PATENT SPECI FI CATI ON (11) 1 483 6477 (21) Application No. 36405/ 74

(22) Filed 19 Aug. 1974 (31) Convention Application No. 400453

(19) (32) Filed 24 Sept. 1973 in (33) United Statesof America (US) (44)
Conpl et'e Specification published 24 Aug. 1977 (51) INT [err] HOLL 29/78
(52) Index at acceptance H K 11A3 11D1 | 1D 11Y 1C 1C7F1 | C7FY 2S1B 2S1D
2S1E 2S20 2S2C 2S2D.2S2P 3ELIM 3E5A 3R 4Cl4 4CLC 4F16 4F17 AF1C 4F20 4&Y
5B2 5BX 7E 9N2 9N3 CC (54) CHARGE TRANSFER DEVI CE (71) Ve,

HEWLETT- PACKARD ti nportant that the transfer of char ge' be COVPANY, of 1501

Page M Il Road/~Palo _di rect | onal st be Ayt 0 %ﬁ& 7’1/
94304, United States IXATIENT Sﬁﬁ@lﬁi&m only T ¢ ﬂ. ?651

Ao £, OO RSP g oo Eig  p Dacns ) el
transfer in (s Hp nve 3oirnl a Unlted States of Aneri ca/edl ‘
direction is f % le o hereb declare the i J&
which we ac Vet %g?s %ﬁ e I |y§77to ‘use pray l
may be grant edfit ‘5‘4 °m 55’ pwﬁ i gblLase Vgl ¢e'in which eve
t he net hod by (5? perforrred el ectrode is conne A

conmon. Wen 1 'lggffc%t%ib l@?ﬁ?ﬁgi hed TCWz@bﬁ D

transferred, the t hr e BRIM-3ESA 3R 4Cl4

operates to establish a veumcshlallslmm:rmcsmommm SBXSTE:9NZer ned with

potential -wel | under t he eP¥tCCodes adj acent inprovenents infor relating to.

char ge on one side to those el sjer -devi ces.

whi ch charge was initially st oreggz)#gﬁ?gemﬁégzrl@?ﬁ?gnsf er deV| ces

are shal | ow pot engritpl ~wed,| mEW&Ea‘S' EACIpARmt |lm0r§emlwbﬁ%m Bt ol pe

whi ch operate to C@MBANa’ePf159 oadPalay e f dfreationaly jier ?ﬁfﬁl mq,g ofg

charge in locali EPe’rgg’é' Bl it tcharge * ‘Jpﬁﬂ%fntﬁf:lf ’iﬂtﬁehq, fitea
of L8atd o dhmammvﬂnn a transfer in the pre erred 65

sem conductor an 'f;gn I;,a&s
stored charge sysn:aeitmtia,cuhit Suatymofmnca, ddowe‘sf ption, is SC‘

provide 20 r g deuty el e st s i %E%ﬁaaa s ﬁ'%ou&s-
the conplexity trpé tr % :,' eddn et @coﬁﬁé&t& in t 6|erthnn a
three- phase sygt aflbe lpaktfculatlip dechﬁBécrm 8 by\tky | ade oun uarx!feerledacthq ¢hrpgy
the prior art. thethaoWiag/ﬂaﬁamm—devel oped vvh| ch V|° n A eeet ?’
vari ous schenes fofhj r\W‘Gi“H ndlsr §E¥‘i°(5 Hhia i

%f V\% Ch wHhS cHaré’cB waﬂpﬁlltlﬂllyeStokBﬁ Thls

The device in a 'Q"ﬂl

storing mnorijsy . C@hargesS twnme d’:blvﬁaéerate/\os #llowepatsntinlowell P Rot
seni conduct or subsmicenductor deyised Mb@% l%k‘%sq ers E‘HQ‘?‘ gop ffﬁl%f ﬁgg}@s :

hen )
phase regi ons unddfre¢ gl war o 65
segnenting each gﬁfg}ﬁg F’a{iomhw or ¢ d to g}g,f:o n%ew Heweveal1esbfte)d®siraumtotpmnde
associ at ed secipi ORgion td 2 nammn yic:ﬂ Osdhage | ndlepe@o C@thOPheﬂ“’—T

it is provided thtansfehdeviceicons of e si?geg@fmt *&g %E{g@w%

Js's@h

mai nt ai ned bet wee?le‘iul%ée %P‘fgc%‘ Rdadf el n@y ®r pA¥iding ii‘ectlonahty 70
sen conductor se Bkdtel A fdeﬁeacan altHagge tndmsfer deNdet whitle usdsn

anot her type ofs d@emes bycsairingmlndrimecarms hb&;e é&“ s‘°'te 4
bul k device, the smjeerfuctarr s?r 3t H§1 dized og éf@'; % o ‘;l%h
ion etal r 8
associ at ed sect i offf YT pft): b delfees e o) sebmiod gktiam. 75
Qhﬂn gie%e, tﬁ¢ st'&mwally, bi| r@v\pltowéed dhu ety i

el ectrode vary i Nedn
ten'gvﬁ'l'gfég hen

al ways a pot enio ad:hacheflﬁ eﬂomd(m tbebmémé’emeemndgamnsa ntt’t: 1
types of them ?'X eamH Ctp(;' Cti'h VénFQﬁang&shﬁlaQ"Qﬁ
is localized by a ﬁ ce, ggﬁgh r atleg‘p | volitagehen rof the qss'oemedtsecnons 80

external vol tagesdfbtﬁbﬁtb@ i€ 1eCs‘e Aducto 0 16 ls@at o ofah glegfeo qe let?h gegetgemﬁ
backwar ds when3s tdistangé el ewt |tzhle igl et ?ot% H%ﬂfﬂgé E nchon::.s :
&Entﬁtll Idef & prévehh

