SCLI:D-STATE | MAG NG DEVI CE BACKGROUND OF THE | NVENTION (1) Field of the

I nvention This invention relates to a solid state inmging device, such as
charge coupl ed device (CCD) inmager, performng electrical shuttering on
application of a pulse voltage to a,substrate. (2) Description of the Prior
Art In some of the solid state inagdng devices, the output. circuit has its -
source follower constituted by MOS transistors. Fig. 5 shows the

di agrammati c cross-section of the output circuit of the solid state imaging

device. Briefly, a p-type well ion 52 is forned on an n-type silicon
substrate 51 fed with a sﬁﬁéntlpat tINRGINGHDEVEREL he surface of . 9
p-type well region 52, there are forned a channel Stop region 5 :Eggé
‘drain $%§ﬁ@ﬂ°§35f@§ FHEN INVENGIXY vol t age Vss, a source drain reglon for

taki ng out a t volta e VOQUT, and a source drain region 56 fed with a

power UurcFel‘?/Jdi] gge thgq In Géttéq-ﬂ ectrodes 57, 58 are formed on

channel -for |o S 59, bet en t he ad acen source drain .regions 54
Hid 18 ke
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junction dept

substrate.

(2) Description of the Prior Art

In some of the solid state imaging devices, the output (ﬁ
circuit has its sbﬁrce follower constituted by MOS
transistors.

Fig. 5 shows the diagrammafic cross-section of the
output circuit of the solid state imaginé device. Briefly, a
p-tvpe well region 52 is formed on an n-type silicon
substrate 51 fed with a substrate voltage Vg,,. On the
surface of the p-type well region 52, there are forméd a
channel stop regign 53, a sourée drain region 54 fed wiﬁh a
ground voltage Vg ., a source drain region 55 for taking out
an output voltage Vgyp, and a source drain region 56 fed with
a power source voltage Vag- Gate electrodes 57, '58 are
formed on channel-forming regions 59, 60 between the
adjacent source drain regions 54 to 56. Thus the source
drain fégions 54, 55 and the gate glectrode 57 fed with a
.constant voltage Vg make up a load transistor while the
_source drain regions 55, 56 and the gate electrcde 58 fed
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m and the surface inpurity concentration of 1 x 1015 to 1016.cm2 In the
above described solid state inmaging device, there exist parasitic

capaci tance between each of the source drain regions 54 to 56 and the well
region 52 or between the well region 52 and the substrate 51. There are

al so holes h in deeper portions of the p-type well-region, as shown in Fig.
6. The region of these holes h present a | arger resistance because-the

i mpurity concentration and the hole nobility are both low. Fig. 7 shows an
equi val entithreni inphtt keladgetve) rmake ob dhérsoling MOH examei sgogevi ce.
By the resi;stance conponent of the holes h, resistances rl1l to r16 are

f or ned ecﬁfe/metlyby: we ther el Onr 83 bIaSSZ:hamBma'SIDhedepeIrl'e phresi ti Q}‘
capacitances d to C bet ween the substrate and the well ap? garas

capaci t afcean@2the osupbaget wa@prity \@ancendgiadiammPleakthx el @ @el0

el ectroni cal, shuttering in performed with the use of the well region mhere
there aréMhe parasitic capacitances Cll to C15 and C21 to C25 and

resi stance rl1l to.r16 under jcation, o ul se—vol t ag
e bsrrarce i e S adl L 08l o0 £ & P SO 898 ek ek hothere
capaci tanges ,and resj. st ances. ngﬁﬁsgﬁglf ca ronic shuttering is

2 3 uselﬁﬂslfy 35S %?/piﬁ\k wﬁgé‘l (??g:hep casfo%zh%?g £§3tPom
the plxdf%éfbﬁge ﬁuggt @tSnQUQHgJJJEﬁr¥25f8Ht§b 8t between the well

region 52 and the substrate 51. There are also holes h in

\_/ deeper portions of the p-type well.region, as shown in Fig.
6. The region of these holes h present a larger resistance
because the impurity concentration and the hole mobility are
both low.

Fig. 7 shows an eguivalent circuit of the output circuit
of the solid state imaging device. By the resistance
component of the holes h, resistances rqy to rqyg are formed
equivalently in the vell regiqn 52, whereas there are
parasitic capacitances Cyq to Cy5 between the substrate and
the well and parasitic capacitances Cyq to Cyg between the
well region and each electrode.

