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I[err] of the tTansigsgtlr[err]. Namely, 5 [err]

D

........................................................ (1) [err]
___________________ TSPBiBo civvcmsreterne s (2 20 (6)
10 Simlarly, en the collector current I[err] of the transistor Trlerr] 4

acts as drive CUrreplondRendif €6)iPls ha@8stadd B8t Mhdn@h&bRALSE 0@ thet DB ediaRpBliANGE
Rl err] of the subgstdaat @, sndsRf tie thdaeistbRrieshmal T, walqha ge oMeger fhab &f ancabnordak

base and emitter dRreneqpp fpwingbesvecTtiieopijive npwer ouies Ve & iy greynd]of thg CMOS

o Jnvert ugt.
. So € c 1 s-larger > 1N T 9] t

rendered condughi VBT R base.Corg &b ol akkd: bbPSn Y BUOBLRGAARG & 50
the transistor Tr[t@iftors T8 and TRELOBEE cer nt Enin o sh&diffc cydli® pEHRaIedonR6| idhted Bad he
col l ector current %bﬂs@' furght Lhie the praseding oyclid pdriodr Thus) the motehignes i cpesit fibwnce
of Rierr] 1 very Siet BLoR s e esenhepie, S e ot
the base and erngtt] pli fati x?{éctgf%ﬁ%'térn gtoftlg Tﬁ\ﬁ&j,ono ﬂﬁnt’, 2nd i @eflﬁ increases with the 35
.................. current. However, .it. starts.growing smaller. one when it has reached a maximum value, §
__________________ max, For this reason, the abngex)al agreneflgwing between the positive power source Vpp

and the ground of the CMOS inverter circuit is eventually maintained at 3 sp ciﬁw]vg}?et he
....................... ..“jnan it he

a

: : valanee. borwaen the chirart chdats sffecred by the
MOS i 7 ansi st or &0 TiLREh he il Lt o e e b e e EEN T e e 0
bet ween the 25  pbshbnoeal pomeit cs@el ©ehaVg e b vahe at Belefjicdurtentthy illgking hese
transi stors Tr[ er rpndifings Brq eatisfied gtribgsdmes im@5 wor ds, when an i npul se noi se
is applied to the CMOS inverter circuit, an abnormal current flows between
the positive power source V[err] and the ground through the sem conductor

substrate 1 and the P well layer 2.



To keep a current flow between the positive power source V[err] and the
ground even after 30 the noise application is stopped, it is required that
the loop circuit constituted by the 30 transistors Tr[err] and Tr[err]
shoul d perform a positive feedback operatiom. s rs-achieved only.if._the _
base current I[err] of the transistor Tr[err] which is rendered conductive
first when the inpulse noise is applied is made equal to or smaller tHan
the collector current I[err] of the transistor Tr[err] which is rend rgﬁ
conductige after the transistor Tr[err]. That is, [err]

A 1559 882 o oo e O
(5) Nanely, 40 [err]

40 Ther ef or ea. [Igft-]) = I(n) |

(6) DPSRERREI SR Bm) o) S0 Tttt

45 From f50|'vmé1'ea‘n( @ndtds tmume@df% cﬁ@perfot;@&urm@encﬁ daeanrogﬂdre&néat ﬂavraen cu rent
anpl i ficat |tbmlofoa(nirtms [err] err transi stors [err] and Tr[err]

i s equal t%“)ﬁ t ézéﬁ Egarsrf&n djﬂe% n@hme@ ry @erpgﬁef %{m@p@gf)%l %w? t ween the
positive p £ h E“%%ﬁl, g ircuit.
50 S0 |RGaned dhh”t&heﬁé uéﬁnq ElanstAPTRE b Klle siz6 of 8¢ Gftisistoatd the 107 t he

| oop ci r cuicurremebluelatrvgridhhee abbOrntal mns&asrﬁsalryﬂx[amtmr}eda”ﬂlds fhet[ieliaaies thae base