transferredfrom q'ﬂéc I
%@&E Q%ﬂ%e ile émf% a@meflimebba@dmsb rwhdes is B 5

vicinity of ele tﬁgealécﬁ-ad
sui tably varying tuhennal aligiiar @oentiaDvells)i inf thczul'tf sigfredh froppth fﬁ e ana @eﬁe n ,
ffi

the different 4 es%m@ﬁ!é%cto“t strate 1Y Bo-phiase
that to potential "I&Tlag #fém'ﬁ’fyf’y ?é“@%@gnechggggaéf&de eeslo esmelsthatto
variation of volt lapﬂnm Qc@A 86 tovélErrérd onfle ereatt thetthmsteatmariatio ofivaltagss on 30

sections of an el eled:traddeo théeexe, theredysindugingaf gﬁn
one typically4¥ eELB‘PSF"éddt fierad cPF‘a"ﬁ‘E)JF”Hl"P?ergﬂ'ffp\y re?mreg ?ﬂegqqﬁgggsoﬁzd
el ectrical bus | i FEE ARG, %’%@t&dﬂme@l b i haedhensiebetoen o, Ine aids
i nt erconnecti ons between those |ines and 2 :
1, 483, 647

T




the el ectrodes. This problemis especially plurality of electrodes on said
first in- inportant when a charge transfer device is sulating |ayer, for
nducing-an electrical arranged on a senjconductor chip to use in

potentral distribution in said substrate |ayer a conputer nenory, since

much of the in response~to efectrical voltages applied to 5 space on the

semnm conductor chip which said electrodes; a region of i ons of a second 70

@Ld ot herwi se be available as menory conductivity type opposite to said
st con- storage is instead occupied by the various  ductiwi ty\)pe .

i npRanted in said substrate bub483ides and i nterconnecti ons. P

I ayer tHeCelébtidB&d This lprdula! i £$clfhll§’e| PRHAIR] of | docioutsCoy ol RRE i 8 f ace type

thereldrmtanteﬂtelnra&hb(gulndmf ate/\isersulsm;;dtai'érr $dr inBucingDan cleegialanolfher serious

proobl @ffensed on bé@é@“d%?f ? erpot!tntialsltitrdbumrblstsalét@smi bllver a 7Uccur| ng

at st hépat? §fm "%ﬁftﬂﬁfo rt‘%tﬁ%l’ttﬁé‘g% "’t‘%ﬁt’gﬁ tg .35ai d first
con- Loaa mbmgal bRNG fvity postté! ,ype rrpl anted in

sai d smtast rsamealdosswdriarvﬂae msf @ucrtvity Oy;ieelmptamedsn gmdfsubstradeay ~to a depth
| ess Tg’ tce ffe&lkl?l? ?acet %\gr aQ e t gredq:tgrml dﬁmgﬁ epth, eaCh
0f oS abbknD bttt oBld0 OF 148ecs " §u1 zj nﬂPLgf’ Bt % ghvsbb“t not:
st or edccunpg)snt ttﬁeoaeticurih ssitohdl ctd’re pﬂi‘ré] s AL of saé(ﬁrs én probl em i s
evi de% a%vgauge ansfet%gtf;) ;ltammsgesan éi:stsl;m |t§ee|dtptan3doﬁ s&grsd‘t;;trhgr ality of
_trapp i e ifir h dayerjta agde ? 11 3316, (SURpLIg rtlngthe :
char 08 Uasledired! BirdughC %”ms‘%m %sa?iﬁv tpé t?riﬁ'hﬁ s%‘%ér ioa e egg bel ow the
bound@hy frebleme is salddntdy edowy . tt ﬁoia{n&a@&%ﬁfcdaﬁe 61i3aid GRurality ofst I n sul ati ng
| ayer "&hﬂﬂsa*i:fd“ bS’tlttt&nse aF Eél 0 elesmﬁdeﬁ,cfpedwtlymsGhet‘thatgesmﬁg charge can

1
slip eF "%l:s‘ul i %“g’% rgﬁ?a ds over the

slo % %‘0 fo ?a yer
Pogoe Ndfidient! Q41 T dome SHakge ItNe bk o s @ theOf g5 her eby
causr h:g:kuardeg:v altel .potential tshtmldeeﬁl deqnlndt rcaﬁdubwqftylfeetganemh eadhdoff or - al t eri ng

e?auetnlgnaldesrraéawren dhe tS 91u wfe lonsende@rl mgt""otentral

r VEFCOo h t
d| ot r} #pster ggnal % 35y '(L ﬂ?{i@tl&{jﬁg‘g‘?“ ransfer strate
| agser dévite o QHat tﬁﬁbﬂe@ Hs-t Qra EVI ce so Nargg i s stored
and t femred at someathtsgineq: bmeath Ioheer digdec- Preferably a second msulatmg lag@isier r ed at sone

di st al eseng f Ay Spth anatp,cgnpeq, 5c| mB }’,a%‘ﬁd g tayer is in-
o tric gﬁﬁgﬁﬂg% E éu '35%%:3% ileﬂ? s rmprff‘gd%ﬁ’ fnr St
1he i da gsach-

