric convertersimrranged on a sem conduct or
substrate; a plurality of first charge transfer devices that receive
signal charges fromthe photoel ectric converters and transfer the signal
charges; a shorimntahi0§d according toevhe secomhembedinantapf dhe presemdh of
the first charge transfer device for receiving the signal charges
transferred Byvem{doR;rst signal transfer devices and for transferring the

signal charges in the direction crossing the first gharge, transfer

devi ces; a signal oE’cﬁ)'ult7 £ & GTPst ﬁﬁf’{’r‘g’c«??% i ‘gi al*® ?ﬁ%f‘ ge
transferred by the cond rge [y j tﬂﬂﬁﬁ rhey»sk.gna
vol t age correspondi ?fgg'tg ?iiléelgsgg%cg{eﬁgﬁ%fgé‘;g@éir@etggﬁg%toﬁgl a(riﬁig-? a%lg
char ge drainFEEgQQns formed al ong the side of the second

Fig. 9 is a cross section of a pixel portion of the solid-
state image devicg in the sécond embodiment.

Figs. 10A-10C are cross sections showing a process for
manufacturing the solid-state image device in the second embodiment.

Fig. 11 shows driving waveforms of the solid-state image
device according to the present invention.

Fig. 12 shows a structure of a solid-state image device in
the prior art.

Fig. 13 is a plan view of a two—phase driving type horizontal
CCD used in a solid-state image device of the prior art.

Fig. 14 shows a cross section and a potential distribution
along line a' -a'' in Fig. 13.

Fig. 15 shows a cross section and a potential distribution
along line a-a' in Fig. 13.

Fig. 16 shows voltage waveforms of the two—phase driving
pulse for the horizontal CCD used in a solid-state image device of
the prior art.

The present invention will be explained in detail by
referring to Figs. 1-11, focusing on the difference between the
present invention and the prior art explained above referring to

Figs. 12-16.



charge transfer device opposite to the connection side with the first
charge transfer devices. The first charge transfer devices have a nornal
node for transferring the signal charges synchronizing with the second
charge transfer device and a high-speed node for transferring the signal
charges fast w thout synchronizing with the second charge transfer device.
A charge accunmul ation quantity defined;hy a potential of the potential
barrier region and a potential of the second charge transfer device is
smal l er than substantially k tinmes the transfer capacity of the second
char ge (First Embodiment) 8 transfer device when a
period fromthe end of the high-speed transfer node to t he begi nni ng .of
t he normal node is Bigtiheshowe androzphasel driagntype perizmatahdiCDi ssedhenf ul |
ransfer period t he second_charge transfer device.
trans P a sol?ci—state image devicegaccording to the first embodiment of the
present invention. Fig. 2 shows a cross section along line b -b'‘' in
Fig. 1. Fig. 3 shows a potential distribution along line b-b -b'' in
Fig. 1, which is a potential distribution at t = t1 of the driving
pulse shown in Fig. 16. _
The horizontal CCD in this embodiment has an n—typé region 6
that is an n diffusion layer formed on a p-type region 5 that is a p
diffusion layer or substrate. This n-type region 6 is used as a
channel portion of the horizontal CCD. The n-type region 6 is
provided with a potential barrier i'egion 21 and a charge drain region
22. To be accurate, the n~ diffusion layer 21 and the p-type region
5 just under the n~ diffusion layer 21 constitute the barrier region.
In the same way, the n™ diffusion layer 22 and the p-type region 5
just under the n* diffusion layer 22 constitute the drain region.
The drain region 22 is formed along the side of the n—type region 6
opposite to the side that is comnected with vertical CCDs, and the
potential barrier region 22 is formed along the inner side of the
drain region 22. The drain region (n* diffusion layer) 22 is
connected with the power supply 23 applying a voltage VD. A cross
section and its potential distribution along line b-b' in Fig. 1 as
well as a driving method of the horizontal CCD are the same as those
explained above referring to Figs. 15 and 16.
Fig. 3 shows a potential distribution along the line b-b' -b'’

of Fig. 1. ¢1 is the potential of the potential barrier region 21,



According to the above-nentioned configuration, since the charge
accunul ation capacity is smaller than k tinmes the transfer capacity of the
second charge transfer device, unnecessary signal charges remaining in the
second charge transfer device can be surely renoved by k tines of transfer
operation. Thus, the before-nentioned problemabout the inage quality does
not occur. Again, it is preferable thatyjghe potential barrier region and
the charge drain region are forned in the step in which the photoelectric
converters or the first charge transfer devices are forned. The
potential of & Beipat potendliabaof ithe chagneh fiacipg ether abtond layer eléctrode
substantially equal to the lower potential that defines the transfer
capacity of ©Be(Bigohd) cthdgts ©r potedialicof dbe channgl fgcipg pkhef Eixgt e t hat
t he second charge transfer deyijce has first and second |ayer electrodes, a
potential of 1BKEF &IRFLERLER oF i8ub)rafRd B4 £5 oh PeieRtHG !t fk the draingy e
el ectrode isrgiggtger than that facing the second | ayer el ectrode, the
second | ayer Ifrzgde is connected with the next first |layer electrode in
the transfer directiyo d LAl of o RO i L4 i on
.\ Bléaax‘%g ggﬁt@%e%cf 'ﬂ‘%}ﬁ ﬁh%of:ﬁ%}neﬁ Bﬁrs}théaﬁrem&% Cep ?9

IS substantially the e potentra ne su e portion facing
the second accumulated as a signal charge 24 in the potential well of the

channel (potentiai ¢ 3) facing the first layer electrode éb. A
capacity of this channel facing the first layer electrode 8b, that is
a capacity defined by an area of the first layer electrode 8b and a
potential difference (¢ 3 ~ ¢2) is a transfer capacity of the
horizontal CCD. Usually, the transfer capacity of the horizontal CCD
is designed larger than that of j:he vertical CCD. However, as
mentioned before, if the vertical CCD transfers signal charges one
after another in the high-speed mode without synchronizing with
transfer of the horizontal CCD, a charge quantity accumulated in the
horizontal CCD exceeds the transfer capacity of the horizontal CCD
resulting in an overflow of the charge into a channel (potential ¢ 2)
facing the second layer electrode 9b.