current |[ék a;aeﬁ:faﬂ@ 'e‘:le areg eftrrnesl}% gﬁgz?an @curdian. the base
current | [ &y fofka ﬁiéﬁ éfrﬁ-‘ﬁé Aol ‘E ted eroly MOud Blrednl (RS t he
current 1kl Ciibﬁnfe }cb! VipR abf thelo@pidt ©inhi6A CUTHUTE afd Ba dﬂbwfn eorfaliad I8

bet ween thequmwehshsmmttaely‘dﬁmrcaqe ag lmhep\@ﬁeoums wtatte she okipustomrindithe curr ent
does not |nC{eas gdefrnltely The current 55 anplification f tor [err]
of a transistbr & QYRS of of T CUrFEnt T R TS VAl US T T e 8AS Jwith the
55 currept. l—pwealetrl, igodLarts grow ng smal | er one when it has reactrd a
maxi num val ue, max. Fqr this reason, the abnormal current flow ng

bet ween t he b%m? \ Pysto e pe2 otfce V[err] and the ground of the CMOS
inverter cirgyitpirs evgiiyallg intained at a specific value, i.e. point
of bal anse béétjweggnét h?@u"?ren?ﬁ d|g%crease ef f ect ed by the | oop circui2s and

t he 60 cur @areet |cevefd?0 'ﬂtt Vrf rzrlémeqa i fication
acor. N MR GreB e e A

as is deflne con tlor‘ié are satlsfle at’ th same

time: 305 Iy slcz ............................................................................... 1.559..582 (&. 30 err]

b. J[err] 5 mhere "n" denotes the nunber of cyclic periods during whi ch

the abnor mal ; CUBL 0L fl OV dbormafeutbf it BERMOY iGbbirfer citbliinThse @ nBfatide

transi stor &Qe& aPifed RRKS0, At iDfelqilibddss fnaade@rposifivetnbise is appdibdihkt thyfobidwisgn abnor mal

current 35| dexmuBube whteishede current anplification factor [err] of th¥

transi st or. asured with the size of the transistor (strictly speaking,

Cho drai b a“‘Pﬂajrﬁm ..................................................................................... (Ee/?xi o a

interrel ationshi p between the size of the transistor and the 10 current

val ue at40Wn thilqg s ohatall the pbropmalygisrest isainsigtaiged dheaparesific cishis isf 240 _

i ndi cat es t us t asLeq{a &8 tHa?to ab&d n@}aﬂol‘%ﬁ aQrfonﬁaltcﬁt"i]&%hrﬁit euéhﬁ)wgr eater Is

t he abnor meds teldsmentsuchWiRifasitic BieQRks Mestiategd il BigurbOl ﬁﬂsllﬁsaﬁ% t he

out put of tsmelle@ﬂm 1j they protiests of jtirecuirentamphifivetign faﬂoxﬁﬁ urdeﬁz 8f the crelmswr rent as

[ nd| cat éd gé’éFr llzﬁg o Thai ReNH g@frmrp an“al ‘Hﬁ"r“ff @ pBwer
ual ereo mna mvert eratio ra l ¢ cireult, 1t Js

sour ce V[ ert il mg IQUERRT ReSbaRR0s ¢ BOaTlglerbior mul as

15 are est Ethtlnhﬁdilﬁdrn&ldm‘uﬂsﬁihhallyaﬁpdrﬂlebtﬁslﬁe sarfje of ﬂle@ntdﬁﬁm&(ﬁ@umﬁatS&d s applied

t 0 t he out mﬁrertt tpqnﬁgpr f(')frm(} Eerpendlcular to the surface of the semiconductor substrate.