. 11308 ubeadi¢onguditrys@bstra rs&bakdt&ﬁfroﬂm &

- el ectwmhjeonsof asmnductpitntmblqvposngf insolatig eyeed for exarrpl by dopi ng the
. el eCt b:gnsfr lanted @ért e %eiﬁ?rtc mte n e acyor substrate
b near k] q,atogﬁ th OIBHHRAC ’b,y % rél 8 95 wi'th . ions
Cof 38 ﬁa lﬂﬁrl lther hmoﬁtypﬂrrﬁﬁms ktbied |setsluh attl b’tgtpbl&)darsot abthef seé- hetobul k .
- subst# nSﬂEUFd etxsa Idétancebega\ttdie tblons of eaq h el ec rode may
phospﬁ@ n'iig%@ B Rt B ﬁgﬁﬁ Eg‘aé:gﬁlerconnect ed
with @ﬁ f V"‘%N’l@én, Gﬂ\é)lé IGAPY saidl 08y of Wher eby a

vom agnfaeep mypledlyttbe cmeerﬁfanon rsslom e stdoad cordectivity type tape schcted ﬁ'om ‘aiog st ored

sectrtb*?'ir grfms féﬁt’?ltpé%nﬁl’ tvaiy Pb?-‘tﬁ prug imieo t df red at some
o5t o e ey g e D o ﬁ S Tconcen 2
r ef ersatﬂompﬁém dndRspensiVeplodetare. | S m atetmtrant ed i ons be
Art«dmonalln nshm lzeemdumdrthamthdcr d¢nede¢rdmﬂmn$,r@mm¢monmm dl®unction of
de thd% n A SE b Wnss h nso on%‘c::o%r ucgvss eea‘tiieer:lalwnte . surface,
Typl A gt‘i% I TR Vt?x 6404 ibictd Yof LitRe are sel ect ed
f rom deviddth& aed-udifoem auplﬁmqumrduﬁr n:gpdsme sanﬂmnpteatype/al some , arsenic
anid atheiprion ﬂanetoswtdnaéttnsgfbnes o s thalwea Hulundery thets :
first SEeng, tt S0 e i“t’ré@é‘ﬁfft" oaiigh. & “f’ ‘- tﬁ@ﬁiﬁ’é‘ﬁt’ “Stt%t*’ﬁiﬁ
sel eCh P onid thD OhaPEb cdddy ﬁ . LiiBpabifity of GaTaAVicS 4k GéoaNd Expensi ve
pr Oceﬁy.tﬂttﬁ!formly dblrtngauhemps afegran ol thy tdlamcer ilttustter a‘ekde brembodiment/afdi ti onal ly, it

ha% baubpirfteuihile talsgt: PWI“& forip e dhee (fg gﬁtml d%nt ions® 110

dopi e SRS, B it e b s B ranster devi ce

N WhhCddm@ mtt%b&eerow litate/oft the t YRR Jf kS BB SSbsirate. Thi® hSter inBne t":onductIVIty
ne &palbplhz thp spstraflde  in a

for m dopi ng

type arbslrawrpl ant ed .\ nority. char gq:lanmtlmyn;__,__q
sefdi c cPtﬂ‘se%‘r.llE‘ter“&PE arovmé er Bt g Ryquired. in

O = ;tn‘ R tat 0
oppos ki Rlhs ,VE%L &lﬁ% 8y @E t i's not
opt ”E- substfdie AhyerS o R- senkl Yugh tﬂ\ﬂt&iﬂat@e t'erdl c 115
cr easmrac%nalhaé ad‘insircgmiucamyyypegaﬁ alfuu natytoresl. In epeeation the iethdopingni conduct or.
sufiist ingilating tayes op Saidsubdigte IPYCTMUI‘E‘hFWéF‘é?tB‘? Tseigns rgpels Gharge fromy 4 3 ng
substgantially increases the charge to increase the charge carryi ng
capability carrying capabilityof the device. In accor- by unifornmy dOpI ng
t he upper region of the dance with the preferred enbodi nent of 55-

substrate mhrle also prEV|d|ng that In. the devrce there are also

T 1 AN~ S o . T 1




65 insulating |layer on said substrate layer; a in these selected regions
repels charge from 130 1, 483, 647 3

the dielectric-substrate boundary into the to a single voltage Hne
representing one 65 bulk of the seni conductor substrate. In phase of a

t wo- phase vol tage source. effect then, the charge which is being Alterna

el ectrodes are connected to tran_sferred "ducks under"” the surface at :

al ternate phases of the source, so that the 5 those places where the nos
significant\_electrode 17 is connected with a voltage | osses woul d

ot herwi se occaf. line representi48364 phase [err] the olectrodd
70 The sel ecfiy -fbstiaebRUnaSES Thto kfle | S0 caom@clveldnge dine repyEseRting otiene6s
i nvention wit¥ ﬁ‘égﬂmsmwsmt ﬁ? tlhe Ph|€l ATIVAA th%pl H%lsgt@‘é'{cé, r].
Ot her el ecty odeeffes stb?‘q,t | gfs@r é’l"f BFeLitss thut Ghe
possi bl e and. maifho'? p%Des ﬁ,ﬂfrg Vs Hi'fx yelecv.aa l'ﬂﬁk cdnl ectecaapmpvduagee or
certain situ tlmg s W &mﬁﬁé\béoatl on of thelmeoqseseﬁtutghepmmn tlelemtrp‘éfdego

of a charge transfigr sf&¥ié tiopihd: Siomwl(pt-dswttylﬁ §e¢°&§°§‘ﬁ %‘ékﬁ%"ﬁer e Eﬁ%‘
le

accordi ng .t o t hewpiti>aerith ionswof thei same tygy abt!;!ed
depth of the: cewstiate i OmeFheéx I”é‘°f maqm hta forp ramlsahatimé The n
certain regiths pgé:‘g?%qm§ “dle Xﬂ gaglen cjcctxad¢shph armtla;:ge |teapefer Iisvxce 75