In this embodiment, when the charge quantity accumulated in
the horizontal CCD exceeds the tramnsfer capacity of the horizontal
CCD, charges exceeding the potential ¢ 1 of the potential barrier
region 21 overflow into the power supply 23 (VD) through the drain
region 22. The charge quantity accumulated in the chamnel facing the
first layer electrode 8b and the second layer electrode 9b can be
controlled near to the transfer capacity of the horizontal CCD by
setting the potenfial ¢ 1 substantially equal to the potential ¢ 2 of



| ayer electrode. Moreover, it is preferable that the second charge
transfer device has first and second | ayer el ectrodes, a potential of the
9 sem conductor substrate portion facing the first |ayer electrode is

hi gher than that facing the second | ayer electrode by [err] , the second

| ayer el ectrode is connected with the next first |ayer electrode in the
transfer direction, and the rel ati onshi pgdbetween the potential [err] 1 of
the potential barrier region and the potential [err] 2 of the substrate
portion facing the second |ayer electrode is expressed by the follow ng
equat i on wheHeafeegnsa laven pde¢tnode Sbwer el ectrode facing the

sem conductor substrate is x tines of an area of the second |ayer
el ectrode facing t H&eseigmadnehirngs: sheujs patpresent betweep potpatidql] &2 @ad 1)

gg{:g]r d{ ﬁl)g(] :' Cﬂc)tentialqt 3 f(ﬁ‘ 'IEE hx?oq'm];?rtxgarnis (Iazn %fa cﬁgrl'gieds_ irtla';[hee 'glg eon%SY ce
CCD. If the potential ¢ 1 is set higher than the potential ¢ 2, the
transfer capacity of the horizontal CCD becomes smaller by the amount
corresponding to the potential difference (62 - ¢1). In this case,
it may be difficult to transfer all of the signal chz;.lrges normally,
and the signal charge may overflow into the drain region 22 every
transfer stage. As a result, a signal charge amount may decrease
along with increases of the transfer stage. Thus, éo—called shading
may happen, in which the right side becomes dark compared with the
left side of the screen. Therefore, the potential ¢ 1 should be
lower than or equ[gl to the potential ¢ 2.

On the other hand, if the potential ¢ 1 of the potential
barrier region 21 is set lower than ¢ 2, and if the potential
difference (¢ 2 - ¢ 1) is too large, the ability to drain unnecessary
charges through the drain region 22 may become insufficient.
Therefore, an allowance (i.e., a lower limit) of the potential ¢ 1
should be considered.

The lower limit of the potential ¢ 1 has a certain
relationship with the time period that starts at the end of the
transfer of the ummecessary charges from the vertical CCD into the
horizontal CCD in the high-speed mode and ends at the begimning of
the transfer of the necessary signal charges in the normal mode.
Supposing that this time period is k times the full transfer period
of the horizontal CCD that is the horizontal scanning period, the



t he ‘present invention conprises the steps of switching the transfer node

of the first charge transfer devices between a nornmal node for

transferring the signal charges synchronizing with the second charge

transfer device and a high-speed node for transferring the signal charges

qui ckly wi thout synchronizing with the second charge transfer device; and

setting a period fromthe end of the highsspeed transfer node to the

begi nning of the nornmal node nore than k tinmes the horizontal scanning

period that is the full transfer period of the second chargq transfer

devi ce when 4dispkange teansferef dhecupecessarydehanges by thephomizontal of t he
| al , of the second charge_ transfer

825?2? ?ls tk)a'[ﬁrrhgéf%‘ﬁgb ?9% %e: g{‘i&’g kytimese hehgé!}éﬁ(rfa(gﬁar' e‘i‘gggzi er
i ce. t e, abowe-me on met hg u

gie\élngle char gag(s:u"rngcr?%lgél!q L\%‘%Fﬁgt%’é"&@'oﬁﬁfﬁ% b& ﬁ}eaﬁg#:eé’rtlaév?ge 1§a%éer

surely 1emvgdn by tinbs "8 haddrBRSEdpacPBF ot tRE hol P¥5utai"EcD, all of the

bef or e- ment i oned
unnecessary charges can be discharged within the vertical blanking

period.

' For example, when the area of the first- layer electrode 8a
and that of the éecond layer electrode 9a are in the ratio of 1 : x,
the accuhulation charge quantity Q1 can be determined by the equation
1).

Ql=((¢3-¢2) + (¢2-¢1)(1 +x)NC1  ..... 1)
where Cl is a constant. | Since the transfer cépacity of the
"horizontal CCD is (#3 - ¢ 2)C1, the expression (2) should be
satisfied so that the accumulation charge quantity Ql defined by ¢ 1
is smaller than k times of the transfer capacity of the horizontal
CCD. | .

$2-91<(k-1(¢3-¢2) / (x+1)  ..... (2)

For example, when x = 1, k=2, and ¢3 - ¢2 = 1 volt, the
lower limit of the potential ¢ 1 is lower than the potential ¢ 2 by
0.5 volts.

The operation of the drain region 22 will be explained next.
Usually, wiring and diffusion regions in a semiconductor device can
be simulated by a distributed constant circuit including resistors
and capacitors. In this case, the drain region 22 can be expressed
by a ladder circuit including resistors and capacitors as shown in

Fig. 4. Considering its function, one end of the circuit is



10 . probl em about the inmage quality does not occur. In a process
for maki ng such a solid-state image device according to the present

i nvention, the potential barrier region and the charge drain region are
formed in the step in which the photoelectric converters or the first
charge transfer devices are forned. According to the
above-nenti oned process, solid-state in§ge devi ces having a potenti al
barrier region and a charge drain region in the second charge transfer
device can be produced efficiently wthout increasing process steps. It is

preferabl e ichatedted t¢aAheNpobwdr BapplyeVDr &g @notlier! endeit sippledsieth ian
which a region is fornmed that controls the signal charge novenent fromthe
phot oel ect r ipalsevodtage V0o t he Fiigr oA, ®ha€ gndt noaxsf ar whitehei cesistance, a The
present invention will be explained in detail by referring to the

drawi ngs. whole capggitance; and, appiep \uahen fofa thedhoghgentadr C@ ng t ype

hori zontal CCD used_.in a solid-state i nage devic ccordin o the first
enbodi nent  FESPREINELEentd Pﬂ%’rﬁlﬁirf’h‘mge ate AV / v at t?xe 8ufse input

terminal Vi in this circuit is expressed by the equation 3).

AV / V0= 4/ m)exp(-m3t /4RC) = ..... 3)

Fig. 5 shows the voltage change réte calculated by the
equation (3) depended on a resistance per one stage of the horizontal
CCD. As shoﬁn in this figure, the recovery of the potential needs a
longer time as the resistance increases. In other words, if the
resistance of the drain region 22 increases, overflowed charges
become reluctant to flow into the power supply 23 and are accumulated -
in the drain region 22. As a result, it becomes difficult to
discharge unnecessary charges from the horizontal CCD.

The condition for the drain region not to be filled with the
overflowed charges will be explained next. Hereinafter, TO is a
transfer period of the vertical CCD that transfers unnecessary
charges into the horizontal CCD, m is a stage number of unnecessary
charges transferred in the vertical CCD, V0 is an initial voltage
change of the drain region 22 generated by the unnecessary charges
ﬁer one stage transferred from the vertical CCD, ¢1 is a potential
of the potential barrier region, ¢4 is an initial potential of the
drain region 22, and A0 is a value obtained from the equatién 3)
assigning t = TO.