o satisty this requirement in practice, the following measures- are effective:
"""""" g To m ease the base ' width ‘of one or both of the ldateral’ and “verticdl trahsistors.” = = * * * * * * -
... (7) 20 §driduct a heat treatment on the semiconductor substrate during the manufac-
20 [err] r ture process, tigemeby|tershdrtedSthe life time of the carrier in the substrate.
25 To f%fgﬁr&?%ﬁ{l tl“n life Hnec pfy thecdrrietofdhe semieadusiortiséer of akish sheor
Tr [ err] a?_ 5 d &nﬁc%ﬂéﬂl& edubNafe Jihe.4i@! | ector current I[er rfs of the
transistor T tﬁélaa &m u$e 4, AT AL A dnfplfGtGd OF

Tr[err] shdudte ﬂae)f eclatesat traﬂrsan)r t”ﬂne Ip beg@ithbmic metatior, [aad plotterd ont the akis ghsi st or
Tlerr] SEh Absqissa base @tgr \Xg (w) of the lateral transistor Try, 1.€. the distance between the
' edge of the well la‘; d the edge of the source region 3 of the p-channel MOS transis- 60
"""""" tor Q; formed in the portion of the semiconductor substrate 1 other than the P well layer2: - - - - - - - -+
(8)  3fhe diagram shows that as the base width W, increases, the current amplification factor By
becomes smaller. The length of each vertica,l line in Flgure 4 indicates the range within
which the current amplification factor B, varies according to individual wafers and the posi-
65 tion within the same wafer when the factor is measured, though the base width W, is one 65



In order to maintain an abnormal current in the CMOS inverter circuit in
case a negative noise is applied thereto, it is required as in case a
positive noise is applled that the following 35 formula be established:

35 [err] : —

... (6 It will be seen that if the abnornmal current is nmintained
t he par 1)/t|c circuit is 40 thyristor-like. Thus it is ascertained that to
avoi d ge ation of an abnormal current and perpetual flow of the sane in

such a para§|t|c circuit as illustratedssqnsgsigures 2 and 3 it is suf fi%i ent
to keep smatter than I tThe products O € current anplrification factors
[err] and [err] qfe thg transistors 45 Tr[err] and -Tr[err]. To generalize
it, in order tompheuﬁgmeﬂ Fegusd 3, Qﬁbt’@ﬁ oA MhedxBQT BRdinatea i tiendurramchmiplificéion

per petual f| ovactdide obtheivartig al U2 fitt @garéhrewtnetatlm e plotied ernthgfaxis log

parasi i o chrlIEItehe W m%? A @am;*; SIBSAELErob 3 he
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Sor concucgr (A AEE" 38 FPUEAAH G U s e o
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substrate. nTlQa tﬁ JoBreke tHelTewdli] }%rﬂllﬁemﬂ enlcdteb yQEd’xFah@tlionldﬂtHe mmqsagnﬁlenduct or
waf er of Whl Ch Tlteereﬁagonsglpb‘tyﬂwqu ghg gasﬁa (mqtpbdmd the current amplification factor of the

55 (4) To dopg®fH u'érSX% °§’g@§§ﬁ§§ﬂ‘m ?ié&fn’%ﬂ“‘@'fégfﬂé‘éﬁﬁ’ft “ﬁt Sypa of
Figure 4, phothgl o Sivicd shcmfi Jibinde tFdnf MErer SNk berfostls |0 ™20
factor [err] ahd ﬁin diff&éﬂ sermmralactsﬁdzmc%ﬁrioﬁﬁda]t diffefent agias astslitmmdn Rigtrat 4 on,

and plotted orangd ﬁelg use @fno tarspltfh@noné@éorwf the yenigad tragsistqr diry 3 of t he
| ateral t ransﬂ%‘%‘“@ﬁ”

o FigareSs @i‘%ﬁe (& lag qp%@gseggdm%gah& the P
vel | |ayer 22 a@ficil n Do O (b 6 e ats 10 BrhOMAsT e lat
transis- 60 toran@{tmr’l‘rl Ihmlmsrmhmondltcm dpaeet ﬂ@rl’ wrﬂl layee weefor ulszusmg,sfubst rate