sem conduct or sy typl U ; tHe, albstaeme th(:t ‘5

[err]). In the doping a19 {shd toivaiy¥hedspt s&:ﬂ’%c% lyé}%con ﬂ"@a{fﬁrﬂ% fayer
enbodi ment, t{plpé'&rm_ i Wl ati“‘ Eg'f’ﬁl 1a{ne§;&m=c&mdm0ﬁsand idLdnfthee
can of the & %SEI{‘} ﬂﬁé Q{,gs y !elrateg albgchmpn ‘b‘“e“sw“s 30
"potential shouly i’nsulat\ﬂhsehﬁcohblﬁ:t(ﬁ'p&erm@f ” w i t% h c dmj ﬁs&% to
i nsure directi ondsoi pyovide tahepowetl@ll fgi StrétRey ,ﬁug

char ge t rans%&r ne::ssa:ly_/ar:.’;)e;nsqre du‘ectmn 1ty o Ouibdﬁ{ anli thou h t he
principles o tﬁg

ven 8§ Tpgrdg vi.f ol 14 w‘?'@ﬁ éb?:’(“l li°Bn 85
ey "ot oot e Tk R o S 25 P ] aan%riqe to
the transfer dexcémpayisg. stwhﬂgﬂ f arsans eer Jcﬁgm rawwagsw
charge devi ce, taamsiNL dhnmfpmu@?‘gg SeB‘e tdmﬂlsédefor phepisesaof i blsimt@nrl?l atlo

the present Itigto devige. the spbstrate] .90
it is to be Cl ea} éﬁpﬂw 31?&31? tth@- nvg dfa 1br %h al?

gge"ﬁﬁ‘ ﬁ@iﬁ?ﬁléﬁ
11 is 90 th éxampleeand me| By tvey ° Ormat

Tak GEAEiaBE b&m’Eyp
mat eri al such ashmitaslgnl ption-to illustrate tkiepthrfghe |suhstr 1aﬁr ll% outor

Gap, or ot herssui tllalﬂeedrﬁwm s-sioég()f eX % rgé%ge mb?::r%l suc SPQIO(;;)L 'Z%l S
r Sb

as described aboydigu in the substrate layer 11

depth of the sub }Ergﬁeffq;[ %ﬁgibdn ntlo‘fth% to hm::tlmplant%mutr[m—mm below the _
250-500[err]. A A er of donor-i.ons 23 of an m-@&ttﬁr b-‘rteitq bapindary '14.- The
cross-secti onsl’ VI P iga graph tig plofied g ‘I:%s& O “°ﬁ&§t la%ﬁarlgoe
transfer device %ﬂ gf?‘fé’ﬁ ‘éf e ‘f"@ﬂcis ?ﬁraﬁl thE dratie '
| ayer 11 the preL&bs termp Pinvétioh.he | nv&llbfctrddl:s aret lauhordtlstchdcxermfayetbout _
0.5-11[err] bel owlIn fﬁ‘@uw‘]dtherc is shown a section of 2 13. ‘According to the invention, the entire :

i nsul at or - subdt r ige ingludin te- e jis upif floged it {05
is plotted. phosgﬂ nl?cfﬁﬂl ﬁkf liﬁen fehor b GI&?L%E)?&? }én%le%%ﬁlhmwc}ééptmn of
doped ions in a su’il@BlB grhicadactor i edﬂpk ntilme isnskigd than ennlanyfadrmsdm@rr giensof g
charge transfer @epqs edipnte dhe Sy?ﬁfggﬂlgﬁ tHeefyt %é‘l‘b#tor_s &y, g“lmga;;"f},y 10
according to 15he"%?n mciﬁgﬁ yFmga;pleg &t r Tl ot eP@earbelow
dielectric layer g N &k Gr lothdd SuRable dielbotidd &hé%&ctdﬂﬁe@fmﬁs liBNhlo@K::{Doe momg

to the inventi onmatehms @ﬂetla)edéﬁ)theatsalag@ layeansblerardmple@ed n@l I!IE!’F 'Y ocated

substrate activésisenfreey @fPl ctmdpsr }hﬂ(g‘g oé}'g opfhe glogirqds a}g‘i 15
sem conduct or m?i?%ﬂ g E g %hrl‘:-’ lﬁaﬁiaﬁt%:gefhé ﬁﬁb lgﬂis t@)depSos
exanpl e silicon, ¢ R indnl eii eabmomeorfdare(betwdetlkyet hleludmyetwtele@mde
accept or sui t abl elesteniec Ondthet mayrmompmsa$ §WRnd\mtl¢fﬁ 178n

498 iy ted
in sel ected reg| Honshigparpied D %% [Etrsg. F?é i‘i e
substrate | ay@r ﬁ ng%ysﬁ " Al,o?i:%??l%%a Elﬁ?ﬁi%g aédepg,r :g;senlféka:)o a
diel ectric bel ogaitdbe | isidcari®r matebiatst a"rlerebo aying 4he med nfat e acldlthm ch

may be, for exanpleetfodespf ]he arqz jarer ilpst gm, Clnas&qng steBe@
[err] or ot hesr S@xy fie ORI bt ﬁ%mﬁ"g&e ﬁm"é%ﬂhi %:ﬁiﬁ iaBor 11125

accept or. mat &P Jldiﬁﬁﬁ eleétrddB€art Abelledt i 080al dtpelr of @bsutal. Qum rtplaamttlud
are preferabl y I om,t E9dk ami 2, emBares tmﬂy dhecinsubatessulstirath

the el ectrode s e Figuemks the? sefgwsaﬁ °°t5¥§ 'E{ D E\ﬁﬁé’ the
shown) . . 21B. An?Hd ﬁm’éﬁg%ﬁ%elr‘?%tf'ﬁ b cpunectts e;’!g”é‘i%@ anceﬁg)ggﬁ(gt ﬁlyer
pr ef erre,d I mpl ant i ngt heaccept ori onsi st odeposit a enbodi nent of the