First, a potential vl of the drain regions 22 when charges of
the first stage are transferred is expressed hy the equation (4).



Fig: 2 i's a cross section along line b" -b'"" in Fig. 1. Fig. 3

shows a potential distribution along line b-b'-b'"' in Fig. 1. Fig.
4 shows an equivalent circuit of the drain region of the horizontal CCD in
the first enbodi nment. Fig. 5is a graph show ng a potential change
per one step of the horizontal CCD in the first enbodi nment. Fi g.

6 is a plan view of the two-phase drivingztype hori zontal CCD

according to the second enbodi nent of the present invention. Fi g.
7 is a cross section along line d -d'' in Fig. 6. Fig. 8 shows a
potential distributvdra0ong line d-d -d" in Fig. 6. ...FLg(4)9 is a

cross section of a pixel portion of the solid-
A potential when the charges of the second stage are transferred is

expressed by the equation (5).
v2=vl X A0 + VO

voa+a0 L. (5)
A potential when the charges of the third stage are transferred is
expressed by the equation (6). |

vi=v2 X A0 + VO

Vo1 + AO)AO + VO

=Vo(L+A0+40% ... (6)
In the samé way, a potential vm of the drain regibn 22 after the
charges of the m—th step have been transferred is expressed by the
equation (7).

vm = VO(1 + A0 + A0 + A0® + .... + AO™* )  ..... (M
Considering the most critical condition where m is about 200 and A0 <
1, the equation (7) can be simplified by an approximation as shown in
the equation (8).

wm=V0/ @-a40) ... €)]

This potential vm should be smaller than the potential
difference between the drain region 22 and the potential barrier

region 21. Hence expression (9) is derived.

VO / (1 -A0) < (¢4- ¢1) : . (9
From this expression (9) and the equation (3), the expression (10) is
derived.

RxC<10.2xTO ... (10)

This equation (10) is the condition for determining the proper range



state image device in the second enbodi nent. Figs. 10A-1CC are
cross sections show ng a process for manufacturing the solid-state inmage
device in the second enbodi nent. Fig. 11 shows driving waveformnms
of the solid-state image device according to the present invention.

Fig. 12 shows a structure of a solid-state inmge device in the prior art.
Fig. 13 is a plan view of a two-phase dnrigving type horizontal CCD used in
a solid-state i mage device of the prior art. Flg. 14 shows a cross
section and a potential distribution along Iine a'-a'' in Fig. 13.

Fig. 15 shovef a:esmﬁsmcsand oap@mctancgaifemhe dradnstregilont 22n Fet cngmplee a- a'
in Fig. 13. 6 shows vol tage waveforns of the two-phase

dri ving pulwhen 59 % I3e3h6ﬁeﬁ=o‘m<hlc TCh s ethe registancg- Brshauldnbgyemdtlexe of
the prior ar TheIB sent i nvegtlon will be explained in det ail

by referring@oSel fegohm. ;. PRRF 0t eI StRRGL REE NG fibage ofe8
present | n_Veé]EdeQ @PQhEq?orﬁ"sz?{alaE)EDe%ﬁld%ed s%g?i/er %ré.l4nﬁoﬁ£.

(Second Embodiment)

Fig. 6 shows a plan vieﬁ of a so-called two—phase driving
type horizontal CCD used in a solid-state image device according to
the second embodiment of the present invention. Fig. 7 shows a cross
section along line d -d'‘ of Fig. 6. Fig. 8 shows a potential
distribution along line d-d' -d'' of Fig. 6.

As understood by comparing Fig. 7 with Fig. 2 of‘ the first
embodiment, this embodiment differs from the first embodiment in that
the drain region is made of n-type region 6 and p——type region (p~
diffusion layer) 26 under the n-type region 6. This structure
performs the same function as the drain region of the first
embodiment that is made of the n* diffusion layer (numeral 22 in Fig.
2). ¢5 is the potential of the potential barrier region 25, and ¢ 6
is the potential of the drain region 26. Potential values of ¢ 5 and
$ 6, as well as a resistance and capacitance of the drain region, can -
be explained in the same way as the first embodiment.

The advantage of this embodiment is that a process for
manufacturing solid-state image devices can be simplified as
explained below. Fig. 9 shows a cross section of a pixel portion of
a solid-state image device according to this embodiment. On n—type

substrate 31, p~-type region 32, n-type region 33, p*-type region 34,



Fi gs. 12-16. 12 (First

Enbodi nent) Fig. 1. shows a two-phase driving type horizontal CCD
used in a solid-state imge device according to the first enbodi ment of
the present invention. Fig. 2 shows a cross section along line b'-b"" in

Fig. 1. Fig. 3 shows a potential distribution along line b-b'-b"" in Fig.
1, which is a potential distribution at 9= tl of the driving pulse shown
in Fig. 16. The horizontal CCD in this enbodi nrent has an n-type
region 6 that is an n diffusion |layer fornmed on a p-type region 5 that is
a p diffusi @rtyngeregdon sifhsnrtype. rqgﬁon 861 yetypyiregién i3y asd @ asype
channel portion_of the horizontal he n-type region 6 is provided

with a pot entiegionai pEe ﬁ%‘&?@n Yer Wlac%@rlgé Bds Rsatqyiedactrrde) 139 gad
accurate, the 8 iieth’ {15 96 ard Blody A0pe Sedion’ 86, °9 O

More specifically, n diffusion layers 33 and p* diffusion
layers 34 to be photodiode portions are formed in p~ diffusion layers
formed on n—type substrate 31. Moreover, p diffusion layers 35 and n
diffusion layers 36 to be channel portions of vertical CCDs are
formed, and p~ diffusion layers 37 and 38 are formed adjacent to the
n diffusion layer 36. '

Fig. 10A to 10C show a process for manufacturing solid-state
image devices according to this embodiment. In each figure, the left
half shows a cross section of the horizontal CCD portion, and the
right half shows a cross section of the pixel portion.

First, as shown in Fig. 10A, p-type regions 5 of the
horizontal CCD portion and p-type regions 35 of the pixel portions
are formed by implanting boron ions into the p~——type region 32 formed
on the n—type substrate 31. Then, n-type regions 6 of the horizontal
CCD portion and n-type regions 36 of the pixel portions are formed by
implanting phosphorus or arsenic ionms. Formation of the p-type
region 5, 35 and formation of n-type region 6, 36 are not limited to
the above-mentioned order. The drain region 26 is not implanted with
boron ions so as to maintain the p~-type region.