1 ot her than teRaREe\hefqn 1P ‘C° t°6 eﬁ's Wy tB%l%’éfew dt h
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The | engt h3of ceﬁmhremrrtzo Gourk atthﬂﬁmieﬁe egaume elpiddlﬁ'edifeﬁe duhentl’a&iibgﬁcab%x{
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vafers and t heupgiry v vf?iaéﬂa‘? Fﬁ'éﬁd & m?%@%m% hoBAT WS RREL B o) s
neasured, thoy 3& tg aﬁ (c) andEin a OS inQerter circuit in which the

1 559 582 35 base widths W, and W, were valued at pomts (d) (e)aanar(t) tels;&cﬁa‘&IYEAnjl oMo 35
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variation of tfigyt WFAThSABLLFEEal b 88! DfonlPLdukee WENs LR g nATOUN
of inpurities typs seMicéRBLbAILB rattdmtatﬂh Samdiddnitiblyth AL SN Kt ab @brit4rh rdgRoY 9DACONE
the sane in_cageetshacsVis lgrqonnected t@a thhé rqwmﬂ@dthdtamer@tmmalchough@ vaf er
under goes 35 {aitg/;?tﬁ éﬁgﬁg\%er ggurces rﬁlj{gaﬁ} tfat;GP5 WE §’0éﬁuoe lvg? @Fts
respectively, DS i s%ﬂ@w E@% teﬁltmﬁf di'reﬁthe 15
vertical tr ansnmtr ﬂbwél’dcfcef th po&rrsoﬂcéshqmba/ggthmugm @per jubafatd hald\Pavdlll cal
t ran5| st or ggﬁfe e ghp@r ’ipﬁot?ﬁ"il??@nwti; t}tﬂhnzmeggz spﬁiﬁsmcrrgaéu gngﬁa Va2
is infl E I ship
bet vieen ¢ he e e Bl 1abé}9tszulisr@ bel 3Rt alﬁaiteks@@ @gth basd nct wbrat er al
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d volagsiererhgtyasn thed (E3Ngigt
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show t he rel ationship obt ai ned from different experinments A 20 and B using
di fferent sem conductor devices incline at different angles as shown in
F| gures 4 and 5 In F| gure 5 ~no other current anplification factor of the

o o o,




indicated by the line B could be nmeasured. In the diagram of Figure 6,
plotted on the axis of abscissa is the base width Werr] of the 25 vertical
transistor Tr[err], and plotted on the axis of ordinate is the base width
~Werr] of the Iateral 25 transistor " Tr[err]. Tn this sem conductor deviCe,
the P well layer was fornmed by diffusing, for exanple, boron into the
sem conduct or substrate. Its thickness was 12.5[err] when the mafiféé>

d

sl unpi ng was conducted for 60 hours-at 1200[err]C, 10.2[err] when {t

waf er - sll unpi ng was conducted for 40 hours at the sanme tenperature

7.2[err] when the wafer-sl unping Was59382 conducted for 20 hours at’ the same
tenperature. The product of the current anplification 30 factors [err] and
[err] wasp @elllapdr 2ds saVidm btyRioh & fofrh b pathditioMiElitdoPndchich shawwCinWigdtd®s Werr] and
Werr] ofEr!ehef mgxeeeregnal/ersuppbed ﬁqthg@M%i ercsltrgsmi %rrlfrs e\';slndec d:rf edrbs] thger e of such
val ues asthgeT bta ce% égﬁhe]ﬁgﬁfﬁ)‘ qCH gqggqslgbsgc tels % esx‘gfa‘gcgl cnO I nverter

ci rcui ts i Periljes & TolRROa 6 o [batln chirics UEhevabues as
denot ed abipgiar trﬁnsxst(:h)theaﬁpbl ra anﬂmk 1§.n@ attnated Eﬁ\iﬂﬁxsl the/gardsiic cizéuftdundt i n whi ch
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W er r]1can S aﬁa&g’e el AR Bt tHRR itk &&éﬁxty dbove the
st rai ght didcﬂa@setihe wgtstaﬂttem,gugbﬁhé N)sub ret)e oaRdwcﬁ of)thap @elhini d),reﬂla;elat he product