i nvention, each of the first electrode layer including the el ectrode

el ectrodes in the array conprises two sections 17A, 19A and.21A on the
sections separated by a second insul ati ng I nsul at| ng Iayer 13.  This

o



two sections of the first electrode being such as boron, or Ga, or In are
i npl anted 60 | abelled 17A and 17B, while the sections of into the regions
25 of the substrate layer 11 125 the second and third el ectrodes are

| abelled to a depth of dept h about 0. Il[err] bel ow t he 19A, 19B and 21A,

- 218, respectively. In insulator-substrate: boundary 14. The Figure 1, the
t yo. §ections of each electrode insulating layer 15 is then deposi t ed on

t are shown as being eI ectrically connected device, after which the

I ctrode |ayer 4 _ 1,483,847 .

i ng.l_ﬂ],d_|_n,g__t_he_s_er~f|nnc 178, 10848364018 s jons, charge transff.Er woul'd”
occur akcludimgsie semqnep'uslwndnd mnm tibg, dhéfe kahsfét vouRyREur hbleaspml L wat the -
"boundagsposited ﬁ" ning ét"tgol# 16 etpartf abrthqzebtounﬂmofmabﬂhmgdlet rar fer

i nsul atq’ alpfe Icpon. d\(‘{lﬁ‘éeg sulafing layer. d the substrate layer
11. | nL he .I ons 25 be eat h th éﬁ@%ﬁ?ﬂnﬁém 'r:%ndcﬁé,,,% °i }:gﬁfe i npl ant i ng
of Pegj r% Eggjﬁ mn oarstzbremliiut/\/nﬂy erankfmrgﬁthromga,ccwt or _ions
in theg grncﬁ@igsin tﬂ@ tb -¢ffestiof ttapping nycrtﬁahmlefmeed t hr ough,
70 ser vlmsgdsaumfal ddmdef eﬁimtntthé Uixed i I:J‘;Edflﬁogtharl % sﬁ"’r app| ng

seqﬂa Vléithg tradstdr v ) ~appears to

cent er haamtme' E‘Hﬂa %PF- 1
sl ol d? Jﬁ%é g% o et echelegars nmmahtam:edf ad@eptbeloeelisectygd r egi ons
suffic aeat 1)byS/elta; edra) e & .gﬁs Camrfgqn} fd%tos!@ 'Pécﬂtlensrf qhuce depth -of
pot ent eladtrade Idsscrlbabhhmds'l’hdurlt L su s@jr ffated in these
reg n§°36‘P‘°t‘,?l‘é‘°%‘ﬁ alﬁa‘t"ﬁ‘h z*@r;,@g;;% ebulkrm e uaatra@éna s Gaticated ONS 15 75

| ayer I, A Sl b et hey\the ross Zbehdrdwymdhcaxgdossezkl ngoto the.
lnvent b&ﬁeenttmoeé&mhyade&e@&&sdd bdbat B\?‘él:h. _=.'E%°°‘=P a t ”W?dge in ‘the’

r egi on§h®5b¢thsc;belbhse@teed1 %@dbh‘@ytgh & Taiaying % of the

: d
sub r‘h"lsfme $:1 Qunifbreei; adeht%ﬁ)bf iy @Qsimabﬂ ty of charge
. g&s f 2’1“5 ral(_’ éﬂh élgeggo tlonj %;f ni pl 1 ¥

tra qugr ld_@ wab mprdassétéﬂclwcy hessultingni 85 ai ni ng a
pot ent veltigeli ﬁﬁeerrelmeentnby d hghager Qe r hgnneh ghasgeeang des 80 t hat
woul d of héweupbase cioltase satlw?héltbqslgh ag; se%ﬁ@ﬁl GRS Pl ‘#Ws. of each .

ele ration . ? n ° contw’ H@Srelmﬂk&aﬁeﬂovﬂi%hl%ra hainh sections. of
cach E{g S ehithn “g tﬂ% ZE‘EH@:B HE hevhs%mz@i jolfshhe edncenttipnszl the  9ge
.carryl n@stqu)dﬁyetyllpraml tededuge abe 220 i i"‘{gq éj}g‘b or gf_%:l:_ ode sections
F‘ﬁﬂtﬂt!‘ g'an% a)b@fow eﬁ."-un _19ei ng :
congbac ﬁ Yglrfcat "y ﬁ easedanghtf liné érhcmdmasulat unifprni’ 85 vol tage
l'i ne rg%&ﬂﬁ&id @Qectﬁcdl’ &&el ed’l’a éhbdﬁlpédatEh‘&’r‘i i'tMar @8- transfer

of of mtdroumnextiese areo}teeshs dmumatei, QF% %‘H‘s ‘?&ﬁ(;ﬁ"@%?j“f%aggl ions' 25 where

sur f aceesuhin g 4| G‘I?féfs 98I a6 Bs 48Bing NESE 1aveP SEEH I‘WI se be.’

i rrpgg t agﬂaco“%%%%I il &8 itk m.jy apgh;amhteiye t:orwentratlon éfn- Fi gure 2.

there kgb @t agtehe ifddéncd an | “éﬁt‘%" C‘P t°t41 t f'°9he vhi ch

are pl mtt:rﬁdl Whlé dcmh(;eemt ingtheé substrasé. tc@t?centrﬁ e" acts to.