As shown in Fig. 10B, the n™—type region 25 to be the
potential barrier region 25 is formed in the n—type region 6 of the
horizontal CCD, and p~-type regions 37, 38 are formed at both sides

- of the n—type region 36 in the p~—type region 32 by implanting boron



S just under the n[err] diffusion layer 21 constitute the barrier region.
In the sane way, the n[err] diffusion |ayer 22 and the p-type region 5
just under the n[err] diffusion |ayer 22 constitute the drain region. The
drain region 22 is fornmed along the side of the n-type region 6 opposite
to the side that is connected with vertical CCDs, and the potenti al
barrier region 22 is formed along the imger side of the drain region 22.
The drain region (n[err] diffusion layer) 22 is connected with the power
supply 23 applying a voltage VD. A cross section and its potenti al

di stributionioasong line b-b'" in Fig. 1 as well as a driving nethod of the
hori zontal CCD are the sane as those explained above referring to Figs. 15
and 16. FiNgxt 3 ashshewm ipoF &gyt il8C, dfigsti bageroaledtoodes [8b bnde b- b’

-b"! f Fig. 1, [err] 1 is the potential of the potential barrier region
2? or H g%rerticagl CCJJ electrode 1% are formed in the pl{cg‘,ipo])ntph 6CB. pdpeﬂgqga| of

the channel Ji?:%il nﬁbrltggnss,e%gggpé %ggor?sl %%t 51(1)(9 %*—type regions 34 are formed
in the p™—type regions 32, and vertical CCD electrodes 39 and photo-
shield films 40 are formed on the substrate.

As explained -above, the horizontal CCD portion and piiel
portioné of a solid-state image device according to the present
embodiment can be manufactured through the process steps shown in
Fig. 10A to 10C. In other words, solid-state image devices according
to the present invention can be manufactured efficiently without
increasing the number of process steps since ﬁle potential barrier
region and the charge drain region of the horizontal CCD portion can
be formed in the step for forming pixel portioms, i.e., pl;otoelectric
converters.

Next, the method for driving such solid-state image devices
according to the present invention will be explained. Fig. 11 shows
driving waveforms of the solid-state image device including four-
phase driving type charge transfer devices as the vertical CCDs and
two-phase driving type charge transfer device as the horizontal CCD.
In Fig. 11, three-level pulses are used as driving pulses ¢ V1 and ¢
V3 for the vertical CCD. A signal charge is read from a
photoelectric converter to a vertical CCD when the driving pulse is H
(high) level voltage. The signal charge is tfansferred from ¢ V1 to
¢ V4 by using M (middle) level and L (low) level voltages. Read

signal charges corresponding to m stages are transferred into the



9b (Fig.- 15), [err] 3 is a potential of the channel facing the first |ayer
el ectrode 8b (Fig. 15), and [err] 4 is a potential of the drain region 22.
A charge transferred fromthe channel of the vertical CCDis accumul ated
as a signal charge 24 in the potential well of the channel (potenti al

[err] 3) facing the first |ayer electrode 8b. A capacity of this channel
facing the first |ayer electrode 8b, thatiis a capacity defined by an area
of the first layer electrode 8b and a potential difference ([err] 3 -
[err] 2) is a transfer capacity of the horizontal CCD. Usually, the
transfer capdwriyomtalt 06D g tho high-<gded médglesi gned | arger than that of
the vertical CCD. However, as nentioned before, if the vertical CCD
transfers signal chdwgelewedepulsescaranseticas ithet deiviing lpulsesdé iidandvi ¢ HBut
synchronizing with transfer of the horizontal CCD, a charge quantit

accunul at ed %97t Fee bebizodad fClcple ddiechighspeed aiodecpf dhgaventical (%lqlﬂe
(pot ential [ Fhoyhared tmpatfy SeEined Puythe BPtertiatosdnot the potential; i s
Crio o MERAGCRSEIAL SR £kt BP0 AR
CCD, all of the unnecessary charges can be discharged by setting the
time period froﬁ the end of the high-speed mode to the béginning 6f
thé normal mode of the vertical CCD longer than k times the full
transfer period of the horizontal CCD for transferring all of one
line signal charges transferred from the vertical CCDs.

In the embodiment explained above, the channel is made of an
n-type region, and electrons are usedias signal charges. However,
the present invention is not limited to such an embodiment, but can
be embodied in the way that the channel is made of the p—type region
and holes are uéed as the signal charges.

As explained above, the present invention provides a solid-
state image device and its driving method, in which unnecessary
signal charges corresponding to pixels located on the periphery of a
screen can be discharged surely by the high-speed transfer mode.
Thus, the image obtaiﬁed after such an operation has a good quality.
Moreover, according to the process of the present invention, such a

solid-state image device can be manufactured efficiently without
increasing the number of process steps.

The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The

embodiments disclosed in this application are to be considered in all



CCD, charges exceeding the potential [err] 1 of the potential barrier
region 21 overflowinto the power supply 23 (VD) through the drain region
22. The charge quantity accumul ated in the channel facing the first |ayer
el ectrode 8b and the second | ayer electrode 9b can be controlled near to
the transfer capacity of the horizontal CCD by setting the potential [err]
1 substantially equal to the potential ferr] 2 of

14 the second | ayer el ectrode 9b. The signal charge should be
present between potential [err] 2 and potential 3 for the normal transfer
of charges irespbétdr@si zDiisarati¥eDand fndthgepatierive) thersdopé of thet hi gher
than the potential [err] 2, the transfer capacity of the horizontal CCD
becones snalinvenbion beimgtindicatedr by sthendppepded ¢heimporathierathati bfretlence
([err] 2 - [err] 1). In this case, it may be difficult to transfer all of
t he signal cfregeingdesetiptionamadt #bl shgnges dhat romenyithisr the WepRing t he

drain region 22 ever
g _aﬁ% range %f equivalency of the claims are intended to be embraced

therein.



transfer’ stage. As a result, a signal charge anount nmay decre A _
w th increases of the transfer stage. Thus, so-called shadi ngﬂm EH“III”"I
in which the right side beconmes dark conpared with the Ileft srdecoft tive s =
screen. Therefore, the potential [err] 1 should be Ilower than or equal to

the potential [err] 2. On the other hand, if the potential [err] 1

of the potential barrier region 21 is s28 lower than [err] 2, and if the
potential difference ([err] 2 - [err] 1) is too large, the ability to

drai n unnecessary charges through the drain region 22 may becone

i nsufficient.CLAIM@refore, an allowance (i.e., a lower limt) of the

potential [err] 1 should be considered. The lower limt of the
potential [err] 1 has a certain relationship with the tinme period that

starts at the end of, the, transfer of the unnecessarg charges fromthe

vertical CCDinto tHe rHbrelidisiptecdsass devdcs; ﬁ‘?i“ﬁ'ﬁ ;e node and ends at
Lhe bealnni 19 of e oAt o b isiaseere el s psakatonln (e
period of thenhesiderba!sdbsrafat is the horizontal scanning period, the

a plurality of first charge transfer devices that receive
signél charges from the photoelectric convertérs and transfer the
signal charges;