[err] andP dlﬁfmnfé}etwqq telTlH y ‘Pf alé IREG RNsatr Sg?tfo #das observed
to flow i E ‘?5 e I 3G andyemilen oL B GYRRA" cur r ent
was obsser v éhs lmmeﬁlﬁebv&lar@m &;@enumgmhcmet h& base

S\.l

wi dt hs e‘nnt tlamif rln thefsurfaheoﬂ the Hr*a;bntamdegumﬂtandar* Cd-lﬁadt regmmibgbors Tr[err]
and Tr[er ‘g%‘msﬁﬁh%% ﬁﬁ g %feﬂeégtgxrﬁsubs&an& gmigmee 1 Fi gure 6.
a % to sho
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i nvertz ﬁbl’ﬁ@ SCthOP + tché aoa itﬁ-GT’fEItHelN)fj@ seemsﬂ e,rra?‘i’on ‘the
present i mbetmt@isr ledivee Oﬂsrs@mdletdnqehélfo 5@9 rthmﬂletamn@lﬂsw

abnor mal §e He T@ Eﬁ genAze e ol E“hle current

t 6a he oundar tweent
arrpllflca§°“a &R eién £eﬁ s 1'ir§or aw@&reﬁs’%&b itagh BlBirdhe alibE 45
base WSt b rddiseintd Ry W @By arh b ypthgerapplicdrasiosstib¢ Basansl amttdsraifré% as to

i e bel owthg P@@ISIM bipphetrelﬁSISFlr weillayr 2 asth@pewor ds, t he
present i JRA¥ ‘fcléoo ﬁ@ Eﬁﬁj; OVHAT "eb%ﬂr}g?t hgﬁd[ﬂlf?x&gﬁ?}@%?q‘@n &5%f abnor mal
current de 7 Pbbs th@r;ﬁﬁepﬂrl oﬂp§ﬂ 4 CMDPEircait. CTHL Redionk OF suid BiFciRd b n the

sur f ac#® oéorasmmhgm threegsp@cnvb oegmm roé clie stehle:osdmioc ewtsume of Figlre ZsubsP ate and

wel | | ayefe @dePYE CsReEals as gfn’g % tfqnothe (Seri al

No. 50 15 §§§ OBt AL 8 PRPE NGy o o%ﬁm aé?%%%ir circuit
of Figure 2, a power source V[err] is connected to an N type sem conduct or
substrate 1 at the sane potential through an N err] contact region 9. A
power source V[err] (G\D) is connected to a P well region 2 at the sane
potential through a 55 Pl[err] contact region 6. The N err] and Pl[err]
contact regions 9, 6 are required for an ohm c contact 55 between the power
sources V[err], V[err] and the substrate P well |ayer respectively. Were
the CMOS circuit is supplied with a trigger signal by an external noise,
current never flows across the power sources V[err], Vss through the N type
substrate 1 and P well |ayer 2 before a parasitic bipolar transistor -
constituting part of a parasitic circuit of Figure 3 60 is operated in the
N type substrate 1 or P well layer 2. Only where a potential difference 60
‘defined by the product of the current and the resistance of the N type

sem conductor substrate 1 or P well layer 2 that is, a level of voltage
‘inpressed across the base and enmitter of a bipolar transistor reaches a
sufficiently high I evel for operation of the bipolar transistor, i.e. a