reduce agf " Ga s ot scel eé'éc‘g ﬁEgDJnSIZQBSFiQSrea A@t-ﬂnhuea yme is seen in

t hoge' Hhed ﬁgmdﬁ ‘1&5&% L mumshecdnsemratlgl ¢fa/yﬁgt01bns ster eby o eating

a "pot &&ilioﬁ 4 fomodie st'rat& 01 than 1§the I: 3 s?lete co cel ra1 <8 t D eﬁ:%

i nsureeldtrtrosll:lseﬁwlnl VAofInmanc Whlﬁhn Shalt SOFagnt” i AcBT ¢ nd| cat es a:

uni f or h# a?nt;:xo pg’ W bas v&ais nﬁeﬂi‘tﬁhed@ﬂiaﬂg ofchialye substrate

Wi t 4y Pm icuﬁg@ of 53;1 r iteaasfer Ms:el mevdmantd tﬂlﬁtﬁ};ﬁnrﬁét i'ons_.are
t

therebyomlﬂ)mttbaifedtagean:thema)secmams “? n ’Jﬁé
(ﬁk‘é@éh of. a?e -3 Averg ﬁ aw s llc éf nductor -
ut| I i zéE nﬁ, .E“?yg s? ‘{ﬁg f as- Pa;yasdqfedawmnrthelayansmﬁld% storage or
to

© dirLdriénhitt Ym"ﬂfeﬂ n of -
enbodl remfer.. Ho\panet vdikntbhgndorisf\mren %‘ gﬁ’ gl’e[__sf, ?Xe fept h of"
about l@llvelyl Bt th ¥°g 2?5"é'je een | e su strate 21.0 [err] A
curve Onc hepiple (fi? afsﬁlléc ﬁ]}obel ow the -el ectrode sections 17A
COn$$ntd'mttinQEIt}ﬁfsulﬁﬁﬂeﬁélﬁéntt‘thﬁ afdoped Wﬂ*f*TaW@ GEAIM IS+ 5 ccs&u{nt ed for by

sultng in

the fact s demijicimboagonr AFnt dound %gv,&ﬁg,ff@%ﬁ‘ﬁ?" N irhister i cHabial 15676

el ect r persiblectoth GUip@sidgh€ concentration of acceptor ions
at disp ‘T°a§f8'd°“ﬁ"?] 751 ?ré’fe 11 tahaubstrstet hmer vhe- sundoaé@tors about-

2,10 tion { & P‘I'OH V\:h .h
subgqlré;%@fﬂ %x,g'; R A R e e LA ARRY oo
at

sel ect regfons 7P al%Bts RGEQPdser Ié)%lt(ralﬁj 1§ elettrodes orASalﬁ\/&ﬁsthEﬁt | oned
above, the chag erannfpt aﬁﬂnaencan Inftheic displating lapersfon didugingan eleatnisdler devi ce
accor drbgNae0ok AR ipplaatatian oFapeepios ipatgntialglistributionin sqigh subRtratelayest about 3000 A
) ratio of voltage on the two sections invention may al so be constructed
which is 110 of each el ectrode of about 3.3 were a P-channel device; i.e.
the substrate material would be an N-type material such requred to provide
suff!ci ently adegate as |P or As doped V\:hl | e the Iayer 23 woul d potentlal

- o ~ 2 e o ~



transfer. However, when boron ions were doped. Suitable nmaterials for the
sel ective 115 selectlvely I ntroduced into the regions 25 of doping of the
regions 25 would be P or As the substrate layer 11 as-described above, “in

or concentrations on the surface of about 10 55 to .20 tines e “substrate~""%
concentration, and WHAT WE CLAIM |S: to a de m‘“\\tm ng [err] it :
was found 1 A sem conductor charge transfemﬂm“ t he

vol tag@tios on the device for storing and transt errif ng charge 120

conpri two sections of each electrode it unity. conpi I‘SI ng .a i
substrale Iayer of a sem conductor Iq@ggﬂlon to prow di ng a potent' i
mat eri al—&#f ul. Hrst—eontteti-vit stottdet o ULL‘:‘U TatTE ).

t 1 S rag :
char ge I a gl‘;i)q%qiﬁftg F‘nS‘U’ '!SI‘H 9% ayerﬁl alglg‘nsi!?tb%fef %oun }Hﬁﬁ Fibaeac
ion inplant cogg n’ofa charge transfer msulatmg layer 13 and the su e'ld?&' ons
al so serves % y |ncrease a pl unal inttye ﬁéloﬁé Ecﬁehadlemeatecsaﬁqj f|r
the ' charge t'i'l‘;ie @ egtrlveqtn iaﬁﬁ ){-eg1$1Q 25p spcms)g.‘, f thr 9
RN s g S e T N T R R T e

in said SUbSéWﬁ Sever @fferentzlfunctxons in the ppears to siow down the transfer of charde 483, 64
i ncl udi ng t arsgsgﬂf%é Eé sg %E B suB"CIem(lmsq tlcalnaorge Cbarans;alershlz\oul d
t e?ltl

occur at le 11k nihilgg‘}ﬁr‘#f% %3?0%“ SEi "Yre";}‘;ts

boundary " 14ch& e 16n atbetrdte Jf ngﬁg,e

i ngul ating |3W~'enl hgvglm“tmhgh # HRTEOUP Qv rJfl“'inpthe regions 25 1s deﬂected