When electronical shuttering in performed wi;h the use
of the well region where there are the parasitic capacitances
C11 to Cy5 and Cyq to Cy5 and resistance rq4 to rqg under
application of a pulse voltage to the substrate, the pulse
.respcnse.aneform becomes blunt due to there capacitances and

resistances. More specifically, electrenic shuttering is



vertical blanking. periods, depending on the shuttering speed. Should the
time constants defined by the parasitic 5 capaci tances Cl1 to Cl15 and C21
to C25 and by the resistances rl1l to rl16 exceed the horizontal (H) bl anking
period, the pul se voltage affects the output circuit to give rise to gain
change or level fluctuations at the driving MOS transistor to affect the
produced i mage. 10 In view of the above nentioned technica

difficulties, it is an ob ect of the present_invention to provided a solid
statelqﬁﬂﬂ¥%ﬂcﬁﬁi€%rMﬁ¢c MFV¢Q$¥@9eﬂ¥taB§€1§§Se¢1€§F§1§ﬁ t Fhaggesut .
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f or med e 1&&|%R¢¢¢—@tth©nhl%lzvnt§lt {Bk lgbamlsbmupemoslubtheapu.lseau d

sem CORUID e '£BE AP BNNOToRtEl A0 HERYET LY G20ECPIER! kBNoAAY depth of

junction wth sard substrate tifre, const ant I.ned by the
r esi st FRINIHPY hteyal sf1uctuabiens : akhckherdsivingcMegqtrangdstori t v

sem conghcd PfedE€OtRE pgﬁaﬁeédsbﬁa 8L than the tinme period which el apses
Bﬁgﬂﬁen t he app!i atlon off @ﬁe gﬁése volé 8 ﬁ Ee He ex iration of the
i ng period; bt Petttrre s EFEB ng a MS
transi Abfficanttbeshaibbeis odnsabjledt Sof rthei presehti igventied ite said
second GORIHELY VA 140l YRCsELEL CORGYTAG aL69E8Wh 28 will prevent )
adverse effects on the output circuit at the time of the
electronic shuttering operation. '
15 According to the present invention, there is
provided a solid state imaging device for carrying out
electronic shuttering in a blanking period, comprising:
a first conductivity type semiconductor substrate.
to which, in use, is applied a pulse voltage of
20 predetermined duration for electronic shuttering;
a second conductivity type semiconductor region
formed on said first conductivity type semiconductor
substrate, said semiconductor fegion having such an impurity
concentration and depth of junction with said substrate that _
25 the time constant defined by the resistance and the - o/
parasitic capacitance of said second conductivity |
semiconductor region becomes shorter than the time period
which elapses between the application of said pulse voltage
and the expiration of the blanking period;
30 an output circuit including a MIS transistor, and
a channel of said MIS transistor being formed in said second
'conduct1v1ty type semiconductor region; and
means for applying said pulse voltage to the first
conductivity type seémiconductor substrate during the
35 Dblanking period.



neans for applying said pulse voltage to the first conductivity type

sem conduct or substrate during the 35 bl anki ng peri od. 4 The above
mentioned i npurity concentration and the junction depth of the second
conductivity type sem conductor region may be optionally selected as a
function of the inpurity concentration of the substrate, substrate voltage,
5 pul se voltage applied-to.the substrate4 the pulse timng during the

bl anki ng period, characteristics of the MS tran5|stors or the |ike. tFor

exanpl e, _the inpurit FhEoACONE pensioned Harprity goncsptraiionand th
sel ect edt funeeden abbthr o&atheofse*dw@waixcﬂﬁww Ityxiey éewiacdﬁauctor

sem cond or .region |on Ia The C con tivity type
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suppress flfuctuations |n or gain of {rans stor at out put

circuit to_BFEVEth&dPéﬁS‘Bléﬁf pexrdogh, sharacts Jscsa(%rﬁ?sﬁlﬂ% pul se
appl i cati ografisiBeogebok he qtlk@le Hd¥e e¥faripglee £ ltard rmpwrﬂylt tering. 20