t hreshol d voltage | evel between the base and emtter of the bipolar
transistor, then the 65 parasitic bipolar transistor whose base is forned
of the N type sem conductor substrate 1 or 65 7 1 559 582 P well |ayer
2 is put into operation to forma parasitic circuit connection shown in
Figure 3. Even if a noise signal is supplied to the CMOS circuit and unl ess
vol tage defined by the product arrived at by nultiplying the current
passi ng across the power sources V[jerr], V[err] by the resistance R err] of
the N type sem conductor substrate 1 or the resistance Rlerr] of the P 5
wel |l |ayer 2 reaches the |level of the threshold voltage across the base and
emtter of the bipolar transistor, the bipolar transistor is not actuated
and thus the parasitic circuit is not operated, resulting in that abnormal
current is little likely to arise in a sustained state, though sone anount
of current may nonentarily flow through the CMOS circuit. Were,



therefore, an anount of current initially flow ng between the power sources
V[err], V[err] upon 10 10 the supply of a noise inpulse signal is
supposed to be constant, then it is necessary to decrease the resistance

Rlerr] of the N substrate or R err] of the Pwell in order--to. .reduce a
potential djfference between both termnals of said resistance Rerr] or
Rlerr] itgal\f to a lower |evel than that of the threshold voltage across
t he base emtter of the bipolar trahsistor, thereby suppressing the .
sust ai ned Qw of abnormal current. 15 The resistance Rlerr] and R erg]

has maxi num.val ue over a path extendinglf¥®#83 he contact holes formed in_
the surface of the N err] contact region 9 and P[err] contact region 6 to

t he boundary edge between the P well layer 2 and the N type substrate 1. To
mnimze the resistance R err], Rerr], therefore, it is advised to
shorten, as prescribed, a distance fromthe edge of the contact hole of the
N err] contact region 9 to the P well layer 2 and the distance 20 fromthe
edge of the contact hole of the P[err] contact region 6 to the N type

sem conductor 2@ substrate 1 or either of said two distances. To suppress
the sustained fg@w of abnormal current, it is desired to shorten a distance
between the edgezof the contact hole of the Nerr] contact region 9 and/or
Plerr] contact B&®on B and the boundary &dge between Yhe P wel |l |ayer 2
and the N type sem conductor substrate 1 in order to decrease the voltage
occurring across 25 25 the resistance Rerr] or Rerr] nanely, the

vol tage applied across the base and emtter of the parasitic bipolar

transi stor whose base ks consgituted by the Plerr], layer 2 or Ntyfe

sem conductor sybstratg 1 toa lower |level than that a the thresholgl

vol tage across £he base and éxitter of th& bipolar trgfisistor. Figur® 7
presents the pdftern | ayout df a CMOS cir®uit. The portions of saidTircuit
30 corresponding to the respective regions of the sem conductor substrate
of Figure 2 are 30 denoted by the sane nunerals as those of Figure 2,
description thereof being omtted. The |ocations and areas of contact holes

A B C D E ag%s§hown in Figure 7 and Table 1 bel ow. 8
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~ 04 00 « 1 559 582 As seen fromFigure 7 and Table 1 above, the
contact holexs A to E formed g one of gt hggMOS transistors Qerg],_égerp
progressi vel ¥ approach the 1§ &gpegsenSapnducEds %L@glrg@eog; or SR 9l | . Eager
2 which constitutes the othef2&” Ehe MBSt afsd stox QQefgrj‘Eandbqgﬁga_:igm
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the area of that portion of the Werr] Werr] where no abnormal current is
gener ated, thereby enabling a CMOS sem conductor device presenting a |arger
pr oduct of anplification factors to be saved from abnormal current. Nanely,
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product o he anplification factors [err], [err] of the bipolar
transist@s | arger than 1. 65 10 -
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where the N* source region 7 of the N channel MOS transistor is made to have the same
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65 lateral bipolar transistor whose base is constituted by the P well layer 2 falls to zero and 65




type sem -conductor substrate 1 is reduced to zero, and never rises above

the threshold 60 voltage V[err] across said emtter and base, thereby
suppressing the operation of said parasitic 60 |ateral bipolar transistor.
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