a second charge transfer device connected to an end of each
of the first charge transfer device for receiving the signal charges
transferred by the first signal transfer devices and for transferring
the signal charges in the direction crossing the first charge
transfer devices;

a signal output circuit that receives the signal charge
transferred by the second charge transfer devices and outputs the
signal voltage corresponding to the signal charge;

a potential barrier region and a charge drain region formed
along the side of the second charge transfer device opposite to the
comnection side with the first charge transfer devices;

the first charge transfer device having a normal mode for
transferring the signal charges synchronizing with the second charge
transfer device and a high-speed mode for transferring the signal
charges fast without synchronizing with the second charge transfer
device; and

wherein the chérge drain region has a resistance R and a

capacitance C such that their product value RC is smaller than



15 -discharge transfer of the unnecessary charges in the horiz

transfer CCD can be perforned k tinmes. In this case, if the aﬁ”ﬂ”"lﬂt“l{“l"l”"l
charge quantity defined by the potential [err] 1 is snmaller than % tims s *
the transfer capacity of the horizontal CCD, all of the unnecessary

charges can be discharged within the vertical blanking period.

For exanple, when the area of the first 44ayer el ectrode 8a and that of the
second | ayer electrode 9a are in the ratio of 1 : x, the accunulation
charge quantity QL can be determ ned by the equation (1%. . QL
(([err] 3 - pebgtpnpijally [tem rfjimgs._of éhp]tqqn(s ex perjied of the first change)
where Cl is a constant. Since_the transf apacity of the horizontal CCD
is ([err] 3 tramsfer %‘@fe imdhey @5§P‘6?F¥('“?jcjeshoul d be satisfied so that

t he accunul ation charge quantity QL defined by [err] 1 is smaller than k
times of the transfer capacity of the horizontal

2. The charge transfer device according to claim 1, wherein

the potential barrier region and the charge drain region are formed
in the step in which the photoelectric converters or the first charge

transfer devices are formed.

3. A solid-state image device comprising:

a plurality 6f photoelectric converters arrangéd on a
semiconductor substrate;

a plurality of first charge transfer devices that receive
signal charges from the photoelectric converters and transfer the
signal charges;

a second charge transfer device connected to an end of each
of the first charge transfer device for receiving the signal charges
transferred by the first signal transfer devices and for transferring
the signal charges in the direction crossing the first charge
transfer devices;

a signal output circuit that receives the siénal charge
transferred by the second charge transfer devices and outputs the
signal voltage corresponding to the signal charge;

a potential barrier region and a charge drain region formed
along the side of the second charge transfer device opposité to the
connection side with the first charge transfer devices; and

the first charge transfer device having a normal mode for
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volt, the lower linit of the potential [err] 1 is lower than t he potthi%
[err] 2 by 0.5 volts. The operation of the drain region 22 wll
be expl ained next. Usually, wiring and diffusion regions in a

sem conduct or device can be sinulated b#5a distributed constant circuit
including resistors and capacitors. In this case, the drain region 22 can-
be expressed by a |adder circuit |ncludgwg reS|stors_a?d capaci t.or.s as

shown in Fi dransfersisg dde Aignals charges; sWIChERRiZNg Bt cF99on charge

6 comnect e e 1o LSS (TP DA 908 U5F Sk WP bS] 2

capaci tance ad?ﬂr@eé 18Rt m‘éﬁt ngnt:ﬂ?orﬁ‘hhé i@l ' 8econd charge transfer
device, wherein a charge accumulation capacity defined by a potential
of the potential barrier region and a potential of the second charge
transfer device is smaller than substantially k times the transfer
capacity of the second charge transfer device when a period from the
end of the high-speed transfer mode to the beginning of the normal
mode is k times-of the horizontal scanning beriod that is the full

transfer period of the second charge transfer device.

4. The charge transfer device according to claim 3, wherein
the potential barrier region and the charge drain region are formed
in the step in which the photoelectric converters or the first charge

transfer devices are formed.

5. The charge transfer device according to claim 3, wherein
the potential of the potential barrier region is substantially the
same as the lower potential that defines the transfer capacity of the

second charge transfer device.

6. The charge transfer device according to claim 3, wherein
the potential of the potential barrier region is lower than the lower
potential that defines the transfer capacity of the second charge

transfer device.



respectirvely. A potential change rate [err] V / VO at the pul

termnal Vi inthis circuit is expressed by the equation (3)ﬁll“ﬁlﬂ""l""lll"I“l
[err] V/ VO= (41 [err] )exp(- [err]t / 4RO A &) B
Fig. 5 shows the voltage change rate cal cul ated by the equation (3)
depended on a resistance per one stage of the horizontal CCD. As shown in
this figure, the recovery of the potentpgl needs a |onger tine as the
resi stance increases. In other words, if the resistance of the drain
region 22 increases, overflowed charges becone reluctant to flowinto the
power supply 23 and.ar eThec chapgeateahsfier ddwdcedr accorddng oo 22aind\S, awhersiht ,
It beconmes difficult to discharge unnecessary charges fromthe horizontal
CCD. theTeecandneharigentiansfencdenige rhase fiost secapd layared with the
overfl owed charg‘?s wi || be explained next, Hereinafter, TOis a transfer

period of tRIeGErqdesal a materiial of sther semicondueters substrater pertion: tAGiNg
the vert: caltiBobiioMRee FEefidta) iy diehte EERAAA" SRORIR Hhp A FRRIGIAR" "
gEner a1 e bl e 1SGRS g S 1 Bl hack AT 86 o (e
[err] 4 is apyyepi d1ltr6® 2A54edntOfint R transfer direction, and the potential

of the potential barrier regic;n is substantially the same as the '

potential of the substrate portion facing the second layer electrode.

8. The charge transfer device according to claim 3, wherein
the second charge transfer device has first and second layer
electrodes, a potential of the semicondubtor substrate portion facing
the first layer electrode is higher than that facing the second layer
electrode by ¢, the second layer electrode is connected with the
first layer electrode adjacent in the transfer direction, and the
relationship between the potential ¢ 1 of the potential barrier
region and the potential ¢ 2 of the substrate portion facing. the
second layer electrode is expressed by the following equation when an
area of the first layer electrode facing the semiconductor substrate
is x times of an area of the second layer electrode facing the
semiconductor substrate.