A R A T X e
schemati ¢ ren@iepnalllvioewpalrdniofy the second conduct1v1ty type
10 semiconductor region into a depletion layer. The second
conductivity type semiconductor'region may have an impurity
Or concentration and a depth of junction different from those
of the well region of the imaging area.
In the solid imaging device of the present
15 invention, it is possible to suppress fluctuations in level
or gain of the MIS transistor at the output circuit to
prevent adverse effects on_dutput signals accompanying pulse
application to the substrate at the time of the electronic
shuttering. 2
20 The invention will be further descrlbed by way of
non-limitative example with reference to the accompanying
drawings, in which:-
Figure 1 is a schematic sectional view show1ng
essent1a1 parts of a solid state imaging device of the
/25 present



essential parts of a solid state inmaging device of the 25 pr esent

I nvention. Fig. 2 is a circuit diagramshow ng essenttal parts thereof.

Fig. 3 shows the potential at the essential parts. Fig. 4 shows an
equivalent circuit corresponding. to the cross-section of Fig. 1. Fig. 5 is
a schematic sectional view show ng essential parts of an exanple of the
conventional sol-i-d-state inmaging device. Fig. 6 shows the potential of an
exanmp] syOhtidg. prior art device. Fig. 7 shows an equivalent circuit
corresponding to the cross-section of Fig. 5. DETAILED DESCRI PTI ON OF. THE

| NVENTI ON #0ig} he preesgntiirdduist raibye senboHbmanlg eskengiialli pakrteversf | ow
drain type CCD i mager having an electronic shutteri.ng function is

expl atiexkof N whi ch usel ess electrical charges are elimnated in the

| ongi tudi nal direction by application of a pulse voltage to the substrate
during t hefhgr i Joshaks lthanpiotgntiedi et theTlessedbiiata@arts. t he '
illustrative enbodi ment features a specific structure of the well inits
out put ci riig« .4 Fshovws emowsuiya lanty finguidi ¢eoryegpendingsset itheal vi ew,
in which a p-type well regign 2 is formed on an n-type silicon substrate 1.
A pul PRIl OF, Of oF i8xarlpl e, 30 V,

Fig. 5 is a schematic sectional view showing essential
parts of an example of_the conventional solid-state imaging
device.

Fig. 6 shows the potential of an example of the prior
art device. |

Fig. 7 shows- an equivalent circuit corresponding to the
cross-section of Fig. 5.

DETAILED DESCRIPTION OF THE INVENTION

In the present illustrative embodiment, a longitudinal
overflow drain type CCD imager having an electronic
shuttering function is explained, in which useless electrical’
charges are eliminatéd in the longitudinal direction by"
application of a pulse voltage to the substrate during the- -;j
horizontal blanking period. The CCD imager of the
illustrative embodiment features a specifié.structure of the
well in its output circuit. -

- Fig. 1 shows the output circuit in a cross-sectional  --
view, in whiqh a p-type well region 2 is formed on an n-type

silicon substrate 1. A pulse voltage of, for example, 30 V,



5. Is applied to the n-type silicon substrate 1 to sweep out the [err]ess
charges in an imaging part, not shown. The p-type well region 2 is
reserved for formng nMOS transistors on its major surface, and has such

i mpurity concentration and junction depth that the tinme constant determ ned
by the resistances and the parasitic capacitance of the p-type well region
2 becones shorter than the tine which elags S .si nce agg%%cation %f Ehe

pul se vdlg applied| texhe fitenrsisihécom _Rg’ﬁd:rg?e’i‘? datorRngeFheYtuhBE on
depth x1,is shorter than in the conyentional deyvjce. and is . qaf the_grder of
5J m Wereasst iBaTGRS ity TonBALLRS (?r?’%h' t?\%ksﬁpf’g& ofﬂ'f%epTAE?Pgr egi on

h | oW | f_1015 th f. -t . eai 2,
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area en idq?éegi‘oﬂy ddserhamng ﬁhgp(ﬁﬁggh const&he ArdPhiRe® HpuLae drain

regi on 4, with a voltage [err] 2 V, a source drain region 5

connect i g { O dME HeXha StREephebhke¥eL capaditidnce \6X tage pYPpandedlsource
drain region 6 Ted wth a voPtage Vdd of ca. 15 V. A gate electrode-8 is

formed ofegi6hapnBbcbadd Nehoegeen thaieitipentine shurcde edrapsesegioee 4 and

5 via an insulating layer, and i's fed with a voltage [err] The nMOS
transi stayplbebtdiory éhi shehauksefl solitage egndi 17 éxpiragieors of the
Blanking period. Thus the junqtion depth x4 is shorter than