11.. In the r gﬁﬁl create osﬁid ‘ﬁrdﬂbaeﬁh the s‘ﬁtfece@elkié@mfveed wllh ting of
regi ons 35 Qoqniked g,ty ‘%ng aiﬁg ;‘%‘QS e%nsso' n

the |ayer 23mﬂi‘oudmamtammgls potenmtl dﬁquns , ?'edﬁﬁf r ae LsFfadeg N,

ser.ves severlaltweedlﬂieftwpemtwﬂ -5 trhe imvehtent thoi cdsm}apqssu ingresedit er s at
thé surface lg} cc'fgch e stchatglqecaffnymdcapa bt proy dé% Pyaso that
soffe charﬁelﬁ olnngmra.‘l'fgﬁ"e‘"f:t.;lm gﬂ resulting g5
serve tore :ucda mﬁ po)neemtpél ttWetlhe mm@ & hdnlﬂe]t @@ faf@erons of -

t he subst rat@ltasellem |f9Efe§eri‘ﬂ urcea&‘aﬁ?ﬁr aﬁfgepgﬁgel a?vﬁ;; ngsq @\?ggrﬁdgégr@:ceﬁl ?Ken
e ’

vol t ages app%%d“’gsg\ E_cn Igss;
el ectrodszsdeglfetr Mg, the &d ndgativ:e Ch 1 ﬁf Ibée eﬁﬁﬂlownﬁlgsofﬁe 90
lafd

defl ect ed poctaurdel xmplantedrleahereghe52 Qf m acoepberaidns td&seasur f ace
and transferwb@irﬁth lﬂgf bl act redyge dfunamldmbﬂltlytlvfsubﬂm yﬂtfrl nsfer
by the arro &E.‘sm@gmdﬁpst%esbe‘@” W%Fﬁo‘ °'{Fb}nﬁ‘rgﬁifgs pRdprg L

pot ent i al 3¢di o Hﬁ&w uvam ? ﬁ‘% e ha-ween bhe
two secti onssmﬁerﬂaoins eﬂmtlcddéus 11n?hea {oh€ i & Yomehtestionfai@aBout The

i.nvention thurser tieag ?mési g’ bot /smbtAonlsrvef33eaﬁmese{1@c'thﬁode may
charge carryf %&é&rt‘"ﬁ“ cFS %ymarboe ‘EH“F&/QFI% mmy ffy toéllﬁtgfal
th &

such as i35 URbfagé Narl HAY adiké.alla Othe oﬁluaraltcalye % 15/ % ot 0. ax_edoo
t he el ectrodembechmcrnns Ila of the %ifV\F ?tF nnCN)a e.d Af m@en rlee&atr!tsn deand

17B being F@ﬁ ¥l the elf e e bmcmeanonagﬁrﬁ@pe ao E%H;é‘f re of
vol tage i ne % eﬂ:go@ht ﬁ$®y@he fatt a'%e o RS 'ggl s at
Al though m:ha{agelse bl&ct’t sectimi rihber & %’sﬁ& e bbRa. L] mn t:afumtgtw 105
Lf ages on tihels@d fronll Phepfgb'lﬂ H Sté bﬁbanata @naepiration 262 debthcelr odes
n dev1 eigz_h
thhout 1

i Sinity, th eF‘if %ﬁg lqéjr ébfz-ltth@r% i s sho aRbheeon
char ge i npl aj Qnt ot to? Niéns? tran eraée d,:\égn g Ekﬂ rions
as a poteasi &{suwﬁﬁ d faysredh of thicknesseofr i} UeQSthn’ﬁf:ﬁﬂ wm‘tbﬁ rpe

boundary 14 t3ﬁ%9’e tl‘éP%‘&xtP “ag‘ia ‘;e*ﬁ%%u thhahmTydemceAl e.sttquyswfatei ne 31
naicates, 3 STy i i wamagr@* b o o
t he subst rate Juwea;" in b sShspreteflayeou <

acceptor ISQ)nsnl fb anmohmcnaual@n tof chB®It 4, sa;mb[ee@aueﬂﬂsfcame :elteehabyllS

el i m nat ed, PB}’WGIV%' §'hF’hb ° seﬂge% atdoping of thalyegiens 28 Sighldrhg P orAs npr e
. space on eac e gubjtég ‘I,dé%ﬁ mdgst%{r%gmv 3n T @pBBsents the seni conduct or
utilizabl e fqlonf@Rtrtiohs olahe s\gfamé ofiabawyd? of war JPRAr cLam B8L-35 storage or

enbodi ment, ato QP‘ Meticé Earrsforing and txppsfaming £paress el?fs

Che. pot ent  alEe Iuo‘ilgﬁ? ach ‘é‘eub& it uﬁubst""ms‘“& B of'd Ebndabeept o
I ons. doped [ n ay tiox t bel ow Ige eg?ﬁhﬁsﬁd%n mrlﬁ' Ondueiigntypeat | on of
accept or le8MSs gﬁ' |f % ctﬁﬁ,@ys Qrgaccoum’&gednshmmg);ayem afCsubstrate)i ons
25. of Figure I'ans the Gicésptazdioimplast #0thet Hagerst he eI ectrod sectl%nﬁgszB
further cur vegbhre%eh@@ﬂ?sa Bb‘PPtlefmﬁ‘ pt oPlRt"b‘ﬁ h&ﬁi &céedtgca@bout
1-2:101/ [err] 8] ?*l g'faf‘” §E IR i mﬁ,dﬁa.baamayes the
to,substrate %S?f’c r &t i'"OR ept of eI ectrode section 17A. |In devices

whi ch about 1000[err] have been constructed w thout selective As was
menti oned above, a charge

the |ike. 56n tblzemnbd tussubaraé ﬂgra@sw ma? el y1 URl k@migondudtud echargd itoansfof




i npl antation of acceptor ions (using an transfer device according to the
present 45 insulating |layer 15 of thickness of about invention mat al so
be construct ed V\k" Ch iS 3000 [er r;];) rati o _of \_lo! tage on the t Wwo Secti ons a
P-chanfiel  device; ie the substrate 110 of each el ectrode of abaut @