$2-¢1 <(k-1) ¢ / (x+1)

9. A method for driving a solid-state image device that
includes a plurality of photoelectric converters arranged on a

semiconductor substrate, a plurality of first charge transfer
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when charges of the first stage are transferred is expressed By fhet " s =

equation (4). 17 vl = VO
(4) A potential when the charges of the second stage are transferred is
expressed by the equation (5). = vl X AO + VO . =
VO(1 + AO) (5) A potential when

the charges of the third stage are transferred is expressed by the
equati on (6).devices, a sggond ghapgerdransfier device, a signaVl/Ofuitpat Adr&Qit, O

potential barrier region and a charge drain region formed along the
side of the second charge transfer device, thé method comprising
steps of:

switching a transfer mode of the first charge transfer
devices between a normal mode for transferring the signal charges
synchronizing with the sécond charge transfer device and a high—sﬁeed
mode for transferring the signal charges quickly without |
synchronizing with the second charge transfer device; and

setting a period from the end of the high-speed transfer mode
to the beginning of the normal mode more than k times of the
horizontél scanning period that is the full transfer period of the
second charge transfer device when a charge accumulation capacity
defined by a potential of the potential barrier region and a
potential of the second charge transfer device is k times of the

transfer capacity of the second charge transfer.device.

10. A process for manufacturing a solid-state image device
that includes a plurality of photoelectric converters arranged on a
semiconductor substrate, a plurality of first charge transfer devices
that receive signal charges from the photoelectric converters and
transfer the signal .charges, a second charge transfer device that
receives the signal charges transferred by the first signal transfer
devices and transfers the signal éharges in the direction crossing
the first charge transfer devices, a signal output circuit that

receives the signal charge transferred by the second charge transfer



= VO(1 + AO + AO[err]) ... (6) In
a potential vmof the drain region 22 after the charges of td ﬂmmql E"“"_
have been transferred is expressed by the equation (7). e = *
+ AO + AO[err] + AO[err] + .... + Aderr]) ..... (7) Considering the nost
critical condition where mis about 200 and AO < 1, the equation (7) can

be sinplified by an approxi mati on as sh@gn in the equation (8). .
vm=VO/ (1 - AO) (8) Thi s
potential vm should be smaller than the potential difference between the

drai n regi ondwcaﬁdamh@upmﬁsntthalsmi|mltagegpo:n'me§ﬂondlﬂngcm &hprmadm (9)

derived. (1 - A0).< ([err] 4 rr] 1) .
I(3) erFrom t h?l?rgﬁpr%é@itsm{@) baliﬁmgetrhéem;va@n@ra (c%;arge deadx negien dforeed) is
deri ved.

(10) This eBiFE8 Eﬁe (ngje ‘?é tpﬁe ?ﬁﬂ?ﬂl chagiger trangfes 98vicRg t he proper -rénge

wherein the potential barrier region and the charge drain
region are formed in the step in which the photoelectric converters

or the first charge transfer devices are formed.

11. The process according to claim 10, wherein the potential
barrier region is formed in the step in which a region is formed that
controls the signal charge movement from the photoelectric converter

to the first charge transfer device.



18 -of resistance and capacitance of the drain region 22. For exanple,
when TO= 3.3 [err] sec and C =5 pF, the resistance R should be snaller
than 6.7 megohm In this case, the resistance per one stage of 800 stages
of the horizontal CCD should be smaller than 8.4 kohm (Second

Enbodi nment) Fig. 6 shows a plamk%iew of a so-called two-phase
driving type horizontal CCD used in a solid-state image devi ce accordi ng
to the second enbodi nent of the present invention. Fig. 7 shows a cross
section along line d -d'' of Fig. 6. Fig. 8 shows a potenti al

di stribution ABSTRACKOR THEDISTCLOSURE Fi g. 6. As under st ood by
conparing Fig. 7 with Fig. 2 of the first enbodinent, this enbodi nent
differs fromthe first enbodinment in that the drain region is made of
n-type region 6 and p[err]-type region (p[err] diffusion | ayer) 26 under

the n-type reghm-STaTE IAAGE rmv&eﬁen@ ﬁﬁfl fP'RB {:é%’ pﬁ‘
usi on

drain region of the first enbodi ment t 'S err
| ayer (nuner aMANMFACTURH g.

A solid-state image device comprises'a plurality of
photoelectric converters arranged on a semiconductor substrate; a
plurality of vertical charge coupled devices (CCDs) that receive
signal charges from the photoelectric converters and transfer the
signal chargeé; a horizontal CCD that receives the sigﬂal charges
transferred by the vertical CCDs and transfers the sigmal charges in
thg direction croésing the vertical CCDs; and a signal output circuit
that receives the signal charge transferred by the horizontal CCD and
outputs the signal voltage ;orresponding to the signal charge. The
vertical CCD has a normal mode for transferring the signal charges
synchronizing with the horizontal CCD and a high-speed mode for
transferriﬁg the signal charges quickly without synchronizing with
the horizpntél CCD. A potential Barrier region (21) and a charge
drain region (22) are formed along the side of the horizontal CCD
opposite to the connection side with the vertical CCDs. The charge
drain region (22) has a resistance R and a capacitance C such that
their product value RC is smaller than substantially ten times of the

transfer period of the vertical CCD in the high-speed mode.

Figure 1.



2).- [err] 5 is the potential of the potential barrier region 25, and [err]
6 iIs the potential of the drain region 26. Potential values of [err] 5 and
[err] 6, as well as a resistance and capacitance of the drain region, can
be explained in the sanme way as the first enbodi nent. The

advant age of this enbodinent is that a process for manufacturing
soli.d-state i mage devi ces can be sinplil#il8d as explained below. Fig. 9
shows a cross section of a pixel portion of a solid-state inage device
according to this enbodinent. On n-type substrate 31, p[err]-type region
32, n-type region 33, p[err]-type region 34,

19 p-type region 35, n-type region 36, p[err]-type region 37 and
p[err]-type region 38 are formed. Vertical CCD el ectrode (gate el ectrode)
39 and photo-shield film40 are facing n-type region 36. Mor e
specifically, n diffusion layers 33 and p[err] diffusion l|ayers 34 to be
phot odi ode portions are formed in p[err] diffusion |ayers

6 21.22
b 10 1
%

sbf/%’///////< /////‘////M////

ANNANNIN
82 ,/r/////////'/// 2

. %‘\\’\\"\\\\\‘\\\\\\\\‘
l\/\/\

23
4

77

FIG. 1



formed on n-type substrate 31. Mdireover, p diffusion layers 35 and n
diffusion layers 36 to be channel portions of vertical CCDs are forned,
and p[err] diffusion |ayers 37 and 38 are forned adjacent. to the n

di ffusion | ayer 36. Fig. |OAto | OC show a process for

manuf acturing solid-state 1imnmage devices according to this enbodinent. In
each figure, the left half shows a croggigection of the horizontal CCD
portion, and the right half shows a cross section of the pixel portion.
First, as shown in Fig. 10A, p-type regions 5 of the horizontal CCD
portion and p-type regions 35 of the pixel portions are forned by

i npl anting boron ions into the p[err]-type region 32 formed on the n-type
substrate 31. Then, n-type regions 6 of the horizontal CCD portion and
n-type regi ons 36 of theopixel port'ﬁns are formed by inplanting
phosphorus or arsenic j of the p-type region 5, 35 and
formation of n-type ), 3@®are not limted to e ve- menti oned

order. The drain regfon 26 is ndt inplanted with boréj i sQ as to
mai ntain the p[er regi on As _shown i igs | t he
n[err]-type region 25s formed in

the n-type regfon 6 of the

) P >

FIG. 2

Potential

FIG. 3



hori'zontal CCD, and p[err]-type regions 37, 38 are forned at both sides of
the n-type region 36 in the p[err]-type region 32 by inplanting boron