- in the conventional device and is of the order of 5 Mm,
whereas the impurity concentration on the surface of the well

region has a lower value of 1015 cm‘z.' o

On the surface of the p-type well region 2, which has

the shallower depth of junction xj and the lower impurity
concentration, the channel stop region 3 maintained‘at a
predetermined potential is formed for encircling an area on

the well region 2. 1In this area encircled by the channel
stop regin 3, there are formed a source_drain region 4, fed_

U, with a voltage Vg of ca. 2 V, a source drain regiop 5
connecting'to the next stage follower to output a voltage

Voyr and a source drain region 6 fed with a.voltage Vgq4 of
ca. 15 V. A gate electrode-8 is formed on a channel-forming

region 7 between the source drain regions 4 and 5 via an
insulating layer, and is fed with a voltage V;;. The nMOS

transistor including this channel forming region 7 functions



as an active load. On the channel -form ng region 9 between the source drain *
regions 5 and 6, a gate electrode 10 is forned via an insulating |ayer, and
is fed with an output signal VIN fromthe preceding stage. The nMOS
transistor including this channel-formng region 9 functions as a driving
NnMOS transi stor. Because of the above described inpurity concentration and
depth of junction xi, the region directly below the driving nMOS transi stor

' | et depl et ¢ |t ' ffect he.
out it P<F Dy e L B O ERE aMATHELERBREYUR SR B G R s

type egeoBduald 2GS o2 sl%nd %Peat Wiy cThR LR GAYPRYSLONd wel |

regi on I's al ne I ng the values of “resistances r1 and . Fig.

4, asgbah@a dﬁﬁgréﬁeéns\ﬁl@a@ﬁﬁ?t Fﬂﬁy@"f,t}'a?ﬁ% segOPdanel it if 6 093t bt 13 are

formed for assuring the punch Throlgh w tand vol tage between the source

drai ns{ 8ghANY 4, (fr Smaktlel M Sebsihat @thge. t Fife PRAVEG & rd M8 skkwaction of .
depth X1 and¥ the I4rpurity concentration of the p-type well region 2 are

sel eci gd1tudiiayethdwer chahursl 4 ot ha nepl +dgsioat e9i Mgl ¢gidaki Ges ofa t he
illustrative enbodiment. Should the wthstand voltage be assured, there is
no netessing probditmgrsiespert ypBesnosiel ofl Ithegabosel BedSribied@ 2 shows
a wring connection of the output circuit, to which a signal froma
phot odpdei PP iconsembiriadd ari sared gdeptil of junction x4, the region
directly below the dri#ing nMOS transistor is completely
depleted to result in prevention of advefse effects on the
output signal.
Below the source dfain regions 4, 5, 6,'there are formed
p* type second well regions 11, 12, 13, respectively.. The p+
type second well region 11 is aimed at lowé'fing the values of
resistances rq and rj of Fig. 4, as later dé$cribed, whereas
the p* type second well régions 12, i3'ﬁre formed for
assuriné the punch thfough withstand voltage between the
source drain regions 4 to 6 and the substrate:1. It is
because the jtnctioﬁ;of depth x, and the dimpurity
cqncentratiop of the p-type well region 2 are selected to QNJ.
havé'lowef values in the solid state imaging device of the
iilustrative embodiment. Should the withstand voltage be
assured, there is no necessity providing the p* type second
well regions 12, 13. - N

'Fig. 2 shows a wiring connection of the output ciréuit;

to which a signal from a photodiode PD is supplied via a gate'

e s



‘PG The output signal of the CCDis issued via two source | ower stages,
each consisting of a series connection of an active |load AL and a driving
MOS transistor DT, as shown in Fig. 1 The potential at the output .circuit
of the solid state inmaging device of the above-described illustrative
enbodi nent is as shown in Fig. 3. Conparing this with the potential of the
prior-art exanple shown in Fig. 6, the potential peak PO becones |ow i-n
hei ght bRGaus&hef acutphbwsigpadi Of dARFEPal Bohssueche R thpe @enraeegi on