were material would be an N-type material such required to provide

suffi ciently adequate as P or As doped, while t

"potential shoulders™ in the subtrate |ayer nqm“mm“mﬂgnﬂrm erial
such as B or Ga 50 11 to insure directi op@d3l6w t & Char ge w doped Swtalsl e
material s f&#’-r..c setectTve IS5 tTanfer. HOWEVer, . wien . bor o |on§m
dopi ng of the' ragiesgonseb elactmikal vbitages %mpll@ﬂéose(; écg\l %@? ‘ﬁfkogg‘ﬂ? egem ldt he
regions 25 of\%lsmdﬁﬁﬂ Bt e Jndjcamcﬂx%mﬁ‘fvs cabh éctiiile are
concentrat i ons g@ sg,gq,rsqg Sty 49 ele\AHanMEte@pﬁathted|vghca®5>theg,o 3%
times the sU str, N eid aibseate aged to al. wlﬁzre Qé‘é ¢ er iEd tion
transfer to a dfppetdlateoﬁmaboisrpthl(bele %FF ;ﬂt“'F @éﬁfcon‘fﬁéﬁ/&r “eh ng,l ng
and transferrin tw°§2 i)%’é‘s‘l‘ %‘yﬂav&v’;clgea%g didgaor a{iy (m&e oot i
conprising two 3§g é@, ek ﬁ,lngsitgagcmstatprummgclaanssubwtsadtsebsna dayef 49
sem conduct ofg | Ro@ ttvll@nt)tpa pﬁplumddn@ aaldpolls madegof e g&ﬁ‘“c dePst
conductivity typebst6@ lassdIIngadé?Pth 1“6? tlﬁE ? ‘Elc Bq:%nducuﬂtyfﬂyf)&t

insul ating | ayerg}?ﬁg‘eﬁms fwf}%‘gfj fﬁ‘ ﬁaecﬁé‘dﬁﬁﬁfl@hodpﬁdﬁ‘us rpsesin and n
the | ayer; relatlc;gn with a portion of an assoc1ated one ' drﬁiinome ndns 2t"5 a| S serves td&
greatly increasef said glupdlity dlelectrodss, fed cbvz:trmmdes sHf i |‘l§ spid %@) “ %agd

transfer effici ehe:ycham: mnéer sﬁ?f gl Ff%fy nle ﬁd 5’3 ci ng ah ectrl cal
absence of an i ik 2#% X er éﬁ'ﬁ% B oL e dubibhhrge st dinibe
substrate Iayer re 10 én e second conductxvxty according to_claim 1 substantially as 50
5 in responsept otyﬁs e;eﬁeraucahcln/cof tsa:geslu | edhe d herginbeforg deﬁ?“blg%, ;ho’r?&u‘ifltcf)

the accompanymg d

charge transfer salpnﬁ @hécfor thg tea‘ltegﬁ‘:c Tlevi ce
according to cl a?‘}‘ﬁ ‘F ﬁ% tﬁl s,%esr d’ef of i BREC POTAERE CLARKSONicti vity
two sections of qg SCET0 are type Opposi t(éhatt@feé ntr‘i\g%lfs,.
conductivity 2sype2 eﬂ eeinrqooalcltgr phﬁreﬁr Gtm#ett ed with 35 5

Qxd to one

impl anted in sai #V@Gb@? ding 19 lfi‘ u(ae ere’yﬂer eby a v,gjnga,g
section predeter lau ﬂg,tf.y: e e oentire Wl be_ ap plied also to
the other sectiofig fYeldefro me&an@ﬂseelt\irorsthrf?[ b " oflfheul;a Y
sem conduct 01300habg@msk;raalefseparamjfr@aP@h@HGSt|° ‘é‘% atent 1110(:' 1376640
devi ce accor di ngby said sesend '“ﬂ‘r‘?éméﬁay%p a pl ur hgsﬁ Ji,%m[%Wﬂ&’ ans of

said first - precedl ng'nmlecejbrrwr o on, WGIA ’
conductivity type i npiouhe&s™i te"%fa)u’c .ﬁ%%‘.%?m &wﬁre% seni conduct or materi al
substrate layer to a depth I ess.than said selectedn a fromsilicon, GaAs
and GaP; predeterm ned depth, each of said plurality said ions of a-
second conductivity type of regions being positioned in spatial are-

sel ected from phosphorus, arsenic and rel ati on with a portion.of an

associ ated one antinony and _ ¢+ 45 15 of said .
plurality of electrodes, for. diverting said ions of said first conductivity
type the charge under transfer below. the are selected from boron,

gal I ium and boundary between said first insulating |layer indium and sai d
substrate layer into the bulk of said - 5. A sem conductor charge transfer
devi ce regions of ions of the second conductivity according to claim |
substantially as 50 20 type beneath each of said plurality of :
her ei nbef ore described with reference to regions and for altering the
electrical the acconpanying draw ngs. potential distributionin said
substrate | ayer to provide directional i ty to the transfer of ERI C POTTER

& CLARKSON, charge. : . Chartered
Patent Agents, 25 =~ 2. A sem conductor charge transfer o

Ki ngsway House, device according to.claim | wherein a .

Ki ngsway, second insulating |layer is included on said ' - London, WC2B

6QX. first insulating |ayer, and each el ectrode of said plurality of

el ectrodes conprises two Ref erence has been directed in pursuance 30
sections spatially separated fromeach other of Section 9, Subsection (1)
of the Patents by said second insulating | ayer. Act 1949, to
Patent No. 1376640. Printed for Her Majesty's Stationery Office, by the
Courier Press, Leam ngton Spa, 1977 Published by The Patent O fice, 25 -
Sout hanpt on Bui | di ngs, London,- WC2A 1AY, from which copi es may be obt ai ned.