20 i ons. Next, as shown in Fig. 10C, first layer el ectrodes 8b
and a vertical CCD electrode 12 are fornmed in the horizontal CCD. In the
pi xel portions, n-type regions 33 and p[err]-type regions 34 are fornmed in
the p[err]-type regions 32, and vertica/13CD el ectrodes 39 and phot o-
shield filns 40 are forned on the substrate. As expl ai ned above,
the horizontal CCD portion and pixel portions of a solid-state inage
device according to the present enbodi nent can be manufactured through the
process steps shown in Fig. 10Ato 10C |In other words, solid-state inage
devi ces according to the present invention can be nmanufactured efficiently
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i ncreasi'ng the nunber of process steps since the potential barrier region
and the charge drain region of the horizontal CCD portion can be fornmed in
the step for formng pixel portions, i.e., photoelectric converters.

Next, the method for driving such solid-state i mage devices according to
the present invention will be explained. Fig. 11 shows driving waveforns
of the solid-state i mage devi ce includi Ad1Bour- phase driving type charge
transfer devices as the vertical CCDs and two-phase driving type charge
transfer device as the horizontal CCD. In Fig. 11, three-level pulses are
used as driving pulses [err] V1 and [err] V3 for the vertical CCD. A
signal charge is read froma photoelectric converter to a vertical CCD
when the driving pulse is H (high) level voltage. The signal charge is
transferred from[err] V1 to [err] V4 by using M(mddle) |evel and L

(low) level voltages. Read S|gq§1 charges corresponding to m stages are
transferred into the cacoo
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21  horizontal CCD by the high-speed node. Two- | evel pul ses are
used as the driving pulses [err] HL and [err] H2 for the horizontal CCD.
I'n the high-speed node of the vertical CCD, if the charge quantity defined
by the potential [err] 1 of the potential barrier regionis k tinmes the
transfer capacity of the horizontal CCD, all of the unnecessary charges
can be discharged by setting the tine fper3od fromthe end of the

hi gh- speed node to the beginning of the nornmal node of the vertical CCD

| onger than k tinmes the full transfer period of the horizontal CCD for
transferring all of one Iline signal charges transferred fromthe vertical
CCDs. In the enbodi nent expl ai ned above, the channel is nmade of an

n-type region, and el ectrons are used as signal charges. However, the
present invention is not limted to such an enbodi ment, but can be
enbodied in the way that the channel is nmade of the p-type region and
hol es are used as the signal charges. As expl ai ned above, the
present invention provides a solid- state inage device and its driving
met hod, in which unnecessary signal charges corresponding to pixels

| ocated on the periphery of a
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screen can be discharged surely by the high-speed transfer node. Thus, the
i mge obtained after such an operation has a good quality. Moreover,
according to the process of the present invention, such a solid-state

i mge device can be manufactured efficiently without increasing the nunber
of process steps. The invention nay be enbodied in other specific
forms without departing fromthe spiri§/B? essential characteristics

t hereof . The enbodinments disclosed in this application are to be
considered in all 22 respects as
illustrative and not restrictive, the scope of the invention being

i ndi cated by the appended clains rather than by the foregoing description,
and all changes that cone within the nmeaning and range of equival ency of
the claims are intended22o be errbracgb t her ei n.

Potential

FIG. 8



23 ° CLAI M5 1. A solid-state image device conprising: ‘a
plurality of photoelectric converters arranged on a sem conduct or

substrat e; a plurality of first charge transfer devices that
receive signal charges fromthe photoelectric converters and transfer the
si gnal charges; a second charge-transfer device connected to an

end of each of the first charge transf®&fl3levice for receiving the signal
charges transferred by the first signal transfer devices and for
transferring the signal charges in the direction crossing the first charge

transfer devices; a signal output circuit that receives the signa
char ge
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transferred by the second charge transfer devices and outputs the

vol tage corresponding to the signal char
region and a charge drain region fornmed
charge transfer device opposite to the

si gnal
ge; a potential barrier
al ong the side of the second
connection side with the first

charge transfer devices;

the first charge transfer device having a

normal node for transferring the signaB/&Barges synchronizing with the
second charge transfer device and a high-speed node for transferring the
signal charges fast w thout synchronizing with the second charge transfer
devi ce; and wherein the charge drain region has a resistance R and
a capacitance C such that their product value RCis snaller than
24 bst ant Ak lry t tA f the t f iod of the first ch
ranster devi bl Gt HIORRGh: speed mode o Lo oo O the TSt charee
Horizontal CCD Pixel portion
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2. -The solid-state imge device according to claim1, wherein the
potential barrier region and the charge drain region are formed in the
step in which the photoelectric converters or the first charge transfer
devi ces are forned. 3. A solid-state inage device conprising:
a plurality of photoelectric converters arranged on a sem conductor
substrat e; a plurality of firstyxharge transfer devices that
receive signal charges fromthe photoel ectric converters and transfer the
si gnal charges; a second charge transfer device connected to an
end of each of the first charge transfer device for receiving the signa
charges transferred by the first signal transfer devices and for
transferring the signal charges in the direction crossing the first charge
transfer devices; a signal output circuit that receives the signa
charge transferred by the second charge transfer devices and outputs the
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si ghal voltage corresponding to the signal charge; a potentia
barrier region and a charge drain region fornmed. along the side of the
second charge transfer device opposite to the connection side with the
first charge transfer devices; and the first charge transfer

devi ce having a normal node for 25
transferring the signal charges synchrdfi/iBng with the second charge
transfer device and a high-speed node for transferring the signal charges
fast w thout synchronizing with the second charge transfer device, wherein
a charge accunul ati on capacity defined by a potential of the potential
barrier region and a potential of the second charge transfer device is
smal l er than substantially k times the transfer capacity of the second
charge transfer device when a period fromthe end of the high-speed
transfer node to the beginning of the normal node is k tinmes of the

hori zontal scanning period that is the ful
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transfer period of the second charge transfer device. 4. The
solid-state i nage device according to claim 3, wherein the potenti al
barrier region and the charge drain region are formed in the step in which
t he photoel ectric converters or the first charge transfer devices are