2. The potential peak PO al so becomes shallow in depth because of_ the |ow
depth of %@'hewwn skages .t Rach- cppeipding: @i gn seriegs conneahiion e bl es h
t hat exi

“in the conventional _device at the{;otential eak nax be |
el i mi nat @8tiyed kard 1Ay andra (el Bingy BOd ?%gﬁaﬁrznﬁ‘ecaﬁeé Q&3 etled.
Fig. 4 shows an equivalent circuit for one source follower stage of the
output cF*8ait'> which is simlar to Fig. 7 showing the conventional device.
As shown in this fiqure,._ the |ayer of the p- | ' . S
parti-ally dep?b?e&o- sed&[’f*l%i’ ?Be%grgg};:ﬂug: fgpga%ﬁfg\é\ggstgggé\ggﬁ%t Z"(\ag%%r ce
drain regh@uing a@vadd bheyRar aBbbECacapRThbaANse2ublebuR D ! BRI e |
regi on 27an fReR ype Sil1con"substrate 1 are conbined to rormsole

capact t 296es sCarun WRIL.C $he dhmbal ARECEn£OT LERRORINGiRrIB of

resi st ances tor e elimnated. aresult, thetime constant 8
the prior-art example shown in Fig. 6, the potential peak Py

becomes low in height because of the low impurity
v concentration of the p-type well region 2. The potenti;l
peak Py also becomes shallow in depth because of the loQ
depth of junction x4 of the p-type well region 2. As a
result, the holes h that exist in thé éénventional device at
the potential peak may be éliminated, and the layer of the_f)—
type well region 2 becomes depleted. | |
Fig. 4 shows an equivalept circuit for one source
folléwer stage of the output circuit, which is similar to
Fig. 7 showing the conQentional device. As shown in this
figure, the 1layer of the ﬁ-type well reéioh 2 becomes
partially depleted, so that the parasitic capacitéﬁces
between the soﬁrce drain regions 5, 6 and the parasitic
- capaqitances between the p-type well region 2 and the n-type
silicon substrate 1 are combined to form sole capacitances C3
to Cg, while the resistances corresponding to the resistances

rqy to rqg are eliminated. As a result, the time constant

- — - -



defined, by the resistance and the capacitance is.l.owered and the substrate -
pul se exhibits satisfactory response at the tine of electronic shuttering.
Shoul d the time constant be selected to be shorter than the period which

el apsed since the application of the pulse voltage until the expiration of
the bl anking period, it beconmes possible to suppress fluctuations in the
.gain or level of the driving MOS transistor. In the above descri bed

enbodi rent of the solid state imagi_ng device, the wel] region 2 becones
conphﬁ%ﬁ%P?ﬂxP%tEBeiﬁeﬁﬁétEHSﬁné%gf fGRasgitenee 4t YPeesedr aeddr ai n
regio 5, 6, of the driving transisior of the output circuit, ACg0, in
the p- s}ﬁ)es'd@fs rlagge] (}hulz?edF%V%e?%%\ﬁFﬁ@%%erﬁggpﬁsree@Bnth?h“g ince
the tine copst fined . esi st es.rl, r2.and the capacjitances

C1, é%oﬁg %E%F&%qu%t (ﬁﬁ#ﬁ%ﬁ?ﬁksigﬁéu?g %ngéﬁW%PﬁPW%ﬁ%ﬁgo egain of

the drjor 98¢ ES: bf BESLHKY 1 UMLE! £ bUStRl Soh PURNG YRR dd1S. Pyl ge

voltage 1s applied to the substrate at etine o e elFectron

shut t e G OPEI Kt 0 SEt hﬁegplutﬂzf.% Pt L AU T dre Oéxﬁbfaéfgﬁgfm | ower

type in the above explained illustrative ‘enbodinent, it nay als of any
ci rCUIﬁhéogﬁLa}m&hlgorpeth:d), and Nbé¥RAfe BBY PEs i IS S8 Huppd&sk]l * C

: ¥luctuations in the gain or 1level of'the driving MOS
transistor.

In the above described embodiment of the solid state o
imaging de§ice, the well region 2 becomes completely depleted ~
in the channel-forming region 9 and the source drain regions
5, 6 of the driving MOS transistor of the output circuit.

Also, in the p-type well region 2, difeéfly below the source

drain region 4, since the time conétant defined by the

reéistances rq, rp, and the capacitances'c1, C, become

shortei, it becomes possible to prevent the level or gain of.

the driving MOS transistor from being fluctuated even when

the pulse voltage is épblied to the substrate at the time of:

the electronic shuttering operation. : v/
Although the oﬁtput circuit is of the Saurce follower

\type in the above explained illustrative embodiment, it may

also be of any circuit configuration. The p and n types may

“be reversed.



10 CLAIMS A solid state i'magi ng device for carrying 3

shuttering in a blanking period, conprising: a first '
sem conductor substrate 5 to which, in use, is appliaﬂ HE& ﬂﬁ*{ﬂﬁge of
predeterm ned duration for electronic shuttering; a.se st Vi UY

type sem conductor region fornmed on said first conductivity type

sem conduct or substrate, said senm condud®or region having sueh-an inpurity
10 concentration and depth of junction with said, substrate that the tine
const ant _defined by the resistance anGLdBMSparasitic capacitance of said

second ceqductivity ' dycd 0 1Sk hesoiBs £8P' bRFri/Ral bae tine
peri od mﬁﬁ%h el a sggﬁﬁﬂ?ﬁggn the,aég??gggipn o] ' pulgg Vthage 15 and

] f sai
the expir &ESFFANIGSHLLRTIRG pir | 3 Planking pﬂ?rg?gchPmPﬁ&F&HBng aMSs
transi stor, and a chanfitts®fcomductd vty abgpet sembeonguétoredubstyraited

seconq conducgtivity fyvpe. sen conduct or regqion, ng.for applying said
pul seq‘s\/ol &é’gé}q]ocqhelgil?% ’ a&ﬁ%@iwgg?ygésgéggcgiduct or substrate-
during t hersdetemined idaration for e xohid shutberingiing device

according to claiml, whesc ledmuctivity typé Qeﬁfeeﬂdgeggﬁgﬁbg;w type

sem conduct or- regi on has such 1| concentration,an junction

that the é@&ﬁﬁﬂddQﬁmﬁﬁ%¢vfi§s¥y$gh§ tvhbyictyper 8gmbRORSUSERKO| e becones a
depl et ed Isydtra¥fe, daid semicdi@usEdr drégdbh havihgisteni ag dapardityy to
Clalel(Nég%cgg¥¥§%{bn and depth of junction with said substrate that.
the time constant defined by the resistance and the
\_ parasitic capacitance of said second conductivity
semiconductor region becomes shorter than the time period
which elapses between the application of said pulse voltage
15 and the expiration of the blanking period; .
an output circuit including a MIS tranéistor, and
a channel of said MIS transistor being formed in said second
conductivity type semiconductor region; and
means for applying said pulse voltage to the first
20 conductivity type semiconductor substrate during the |
blanking period.

2. The solid state imaging device according to
claim 1, wherein '

25 said second conductivity type semiconductor region
has such impurity concentration and depth of junction that
the second conductivity type semiconductor region as a whole
becomes a depleted layer.

30 3. The solid state imaging device according to
claim 1 or 2, wherein
. said first conductivity type is n type and the
second conductivity is p type. |
35 4. - - The solid state imaging device according to
claims 1 or



said first conductivity type is n type and - ity is p
type. 35 4, The solid state inmaging ﬂivice according to clains 1

or 2, wherein said output circuit has a so mlmqu"mmuﬂ figuration.
O i n hol es ari

5. The solid state i nagi ng devi ce accordi ng "
not stored at a potential peak of the p- type sem conductoOr region. 6.
solid state i magi ng device constructed and arranged to operate
substanptwhétrgias herei nbefore described with reference to and as
illustrated in Figures 1 to 4 of the acconpanying drawi ngs. [err]
said output circuit has a source follower configuration.gai
5. The solid state imaging device according to claim 3
wherein holes are not stored at a potential peak of the p-
type semiconductor region.
6. A solid state imaging device constructed and arranged

to operate substantially as hereinbefore described with

reference to and as illustrated in Figutes 1 to 4 of the

accompanying drawings.
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