f or med. 5. The solid-state i mage device according to claim 3,
wherein the potential of the potentidlM®&rier.region is substantially the
same as the | ower potential that defines the transfer capacity of the
second charge transfer device. 6. The solid-state inage device
according to claim3, wherein the potential of the potential barrier
region is lower than the lower potential that defines the transfer
capacity of the second charge transfer device.
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26 - ) 7. The solid-state image device according to claim3, wherein
the second charge transfer device has first and second | ayer electrodes, a
potential of the sem conductor substrate portion facing the first |ayer

el ectrode is higher than that facing the second |ayer electrode, the
second | ayer electrode is connected with the first |ayer electrode

adj acent in the transfer direction, and2y¥h8 potential of the potential
barrier region is substantially the sane as the potential of the substrate
portion facing the second | ayer el ectrode. 8. The solid-state

| mage device according to claim3, wherein the second charge transfer
device has first and second |ayer electrodes, a potential of the

sem conductor substrate porti¢p facing the fir8y |ayer electrode is higher

than that facing the seco yer electrodeby [err] , the second |ayer
el ectrode i s connected wtlh_the ' 6
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first l'ayer electrode adjacent in the transfer direction, and the
relationship between the potential [err] 1 of the potential barrier region
and the potential [err] 2 of the substrate portion facing the second |ayer
el ectrode is expressed by the foll ow ng equati on when an area of the first
| ayer el ectrode facing the sem conductor substrate is x tinmes of an area
of the second | ayer el ectrode facing }3€13 seni conduct or substrate.

[err] 2 - Jerr] 1 < (k - 1) [err] / (x + 1) 9. A nethod for
driving a solid-state inage device that includes a plurality of
phot oel ectric converters arranged on a sem conductor substrate, a
plurality of first charge transfer
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devi ces, a second charge transfer device, a sj I i t, &P it 305
potential barrief region and a charge drain rHﬂ[ﬂ““ﬂH‘ﬂﬂﬂlﬂllMg the side
of the second charge transfer device, the nethbd Torprisi ig *steps of:
switching a transfer node of the first charge transfer devices between a
normal node for transferring the signal Sharges synchroni zing with the
second charge transfer device and a high-%peed node for transferring the
signal charges quickly without synchronizing with the second charge
transfer device; and, .setting a period fromthe end of the

hi gh- speed t reibstantipddy tem times @ﬁggl?ﬁwitﬁ‘an%?el‘[ rerins phl thebférsbrdarsun k
tinmes of the _hori.zonjal scannhn period . that is the full transfer period
of the secontFaREFHEeVicHTeE %Ig\}%ges‘%? n™3%har ge accunul ation capacity

defined by a potential of the potential barrier region and a potential of
t he second charge transfer device is k tinmes of the transfer capacity of

the second charge transff, deMidCErate image devidBacfordi8gess cl8im 1, wherein

manuf acturing a solid-state 1 mage devicé that includes a plurality of

phot oel ectri ctieopoesntiag barrdegearbgibnaand the charge drain region are formed
~in the step in which the photoelectric converters or the first charge

transfer devices are formed.

3. A solid-state image device comprising:

a plurality of photoelectric converters arranged on a
semiconductor substrate;

a plurality of first charge transfer devices that receive
signal charges from the photoelectric converters and transfer the
signal charges;

a second charge transfer device connected to an end of each
of the first charge transfer device for receiving the signal charges
transferred by the first signal transfer devices and for fransferring
the signal charges in the direction crossing the first charge
transfer devices;

a signal output circuit that receives the signal charge

- transferred by the second charge transfer devices and outputs the
signal voltage corresponding to the signal charge;

a potential barrier region and a charge drain region formed
along the side of the second charge transfer device opposite to the
connection side with the first charge transfer devices; and

the first charge transfer device having a normal mode for
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sem conductor substrate, a plurality of first charge tran l m ' Iﬁt
recei ve signal charges fromthe photoelectric converters El B“' ﬂu“lfml IH

si gnal charges, a second charge transfer device that recefve$s tthe i gnat
charges transferred by the first signal ‘transfer devices and transfers the
signal ~charges in the direction crossing__the first charge transfer

devi ces, a signal output circuit that r éei ves t he si gnal charge
transferred by the second charge transfer

28 devi ces e %gna a r ngi i%QQ
charge, a po?%%fllgg‘%&gggr{l%r S? gl o%h%%ftsag&%%{éf%ﬁ%i ﬁi{r}ggtlhgné%%ﬁare Fong
the side of tHanSfGOREvERREEE 4 MABETSHecdCHO®E for 1:11ansfer:‘€¥'ﬂ€rﬁlé1 sigfal
potential barrier region and the charge drain region are Tornmed In the
step in whi chchagepfakeohatbut Gyhehvenizang with tie secosd chhsgdarhnafaf er
devi ces are forned. .

device, wherein a charge accumulation capacity defined by a potential

of the potential barrier region and a potential of the second charge
transfer device is smaller than substantially k times the transfer
capacity of the second_charge tranéfer deyice when a period from the
end of the high-speed transfer mode to the beginning of the normal
mode is k times.of the horizontal scanning beriod that is the full

transfer pefiod of the second charge transfer device.

4. The solid-state image device according to claim 3, wherein
the potential barrier region and the charge drain region are formed
in the step in which the photoelectric converters or the first charge

transfer devices are formed.

5. The solid-state image device according to claim 3, wherein
the potential of the potential barrier region is substantially the
same as the lower potential that defines the transfer capacity of the

second charge transfer device.

6. The solid-state image device according to claim 3, wherein
the potential of the potential barrier region is lower than the lower
potential that defines the transfer capacity of the second charge

transfer device.
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11. The process according to claim10, wherein the potenti

region is formed in the step in which a region is forned tﬁ”llﬂﬂllmﬁmlulum
signal charge novenent fromthe photoelectric converter to*the firdt 5 *
charge transfer device.

26

7. The solid-state image device according to claim 3, wherein
the second charge transfer device has first and second layer
electrodes, a potential of the semiconductor substrate portion facing
the first layer electrode is higher than that facing the second layer
electrode, the second layer electrode is connected with the first .
:layer electrode adjacent in the transfer direction, and the poténtiai
of the potential barrier regién is substantially the same as thé

potential of the substrate portion facing the second layer electrode.

8.- The solid-state.image device according to claim 3, wherein
the second charge transfer device has first and second layer
electrodes, a potential of the semiconductor substrate portion facing
the first layer electrode is higher than that facing the second layer
electrode by ¢ , the second layer electrode is connected with the
first layer electrode adjacent in the transfer direction, and the
relationship between the potential ¢ 1 of the potential barrier
region and the potential ¢ 2 of the substrate portion facing the
second layer electrode is expressed by the following equation when an
area of the first layer electrode facing the semiconductor substrate
is x times of an area of the sec;nd layer electrode facing the

semiconductor substrate.

$2- 91 <(k-1) ¢ / (x+1)

9. A method for driving a solid-state image device that
includes a plurality of photoelectric converters arranged on a

semiconductor substrate, a plurality of first charge transfer
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